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ABStrAct: The Baluchistan melon fly, Myiopardalis pardalina (Bigot), is a serious and worsening problem in Central Asia. As it survives snowy and 
subzero temperatures as an overwintering pupa, it constitutes a quarantine risk to temperate countries where melons are grown, including in North 
America and Southern Europe. It is spreading rapidly in Turkmenistan and Uzbekistan as well as Afghanistan, and present from Turkey to India. Losses 
without control mount as high as 80%. In spite of this, the control of the fly has been little studied, and published recommendations are largely for 
cover applications of chemicals. It responds to no known lures, and reports of bait responses, though mixed, indicate poor responsivity. This study 
addressed these problems with a “crash program” of research in the melon season of 2006, in Mazar-i-Sharif, Afghanistan, with the following findings. 
(1) Although absence of proof of response is not proof of absence of response, adult flies responded to none of a wide suite of food baits in the field 
or laboratory. (2) Females laid viable eggs, with offspring completing their life cycle, having received no food as adults, adding suggestive support to a 
conclusion that adults may not be attracted to food baits. (3) When leaves were coated with sugar, however, flies which were on them were stimulated 
to remain, indicating that the addition of sugar to cover sprays (as opposed to spot sprays which might have attracted flies from a distance) may 
enhance their effectiveness and persistence. (4) Pupae experimentally buried to different depths led to teneral adult emergence from 50cm of soil, 
and thus fruit disposal by burial may need to be deeper than this. (5) Pupae in soil fully flooded for 48 hours suffered no reduction in survival, and thus 
field flooding for control may need to be longer than this. (6) A study of pupation found that (i) up to ten prepupal larvae may leave a melon through 
the same hole, (ii) unlike those of Bactrocera, larvae do not jump about and (iii), as a result, immediately around and below an exit-holed melon large 
numbers of pupae may be found in the soil. As infested melons are identified by exit-holes, if these are removed by the farmer a large number of 
potentially-reinfesting adults are still present in the field – but tightly grouped and thus easily located. (7) Postpupal adults emerging from the soil 
were killed by surface spot applications of carbaryl dust, even if applied days earlier: such applications, to the precise sites where infested melons 
were removed, may reduce the risk of adult reinfestation. As a result, recommendations were developed for in-field, in-season control by cover sprays 
with added sugar and the removal of infested melons with spot treatment of their resting places. A need remains, however, for research into attacking 
the life cycle at its putatively most vulnerable point – the overwintering pupae in melon fields which, in Afghanistan, are traditionally planted with 
winter wheat. Winter suppression, ideally cooperatively on an area-wide basis, seems to offer the best hope for sustainable control if the best way to 
do this can be discovered.

 Key Words: Baluchistan melon fly, bait, cultural control, pupation

1. IntroductIon

The Baluchistan Melon Fly, Myiopardalis 
pardalina (Bigot), is a species relatively little 
studied. This paper reports the outputs of 
a “crash program” of research, undertaken 
in June and July 2006 in and immediately 
around Mazar-i-Sharif, Afghanistan, in-
tended to find out as much as possible in a 
short time about its ecology, behavior and 
management, which might help to develop 
effective controls making minimum use of 
insecticides. Largely running concurrently, 
studies covered a wide range of topics; rep-
lication was not always optimal. This paper 
therefore comprises a series of “mini-papers”, 
assembling a variety of small studies cover-
ing a wide range.

2. BAckground, BIology And hoStS

2.1. distribution
The distribution of Myiopardalis paradlina, 

the only species in the Myiopardalis genus, 
was described in the late 1950s as from Cy-
prus, Lebanon, Turkey and Israel in the West 
through the Caucasus, Iraq and Iran to Af-
ghanistan, Pakistan and India in the East (INK-
TO, 1957, CABI, 1961). Reported as a destruc-
tive pest in Western Afghanistan in the 1970s 
(Ullah, 1987), it has been observed to spread 
in an invasive “wave-front” from an epicenter 
tentatively identified in the far west, around 
Herat and the Iranian border, northwards and 
eastwards to Mazar-i-Sharif between 1995 
and 2006. Similar progressions were appar-
ent in Turkmenistan and Uzbekistan (pers. 
comms.). Why this is so, and the implications 
for the risk posed to other areas, are unclear. 
It is possible, in the light of the paucity of re-
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gional studies, that more than two or more 
species, with different characteristics, are 
going under the name of Myiopardalis pard-
alina.
2.2. Biology

Myiopardalis biology has been described in 
the Caucasus, Iran and Turkmenistan (respec-
tively INKTO, 1957, Manukyan, 1974, García et 
al., 2002). Flies pass the winter as pupae in soil, 
and emergence begins in May/June, when the 
cucurbit flowers began to set fruit, until July. 
Oviposition begins in a week or less, and con-
tinues for about three weeks, each female lay-
ing up to 100 eggs or more, with a preference 
for small (<7cm) or newly-set fruit. Duration of 
the egg stage varies from 2-3 days in summer 
to a maximum of 7 days in autumn. The larval 
period lasts 8-18 days and the pupal stage 13-
20 days or more. Pupation is in the soil and in 
fruit. Approximately three incomplete genera-
tions occur in a year, with considerable over-
lap. The life-cycle is completed in 30 days in 
summer. In this study, individual females in the 
laboratory were observed to mate with more 
than one male.
2.3. hosts and losses

Myiopardalis attacks watermelons, cucumber, 
muskmelon, snake melon, pumpkin, squirt-
ing cucumber and phoont (Cucumis trigonus) 
(INKTO, 1957). Unlike B. cucurbitae, however, 
which attacks gourds, cucumbers, pumpkins 
and other cucurbits with relish, it has a marked 
preference for musk/sweet melons over water 

melon and other cucurbits (Ullah, 1987). Losses 
have been reported as 85-90% of melons and 
60% of watermelons in Israel (INKTO, 1957), 
56.7% of melons, 2.8% of water melon, 1.1% of 
pumpkin and 0.1% of cucumber in Turkmeni-
stan (García et al., 2002) and 6.7-34.5% of mel-
ons in Armenia (Manukyan, 1974). In Pakistan, 
if melons are bagged against attack 40,000 
can be produced in an area where only 2,500 
can be produced otherwise (INKTO, 1957), and 
the fly’s arrival in Turkmenistan has been impli-
cated in reductions in melon production of 80-
90% (García et al., 2002). In this study, losses of 
unprotected melons in Northern Afghanistan 
were estimated by field counts and opinions 
of farmers and fieldworkers as 5-80%, with 30-
40% being a typical value. Losses of cucumbers 
and watermelons were less than 5%.
2.4. oviposition Size Preference

The preference of ovipositing females for 
young, small fruit was studied by allowing 
adult flies to roost, feed, mate and oviposit on 
a selection of melons, arranged in randomized 
order, of six different sizes, in six 2.5×0.5×0.5m 
laboratory cages for replication. Over a day, 
half-hourly counts were made of flies standing 
on each melon, and summed to obtain data 
as counts of “fly.half-hours”. Means of these are 
given in Table 1. The distribution was highly 
“humped” with significant regression terms 
for both the ascending (slope t=6.6821[34]***) 
and descending (slope t=6.7412[33]***) com-
ponents of a quadratic regression.

table 1. Mean counts of adult fruit flies standing on melons of different sizes. N=6.

Fruit size (vernacular) nut Apricot
Small 

mango
large 

mango
Small
melon

large 
melon

Fruit length (cm) 2 5 10 15 20 40

Fly attention (fly.half-hours) 0.4 29.0 24.1 18.5 17.6 10.4

Book Fruit Flies.indb   2 28/10/2008   08:26:29



From Basic to Applied Knowledge Myiopardalis pardalina in Afghanistan
3

2.5. oviposition “clustering”
Observation in the laboratory indicated 

that some melons were more popular than 
others, females tending to group on a sub-
set of “preferred” melons, even when these 
were already punctured by larval exit holes. 
Fresh and whole melons were preferred to 
older or damaged ones. A study was made 
of whether already-oviposited melons may 
be more or less likely to attract the attention 
of ovipositing females (in some tephritid spe-
cies, ovipositing females leave kairomones to 
discourage others, “flattening” the distribu-
tion; in other cases, when melon skin is tough 
females may use the holes of earlier oviposi-
tions to lay their own eggs, “clustering” the dis-
tribution). In a 2.5×0.5×0.5m laboratory cage, 
containing 25-30 young adult flies including 
laying females, were placed six melons which 
had been oviposited by other females and 
six melons which had not, in alternating pairs 
to minimize directional differences such as 
light. Half-hourly counts over three days were 
made of numbers of adults on each melon, 
and summed to totals of fly.half-hours on 
each melon. Means of these are given in Ta-
ble 2. The difference between the two was 
not statistically significant (t[11]=0.4444ns).

table 2. Mean counts of flies on melons which     
had or had not been previously oviposited. N=6.

Melon status oviposited unoviposited

Fly attention 
(fly.half-hours)

4.2 6.3

2.6. control history
No natural enemies are reported as effec-

tive on Myiopardalis, either in general (Stibick, 
2004) or in Afghanistan in particular (Ullah, 
1987). There is potential for the breeding of 
resistant cultivars, though with strong cultur-
al attachments to traditional varieties these 
cannot offer short-term help (Manukyan, 
1974, García et al., 2002, Saparmamedova, 

2004). Some suppressive effect has been re-
ported by fruit pruning and thinning (Kashi 
& Abedi, 1998). Bagging, used in Pakistan, 
would be expensive in rural Afghanistan, 
which has virtually no supply of newspapers 
from which cheap bags might be made.

Recommendations for Myiopardalis man-
agement are at present, with a very few ex-
ceptions, based on cover applications of 
insecticide (Eghtedar, 1991, Prokudina & 
Shevchenko, 1983, pers. comms.). At present, 
no consistent differences between insecti-
cides are apparent, and the current recom-
mendation in Afghanistan is to use the saf-
est and least environmentally damaging 
products available. Recommendations have 
emphasized the importance of timing, and 
particularly of early use, soon after or even 
before fruit set (during flowering) and indi-
cated that three applications early in the sea-
son are effective (Prokudina & Shevchenko, 
1983, Stride et al., 2002, pers. comms.).

Control recommendations are generally 
augmented by cultural methods, compris-
ing some or all of the following (Prokudina & 
Shevchenko, 1983, Stride et al., 2002, García et 
al., 2002, pers. comms.)

Resistant varieties•	

Early or greenhouse planting•	

Shallow or deep ploughing to expose or •	
bury overwintering pupae

Destruction of alternate hosts (wild cucur-•	
bits - largely absent in Afghanistan)

Collection and destruction of infected fruit•	

Destruction of plant residues•	

Short and long term crop rotation•	

3. Adult control - AttrActAntS, 
rEPEllEntS And InSEctIcIdES

3.1. Attraction to light and color
Responses to color were assessed by plac-

ing in three farm melon fields a number of 
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70cm-diameter red, orange, yellow or blue 
plastic washing up bowls, adding up to a to-
tal of 21 trapxdays of each colour. No fruit flies 
were caught (though catches included bees, 
wasps, beetles, grasshoppers, dragonflies, 
mantids and non-tephritid flies). Responses 
to light traps were assessed with kerosene 
lamps, standing in blue washing up bowls of 
water, in two fields, adding to a total of nine 
trap.days. Traps caught no fruit flies (though 
over one hundred moths).
3.2. repellence by Smoke

Smoke from fires to repel adults from crops 
has been recommended in Iran and Afghan-
istan (pers. comms.), including the use of the 
seeds of espand (Perganum sp.), which have 
a pungent smell and are often burnt to re-
pel houseflies and other noxious creatures 
with their smoke. The effects of smoke on fly 
roosting were assessed in a 2.5×0.5×0.5m 
laboratory cage. Six melons were placed 
along the cage, and a small pot of burning 
material placed at one end. Flies were re-

leased into the cage, and half-hourly counts 
made, over half a day, of the time spent on 
each melon. The experiment was repeated 
four times for replication, with the end with 
the firepot alternating from left to right to 
balance out any background trends such 
as the effects of light. Fires were of wheat 
straw, alone or mixed with espand. When 
the fire was lit, the migration away from the 
smoke source was not immediate but took 
place over some two hours. Table 3 shows 
the distribution of flies at the final count of 
each run, after four hours. In each case the 
decline in numbers with increasing distance 
from the firepot was significant (for straw 
regression slope t=4.7538[22]***; for espand 
t=8.5239[22]***). The slope for the relation-
ship was steeper for straw without espand 
than with it, providing no evidence that 
adding espand to the fire increased its effec-
tiveness. It is not clear whether this positive 
result in the laboratory may be translated 
into effective field control.

table 3. Mean distribution of flies on rows of melons in response to smoke. N=4.

distance from source (cm) 25 50 75 100 125 150

Fly attention 
(fly.half-hours)

Straw 0 0 0 5 13 23

Espand 0 0 0 3 2 20

3.3. Food Bait olfactory response - 
Attraction at a distance

Food baits have indicated some attractive 
power against Myiopardalis in the past. In 
Herat, Afghanistan, control was obtained by 
spot sprays of a bait of boiled beef meat with 
crushed cucumber extract and urea (Stride et 
al., 2002) - the “Herat mix”. Trap trials in Tejen, 
Turkmenistan, found adults in McPhail traps 
baited with beer waste, “Nu-Lure”, ammonium 

acetate and ammonium carbonate (García et 
al., 2002).

First, baits were evaluated for olfactory 
responses, exerting stimulus at a distance. 
A wide and shifting range and mixture of 
candidate baits were assessed, to maximize 
chances of finding one satisfactorily attract-
ing ingredient and representing all together 
a “best bet” chance of attracting flies if any 
such attraction were possible.
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3.3.1. Field Attraction Study
Baits were applied to the undersides of 

leaves in situ on plants in the fields, with 
catchers to retain flies attracted and killed, 
placed 5-15cm below, in complete random-
ized blocks. Six treatments were used:

Simple sugar – 100 g of white refined 1. 
sugar in 1 l of water

Complex sugars – 1 l of water containing 2. 
100 g of jaggery (unrefined cane sugar), 
3 g dried melon, 4 g milk powder, 1 g cit-
ric acid, 4 g of mango drink powder and 1 
dessertspoonful of honey

Fermented sugar – 100 g of jaggery in 1 l 3. 
of water, fermented with one teaspoon.
l−1 of active yeast for 24 hours

Commercial protein acid hydrolysate 4. 
(International Pheromone Systems Ltd, 
www.internationalpheromones.co.uk) – 
30 ml in 1 l of water

Animal protein – “5. Herat mix” comprising 
250 g of beef boiled in 1 l of water for 20 
minutes and skimmed of fat, with half a 
cucumber in 125 ml of water, liquidized, 
fermented for two days and sieved, and 
5 g of urea in 125 ml of water

Untreated – water only6. 

Assessment was in four sequential studies, 
in an increasingly intense attempt to obtain 
a response. The first three studies took place 
in an early-planted field, with 42.5% infesta-
tion (from visual inspection of a sample of 40 
fruits); insecticide added to all six baits was 
malathion EC at 2%. The fourth study took 
place in a late-planted field, where no mel-
ons were mature, but in the evening adult 
flies were observed walking and mating on 
melon vegetation; insecticide added was del-
tamethrin EC at 0.5%.
Study 1. Application was of 10ml of bait to 
individual melon leaves, with a 5cm com-
mercial paintbrush. Catchers were 28cm-
diameter plastic washing-up bowls placed 

immediately below, with approximately 5cm 
of water. Checked over 72 hours; N=3.
Study 2. Application was of 100ml to 1m2 of 
melon vegetation, with a 5cm brush. Catch-
ers were 1m2 squares of carpet, with a film of 
vegetable cooking oil applied with a paint-
brush. Two blocks were in the melons them-
selves (close to the field edge) and one in 
trees and higher vegetation at the field mar-
gin. Checked over 72 hours; N=3.
Study 3. Application was as 40ml with hand-
held mist sprayers to 1m2 of dense arboreal 
foliage along the field margin, in cool, shaded 
and moist areas. Catchers were cotton bags 
stitched to rigid metal frames with a circular 
mouth 0.5m in diameter. Checked over 96 
hours; N=2.
Study 4. Application was of 100ml to 1m2 
of melon leaves, with hand sprayers. Catch-
ers were 1m2 squares of carpet brushed with 
vegetable oil. Checked over 48 hours; N=3.

Baits caught muscid and other common 
flies, small wasps, small beetles, bees and 
crickets, but no tephritids.
3.3.2. laboratory Attraction Study

In laboratory experiments each complete 
randomized block was a cage of mosquito 
netting stitched around a wire frame, a cube 
of approximately 1×1×1m. Candidate baits 
(except whole melon) were in Petri dishes 
held against the sides of the cages, but not 
in contact with them, so that olfactory (and 
visual) attraction would be unaffected but 
tactile attraction not possible. Flies standing 
on the cage walls opposite each dish were 
counted half-hourly for one day, to obtain 
data in fly.half-hours. Two sequential experi-
ments were conducted (each N=2). Six baits 
were assessed, differing slightly between ex-
periments:

Simple sugar – 100 g in 1 l of water1. 

Complex sugars – 1 l of water with 25 g 2. 
jaggery, 25 g honey, 25 g orange powder 
drink and 25 g mango powder drink
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Protein hydrolysate – 30 ml in 1 l of wa-3. 
ter

Animal proteins – 1 l water with 250 ml 4. 
boiled beef stock, 250 ml blood, 25 g urea 
and 25 g milk powder

Melon fruit – (Experiment 1) a 5 mm-deep 5. 
disc of melon skin and flesh in a Petri dish; 
(Experiment 2) a small whole melon, skin 
unbroken, held against the cage in a cyl-
inder

Dried melon – (Experiment 2 only) 1 l wa-6. 
ter with 100 g macerated dried melon

Control – water only7. 

Mean numbers of fly.half-hours spent by 
flies opposite the various bait dishes are giv-
en in Table 4. Means, and analysis, are of data 
converted to logarithms. The four treatments 
common to both experiments were analysed 
statistically, by related t-tests of the three baits 
against the untreated control. Only melon fruit 
was significantly different from the untreated 
(t=3.823[3]*; for simple sugar t=0.775ns; for 
protein hydrolysate t=1.000ns). The exploita-

tion for pest management of the attraction to 
adult flies of melon fruit remains an area for 
further study.
3.3.3. Adult nutrition and reproduction

Bait studies were complemented by obser-
vations on adult nutrition and reproduction. In 
the laboratory, emerged populations of adult 
melon flies were kept on a diet of water only. 
Young, small melons, suitable for oviposition, 
were placed in the cages, and emergence from 
these assessed by sieving sand from the bot-
tom of the cages for pupae. Larvae emerged, 
and developed successfully into pupae and 
adults. This confirms that the life cycle can 
be completed without adult feeding. If adult 
Myiopardalis can produce viable offspring 
without feeding as adults, but relying on their 
larval food reserves, then this may explain why 
they are not attracted to food baits to adults.

It seems likely that Myiopardalis is not use-
fully olfactorily responsive to any bait. The list 
of possible candidate baits is not exhausted, 
however, and further trials are in develop-
ment.

3.4. Food Bait tactile response - Stimulus 
to remain

Distinct from olfactory attraction, which al-
lows baits to be used in isolated spots which 
may attract victims from a distance, is tactile 
stimulus to remain. While acting only on con-
tact and thus unable to attract victims to spot 
sprays this may, if added to cover sprays, stim-
ulate insects to remain, prolonging contact 
with deposits, and thus increase uptake and 
allow lower doses and longer reapplication 
intervals. Sugar has been successfully added 

to fruit fly cover sprays in other parts of South 
Asia (Verma & Sinha, 1977).

Assessment of stimulus to remain was by 
exposing flies to leaves coated with candidate 
baits. All treatments were applied with brush-
es to the undersides of melon leaves hung 
from ceilings of mesh cages. Flies standing 
on treated leaves were counted half-hourly, 
to obtain data as fly.half-hours. Each cage was 
a complete randomized block, locations of 
treatments in cages being independently ran-
domized.

table 4. Mean counts of adult flies standing opposite dishes of various baits. N=2 or 4.

treatment
Melon 

fruit

Simple 

sugar

complex 

sugars

Protein  

hydrolysate

Animal 

protein

dried 

melon
untreated

Fly attention 

(fly.half-hours)
5.3 0.7 0.0 0.4 0.0 0.4 0.2
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3.4.1. comparison of Stimulant 
Effectiveness

Two successive experiments were carried 
out, each with four replications and run for 
one day, but with slightly differing treatment 
sets. Treatments were as follows:-

Simple sugar – 1 l water containing 100 1. 
g of white refined sugar

Complex sugars – (Experiment 1) 1 l 2. 
water containing 100 g jaggery, 3 g 
dried melon, 4 g milk powder, 1 g citric 
acid, 4 g of mango drink powder and 1 
dessertspoonful of honey; (Experiment 
2) 1 l of water containing 25 g of jaggery, 
25 g of honey, 25 g of orange drink pow-
der and 25 g of mango drink powder

Fermented sugar – (Experiment 1 only) 3. 
1 l of water containing 100 ml of jaggery 
fermented with one teaspoon of active 
yeast for 24 hours

Protein hydrolysate – 30 ml in 1 l4. 

Animal protein – 1 l of water containing 5. 
250 g of beef boiled in 1 l of water for 

20 minutes and skimmed of fat, with (Ex-
periment 1) half a cucumber in 125 ml 
of water, liquidized, fermented for 2 days 
and sieved and 5 g of urea in 125 ml of 
water (i.e. “Herat mix”) or (Experiment 2) 
250 ml of blood, 25 g of urea, 25 g of milk 
powder

Fresh melon – (Experiment 2 only) 1 l 6. 
of water containing 100 g of macerated 
fresh melon

Untreated – Water only as a control7. 

Totals of fly.half-hours were converted to 
logarithms before calculation of means and 
significance statistics. Table 5 shows results 
from the two experiments pooled. Each of 
the baits used in both studies was compared 
with untreated surfaces in planned related t-
tests. The largest differences were not statis-
tically significant (for simple sugar t=2.077[7]
ns; for complex sugar t=1.441[7]ns; all other 
t<1) but the effect of sugar in stimulating 
adult resting was considered worthy of fur-
ther study.

table 5. Mean counts of flies on leaves brushed with various baits. N=4 or 8.

treatment
Simple 

sugar

complex 

sugars

Protein 

hydrolysate

Fermented 

sugar

Animal 

protein

Fresh 

melon
untreated

Fly attention  

(fly.half-hours)
6.6 5.5 1.6 2.4 2.3 0.0 1.9

3.4.2. Strength of Sugar coatings
To specify and quantify a suspected stimulus 

to remain exerted by sugar on leaves, sugar wa-
ter was applied to individual pumpkin leaves 
at different concentrations, replicated in six 
laboratory cages, and the roosting of flies ob-
served. Sugar solutions were 0, 1, 2, 5 and 10%, 
applied as approximately 0.25ml (two strokes 
of a 2.5 cm commercial paintbrush) per leaf. 
Table 6 gives means of fly.half-hours roosting 
on leaves treated with various strengths over 
14 counts on one day. Regression of fly roost-

ing to concentration obtained a significant 
result (regression F=5.0951[1,23]*).

table 6. Mean counts of flies on leaves with sugar 
water of various strengths. N=6.

Sugar strength (%) 0 1 2.5 10

Fly attention  

(fly.half-hours)
0.3 1.3 1.8 3.7
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3.5. chemical Pest Management in the 
Field

Seven different chemical controls were as-
sessed in a large irrigated farm field of mel-
ons. As the plot was irregularly-shaped a 
completely randomized design was chosen. 
Each treatment was replicated eight times, 
using 56 plots in all. All plots were 15×10m; 
sprays were of 1l per plot in the first half 
of the season, and 2l per plot in the latter. 
Treatments were as follows:-

1. Dipterex spray (2 ml.l−1)

2. Carbaryl spray (3 g.l−1)

3. Carbaryl dust (1:10 vol:vol in soil dust), 
at the same a.i./unit area as the carbaryl 
spray

4. Deltamethrin (1ml.l−1)

5. Deltamethrin (1 ml.l−1) with added sug-
ar (50 g.l−1)

Beef/cucumber/urea (“6. Herat mix”) spot 
sprays (6 spots, each of 50 ml, per plot)

Unprotected control plot7. 

Treatments were applied weekly through-
out the growing season, for a total of seven 
weeks. Numbers of attacked and unat-
tacked melons were counted weekly in all 
plots.

Table 7 shows the mean percentage in-
festation from the final count. The results 
may indicate that deltamethrin, particularly 
with the addition of sugar, is the most effec-
tive control, but this cannot be conclusively 
asserted as there were no significant differ-
ences (ANOVA F=1.5421[6,49]ns).

table 7. Mean infestation of melons in field plots protected by chemical controls. N=8.

treatment carbaryl 
dust

carbaryl 
spray

deltamethrin 
only

deltamethrin 
+ sugar herat mix dipterex 

spray untreated

Infestation (%) 10.9 12.8 5.4 5.1 10.3 13.8 15.5

4. PuPAl control -                          
culturAl MAnAgEMEnt

The emphasis in cultural control has been 
on disruption of the life cycle by attacking 
the point where the fly is in, entering or 
leaving the pupal stage, both in the grow-
ing season by the removal of infested fruits 
and in the winter by ploughing or flooding.

There seems to be potential for the in-
formed use of cultural controls, particularly 
in winter. If all flies overwinter as pupae, and 
these are only to be found immediately be-
low the locations of infested melons, then 
the entire population must pass the winter 
in the soil in these fields. It is in any case 
rather surprising that these survive at all – 
after the final melon harvest fields are com-
monly irrigated, ploughed, sown with winter 
wheat and irrigated again, and flies puta-

tively emerge, among the wheat plants, the 
following spring. The implication is either 
that pupae survive this gruelling regime in 
numbers adequately large to found the suc-
cessor generation the following spring, or 
that this founding generation is composed 
of individuals from a few isolated sites such 
as field margins or piles of discarded fruit. 
Which of these is the case is a current area 
of study. Studies were made of where and 
how pupae may be controlled with the re-
sources available to Afghan farmers.
4.1. Pupal location in the Field

Infested melons are identified by exit-
holes (the oviposition holes are hard to 
see) and so, by the time a fruit is identifiably 
infested, there will be pupae in the soil be-
low which will thus escape control by fruit 
removal. A study of pupal numbers and lo-
cation by digging and sieving soil around 
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exit-holed melons in farm fields led to the 
following conclusions.

More than one larva may exit through 1. 
the same hole – the soil below a melon 
may contain ten pupae for each hole in 
that melon.
Myiopardalis2.  larvae emerging for pupa-
tion do not travel far. Unlike those of 
Bactrocera they were not observed to 
jump about. Pupae were found mostly 
at depths of 5-10cm, and within 30cm of 
the outer edge of the melon from which 
they emerged.
As a result, pupae in the soil are tightly 3. 
clustered about the original melon, occu-
pying an area approximately 0.7×0.7m, 
and thus the effectiveness of fruit re-
moval may be enhanced by localized 
treatments of removed-fruit “footprints” 
to kill flies pupating in the soil immedi-
ately below.

4.2. Pupal control
4.2.1. Pupal control - Burial

In order to discover from what depths flies 
may emerge, pupae were buried in loose 
dry unsieved soil in lengths of clear plastic 
pipe, 3cm in internal diameter, at depths 
of 0, 1.25, 2.5, 5, 10, 20, 30, 40 and 50 cm. 
Each depth was replicated six times, in six 
separate pipes each containing one pupa. 
Emergence patterns are given in Table 8. 
Of the four emergents from the greatest 
depths (30 and 50 cm) none was observed 
to fly, and two (one from each depth) died 
with wings visibly unextended. It was con-
cluded that flies may emerge from pupae 
buried to a depth of 50cm, and that to 
ensure 100% mortality burial should be 
deeper than this. Afghan farmers already 
plough after melons, with ox ploughs to a 
depth of 10-15 cm; deeper would not be 
practicable for farmers without tractors.

table 8. Mean emergence of flies from pupae buried to different depths in soil. N=6.

depth of burial (cm) 0 1.25 2.5 5 10 20 30 40 50

Emergence (%) 50 33 100 33 33 16 33 0 33

4.2.2. Pupal control - Flooding
Pupae were placed in soil in the cut-off 

tops of 1.5l plastic drinks bottles (with the 
caps on) mounted upside down. Bottles 
were filled with about 5cm of soil, then 
six pupae placed on the soil and another 
7.5cm of soil put on top, to mimic natural 
conditions. The bottles were then flooded 
with water for a specific period of time 
and then the caps removed so the water 
drained out again. The top of each tube 
was then covered with mosquito netting, 
and numbers of emerging adults count-
ed. Each flooding was replicated in three 
bottles (18 pupae in all). Treatments were 
not flooded at all, flooded for one hour, 

and flooded for 48 hours. Table 9 shows 
the mean survival as percentages of pu-
pae from which adults emerged. It was 
concluded that flooding of pupae is not 
a particularly effective source of mortality 
when applied for less than three days (few 
Afghan farmers have access to irrigation 
for longer than this).

table 9. Mean emergence of flies from pupae in 
soil flooded for different periods. N=18.

Flood duration (hours) 0 1 48

Emergence (%) 56 56 61
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4.2.3. Pupal control - Insecticide

A study was made of the effects on pu-
pal survival, and subsequent adult emer-
gence, of insecticides applied to the soil 
surface. Treatments were untreated con-
trol and carbaryl wettable powder, applied 
either as a dust or a spray. Tests were in 
containers made of the cut-off bottom of 
a 1.5L fizzy drink bottle, into which 1cm of 
soil was placed, then two fly pupae and a 
further 5cm of soil to imitate natural con-
ditions. Insecticide was then applied to 
the surface; this was with the intention of 
obtaining the same dosage of active in-
gredient per unit area, though this is noto-
riously difficult to make precise. Dust was 
made as 1:10 vol:vol of powder and sieved 
soil dust. A “light but even” cover was ob-
tained by three shakes of a cotton dust-
ing bag, which was 24.6g.m−2 of dust, and 
0.7g.m−2 of carbaryl dust product; in liquid 
application the same dose was applied 
as 0.88l.m−2 of 0.8g.l−1 of WP suspension. 
Subsequently, each container was hung 
at the bottom of a tube of mosquito net-
ting 70cm high, to create a column of well-
ventilated space above the surface, so that 
emerged adults were not constrained close 
to the pesticide-treated surface. Live flies 
in each column were counted daily. Treat-
ments were each replicated eight times 
in separate containers, each containing 
two pupae (16 in all for each treatment). 
To detect chronic as well as acute lethality, 
data were gathered as counts of flies alive 
in each container on each subsequent day, 
added up to obtain values of “fly.days” of 
life, and means of these are given in Table 
10. Survival under dust treatment was 
significantly less than under liquid treat-
ment or no treatment (for heteroscedas-
tic data respectively t=5.2613[15]*** and 
t=2.6429[15]*; between liquid and un-
treated t=1.3029[15]ns).

table 10. Survival of adults emerging from soil 
surface-treated with different insecticide applica-
tions while they were pupae below. N=16.

Soil treatment none liquid dust

Survival (fly.days) 1 1.5 0

4.3. cultural Pest Management in the 
Field

Cultural controls were assessed for their ef-
fects on fly infestation in a small irrigated farm 
melon field. Three controls were used, each ap-
plied weekly for four weeks, in two complete 
randomized blocks:

Collection-only – Infested melons collected 1. 
weekly

Collection-and-dust – Infested melons col-2. 
lected and, as each melon was removed, 
sevin (carbaryl) dust dusted into the gap 
from which it was removed

No treatment3. 

Treated plots were each 20×30m in size; un-
treated plots, limited in size at the request of the 
farmer and to the edge of the area (downwind), 
were triangles 7-20m long and 2-4m wide at the 
base. Melons were counted as infested or unin-
fested within the center of each plot, from an 
area approximately half that of the whole plot. 
Infested-fruit counts from the final count were 
divided into totals to obtain percentage infesta-
tion estimates, given as means in Table 11. Treat-
ments were not statistically significantly different 
(ANOVA F=2.089[2,2]ns). It was concluded that 
fruit-collection-plus-dusting may provide supe-
rior control to collection-only and no-treatment, 
but this was not conclusively demonstrated.

table 11. Mean infestation of melons in plots pro-
tected by cultural controls. N=2.

treatment
collection 

+ dusting

collection 

only
untreated

Infestation (%) 24.0 34.5 36.5
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5. SuMMAry And concluSIonS

Female adult flies were attracted to 1. 
small, young, undamaged fruit as ovipo-
sition sites. There was no significant dif-
ference between melons on which flies 
had and had not previously oviposited.
Adult flies were not attracted to colour 2. 
or light traps.
Neither food nor attractant baits were 3. 
effective against adult flies. However, 
the list of possible candidate baits is not 
exhausted, and further trials are in de-
velopment.
Myiopardalis4.  was able to lay viable eggs 
without feeding during the adult stage.
Adult flies persisted on sugar deposits, but 5. 
were not actively attracted to them from 
a distance. While acting only on contact 
and thus unable to attract victims to spot 
sprays this may, if added to cover sprays, 
stimulate insects to remain, prolonging 
contact with deposits, and thus increase 
uptake and allow lower doses and longer 
reapplication intervals.
Although no statistically significant re-6. 
duction in infestation rates was achieved 
by cover spraying in the field, deltame-
thrin with sugar gave the best results 
and merits further study.
Smoke deterred adult flies in the labo-7. 
ratory, although the addition of espand 
seeds did not increase the effect of 
burning only straw. It is questionable 
whether this method offers a viable 
strategy in the field.
Emerging larvae pupated in the soil 8. 
5-10cm deep and in the immediate vi-
cinity of the infested fruit. Damage to 
the fruit is not visible until at least some 
larvae have emerged, but the area be-
neath the fruit offers a target for control. 
Afghan farmers already plough after 
melons, with ox ploughs to a depth of 
10-15cm; deeper would not be practi-
cable for farmers without tractors.

Teneral adults are able to emerge through 9. 
50cm of soil. Damaged fruit therefore 
need to be buried deeper than this to en-
sure 100% mortality.
Pupae were able to survive 48 hours 10. 
flooding of the soil. This calls into ques-
tion the value of irrigation as a method 
of cultural control, since farmers are not 
usually able to irrigate for longer than 
this because of limitations on the supply 
of water. It also goes some way towards 
explaining how pupae are apparently 
able to survive the routine agricultural 
practices of ploughing and irrigation 
during the pupal period.
Dusting the soil surface with insecticide 11. 
was clearly demonstrated in the labora-
tory to be an effective method of con-
trolling emerging adults, although the 
field trial was not statistically conclu-
sive.

The above studies led to the formulation of 
provisional control recommendations as fol-
lows:

Collection and destruction of infested 1. 
fruit. As these are identified by exit-holes, 
the site of each fruit removed should be 
lightly dusted with insecticide. The emer-
gence of adults from quite deeply buried 
pupae also indicates that shallow burial 
of collected fruits may not finish off the 
inhabitants, and collected fruit should 
be buried deeply (at least 75cm) and the 
surface treated with insecticide.
Cover application of insecticide when in-2. 
festation risk is severe. Literature reports 
suggest that sprays need be no more of-
ten than every ten days and, as larger fruit 
are less prone to attack, focused early in 
the season. A crop should be considered 
at risk when a melon field within 500Mm 
was heavily infested the previous year, 
and should be treated when the first fruits 
reach “apricot” size. To increase effective-
ness and persistence, sugar may be added 
to the spray mix at 30g per liter.

Book Fruit Flies.indb   11 28/10/2008   08:26:31



From Basic to Applied Knowledge 
12

Coordinated control at neighborhood 3. 
level. Controls of fruit flies are generally 
more effective when carried out in a co-
ordinated way by neighbors in a locality 
(Stonehouse et al., in press), and neighbors 
should be encouraged to conduct con-
trols to prevent reinvasion from nearby.
Winter destruction of pupae. It cannot be 4. 
assumed that ploughing-in (up to 50cm) 
or short-period flooding (up to 48 hours) 
will destroy overwintering pupae, and 
longer-term flooding, of irrigated fields, 
is to be preferred. The effectiveness of 
winter control remains to be confirmed.

A need remains for further research into 
aspects of the management of Myiopardalis. 
One is the chemical basis of the attraction of 
adult flies to melon fruit, if an analogue may 
be made available as a field attractant. Anoth-
er is the attack on the life cycle at its putative-
ly most vulnerable point – the overwintering 
pupae in melon fields which, in Afghanistan, 
are traditionally planted with winter wheat. 
Winter suppression, ideally exercised cooper-
atively on an area-wide basis, seems to offer 
the best hope for sustainable control if the 
best way to do this can be discovered. Many 
aspects of the management of Myiopardalis, 
including exactly where and how it passes 
the winter, are still under study.
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IntroductIon

The field of insect molecular systematics is 
experiencing dramatic growth regarding the 
number of taxa being studied and amount 
of data being generated. This is evident in 
the large number of molecular publications 
in entomological journals and insect DNA 
sequence submissions to databases such as 
GenBank. This growth is largely due to the 
development of DNA-based markers ap-
plicable to many insect groups (e.g., Hillis & 
Dixon 1991; Brower & DeSalle 1994, Simon 
et al. 1994) and advances in phylogenetic 
theory and computational technology to 
facilitate their analysis (e.g., Hillis et al. 1996, 
Huelsenbeck & Rannala 1997, Clement et al. 
2000, Huelsenbeck & Ronquist 2001, Swof-
ford 2002, Nylander et al. 2004). 

Like behavioral physiology or ecology, a 
molecular approach to systematic and taxo-
nomic investigation is a useful way to com-
plement traditional morphological methods 
of character analysis. Although molecular 
and non-molecular data sets can produce 
conflicting results or phylogenies, this should 
not be regarded as evidence that the “meth-
odologies” are incompatible. Indeed, conflict 
should not be surprising because a gene tree 
(or morphological tree) is not necessarily 
the species tree (Avise 2004) and how char-

acters in data sets are treated can affect the 
systematic analysis. For example, different 
interpretations of morphological characters 
within Brachycera (Diptera) have generated 
debate over the phylogeny of the group (see 
Wiegmann et al. 2003). Despite issues re-
garding how and when to combine multiple 
data sets, we believe systematic studies will 
benefit from comparing multiple markers 
(e.g., Giribret et al. 2001, Winterton et al. 2001, 
Damagaard et al. 2005, Selivon et al. 2005a). In 
fact, the use of molecular data in insect sys-
tematics has complemented and enhanced 
the value of morphological and ecological 
data, by helping to address questions such as 
species identification, speciation, geographic 
variation, structured genetic variation and 
phylogeny (Hillis et al. 1996, Caterino et al. 
2000, McPheron 2000, Pilgrim et al. 2002, 
Kryzywinski & Besansky 2003, Thanaphum & 
Thaenkham 2003; Clarke et al. 2005, Nardi et 
al. 2005, Schwarz et al. 2005).

Many molecular studies of tephritid taxa 
have been published in recent years (e.g., 
Smith et al. 2002, Feder et al. 2003, Jamnon-
gluk et al. 2003, An et al. 2004, Gilchrist et al. 
2004, Armstrong & Ball 2005, Augustinos et al. 
2005, Han & Ro 2005, Barr & McPheron 2006, 
Velez et al. 2006).  Most have focused on the 
genera Anastrepha Schiner, Bactrocera Mac-
quart, Ceratitis MacLeay and Rhagoletis Loew, 
and the evolution of fruit fly species (i.e. the 
phylogeny, population structure, and modes 
of speciation or isolation). Since these studies 
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contribute to the understanding of tephritid 
biology and evolution, they also provide es-
sential information for pest management 
and control programs. The correct delimi-
tation and identification of a species, or a 
complex of species (White 1996), is essential 
for basic and applied research and has far-
reaching practical consequences (McPheron 
2000, Armstrong & Ball 2005, Scheffer 2005). 
For example, the choice of management ap-
proaches such as the use of the sterile insect 
techniques, which involves mass production 
of a species for release programs, is strongly 
affected by the correct identification of the 
target pest species (Morgante et al. 1980, 
Malavasi & Morgante 1982, McPheron 1993, 
Robinson & Zacharoupoulou 1996, Roderick 
1996a, Roderick 1996b, Caterino et al. 2000, 
Kryzywinski & Besansky 2003, Clarke et al. 
2005, Brelsfoard et al. 2006).

The genus Anastrepha is the largest of 
the three genera in the tribe Toxotrypanini, 
subfamily Trypetinae, which also includes 
the genera Toxotrypana Gerstaecker and 
Hexachaeta Loew. This genus of more than 
200 described species is primarily restricted 
to tropical and subtropical areas of the Neo-
tropical region, although a few species occur 
in the southernmost part of the Nearctic Re-
gion (Norrbom et al. 1999).

The geographical distribution of the ge-
nus ranges from the southern U.S.A. (Rio 
Grande Valley of Texas, southern Florida) to 
northern Argentina, including most islands 
in the Caribbean. Anastrepha species have 
been the subject of many studies owing to 
their interesting behaviors and ecologies, as 
well as economic importance. Seven species, 
namely A. fraterculus (Wiedemann), A. grandis 
(Macquart), A. ludens (Loew), A. obliqua (Mac-
quart), A. serpentina (Wiedemann) and A. 
striata Schiner, have been more thoroughly 
studied due to their status as major agricul-
tural pests in several countries (Aluja 1994). 
However, the fullest evolutionary history of 
the genus can be clarified only through the 

study of species of non-economic and eco-
nomic importance alike. Except for thirteen 
species in the A. daciformis group (Norrbom 
1998), there has been no rigorous phyloge-
netic analysis based on morphological char-
acters for most of the genus, although some 
species groups have been proposed based 
on putative synapomorphies or unique, de-
rived characters (Norrbom et al. 1999). 

A revised intrageneric classification of Anas-
trepha spp. into seventeen species groups, 
many of which appear to be monophyletic, 
was proposed based on morphology and 
host plant use by Norrbom et al. (1999). Table 
1 lists the recognized species groups (includ-
ing the genus Toxotrypana), the number of 
species currently assigned to each, and pre-
liminary morphological evidence of mono-
phyly. Norrbom et al. (1999) present a pre-
liminary cladogram with two major clades, 
a section exhibiting most of the derived 
character states and comprising the grandis, 
doryphoros, spatulata, ramosa, pseudoparal-
lela, serpentina, striata, and fraterculus groups 
(referred to as section 1 in our paper; Table 1); 
and a second section (referred to as section 
2; Table 1) including the cryptostrepha, daci-
formis, dentata, benjamini, robusta, schausi, 
punctata, leptozona, and mucronota groups. 
More recently, an eighteenth species group 
was recognized by Norrbom et al. (2003); 
called the hastata group, this putatively 
monophyletic lineage comprises A. hastata 
Stone and two recently described species. 
For the purposes of this review the Norrbom 
et al. (1999) classification is adopted, and A. 
hastata is included in the mucronota species 
group.

Relationships among species groups re-
main poorly resolved using morphology. 
Norrbom et al. (1999) discuss the difficulties 
faced when trying to reconstruct a phylog-
eny of Anastrepha based on morphology due 
to the relatively small number of useful char-
acters, the intergradation of the most useful 
ones, and the presence of apomorphic states 
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in a relatively small number of species. They 
also suggest that additional morphological 
characters in the male genitalia, larvae, eggs, 
and molecular characters should be further 
explored to help answer important questions 
in the phylogeny of Anastrepha.

In addition to the study of higher-level 
systematics of Anastrepha (and its species 
groups), tephritid researchers are interested 
in species discovery (e.g., Norrbom & Carabal-
lo 2003), species diagnosis (e.g., Armstrong et 
al. 1997) and population genetics (e.g., Alber-
ti et al. 1996). A molecular approach to alpha 
taxonomy has generated several interesting 
papers on cryptic species in the nominal 
A. fraterculus (e.g., Steck 1991, Selivon et al. 
2005a). Most Anastrepha species have not re-
ceived as much attention as A. fraterculus, so 
it is uncertain how many species complexes 
there are in the genus. As mentioned, this has 
important implications for the quarantine 
and management of pests. Identification of 
cryptic species is also crucial for proper inter-
pretation of higher-level systematic analyses. 

Despite several efforts to investigate Anas-
trepha phylogeny using molecular methods, 
there are still many questions left unresolved 
(e.g., McPheron et al. 1999, Barr et al. 2005). 
Publications relevant to this goal appear in 
disparate sources (e.g., book chapters and 
various journals), analyze different levels of 
the phylogeny (e.g., species complex versus 
species group), use different tree building 
methods, and include different species. Con-
sequently, the goal of this review is to de-
scribe our current understanding of the mo-
lecular systematics of the genus Anastrepha. 

We begin by discussing the phylogeny of 
Anastrepha and its species groups. We focus 
our analysis of higher-level phylogenetics on 
those publications that used DNA sequences 
and included adequate taxonomic sampling 
to represent major lineages within the genus. 
Other studies that report phylogenies based 
on non-sequence data such as allozymes and 
restriction patterns (e.g., Morgante et al. 1980, 

Steck 1991) or that were performed using a 
limited numbers of species (e.g., Segura et al. 
2006) are also included in the review. To facili-
tate our discussion of phylogenetics, we pres-
ent a hypothetical tree of species group evo-
lution based on available morphological and 
molecular evidence (Figure 1). We continue 
our review by discussing molecular contribu-
tions to the study of species complexes and 
conclude with a section devoted to future 
needs, studies and approaches. 

MolEculAr PhylogEnEtIcS oF 
ANAStrePhA 

An important question in a phylogenetic 
analysis of Anastrepha is whether the genus 
is monophyletic (i.e., does it represent a real 
evolutionary lineage?). Morphological and 
immunological studies indicated that Anas-
trepha and Toxotrypana are very similar and 
clearly comprise a monophyletic group (re-
viewed in Norrbom et al. 1999, pg. 305, 310). 
The genus Toxotrypana has multiple auta-
pomorphies in support of its monophyly. In 
contrast, a single character (apical curvature 
of the medial vein) was believed to define 
Anastrepha, but several species lack this diag-
nostic trait (Norrbom et al. 1999). The typical 
Anastrepha wing pattern (C-, S-, and V-bands) 
could be a synapomorphy with subsequent 
modification in some species, but the “wasp-
mimic” pattern of Toxotrypana could be de-
rived from the Anastrepha pattern, as occurs 
within the daciformis group (Norrbom et al. 
1999). 

Phylogenetic analyses using portions of 
the 16S (McPheron et al. 1999) and period 
(Barr et al. 2005) genes reject monophyly of 
Anastrepha (see Figure 1, branch 6). Barr et 
al. (2005) hypothesize that the daciformis, ro-
busta, and dentata groups and particularly A. 
cordata Aldrich (cryptostrepha species group) 
are more closely related to Toxotrypana than 
to other species of Anastrepha. This is interest-
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ing because A. cordata lacks the strong apical 
curvature of the medial vein that is common 
to most Anastrepha species and also has 
extensive mesonotal markings, a state rare 
among other Anastrepha species. In conclu-
sion, representatives of Toxotrypana should 
be included in all systematic studies of the 
genus Anastrepha. Han & McPheron (1999) 
demonstrated that Hexachaeta is the sister 
taxon to the lineage comprising Anastrepha 
and Toxotrypana. In light of the paraphyletic 
placement of Anastrepha, future phylogenet-
ic studies should include a second outgroup 
taxon to confirm relationships in the tribe 
Toxotrypanini.

As mentioned, Norrbom et al. (1999) rec-
ognized seventeen species groups and Tox-
otrypana is treated as the eighteenth. Note 
that several of these species groups were 
regarded as artificial by the authors (see Ta-
ble 1 for groups lacking evidence of mono-
phyly). Although the 16S and period analyses 
included representative species from fifteen 
species groups, six groups were represented 
by a single species, thereby precluding evalu-
ation of monophyletic status. Monophyly of 
the other nine groups are reported in Table 2 
based on gene and tree building methodol-
ogy (NJ = Neighbor-Joining, MP = Maximum 
Parsimony, and BAY = Bayesian). 

The groups considered questionably mono-
phyletic based on morphology (Table 1) were 
not supported as monophyletic in the molec-
ular analyses. However, two of the groups be-
lieved to be monophyletic based on morphol-
ogy were not monophyletic in the gene trees. 
These groups are the fraterculus group and 
the spatulata group. For the fraterculus group, 
a single species (A. barbiellinii Lima) failed to 
cluster in the clade (except in the 16S- MP 
tree). This species was tentatively placed in 
the species group and lacks one of the “diag-
nostic characters” of the group: lateral brown 
markings on the mediotergite or subscutel-
lum. Analyses of species from the fraterculus, 
striata, and serpentina groups using the COI 

gene (Smith-Caldas et al. 2001; Boykin et al. 
2006) also support this placement of A. bar-
biellinii outside of the fraterculus group (see 
Figure 1). The placement of A. barbiellini in 
the fraterculus group should be revised or 
the composition of the entire group recon-
sidered to include the striata group species. 
Regarding the spatulata group, monophyly 
is rejected because A. spatulata Stone fails to 
form a clade with the other analyzed species 
of the group.

Monophyly of the fraterculus group has 
also been tested in other studies but with a 
much more limited taxonomic sampling. For 
example, isozyme analysis of five fraterculus 
group species plus ten other Anastrepha spe-
cies by Morgante et al. (1980) did not support 
its monophyly because A. barnesi Aldrich 
(leptozona group) clustered with A. antunesi 
Lima of the fraterculus group. Likewise, analy-
ses by Ruiz et al. (2007a, 2007b) using DNA 
sequences of the doublesex and transformer 
genes did not support monophyly of the 
fraterculus group. These trees included seven 
fraterculus group species (i.e., A. obliqua, A. 
sororcula Zucchi, A. amita Zucchi, and four 
putative A. fraterculus complex species), two 
striata group species, and one representative 
from each the grandis and serpentina spe-
cies groups. Segura et al. (2006) recovered a 
monophyletic fraterculus group using mito-
chondrial DNA sequences but the group is 
represented by only three species: A. obliqua, 
A. ludens, and A. suspensa (Loew). 

The phylogenetic relationships among the 
species groups and the Toxotrypana clade 
within the taxon Anastrepha are not well 
resolved. The major findings from morphol-
ogy and DNA sequence data are indicated in 
Figure 1. (Note that this tree was generated 
by reporting branches either supported with 
bootstrap in the original publication and/or 
recovered in multiple data sets. It is not a “su-
pertree” as described in Bininda-Edmonds et 
al. 2002.) Molecular data clearly supports the 
division of Anastrepha into a monophyletic 
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group (section 1) and a polyphyletic group 
(section 2); this is represented by branch 
number 3. The Barr et al. (2005) study identi-
fied an unplaced species (A. sylvicola Knab) 
as the sister lineage of the section 1 division 
(branch 4). However, its inclusion within sec-
tion 1 or 2 needs to be further addressed. 

The striata group is supported as the sister 
lineage of the fraterculus group (excluding A. 
barbiellinii) using the COI and period genes 
(Figure 1, branch 1). The COI data indicate that 
A. barbiellinii (fraterculus group) is the sister lin-
eage to the rest of the fraterculus group + the 
striata group (branch 2). The period gene sup-
ports a shared common ancestor to the daci-
formis, robusta, dentata, Toxotrypana, and cryp-

tostrepha (part) groups (branch 5). The 16S data 
also agrees with clustering of the daciformis, 
robusta and dentata groups. As mentioned, 
A. cordata is the sister lineage of Toxotrypana 
based on period and 16S (branch 6). 

Since taxon sampling is not exhaustive for 
any of the larger groups, interpretation of 
phylogenetic relationships within mono-
phyletic species groups is problematic for 
the aforementioned molecular studies. The 
greatest sampling was performed for the 
fraterculus group (ca. 35%). However, even 
for data sets with adequate taxon sampling, 
short divergence times (i.e., small genetic 
distance) within a relatively young, species-
rich group such as the fraterculus group may 

table 1. Description of the species groups within Anastrepha (including Toxotrypana and Unplaced spe-
cies) based on Norrbom et al. (1999). Sections refer to either one of the two putative evolutionary line-
ages identified by the above authors. Several groups had few synapomorphies to support monophyly. 

Species groups no. species Section Evidence of monophyly

cryptostrepha 8 2 No

daciformis 13 2 Yes

dentata 10 2 Yes

benjamini 4 2 No

robusta 16 2 Yes

schausi 4 2 Yes

punctata 5 2 Yes

leptozona 5 2 Yes

mucronota 31 2 No

grandis 10 1 No

doryphoras 3 1 Yes

spatulata 13 1 Yes

ramosa 2 1 Yes

pseudoparallela 20 1 No

serpentina 7 1 Yes

striata 3 1 Yes

fraterculus 28 1 Yes

toxotrypana 13 2 Yes

unplaced species 32 NA NA
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table 2. Evidence in support or against monophyly of species groups based on gene trees reported 
in McPheron et al. (2000) and Barr et al. (2005) from the 16S and period (per) data sets, respectively. The 
number of species representing a group in a data set is indicated by the value N. The“?” indicates a mul-
tifurcating branch precludes resolution. 

taxon n(16S) n(per) 16S - nJ 16S - MP per - BAy per -MP

fraterculus group 10 9 No* Yes No* ?

striata group 2 2 Yes Yes Yes Yes

serpentina group 2 2 Yes Yes Yes Yes

pseudoparallela group 4 4 No No No No

spatulata group 5 5 No No No No

cryptostrepha group 2 2 No No No No

mucronota group 3 3 No No No No

toxotrypana 3 2 Yes Yes Yes Yes

* Evidence against monophyly is caused by placement of a single species: A. barbiellinii

complicate phylogenetic reconstruction be-
cause of insufficient accumulation of charac-
ter state changes and time for lineage sorting 
of genes (Nei & Kumar 2000).

The 16S and period trees did not produce 
highly supported relationships within the 
fraterculus group nor did they produce simi-
lar topologies. The COI study analyzed frater-
culus group relationships but used different 
representative species than did the 16S and 
period studies, precluding a useful compari-
son of trees. One similarity that is consistent 
among the three gene trees is the place-

ment of A. fraterculus specimens from the 
Andean region of Venezuela and Colombia 
as distinct from other A. fraterculus speci-
mens. The implications of this finding will be 
discussed in the following section on cryp-
tic species.

The only other group with a proposed phy-
logeny is the daciformis group. The majority 
of its species are represented in the morpho-
logical analysis of Norrbom (1998). The mo-
lecular studies represent a more limited sam-
pling (≤ 30%) of the group than reported in 
Norrbom (1998).

MolEculAr AlPhA-tAxonoMy And 
cryPtIc SPEcIES IdEntIFIcAtIon

The description of species (alpha level tax-
onomy) is dependent on good diagnostic 
characters. Although technological advances 
in microscopy and computational tools for 
morphometric analysis will undoubtedly en-
hance efforts of traditional taxonomists (e.g., 
Selivon & Perondini 1999, Hernández-Ortiz et 
al. 2004, Frias 2005), genetic and molecular 
techniques have been shown to be extreme-
ly useful tools for species diagnosis (e.g., 
karyotype analysis by Selivon et al. 2005b and 

DNA barcoding by Armstrong & Ball 2005 
and Scheffer et al. 2006). Because genomes 
comprise regions of relatively high variation 
(in comparison to morphology), it is possible 
to detect differences between populations of 
a species and, if reproductively isolated, evi-
dence of cryptic species (see Avise 2004, pp. 
356-360 for a good review of cryptic species 
identification). It is important to stipulate that 
identification of a species complex by differ-
ences in DNA sequences does not reveal the 
phylogeny of those species. It is possible that 
the morphotype characteristic of the com-
plex is homoplasic. 
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Figure 1. Hypothetical phylogeny of Anastrepha species groups based on evidence from morphology 
(Norrbom et al. 1999), 16S DNA (McPheron et al. 1999), COI gene (Smith-Caldas et al. 2001), and the period 
gene (Barr et al. 2005). The data sets that provide evidence for a branch are indicated. An asterisk (*) indi-
cates that a species group was represented by ≤1 species in the molecular studies. 
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In terms of molecular biology, the investi-
gation of a species complex (the nominal A. 
fraterculus) has received greater attention 
than other areas of Anastrepha systematics. 
This is understandable given that A. fratercu-
lus is a serious agricultural pest and intraspe-
cific variation within the species was relative-
ly high in comparison to other Anastrepha 
species being investigated in the 1980s and 
early 1990s. More sensitive molecular mark-
ers that may be better suited for analysis of 
other species using DNA sequences (e.g., 
Smith-Caldas et al. 2001) and microsatellites 
(e.g., Fritz & Schable 2004) have only become 
“routine” in the last five to ten years. In this 

section, we review the body of work that 
identified this species complex. 

The first molecular studies of intraspecific 
variation in A. fraterculus were performed 
using a methodology called protein electro-
phoresis or isozyme analysis. Protein electro-
phoresis is still a useful technique since it re-
quires little knowledge about the organism’s 
biochemistry (i.e., it analyzes proteins using 
a standard protocol), is relatively inexpensive, 
and provides access to multiple loci. Several 
limitations, however, also exist; for example, 
it requires fresh material, is less informative 
than DNA sequences for evolutionary stud-
ies, and detects only part of the actual genet-

1
4

3

2 3 41 1

2

2 3 4

3 cryptic species of A. fraterculus complex4 described fraterculus species

2

Ancestral species of 
fraterculus group (genetic 
variation of 4 haplotypes)

F3F2F1DCBA

A

B
F1

A
F2
C

F3

F3
DSpeciation events

(a) (b)
1

2

4

3

Figure 2. Hypothetical model of evolution for the A. fraterculus complex assuming the variation present 
in the complex is the result of shared ancestral polymorphisms. (a) The genetic distinctness of species 
is the result of lineage sorting rather than creation of novel haplotypes using this model. Variation is 
represented by four haplotypes (i.e. boxes 1, 2, 3, and 4). (b) The tree in the box is a reconstruction of the 
four haplotypes. In this model the phylogenetic relationships of the species is not correct (e.g., species C 
should be placed with D, and F1 with F2) because the variation predates the speciation events.
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ic variation (Berlocher 1984, Roderick 1996a, 
Kryzywinski & Besansky 2003). 

Morgante et al. (1980) were the first to re-
port molecular evidence that A. fraterculus 
comprises a species complex. They analyzed 
thirteen Anastrepha species, most of which 
occur in Brazil, and sixteen populations of 
A. fraterculus from different hosts and lo-
cations in the southern, southeastern and 
northeastern regions of Brazil. Based on their 
isozyme data, they divided the complex into 
four groups, group A comprising populations 
from the northeastern (states of Bahia, Ser-
gipe and Pernambuco) and southeastern re-
gions (São Paulo state), group B with popula-
tions only from the southeastern region (São 
Paulo state), group C with two populations 
from the northeastern region (Bahia state), 
and group D with populations only from the 
southeast (states of São Paulo, Rio de Janei-
ro and Minas Gerais). The group C flies have 
since been determined to be A. sororcula 
populations (Morgante et al. 1993) and ex-
hibit a karyotype (Solferini & Morgante 1987 
– Karyotype 3, Selivon et al. 2005b) distinct 
from A. fraterculus karyotypes. 

Steck (1991) studied four species of Anas-
trepha (A. distincta Greene, A. fraterculus, A. 
obliqua and A. striata) focusing on eight geo-
graphic populations of A. fraterculus from 
several hosts in Central and South America. 
His results demonstrated a high genetic vari-
ability (based on isozymes) within A. frater-
culus. Steck divided the populations into 
two groups, the first including populations 
from northeastern Brazil (Bahia state), coastal 
Venezuela, Costa Rica and Mexico, and the 
second one comprising populations from 
southeastern Brazil (São Paulo state), Andean 
Venezuela and Peru. Populations within the 
second group were genetically distinct from 
the first group and possibly from each other 
as well.  According to this study, the A. frater-
culus complex is not monophyletic.

Another technique that has been used in 
the study of genetic variation of the A. frater-

culus complex is called restriction fragment 
length polymorphism (RFLP) analysis of DNA. 
This method has been especially useful when 
applied to mitochondrial DNA because of 
the relatively high rate of substitution in this 
genome (Simon et al. 1994; Roderick 1996a) 
Steck & Sheppard (1993) used the PCR-RFLP 
technique in an analysis of different popula-
tions of A. fraterculus from Brazil (states of São 
Paulo and Bahia) and Venezuela (Los Caracas, 
coastal area and Mérida, Andes). A high level 
of polymorphism was detected among the 
four geographic populations and little or no 
gene flow was observed. 

Santos (1994) and Santos & Matioli (1997) 
also focused on geographic populations of A. 
fraterculus in Brazil in their analyses of RFLP of 
mitochondrial and nuclear DNA. Their results 
showed two geographic populations of A. 
fraterculus, one inland and the other coast-
al, to be distinct. According to the authors, 
these two groups appear to represent two 
distinct species within the nominal species 
A. fraterculus. They also state that this spe-
cies complex is not monophyletic as the 
coastal populations are closer to A. soror-
cula than to the inland populations.

The phylogenetic studies of McPheron et 
al. (1999) and Barr et al. (2005) used DNA se-
quence data and included multiple speci-
mens of A. fraterculus. In the case of the 16S 
data, a specimen collected from Mérida, 
Venezuela was shown to be distinct from a 
specimen collected in the state of São Pau-
lo, Brazil. The period gene tree included four 
specimens from Mérida, Venezuela, one 
from Los Caracas, Venezuela (coastal re-
gion), one from the state of São Paulo, Bra-
zil, and two from Mexico. The samples from 
Mérida formed a clade (distinct from the 
other specimens), the samples from Mexico 
and Los Caracas formed a clade (distinct 
from other specimens) and the São Paulo 
state specimen was distinct from the two 
clades. Both of these genes suggest that 
the species complex is not monophyletic.
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The analysis of the COI gene by Smith-Cal-
das et al. (2001) included sixteen specimens 
of A. fraterculus and representatives of elev-
en other Anastrepha species. The specimens 
were from collections made in the Andean 
regions of Venezuela and Colombia, Cara-
cas (Venezuela), Argentina, Mexico, Costa 
Rica, Guatemala, and several regions of 
Brazil. Their COI gene tree does not support 
monophyly of the species complex. In fact, 
the tree suggests that there may be over 
six cryptic species dispersed throughout 
the phylogeny. For example, COI supports 
a lineage including Mexican and Costa Ri-
can A. fraterculus populations, an Andean 
lineage, a Guatemalan lineage, an indepen-
dent Venezuelan lineage, and several Brazil-
ian lineages. 

A surprising result of the COI study was evi-
dence that A. obliqua may be a species com-
plex because populations formed two dis-
tinct clusters. Subsequent analysis of the COI 
data including 107 sequences of A. suspensa 
from Florida and Caribbean populations 
from different hosts supported monophyly 
of A. suspensa (Boykin et al. 2006). 

A recent report by Selivon et al. (2005a) 
focused on ten populations of A. fraterculus 
from different localities in Brazil that under-
went a joint analysis using isozymes, karyo-
types, morphometry and crossings. The 
authors recognized two clusters within the 
populations analyzed, which represented 
two distinct biological species and were de-
nominated A. sp.1 aff. fraterculus and A. sp.2 
aff. fraterculus. This study is a good example 
of how multiple methodologies should be 
integrated to study cryptic species. 

Goday et al. (2006) used molecular cyto-
genetics to characterize sex chromosomes 
and locate rDNA loci of Anastrepha, focusing 
mainly on four species of the A. fraterculus 
complex, three of these species are from two 
different localities in São Paulo state, Brazil 
and one species is from Guayaquil, Ecuador. 
They report that the heterochromatin orga-

nization on the sex chromosomes revealed 
by three different molecular cytogenetic 
techniques allows the precise karyotypic 
identification of the aforementioned species.

Several studies were performed to charac-
terize population genetic variation of A. frater-
culus within Argentina. However, these did not 
detect significant structure and supported the 
hypothesis that these populations are a single 
species. These studies were performed using 
protein electrophoresis (Alberti et al. 1996), 
PCR-RFLP of 16S DNA (Alberti et al. 2002), DNA 
sequences of COII (Alberti et al. 2008) and 
RAPD (randomly amplified polymorphic DNA) 
techniques coupled with cytogenetic analy-
ses (Basso et al. 2003). The populations were 
similar to populations collected in the state of 
Rio Grande do Sul, Brazil. 

To summarize, there appear to be over five 
cryptic species in the A. fraterculus complex. 
There is (1) an Andean species (supported 
by COI, 16S, and period sequences, PCR-RFLP, 
and isozyme data), (2) a lineage present in 
Mexico, Costa Rica, and possibly Venezuela 
and Brazil (based on Steck’s [1991] isozyme 
work, the period and COI genes, and sup-
ported by  Hernández-Ortiz et al. 2004 using 
morphometrics), (3) a lineage in Guatemala 
(based only on COI), (4) a second species in 
Venezuela (based only on COI), (5) a lineage 
in Peru (based on Steck’s [1991] isozyme 
work), and over two additional species from 
Brazil (based on Morgante et al. [1980], the 
COI gene, Selivon et al. [2005a], and Ruiz et al. 
[2007a, 2007b]). Brazilian populations likely 
represent more than two species, but some 
of these may be conspecific with some of the 
above populations found in other countries. 
Without a way to compare results among 
studies, there will be a tendency to inflate the 
number of cryptic species in the complex. 

It is important to note that the cryptic spe-
cies identified by these studies are not mono-
phyletic. Therefore, two possible hypotheses 
are either the A. fraterculus “morphotype” 
evolved independently multiple times or this 
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morphology is an ancestral form. If the latter 
is true, then this provides evidence regard-
ing polarity of character evolution within the 
fraterculus group. 

These two hypotheses for A. fraterculus 
evolution, however, assume that a gene tree 
equates with a species tree. Unfortunately, 
interpretation of the molecular phylogeny 
can be confounded by shared ancestral poly-
morphisms; i.e. if the variation present in A. 
fraterculus populations and other Anastrepha 
species predates speciation events within 
the species group. This implies that lineage 
sorting of variation rather than accumulation 
of new characters is represented in the mo-
lecular phylogeny (Figure 2). Although not 
our preferred hypothesis, it is possible that 
the A. fraterculus complex is the sister clade 
to the other fraterculus species. For example, 
speciation events within the “A. fraterculus” 
lineage could have generated daughter spe-
cies that did not evolve novel morphological 
characteristics.

FuturE nEEdS And rEcoMMEndAtIonS

When systematists discuss the future needs 
of a research program, the two most com-
mon areas for improvement are the addition 
of characters and taxa to the study. In terms 
of characters, DNA sequence data should be 
regarded as an essential approach to phy-
logenetic study. Although methods such as 
protein electrophoresis (or other frequency-
based methods) are useful, these methods 
require an a priori grouping of data points 
(usually by geography) before phylogenetic 
reconstruction. DNA sequences are prefer-
able because they are more information-rich, 
they allow a clearer statement of character 
homology (as opposed to frequency data), 
and each sequence represents the individual 
in a phylogenetic analysis. The COI, 16S, and 
period sequences are useful tools but there 
will surely be a need for additional markers 

for particular questions. For example, 16S 
and period gene trees did not provide sup-
ported branches in the study of the fratercu-
lus group. 

Fortunately, the development of protocols 
to sequence other genes is an active area 
of research. For example, Soto-Adames et al. 
(1994) reported sequence data of the G

6
pdh 

gene (glucose-6-phosphate dehydrogenase) 
from A. suspensa, Fritz (2006) compares se-
quences of the internal transcribed spacer 
region 2 (ITS-2) from A. suspensa and A. frater-
culus, Segura et al. (2006) analyzed a region of 
the mtDNA encompassing the 3’ end of the 
cytochrome b gene (cytb), a serine transfer 
RNA gene (tRNASer) and the 3’ end of subunit 
1 of the NADH dehydrogenase gene (ND1) 
for five species  (A. ludens, A. obliqua, A. ser-
pentina, A. striata and A. suspensa),  Ruiz et al. 
(2005, 2007a, 2007b) isolated and character-
ized the doublesex and transformer genes 
from twelve Anastrepha species. The phylo-
genetic utility of these genes will require fur-
ther study. In addition, phylogenetic studies 
of other tephritids and flies have produced 
several useful markers (e.g., Barr & McPheron 
2006, Moultan & Wiegmann 2004) that can 
be applied to Anastrepha systematics. It is 
important to realize that new characters can 
also be developed using morphological and 
ecological studies. Ideally, future systematic 
studies should incorporate an approach that 
integrates molecular data (from multiple 
genes) with non-molecular data sets.

The problem of taxon sampling is crucial 
to our understanding of Anastrepha. Thus 
far, molecular phylogenetic studies have in-
cluded a minority of the species present in 
species groups. Although uncovering the 
systematic position of these groups in a tree 
is important, one needs to include sufficient 
representatives to assess the monophyletic 
status of species groups. When sampling 
species from a species group, researchers 
should first demonstrate that the selected 
species are in fact representative of the spe-
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cies group. Based on our current data, few 
species groups possess strong evidence of 
monophyly. 

The fraterculus group is an interesting taxo-
nomic problem because it includes many ec-
onomically important species and evidence 
of cryptic species. Despite serious efforts to 
sample the A. fraterculus complex and other 
species, the study of the group suffers from 
a lack of a common molecular benchmark; 
specimens analyzed by different researchers 
(or in different studies by the same group) 
are not scored using a common marker sys-
tem. For example, the samples used in the 
Smith-Caldas et al. (2001) paper differed 
from the samples used in Steck’s (1991) 
isozyme study. It is not possible to combine 
these data sets, estimate variation in a spe-
cies or compare phylogenetic placement of 
cryptic species as the two A. fraterculus spec-
imens might represent two distinct species 
of a species complex. As well, it is not pos-
sible to determine if the trees built using 
different data sets even disagree because it 
is possible that two specimens of the same 
species could actually represent two distinct 
species of a species complex. 

The aforementioned limitations are of seri-
ous concern for interpretation of A. fratercu-
lus complex studies. The COI data of Smith-
Caldas et al. (2001) demonstrate a very large 
genetic diversity of haplotypes for A. frater-
culus. It is not possible to correlate these 
putative cryptic species with other studies. 
This leaves the reader with only geographi-
cal data with which to assign nomenclature. 
This is an imperfect approach for some re-
gions (such as the state of São Paulo, Brazil) 
where multiple species occur. As mentioned, 
the A. fraterculus complex could be the sis-
ter taxon to a lineage comprising multiple 
extant species in the fraterculus group (Fig-
ure 2). This can only be evaluated by recon-
structing phylogenies with thorough taxon 
and population sampling. For example, the 
monophyly of the A. fraterculus complex 

should be tested using multiple specimens 
from each putative cryptic species. This 
should also be done for the other Anas-
trepha species to determine the inter- and 
intra-specific variation in the tree. 

In addition to selecting a standard molecu-
lar marker (such as COI) for comparison of 
putative cryptic species, it is also important 
to study the biological relevance of these 
putative species. Selivon et al. (2005a) per-
formed basic biological studies of the effects 
of reproductive isolation on putative cryptic 
species. Genetic difference should not be 
equated with species description. Multiple 
explanations could account for these differ-
ences (including insufficient sampling) so 
biologists should be careful in interpreta-
tion of molecular taxonomic studies. 
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ABStrAct: The morphology of third instar larvae of the genera Anastrepha, Bactrocera, Ceratitis, Rhagoletis and Toxotrypana is described. In some 
Neotropical and Nearctic species of Rhagoletis the first instar larva are also analysed. The morphology of structures of the cephalic segment, cepha-
lopharyngeal skeleton, first thoracic segment and caudal segment were studied with optical and scanning electron microscopes. A rapid larval identi-
fication of species belonging to different genera can be made by a combination of features as the, shape of cephalic segment, shape of antennomaxi-
llary complex, shape of ventral and dorsal cornua of the cephalopharyngeal skeleton, neck of mandible, preoral teeth, oral teeth, cuticular projections 
and tubercles of the caudal segment, length of posterior spiracular hairs and spinule pattern surrounding the anal lobes. With the exception of 
Rhagoletis turpiniae, cuticular projections from the caudal segment were detected in first and second instar larvae of Neotropical species of Rhagoletis. 
The Nearctic and Palearctic species lack these structures. The length of the cuticular projections changes during the larval ontogeny, are larger in first 
instar larvae than in second instar larvae, and in third instar larvae it decreases and projections appear as short intermediate tubercles. This trait could 
be an apomorphy, and suggests that the Nearctic and Neotropical species are a separate clades. The Neotropical species of Rhagoletis having eggs 
with long pedicel, also possess a long caudal cuticular projection used for the recognition of sibling species. Is important to increase our knowledge 
of the morphology of immature stages to aid in their identification and to understand the phylogenetic relationships within Tephritidae. 

Keys Words: Fruit flies, taxonomy, immature stages, ontogeny, apomorphy, phylogeny.

IntroductIon

According to the latest systematic database, 
the Tephritidae has 3 subfamilies, 471 gen-
era, and 4257 species (Norrbom et al.1998). 
There is much information about the adult 
taxonomy of fruit flies. However, despite 
their economic importance, immature stag-
es of tephritid species are in general poorly 
known. Norrbom et al. (1998) estimated that 
immature stages of approximately 7% of the 
species and 17% of the genera of Tephritidae 
have been described, usually only for the third 
instar larvae, and most of this work has been 
done for the Nearctic and Palearctic regions. 
Updated records show that of the approxi-
mately 826 species of the genera Anastrepha, 
Toxotrypana, Rhagoletis,Bactrocera, and 
Ceratitis, there are only about 59 species for 
which larval descriptions are available (Frías 
et al.2006 ). Many of these descriptions have 
been done mainly for the third instar larvae 

using optical microscope. However, in recent 
years the scanning electron microscope has 
become a useful tool to study characters not 
easily observed by the optical microscope, 
especially the sensilla of the neurosensorial 
system and other non sclerotized structures.

The most important descriptions of imma-
ture stages, including eggs, larvae, and pu-
paria, has been done for Nearctic Tephritinae 
species by Goeden (1987,1988,1993, 2000a, 
2000b, 2001a, 2001b, 2002a, 2002b), Goeden 
& Headrick (1991), Goeden & Teerink (1996a, 
1996b, 1996c,1997a,1997b,1999), Goeden & 
Norrbom (2001), Goeden et al. (1998), Head-
rick & Goeden (1990), Headrick & Goeden 
(1998), Steck & Wharton (1986), and Teerink & 
Goeden (1999). The morphology of immature 
stages belonging to Neotropical Tephritinae, 
with only a few exceptions, are poorly known 
(Frías 1985, 2005; Gandolfo & Hernández 
1999). The main contributions in relation to 
Trypetinae eggs and larval morphology of 
economic importance are: Snodgrass (1924), 
Phillips (1946), Persson (1963), Berg (1979), 
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Steck & Wharton (1988), Steck & Malavasi 
(1988), Jones & Kim (1988), Carroll & Whar-
ton (1989), Steck et al.(1990), Frías & Martinez 
(1991), White & Elson–Harris (1992), Frías et 
al.(1993), Selivon & Perondini (1998), Frías 
& Alviña (2000), Frías (2001), Delprat et al. 
(2001), Frías (2004), and Frías (2005). However, 
only a few larval keys have been published. 
According to Norrbom et al. (1998), the prin-
cipal authors of keys for the identification of 
Tephritidae species are: Greene (1929), Kan-
dybina (1977), Phillips (1946), Exley (1955), 
Berg (1979), Steck et al 1990, and White & El-
son-Harris (1992). Recently Frías et al. (2006), 
described new characters and proposed a 
key for the identification of the economically 
important genera as Anastrepha, Bactrocera, 
Ceratitis, Rhagoletis, and Toxotrypana. How-
ever, there is no comprehensive database of 
larval morphological characters, and many 
further studies on this regard are needed in 
the following fields:

Identification and classification of fruit 
flies. The taxonomy of fruit flies rests largely 
on the morphology of the adults. As there is 
relatively few information available for the 
immature stages.The association of larval 
morphology with adult morphology is funda-
mental to a holistic classification of fruit flies, 
as well as their identification and description 
of new species.

Phytosanitary protection. The correct iden-
tification of fruit flies is important in popula-
tion control. 

Quarantine. Larvae are the main causative 
agents of damage in fruits. Also, the imma-
ture stages, especially the larvae, are respon-
sible for most fruit rejections when they are 
detected at inspection sites, point of entry or 
destination.A better knowledge of the tax-
onomy and morphology of immature states, 
especially larvae, is very important for their 
correct recognition.

Pest risk analysis. In risk assessment, correct 
identification of larvae, and other life stages is 
very important.

evolutionary biology and systematics. a)
The Tephritidae fruit flies belong to endop-
terygota holometabolous insects. Thus lar-
vae and adults live in very different habitats 
and have very different behaviors and feed-
ing habits. So also, larvae and adults have 
different selective pressures. If a female lays 
her eggs on an atypical host, the larvae can 
not disperse to another host.Thus the larvae 
population has two possibilities: adaptation 
to the new host or death. As a consequence 
of this selective pressure, the morphology of 
many larval characters in Diptera is adapta-
tive (Andreeva 1989, Andreeva 1999, Frías 
2004).Therefore, as a consequence of natural 
selection, there is a great richness of charac-
ters in the neurosensorial, respiratory, and 
digestive systems of larvae that may also 
contribute to the recognition, classification, 
and description of species; especially those 
of sibling species (Frías 2001, Frías 2004, Frías 
2005).

b) Larvae of diptera, in addition to somatic 
cells, have imaginal discs carrying genetic 
information for adult development. During 
metamorphosis this genetic information 
guides the development the different adult 
organs and structures such as eyes, legs, 
wings, antennae, gonads, and others (Hotta & 
Benzer 1972, Brewen & Sing 1983). Therefore 
genotypic selection at the larval population 
level is very important in genetic population 
structure and evolution of species. Selective 
biotic and abiotic factors that affect the lar-
vae may also affect the development and 
evolution of the adult forms (Frias 2004).

 c) The larvae of Tephritidae have three in-
stars, therefore it is feasible to study the char-
acters through larvae development. The on-
togenetic analysis of a determined character, 
allows the identification of species and also 
to study the role of heterochrony or phyletic 
changes in the timing of development, so that 
the appearance of rate of development of a 
feature in a descendent ontogeny is either ac-
celerated or retarded relative to the appear-
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ance or rate of development of the character 
in an ancestor’s ontogeny (Gould, 1977). 

Knowledge of the morphology of immature 
stages may be helpful to understanding the 
taxonomic status and phylogenetic relation-
ships of some sibling species and to make 
some interpretations of the adaptation of 
these fruit flies to their environment, in the 
framework of evolutionary biology.

The goals of this paper are to review about 
the important larval characters for recog-
nition of species belonging to the genera 
Anastrepha, Bactrocera, Ceratitis, Rhagoletis 
and Toxotrypana, and the description of some 
new larval characters.Also we describe some 
character state changes between instars of 
Neotropical Rhagoletis species and how these 
differ from the Nearctic species. 

MAtErIAl And MEthodS

The species analysed are summarized in Table 1.

table 1. Source of samples examined

Species n
Biotic 

regions
locality host collector

oM SEM

A. fraterculus 
Brazil 1 

 15  3 Neotropical Botucatu, Brazil
Psidium  

guajava L.
D. Selivon

A. fraterculus 
Brazil 2 

 15  3 Neotropical
San Sebastião,

 Brazil
Terminalia  
cattapa L.

D. Selivon

A. fraterculus 
Brazil 3 

 15  3 Neotropical Ubatuba, Brazil
Terminalia  
cattapa L.

D. Selivon

A. fraterculus 
Ecuador 

 15  3 Neotropical Guayaquil, Ecuador
Psidium  

guajava L.
D. Selivon

A. fraterculus 
Mexico 

 15  3 Neotropical Mexico
Psidium  

guajava L.
V. Hernández

A. ludens 
 
 5

 0
Neotropical

Los Tuxtlas, Vera-
cruz, Mexico

Citrus  
aurantium L. R. Perez

A. leptozona  10  5 Neotropical Mexico
Micropholis 

mexicana 
(Guilly)

L. López

B. carambolae 
 
5  3

Neotropical, 
Oriental

Surinam unknown
A.van  

Sauers-Muller

C. capitata  8 2

Afrotropical, 
Australasian 
Neotropical, 

Nearctic,
Palearctic, 

Mendoza,  
Argentina

Laboratory  
Stock,
SEIB60

Andrea  
Bartolucci
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R. brncici  8  4 Neotropical
Las Vertientes, 

Chile
Solanum 

nigrum (L.) Mill.
D. Frías

R. cerasi (PA)  5  2 Palearctic  Alps, Switzerland Lonicera spp. D. Frías

R. cingulata  10  3
Nearctic, 

Palearctic
Zoyatzingo, Mexico

Prunus sero-
tina var. Capuli 

(Cav.) McVaugh
F. Arias

R. conversa  14  4 Neotropical Las Vertientes,Chile
Solanum 
tomatillo 

Remy
D. Frías

R. lycopersella  10  4 Neotropical Trujillo, Perú
Lycopersicon 
.pimpinellifo-
lium (L.) Mill

Aureliano 
Ramirez

R. nova  12  1 Neotropical
Pachacama,  

Hijuelas, Chile
Solanum 

muricatum Ait.
D. Frías

R. penela  6  4 Neotropical Nahuelbuta, Chile
Solanum 

valdiviense 
Dunal

D. Frías

R. pomonella  10  3 Nearctic
Veracruz, La Joya, 

Mexico

Crataegus 
mexicana 

Moc.& Sessé

V. Hernández & 
D.Frías

R. solanophaga 12  3 Neotropical
Xalapa,Veracruz,

México

Solanum 
appendi-
culatum 

Hum.&Bonpl.  
Ex Dun.

V. Hernández

R. tomatis  14  3 Neotropical Antofagasta, Chile
Lycopersicon 
esculentum 

Mill.
D.Frías

R. turpiniae  10  3 Neotropical
Veracruz, Xalapa, 

J.Botánico, Mexico

Turpinia 
insignis 

(HB.&K.) Tul.
V. Hernández

R. zoqui  10  3 Nearctic
Tlaxcala, San 

Luis Teolocholco, 
Mexico

Juglans sp. C. Velazquez

table 1. Continuation

Species n Biotic 
regions locality host collector

oM SEM
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Figure 1. Cephalofaryngeal skeleton of third instar larva of Ceratitis capitata in lateral view

Specimen preparation. Third instar 
larvae were killed in boiling water for 2 
minutes and preserved in 70% ethanol. 
For optical study, larvae were treated 
overnight in 10% KOH following Steck & 
Wharton (1986) and Steck et al. (1990).The 
cephalopharyngeal skeleton and anterior 
and posterior spiracles were dissected 
and slide mounted.For scanning electron 
microscopy (SEM). Samples were fixed in 
2.5 % glutaraldehide in 0.1 M cacodylate 
buffer pH 7.4 for 2 h at 4ºC and postfixed 
in 1% OsO

4
 at room temperature in dark-

ness. Tissues dehydrated in graded ac-
etone series were critical point dried from 

CO
2
 mounted and then coated with a 

layer of paladium-gold approximately 20 
nm thick. Samples were examinated and 
photographed in a SEM JEOL,JSM-25-SII 
of Pontificia Universidad Catolica de Chile 
and with SEM JEOL JSM-5600-SV at De-
partamento de Entomología, Instituto de 
Ecología, Xalapa, Veracruz, México. 

Morphological Analysis. The ce-
phalopharyngeal skeleton was studied by 
means of an optical microscope (OM), and 
the following structures were observed : 
mandibles, ventral and dorsal apodemes 
of mandible, neck of mandible, dental 
sclerite,labial sclerite, hypopharyngeal 

sclerite, parastomal bar, hypopharyngeal 
bridge, dorsal and ventral cornu, anterior 
sclerite, ventral and dorsal bridges of ven-
tral and dorsal cornua, oral and preoral 
teeth (Fig.1). Structures of the cephalic seg-
ment, studied by SEM were: apical tooth, 
preoral organ, preoral teeth, oral teeth, 
labium, oral ridges and antennomaxillary 
complex (Figs.2, 3, 4). On the caudal seg-

ment, the tubercles, anal lobes, and spinules 
surrounding the anal lobes were examined 
(Fig.5).Additionally the caudal cuticular pro-
jection of first, second and third instar larvae 
were studied and compared in Neotropical 
and Nearctic species of Rhagoletis. 

Terminology used follows that of White & 
Elson-Harris (1992), White et al.(1999) and 
Frías et al. (2006). 
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rESultS And dIScuSIon

Morphology of third instar larval belong-
ing to the genera Anastrepha, Bactrocera, 
Ceratitis, rhagoletis and toxotrypana. 

With OM it is possible to observe that the 
larva of Bactrocera carambolae has a very vo-
luminous, and long antennomaxillary com-
plex distinctive of this genus, similar to other 
congeneric species described by White & El-
son- Harris (1992), (Figs.6, 11). In Ceratitis (Figs. 
7, 12) and in Anastrepha (Figs.4, 9, 13) the an-
tennomaxillary complex is moderately volu-
minous. In Rhagoletis (Figs. 8, 14) and in Tox-
otrypana the antennomaxillary complexes 
are flattened (Figs. 10, 15). These differences 
are confirmed with SEM (Figs. 2, 3, 16, 17, 18, 

19).Toxotrypana (Figs.10, 15, 18) and Rhagole-
tis (Figs. 2, 8, 14), have a rounded cephalic seg-
ment. In Anastrepha (Figs. 9, 13, 17), Ceratitis 
(Figs. 7, 12) and Bactrocera (Figs. 6, 11, 16) the 
cephalic segments are long and conical. In 
Toxotrypana (Fig.18) the oral ridges are very 
wide, numerous (N= 21), and non-serrated as 
in Rhagoletis. However in Rhagoletis the oral 
ridges are narrow and small in number (N = 
3-7) (Figs. 2, 3, 19). On the other hand, Ceratitis, 
Anastrepha (Fig.17) and Bactrocera have ser-
rate oral ridges (Fig. 16). 

The caudal segment of Toxotrypana is 
smooth, without tubercles (Fig. 20). In other 
genera, the caudal segment has distinctive 
tubercles (Fig. 21).The posterior spiracular 
hairs of genera Anastrepha, Bactrocera, Cera-

Figure 2. Cephalic segment of third instar larva of  
hagoletis pomonella, lateral view

Figure 3.Cephalic segment of third instar larva of  
hagoletis penela, anterior view.

Figure 4. Cephalic segment and first thoraxic seg-
ment of third instar larva of Anastrepha fraterculus 
Brazil 3.

Figure 5. Caudal segment of third instar larva of 
Anastrepha fraterculus Brazil 3, posterior view.
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Figures 6 – 10. Cephalic segment and first thoraxic segment (T1) of third instar larvae in lateral view. 6. 
Bactrocera carambolae.7. Ceratitis capitata.8. Rhagoletis brncici. 9. A. fraterculus Brazil 4.10. Toxotrypana 
curvicauda. The arrows show the antennomaxillary complex.

Figures 11-15. Cephalic segment and first thoraxic segment (T1) of third instar larvae in ventral view.11. 
Bactrocera carambolae.12. Ceratitis capitata.13. A. fraterculus Brazil 2. 14. Rhagoletis brncici. 15. Toxotrypana 
curvicauda. The arrows show the antennomaxillary complex.
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Figures 16-17. Cephalic segment and first thoraxic segment (T1) of third instar larva in lateral view. 16. 
Bactrocera carambolae. 17. Anastrepha fraterculus Brazil 3

Figures 18-21.Cephalic segments in frontal view and caudal segments in posterior view of third instar 
larva. 18, 20. Toxotrypana curvicauda. 19, 21. Rhagoletis solanophaga.

Figures 22-23. Posterior spiracles of third instar larvae . 22. Rhagoletis solanophaga. 23. Toxotrypana cur-
vicauda.
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Figures 24-25. Anal lobes and spinules of third instar larva.24.Ceratitis capitata. 25. Bactrocera caram-
bolae.

Figures 26-30.Cephalopharyngeal skeleton of third instar larva. 26.Anastrepha ludens.27.Bactrocera sp. 
28. Rhagoletis nova. 29. Ceratitis capitata. 30. Toxotrypana curvicauda.

Figures 31-33. First instar larva in lateral view. The arrow shows the cuticular projections in the caudal 
segment. 31. Rhagoletis lycopersella.32. Rhagoletis solanophaga.33.Rhagoletis turpiniae.
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titis and Rhagoletis are longer than the me-
dial spiracular slit length, similar to R. solano-
phaga (Fig. 22). In Toxotrypana the spiracular 
hairs are shorter than the medial slit length 
(Fig. 23). In Ceratitis the spinules surround-
ing the anal lobes are pointed and bifurcated 
forming small plates (Figs. 24). In other gen-
era the spinules surrounding the anal lobes 
are pointed and single, similar to Bactrocera 
carambolae (Fig. 25).

The mandible of Bactrocera and Ceratitis 
has a distinctive neck (Figs. 1, 27, 29). Anas-
trepha, Rhagoletis and Toxotrypana lack these 
necks (Figs. 26, 28, 30). In Bactrocera, the ven-
tral apodeme of the mandible is narrow and 
projecting posteriorly (Fig. 27).In Toxotrypa-
na the dorsal and ventral apodemes of the 
mandibles are broad and rounded (Fig. 30).
The dorsal cornua, in lateral view, in Ceratitis, 
Anastrepha, Bactocera and Rhagoletis have a 
triangular shape (Figs. 26, 27, 28, 29). However, 
in Toxotrypana it is extended (Fig. 30).

The principal differences among these gen-
era that are important in their identification 
are briefly summarized in the following key: 

key to third instar larvae of genera 
Anastrepha, Bactrocera, Ceratitis, 
rhagoletis and toxotrypana  
(modified from Frías et al. 2006)

1.Body of larva large, more than 11 mm long, 
mandible more than 0.3mm long.Ventral 
apodeme of mandible broad and rounded 

apically.Caudal segment smooth, without tu-
bercles.Spiracular hairs of posterior spiracles 
shorter than medial spiracular slit lengt Dor-
sal cornu, in lateral view extended .....................  
........................................ Toxotrypana Gerstaecker
-.Body of larva smaller than 11 mm long, man-
dible less than 0.3 mm long. Ventral apodeme 
of mandible sharp apically. Caudal segment 
not smoothly, with long tubercles in interme-
diate area .Spiracular hairs of posterior spira-
cles longer than medial spiracular slit length. 
Dorsal cornua , in lateral view triangular  ......2
2. Cephalic segment is rounded, hypopharyn-
geal bridge broad, located subapically on hy-
popharyngeal sclerite. Preoral teeth present. 
Oral ridges not serrate. Ventral bridge of ven-
tral cornua not evident ........... Rhagoletis Loew
-. Cephalic segment conical, hypopharyngeal 
bridge narrow, located at middle of hypo-
pharyngeal sclerite. Preoral teeth absent. Oral 
ridges serrate. Ventral bridge of ventral cor-
nua evident ...............................................................3
3. Posterior region of mandible without dis-
tinct neck. Preapical tooth absent ......................
...................................................Anastrepha Schiner
-. Posterior region of mandible without a dis-
tinct neck.Preapical tooth present ...................4
4. Ventral apodeme of mandible projecting 
posteriorly. Antennomaxillary complex very 
voluminous. Oral ridges with long, sharply 
pointed teeth. Anal lobes surrounded by sev-
eral small, sharply single- pointed spinules ....  
................................................ Bactrocera Macquart

Figures 34-36. First instar larvae of Rhagoletis.34. R. pomonella, 35.R.cingulata.36. R.cerasi.

Figures 37-39. Shell of egg, first, second and third instar larvae of Rhagoletis brncici. 37. Shell of egg and 
first instar larva. 38. Second instar larva, the arrows shows the cuticular peojections. 39. Third instar larva.
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-. Ventral apodeme of mandible not project-
ing posteriorly, approximately perpendicular 
to dorsal margin of mandible. Antennomaxil-
lary complex not voluminous.Oral ridge with 
shorter, rounded teeth. Anal lobes sorround-
ed by several cuticular plates with small, bifur-
cate pointed spinules..............Ceratitis McLean

SoME lArVAl MorPhologIcAl chAr-
ActErIStIcS oF nEotroPIcAl, nEArctIc 
And PAlEArctIc SPEcIES rhAgolEtIS.

The first instar larvae of neotropical R. lyco-
persella (Fig. 31) and R. solanophaga (Fig. 32) 
have 2 caudal cuticular projections, similar to 
those that were described in R. tomatis, R.nova., 
R.penela, R.brncici and R. conversa (Frías 1986, 
Frías et al. 1993, Frías et al. 2006). In R. solano-
phaga these tubercles are 0.18 times the total 
larval length and in R. lycopersella 0.07 times 
as long as the body length. However, first and 

second instar larvae of the neotropical spe-
cies R. turpiniae lack these cuticular projections 
(Fig.33) (Table 2). The first and second instars 
of the Nearctic species R. pomonella, R.zoqui,R.
cingulata and the Palearctic species R.cerasi do 
not have these cuticular projections (Figs. 34, 
35, 36), (Table 3). 

The cuticular projection is larger in first in-
star larvae than in second instar larvae, and 
in third instar larvae it diminishes further and 
appears as short intermediate tubercles.The 
figures 37, 38 and 39 show first, second and 
third instar larvae of R. brncici respectively.In 
these figures it is possible to see the reduc-
tion of these cuticular projections from first 
instar larva to second and third instar larvae. 
Fig. 37 also shows a neo emerged first instar 
larval of R.brncici and the shell of its egg. The 
posterior region of the embryo is located 
near to the pedicel of the egg, and the larva 
emerges from the end of the egg opposite to 
the pedicel. 

table 2. Cuticular projections in first, second and third instar larvae of neotropical species of genus 
Rhagoletis.

Species  n  cuticular projection 
(+ = With; 0= Without) length of cuticular projection 

r. conversa

1st instar 20 + 0.25 times as long as the body length

2nd instar 20 + 0.12 times as long as the body length 

3rd instar 25 0 -

r. brncici

1st instar 20 + As long as larval body

2nd instar 20 + 0.25 times as long as the body length 

3rd instar 20 0 -

r. nova

1st instar 20 + As long as larval body

2nd instar 20 + 0.25 times as long as the body length 

3rd instar 20 0 -

r. penela

1st instar 10 + 0.4 times as long as body length

2nd instar 12 + 0.18 times as long as body length 

3rd instar 12 0 -
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r. tomatis

1st instar 25 + 0.12 times as long as body length

2nd instar 22 + 0.06 times as long as body length

3rd instar 25 0 -

r. lycopersella

1st instar 6 + 0.07 times as long as body lenght

2nd instar 19 + 0.05 times as long as body length

3rd instar 15 0 -

r. solanophaga

1st instar 2 + 0.18 times as long as body length

2nd instar 3 + 0.10 times as long as body length

3rd instar 7 0 -

r. turpiniae

1st instar 6 0 -

2nd instar 27 0 -

3rd instar 20 0 -

table 3. Presence or absence of cuticular projections in first, second and third instar larvae of Nearctic 
and Palearctic species of genus Rhagoletis.

Species  n 
 cuticular projection 

(+ = presence; 0= absence)
length of cuticular projection 

r. pomonella

1st instar 10 0 -

2nd instar 10 0 -

3rd instar 10 0 -

r.zoquit

1st instar 0 0 -

2nd instar 2 0 -

3rd instar 10 0 -

r.cingulata

1st instar 18 0 -

2nd instar 15 0 -

3rd instar 15 0 -

r.cerasi

1st instar 10 0 -

2nd instar 15 0 -

3rd instar 20 0 -

table 2. Continuation

Species n cuticular projection 
(+ = With; 0= Without) length of cuticular projection 
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concluSIon

There are many characters that allow the 
identification of Tephritid larvae. Probably 
many of these characters of the larval phe-
notype are adaptative and they are a con-
sequence of natural selection (Andreeva 
1989, 1999, Frías, 2004). A rapid larvae iden-
tification of species belonging to the genera 
Anastrepha, Bactrocera, Ceratitis, Rhagoletis 
and Toxotrypana is possible using optical 
microscopy. The species of these genera can 
be identified by a combination of features, 
principally: shape of cephalic segment, shape 
of antennomaxillary complex, shape of ven-
tral and dorsal cornua of cephalopharyngeal 
skeleton, neck of mandible, preoral teeth, oral 
teeth, caudal segment area, anal lobes, hairs 
of posterior spiracles, and spinules surround-
ing the anal lobes.

Bactrocera and Ceratitis, of the tribe Da-
cini, have a cephalopharyngeal skeleton 
very similar in morphology, specially the 
dorsal and ventral cornua, the neck of the 
mandible and also an evident dorsal bridge 
of the ventral cornua. However, Anastrepha 
and Toxotrypana, despite both belonging to 
the tribe Toxotrypanini (Norrbom et al.1998, 
Norrbom et al. 1999), are very different in 
the morphology of the cephalopharyngeal 
skeleton, specially the mandible morphol-
ogy and the dorsal and ventral cornua mor-
phology. 

With the exception of R. turpiniae, cuticu-
lar projection of the caudal segment were 
detected in first and second instar larvae of 
Neotropical species at the genus Rhagole-
tis. The Nearctic and Palearctic species lack 
these structures.The absence of these pro-
jections in Neotropical R. turpiniae belong-
ing to the cingulata group (Hernández-Ortiz 
1993, Hernández-Ortiz & Frías, 1999), would 
be evidence of a phylogenetic conection be-
tween the Neotropical and Nearctic species.

The cuticular projection detected in first 
and second instar larvae of Neotropical spe-

cies could be an apomorphic trait, and this 
character found only in Neotropical species 
suggests that the Nearctic and some Neotro-
pical species are separate clades. This fact is 
concordant with phylogenies derived from 
analysis of the mitocondrial CO II and 16S 
data that suggest that the genus Rhagoletis 
is not monophyletic (Smith & Bush, McPher-
on & Han, 1997). Results using 16S mito-
condrial DNA data place the Neotropical 
R.conversa and R. striatella near exemplars 
to the genera Zonosemata, Haywardina, 
Rhagoletotrypeta, and Cryptodacus (McPher-
on & Han, 1997, Han & McPheron,1999). The 
Solanaceae– infesting Rhagoletis such as the 
nova, psalida, ferruginea and some striatella 
Neotropical species group may be a sepa-
rate clade .However few Neotropical Rhago-
letis were included in this study; missing are 
the majory of the R.striatella group and the 
entire R. ferruginea and R. psalida species 
groups. Additional species from these spe-
cies group should be studied to investigat-
ed the taxonomic status of the Neotropical 
species group. 

The eggs of R. nova, R, brncici ,R.conversa 
and R. penela have a long pedicel. The pos-
terior region of the embryo is located near 
to the pedicel, therefore the pedicel of the 
egg, during embryogenesis could favor the 
development of the cuticular projection of 
larvae. Conversely, the eggs of R.tomatis, R 
lycopersella and R. solanophaga have a short 
pedicel and their larvae have also a short cu-
ticular projection (Frías & Hernández-Ortiz in 
preparation).This character has been impor-
tant in the description and identification of 
sibling Neotropical species of the nova group 
(Frías 1986, Frías et al. 2006). Considering the 
changes in the length of cuticular projection 
of Rhagoletis species during larval ontogeny, 
it is important to increase our knowledge of 
morphology of all the larva instars in other 
species and genera to aid in their identifica-
tion, and understanding of classification and 
phylogenetics relationships. 
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ABStrAct: Field identification of released sterile insects is a major issue for eradication and suppression programs. Irradiated flies are normally 
identified by the presence of a fluorescent dye. When a fly lacks fluorescent dye, determination of gonadal state is necessary to identified between 
sterile or fertile flies. This is particularly relevant when population levels have decreased and identification is required to be as unequivocal as possible. 
Here we describe the reproductive system of irradiated Anastrepha fraterculus of different ages and we compare it with that of fertile flies in order to 
provide a diagnosis tool. Fertile and irradiated A. fraterculus were dissected from the day of emergence and until 15 days of age. Gross morphology 
was described and the gonads were measured. Germ cells were visualized in the testis. The reproductive systems of both males and females contained 
the same structures as other Anastrepha species. From day 1 to day 3, there were no detectable differences between irradiated and fertile males. The 
growing region encompassed half the testis total length and there was no free sperm in the seminal vesicle. On day 4 the presence of free sperm 
was seen in the seminal vesicle. At this stage irradiated males started differentiating from fertile ones: the growing region reduced in size and totally 
disappeared by day 11; sperm bundle zones occupied most of the testis; spermatids lost their triangular shape and sperm remained in the seminal 
vesicle without moving into the apical region. Testis length and width of irradiated males did not differ from fertile males. In females, the maturation 
of the ovaries involved a change in size that was more pronounced in the length of the ovary. This became noticeable at day 3. At this stage, the 
formation of yolk and the basal follicle began in fertile females and the oocyte had the same size as the trophocytes. From this point, the oocyte 
started growing. After day 8, the maturing oocyte reached its final length and the trophocytes disappeared. None of these occurred in sterile females 
and differences in ovary size were significantly different by day 4.  We demonstrated the possibility to differentiate irradiated flies from non-irradiated 
ones after the latter begin the process of sexual maturation. Convenience and constrains in relation to its application as a tool for field monitoring in 
sterile insect release programs are discussed

Key Words: South American fruitfly, sterile insect technique, field identification, testis, ovary

IntroductIon

The genus Anastrepha Schiner is the most 
diverse group of native tephritids in America 
with around 197 species described (Hernán-
dez-Ortiz 2003). Some of these species are 
of economic importance such as A. ludens 
(Loew), A. obliqua (Macquart), A. striata Schiner, 
A. fraterculus (Wiedemann), A. suspensa (Loew), 
and A. serpentina (Wiedemann) (Norrbom and 
Kim 1988). 

The South American fruit fly, A. fraterculus, 
which is considered a species complex instead 
of a single species (Stone 1942, Morgante et al 
1980, Solferini and Morgante 1987, Malavasi 
and Morgante 1982, Steck 1991, 1999, Selivon 
1996, Goday et al. 2004, Hernández-Ortiz et 
al. 2004, Rocha and Selivon 2004, Selivo et al. 
2005, Smith Caldas et al. 2001), is widely dis-

tributed (Salles 1995). In Argentina, is the only 
species of economic importance of the genus 
Anastrepha, and shares its distribution along 
with Ceratitis capitata (Wiedemann). The ster-
ile insect technique (SIT) is applied successful-
ly for Ceratitis capitata, and control actions are 
now extending to areas where A. fraterculus is 
present. This rises the need to develop control 
measures against A. fraterculus compatible 
with the use of SIT for C. capitata, being the 
SIT one alternative. Research efforts during 
the last years have been allocated to upscale 
the production and obtain a mass rearing 
protocol (Jaldo et al. 2001, Vera et al. 2007), 
to determine the adequate dose to induce 
sterility (Allinghi et al. 2007b), to assess sterile 
male competitiveness (Allinghi et al. 2007a), 
survival in the field (M. T. Vera unpublished), 
compatibility among populations (Petit Marty 
2004ab, Vera et al. 2006), and to speed sexual 
maturation with the use of juvenile hormone 
analogues (Segura et al. 2005). The results from 
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these studies encourage the implementation of 
SIT against this pest. 

The correct identification of trapped insects 
represents a necessary tool in the implementa-
tion of the SIT against A. fraterculus. Most of field 
activities will be planned and directed based 
on these results (Guillen 1983). The identifica-
tion of irradiated and wild flies implies a series 
of steps. Irradiated flies are dyed with a fluores-
cent powder before release. Population levels 
are monitored in the field with traps and flies 
captured in the traps are taken to the labora-
tory to determine their origin (i.e. wild or sterile) 
with the aid of UV lights. However, when a fly 
lacks fluorescent dye, it is necessary to use other 
tools to confirm the origin of the fly. When the 
population level is still high and the number of 
wild captures is numerous, all the undyed flies 
are considered wild flies in a conservative ap-
proach. When the population has been reduced, 
then the correct identification of the fly status is 
crucial since it may lead to the initiation of ad-
ditional field procedures in the area where wild 
captures occurred. In this cases, the lack of fluo-
rescent dye in itself is not sufficient to consider a 
fly as fertile and other techniques are used such 
as the dissection of the fly to observe the geni-
talia and verify the radiation damage produced 
in the gonads and hence confirm the origin of 
the fly. In the case of C. capitata, the variations 
produced by radiation in the maturation of the 
testes and ovaries are gradual and accentuate as 
flies age. This process has been well described 
and the development of irradiated and wild flies 
was compared (Guillén 1983). Once flies have 
reached their age of sexual maturity, it is possi-
ble to distinguish between fertile and irradiated 
flies representing nowadays a useful tool for field 
monitoring. However, when they are yet imma-
ture discrimination is not possible. Although this 
may represent a constrain, yet is a convenient 
practical tool given the fact that males are re-
leased almost at their age of sexual maturation 
and the damage is already noticeable. Sterile fe-
males can be misidentified as fertile immature 
females. In such cases, the spermathecae of the 

female are also dissected to verify the presence 
of sperm as an indication of sexual maturity. If 
positive then the fly is classified as sterile. Other 
possible procedure is to perform a DNA analysis 
but this is not always possible. In cases where 
the genetic background of the mass-reared 
strain is from the target population or close to 
it, the identification is impossible. The use of ge-
netic markers, such as the case of the sergeant 
mutation in some C. capitata strains has resulted 
a very interesting alternative (Niyazi et al. 2005). 
Yet the observation of the gonads is worldwide 
used for field identification. 

In the genus Anastrepha, the study of the re-
productive biology is poor and restricted to 
some few species. There is a limited number of 
contributions dealing with the anatomy of the 
reproductive apparatus and the development 
and sexual maturation of wild flies (Martínez 
et al. 1995, Ramírez et al. 1996, Martínez and 
Hernández-Ortiz 1997) and a detailed study of 
the spermathecae and ventral receptacle can be 
found for A. suspensa (Fritz and Turner 2002). De-
scriptions of the changes in the gonads along 
the process of sexual maturation either in fertile 
or irradiated flies are not available for A. frater-
culus. 

In this work we compare the development of 
the reproductive systems of irradiated A. frater-
culus with fertile flies in order to provide a tool 
for field identification.

MAtErIAl And MEthodS

Flies were obtained from the stock colony main-
tained at the EEAOC. This colony was established 
in 1997 from infested guavas collected in the vi-
cinity of Tafí Viejo, Tucumán province (northwest 
Argentina). Rearing conditions were those pro-
posed by Jaldo et al. (2001). Once pupae were 
obtained and aged until 5-7 days, they were sent 
by ground (15 hours) to Centro Atómico Ezeiza, 
National Atomic Energy Commission, in Buenos 
Aires province. Fruit fly pupae were irradiated 
with a Cobalt60 source at 70 Gy (maximum dose 
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did not exceeded 75 Gy) two days prior to emer-
gence, according to Allinghi et al. (2007b). Upon 
emergence, flies were sorted by sex and 10 flies/
sex were placed in plastic containers with water 
and food (a mixture of corn protein, hydrolyzed 
yeast protein, sugar, vitamins and amino acids). 
The same procedure was performed on fertile, 
non-irradiated flies. 

One container of each category (irradiated 
males and females and fertile males and fe-
males) was taken at random and flies preserved 
in 70% ethanol daily from the date of emer-
gence until 15 days of age. Flies were dissected 
and the length and width of the gonads mea-
sured. Testes were transferred to a slide and 
stained with aceto-orcein to visualize germ cells 
(Guillén 1983). 

In addition, 20 fertile females were mated to 20 
sterile males and the percentage of egg hatch 
determined. The egg hatch obtained from fer-
tile males and females were used as control and 
the presence of sperm in the spermathecae of 
females was determined.

rESultS

Male reproductive system. The reproduc-
tive system of Anastrepha fraterculus males is 
similar to that of other species of Anastrepha 
(Martínez & Hernández-Ortiz 1997). It is com-
posed of paired testes, vas deferens and semi-
nal vesicles, an ejaculatory duct, several pairs of 
accessory glands, a sperm pump, an eadeagal 
gland and an aedeagus. The testes exhibited 
oval shape and yellow color. In the sexually ma-
ture male, the testis can be divided into zones 
or regions which contain the different cells in-
volved in spermatogenesis (Fig 1a). The apical 
region shows the growth zone formed by the 
apical spermatogonial cells followed by the pri-
mary and secondary spermatocytes. This zone is 
continued with a zone full of spermatids where 
the cells are grouped forming triangle like ar-
eas that can be visualized by a characteristic 
staining pattern. This is followed by the sperm 

bundles zone formed by groups of sperm of 
filamentous form. The seminal vesicle is located 
in the basal region and will contain free sperm 
in sexually mature males. The free sperm, like in 
the bundles sperm zone, exhibits filamentous 
form which makes difficult to differentiate the 
head from the tail.

Maturation of testes in sterile males. The 
spermatogenesis in A. fraterculus males ex-
posed to radiation in the pupal stage is halted. 
Aging and sexual maturation of males reveals 
changes in the organization of the testis and 
enables the differentiation between irradiated 
and fertile males. 

Figure 1: Line drawings of the testes of A. fratercu-
lus indicating the variation on irradiated flies from 
different ages: a mature fertile male; b immature ir-
radiated male (0 to 4 days); c irradiated male (5 to 7 
days); d irradiated male (8 to 15 days). gr = growth 
region; sr = spermatid region; sb = sperm bundles; 
sv = seminal vesicle.

Day 0. The growth zone reaches half the length 
of the testis. The presence of spermatids and 
sperm bundles can be observed, but free sperm 
is not detected. No remarkable differences are 
detected between testes of fertile and irradiated 
adults (Fig. 1b, Fig 2a and b) and these observa-
tions remain until day 4. 

Day 4. The seminal vesicle and the presence of 
free sperm became noticeable. At this moment 
remarkable differences are found between the 
growth zone of irradiated and fertile males. The 
staining of irradiated testis is weaker because it 
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does not have the positive reaction of the ace-
to-orcein within the chromatic material of the 
sperm nucleus (Guillen 1983). In fertile males, 
the different zones (growth region, spermatid 
region, and bundle sperm region) have a simi-
lar size; whereas in testes of irradiated males the 
proportion of each region is modified being the 
growing zone reduced in size. 

Between day 5 and 6 the growth zone is re-
duced in size and the staining is not so pro-
nounced. The spermatids are difficult to detect 
and the groups have lost their triangle like shape, 
becoming rounded. The sperm bundle region 
encompasses a greater proportion of the testis 
while the zone with free sperm is restricted to 
the seminal vesicle.

As of day 7 there is a great accumulation of 
sperm bundle lessening the growth zone to a 
small apical region (Fig 1c, Fig 2c and d). 

At day 11 the growth zone has totally disap-
peared and the entire testicle is invaded by 
sperm bundles. The region with free sperm re-

mains restricted to the seminal vesicle, without 
advancing towards apical regions (Fig 1d, Fig 2e 
and f ).

None of these changes are reflected in 
changes in size of the testicles (Table 1).

Female reproductive system. Like the 
males of A. fraterculus, female reproductive 
system of this species resembles that of other 
species in this genus (Martínez and Hernán-
dez-Ortiz 1997, Cruz et al.1996, Martínez et al. 
1995). It is composed of paired lateral ovaries, 
oviducts and accessory glands, a common 
oviduct, three spermathecae, a vagina and 
the aculeus. The ovaries consist of polytrophic 
ovarioles formed by a terminal filament, a ger-
marium, a vitellarium and the calyx. The calyx 
is a prolongation of the vitellarium connect-
ing itself to the lateral oviducts. The vagina has 
two different regions: the bursa copulatrix, lo-
cated in the anterior part, and the vaginal duct 
that is continued with the aculeus. The bursa 
copulatrix is formed by a cuticular extension 

table 1: Testis length and width of irradiated and fertile A. fraterculus males (mean ± se).

Age
(days)

testis length (cm) testis width (cm)

Irradiated Fertile Irradiated Fertile

0 0,75 ± 0,04a 0,70 ± 0,02a 0,29 ± 0,01a 0,29 ± 0,01a
1 0,76 ± 0,03a 0,69 ± 0,02a 0,30 ± 0,01a 0,31 ± 0,02a

2 0,79 ± 0,03a - 0,33 ± 0,01a -

3 0,73 ± 0,03a 0,77 ± 0,02a 0,31 ± 0,01a 0,30 ± 0,01a

4 0,80 ± 0,02a 0,80 ± 0,03a 0,30 ± 0,01a 0,30 ± 0,01a

5 - 0,81 ± 0,03a - 0,34 ± 0,01a

6 0,77 ± 0,03a 0,83 ± 0,04a 0,28 ± 0,01a 0,31 ± 0,01a

7 0,81 ± 0,02a 0,87 ± 0,02a 0,31 ± 0,01a 0,34 ± 0,01a

8 0,82 ± 0,03a 0,85 ± 0,05a 0,28 ± 0,01a 0,34 ± 0,01a

9 0,77 ± 0,03a 0,88 ± 0,02a 0,29 ± 0,01a 0,33 ± 0,01a

10 0,76 ± 0,05a 0,97 ± 0,02a 0,28 ± 0,01a 0,33 ± 0,01a

11 0,80 ± 0,03a 0,99 ± 0,02a 0,25 ± 0,01a 0,30 ± 0,01a

12 0,81 ± 0,02a 0,89 ± 0,04a 0,25 ± 0,01a 0,32 ± 0,02a

13 0,84 ± 0,03a 0,95 ± 0,02a 0,24 ± 0,01a 0,35 ± 0,01a

14 0,80 ± 0,03a 0,95 ± 0,02a 0,24 ± 0,01a 0,34 ± 0,01a
15 0,78 ± 0,04a 0,89 ± 0,04a 0,28 ± 0,02a 0,34 ± 0,01a

For each variable, means followed by the same letter in the same row are not statistically different (t test, p < 0.05).
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of the ventral wall called the ventral recep-
tacle. In the third basal region of the vaginal 
duct, two cuticular pieces are located forming 
the signun (Fig 3). The spermathecae are scle-
rotized capsules surrounded by a glandular 
epithelium that continue in a spermathecal 
duct which opens into the dorsal side of the 
bursa copulatrix.

Figure 2: Testis of fertile and irradiated A. frater-
culus males of different ages. a immature fertile 
male (0 days); b immature irradiated male (0 days); 
c fertile male of 6 days; d irradiated male of 5 to 
7 days; e completely mature fertile male (more 
than 8 days); f irradiated male (8 to 15 days). gr = 
growth region; sr = spermatids region; sb = sperm 
bundles; sv = seminal vesicle.

Figure 3: The reproductive system of A. fraterculus 
females. a bursa copulatrix with ventral receptacle; 
b ventral receptacle with lobular papillae; c sig-
num; d spermathecae with spermathecal glandu-
lar epithelium and spermathecal duct. ge = glan-
dular epithelium; sd = spermathecal duct; sig = 
signum; sp = spermatheca; vr = ventral receptacle.

Comparative studies of the genus show that 
the reproductive system varies mainly in the 
number of ovarioles, the morphology of the 
ventral receptacle, the signum, the spermath-
ecae and the aculeus (Martinez & Hernandez-
Ortiz 1997). In A. fraterculus the average number 
of ovarioles is between 20 and 24; the ventral 
receptacle is elongated with the presence of 
lobular papillae; the signun is short and more or 
less sclerotized; and the spermathecae present-
ed an oval pear like form rather than rounded. 
The aculeus length is about 1.6 to 1.8 mm, with 
the presence of rounded teeth occupying the 
apical half and ends in a typical constriction.

Maturation of ovaries in sterile females 
compared to fertile females. Unlike the de-
velopment of the testicles of the male, in the 
female the ovarian maturation implies a varia-
tion in size. This variation allows the character-
istic differentiation between ovaries of irradi-
ated and wild females. Since the radiation is 
applied at the pupal stage of the fly, and the 
oogenesis begins after the emergence of the 
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table 2: Ovary length and width of irradiated and fertile A. fraterculus females (mean ± se).

Age 
(days)

ovary length (cm) ovary width (cm)
Irradiated Fertile Irradiated Fertile

0 0.42 ± 0.02a 0.40 ± 0.01a 0.33 ± 0.01a 0.33 ± 0.01a

1 0.41 ± 0.01a 0.45 ± 0.01a 0.34 ± 0.01a 0.35 ± 0.02a

2 0.45 ± 0.02a - 0.33 ± 0.01a -

3 0.54 ± 0.02a 0.51 ± 0.03a 0.37 ± 0.01a 0.37 ± 0.02a

4 0.54 ± 0.04a 0.76 ± 0.05b 0.37 ± 0.01a 0.48 ± 0.02b

5 0.63 ± 0.03a 0.94 ± 0.09b 0.36 ± 0.01a 0.57 ± 0.04b

6 0.67 ± 0.04a 1.37 ± 0.15b 0.38 ± 0.01a 0.85 ± 0.11b

7 0.74 ± 0.03a 1.78 ± 0.10b 0.36 ± 0.01a 1.11 ± 0.11b

8 0.78 ± 0.05a 1.96 ± 0.13b 0.35 ± 0.03a 1.14 ± 0.12b

For each variable, means followed by a different letter in the same row are statistically different (t test, p < 0.05).

adult, the inhibition of the ovarian develop-
ment is remarkable.

Days 0-2. The ovary of both the irradiated and 
fertile females has a minimum development at 
the time of the emergence and the vitellarium 
has not developed. The growth is very slow and 
differences between fertile or irradiated females 
are not observed (Fig 4a and e). 

Day 3. As of the third day the vitellarium and 
basal follicle begins to grow in fertile females. As 

a consequence there is an increase in the size of 
the ovary. These changes are not registered in 
irradiated females (Figure 4b and f ). 

Days 4-5. The growth of the ovary continues 
in fertile females. The oocytes have the same 
size than the trophocytes. These changes are 
not registered in the irradiated females and 
differences in ovary size became significant be-
tween the two types of females (Table 2, t test, 
P< 0.05).

Figure 4: Ovary development of fertile and irradiated A. fraterculus females of different ages. a immature 
fertile female (0 days); b fertile female of 3 days; c fertile female of 6 days; d completely mature fertile 
male (more than 8 days); e immature irradiated female (0 days); irradiated male of 3 days; f irradiated 
female of 6 days; g irradiated female of 10 days. lod = lateral oviduct, oo = oocyte, ov = ovary; sp = sper-
matheca.
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Days 6-7. In fertile females the basal follicle 
increases its length; the oocyte increases its 
size in comparison to trophocytes due to the 
vitellogenin uptake; the ovary becomes three 
times longer. These changes are not observed 
on the sterile females (Figure 4c and g).

Days 8-15. The growth of the ovary is accel-
erated as the oocyte uptakes the vitellogenin 
and the trophocytes are absorbed. At this 
stage the oocytes reach their maximum size 
being five times longer than on day 0. These 
changes are not observeded on the irradi-
ated females (Figure 4d and h). 

The ovarian maturation is not uniform and it 
is possible to find females of the same age at 
different degrees of maturity.

Full sterility was confirmed in irradiated 
males as percent of egg hatch of fertile fe-
males mated to irradiated males was 0% 
while for the control it was 85%

concluSIon

We demonstrated the possibility to differen-
tiate irradiated flies from non-irradiated ones 
after the latter begin the process of sexual 
maturation. Given that for other Anastrepha 
species, flies are released at 4 – 5 days of age, 
irradiated males could be easily differentiat-
ed from fertile yet immature males. Although 
the irradiated females could be misclassified 
as immature females, the search for sperm 
presence in the spermathecae can help in 
some situations. Hence, with the proper cau-
tion, the descriptions presented in our work 
can be considered a tool for field monitoring 
of undyed flies to confirm sterile or fertile fly 
status in areas with sterile insect release pro-
grams.
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ABStrAct: The Mediterranean fruit fly, Ceratitis capitata, is considered to be one of the world’s most destructive agricultural pests. Beginning from a 
presumed origin in Africa, in recent years this pest has considerably expanded its geographic range. In an effort to document the genetic relationships 
of worldwide populations of this pest species, mitochondrial DNA markers have been surveyed in several populations of C. capitata, but previously 
little or no information has been available from populations in Tunisia. To address this issue, specimens have been collected from several localities 
within the northern part of Tunisia (Cap Bon, Mornag, Bizerte and Kairouan). These are regions known for fruit production including oranges, peaches, 
apples and apricots. In addition, a sample population derived from the laboratory strain used for mass rearing at the INRA Institute in Tunis was 
also analyzed. We have used a PCR based approach to analyze mitochondrial DNA sequences and document the genetic variation present in these 
populations. Our analysis includes sequences of regions of the mitochondrial genome for analysis of mitochondrial haplotypes. Our results indicate 
that at least two distinct mitochondrial haplotypes are present in the Tunisian populations. 

Key Words: genetics, haplotypes, Mediterranean fruit fly, polymorphic sequences

IntroductIon

The Mediterranean fruit fly Ceratitis capitata 
(Wiedmann) (Diptera: Tephritidae) is highly 
polyphagous and has become established 
in many tropical and subtropical regions of 
the world (Sheppard et al., 1992). Molecular 
markers derived from both mitochondrial 
and nuclear gene sequences have been sur-
veyed in populations of this pest in several 
countries around the world including the 
Mediterranean region. These surveys have 
been used to analyze genetic relationships 
of populations and to examine the origin of 
biological invasions of this pest (Ochando et 
al, 2003; He and Haymer 1999; Malacrida et al., 
1998; Kourti, 1997).

Mitochondrial markers have proved to be 
very useful for characterizing these popula-
tions. They have several advantages such as 
maternal inheritance, absence of recombina-
tion and relative ease of manipulation (Reyes 
and Ochando, 2004). Mitochondrial variation 
is often analyzed using the method RFLP-

PCR (restriction fragment length PCR –poly-
merase chain reaction). 

In this method, a target DNA sequence is 
first amplidfied from individual specimens 
using PCR. The amplified target sequence 
is then digested with various restriction en-
zymes to detect DNA sequence polymor-
phisms based on the production of altered 
restriction fragment patterns. Using this type 
of approach, a system has been devised to 
encode mitochondrial haplotypes of C. capi-
tata based on the presence or absence of re-
striction enzyme sites in three key regions of 
the mitochondrial DNA (Meixner et al., 2002; 
Gasparich et al., 1997, 1995; Sheppard et al., 
1992). This technique is very efficient for ana-
lyzing large scale samples and documenting 
the genetic variations between populations 
(Steck et al., 1996).

Despite the extensive interest and utility 
of these mitochondrial markers, Tunisian 
populations, have remained largely 
uncharacterized to date (Gasparich et. al., 
1997). The aim of this work is to initiate the 
investigation of the population’s genetics 
from different areas within Tunisia and to 
compare their structure to other populations 
in the world.
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MAtErIAl And MEthodS

Strains of C. capitata
Adults of C. capitata were collected from 

four geographic areas in Tunisia: Bizerte, Mor-
nag, Cap Bon and Kairouan. Specimens from 
one laboratory reared strain were provided 
by the INRAT (Institut National de la Recher-
che Agronomique de Tunisie) and another 
was provided by the fruit fly rearing facility 
(USDA, Hawaii). Approximately 20 specimens 
were analysed from each locality. 
genomic dnA extraction

Genomic DNA was extracted from the dif-
ferent samples using the Lifton rapid fly ge-
nomic DNA isolation protocol (Anleitner and 
Haymer, 1992). Briefly, each individual speci-
men is homogenized in 250 µl of grind buffer 
consisting of 0.2 M sucrose, 0.05 M ethylene-
diaminetetraacetic acid (EDTA), 1mM Tris, pH 
9.0 and 0.5 % sodium dodecyl sulphate (SDS). 
Proteinase K is added at a concentration of 0.2 
mg /ml and the mix is incubated at 65 ºC for 1 
h. Subsequently, 38 µl of potassium acetate (8 
M) is added and the mixture is incubated at 
-20 ºC overnight. After that, the mix is centri-
fuged at 10,000 rpm for 15 minutes at 4 ºC to 
pellet proteins. The supernatant is retrieved 
and the DNA is precipitated with 600 µl of 
ethanol (95 %) and centrifuged as mentioned 
above. The pellet is then resuspended in 200 
µl of TE followed by phenol extraction. After a 
final precipitation with sodium acetate (3 M), 
pH 6 at -20 ºC for 1 hour to overnight, the pel-
let is spun down and washed with 500 µl of 
ethanol 70% and dried. Finally, the DNA pellet 
is resuspended in 20 µl of TE. 
Pcr reaction

The DNA isolated from Mediterranean 
fruit fly specimens was amplified using two 
primer pairs (N-4-J-8883/N-4-N-9243) and 
(N-5-J-7991/N-4-N-8916) with the following 
sequences as described in Gasparich et al. 
(1995) :

N-4-J-8883: TAATAATCCATATCCTCCTA
N-4-N-9243: TTAGTTTTAACATTTAGAAG

N-5-J-7991: TAATAAACTCATTCAATCAA
N-4-N-8916: ATAGAAGCTCCTGTATCTGG
The first primer pair (N-4-J-8883/N-4-N-

9243) is used to amplify a portion of the 
NADH subunit 4 (ND4) gene and the second 
one (N-5-J-7991/N-4-N-8916) amplifies a 
portion of the NADH subunit 5 (ND5) gene.

The PCR mix contains 17.3 µl dH
2
O, 2.5 µl 

PCR buffer, 3µl MgCl
2
, 0.5 µl dNTPs, 0.5 µl 

primers, 1µl DNA and 0.2µl Taq Polymerase. 
The amplification program has an initial 
denaturation step of 2 minutes at 94°C, fol-
lowed by 40 cycles of 30 seconds at 94°C, 30 
seconds at 46°C and 2 minutes at 66°C, and 
a final extension of two minutes at 72°C. The 
amplification products were analyzed by 
electrophoresis in 1% agarose gels in TBE 0.5 
X buffer with the 2-Log ladder (Biolabs) as a 
molecular weight marker.
dnA sequencing

PCR products from individual specimens 
representing different populations were 
isolated using the “Gene clean” method. In 
this method, 20 µl of each PCR product is 
transferred to a microcentrifuge tube and 
5 volumes of the GENECLEAN TURBO for 
PCR Salt Solution are added. The solution 
is transferred to a cartridge tube contain-
ing a membrane that will trap the DNA. The 
mixture is then centrifuged at less than 
14,000 rpm for 5 seconds and the liquid 
is transferred to a catch tube. Then, 500 
µl of prepared GENECLEAN Turbo for PCR 
Wash is added to the membrane, the mix 
is centrifuged as mentioned above for 5 
seconds and then for an additional 4 min-
utes to drive the last of the wash Solution 
from the Turbo cartridge. After that, 30 µl of 
GENECLEAN Turbo for PCR Elution Solution 
is added and the mixture is incubated for 
5 minutes at room temperature, followed 
by a centrifugation at less than 14000 rpm 
for 30 seconds to elute the DNA in to a new 
tube.

The gene cleaned PCR products were used 
as templates for sequencing reactions car-
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ried out using BigDye terminator chemistry 
(Applied Biosystems, Inc.) and ABI 3730XL 
capillary-based automated DNA sequenc-
ers. Sequencing was performed at ASGPB 
(Advanced studies in genomics, proteomics 
and bioinformatics) center at the University 
of Hawaii at Manoa.

rESultS And dIScuSSIon

Previous investigations have analyzed 
the genetic diversity of worldwide medfly 
populations using a wide range of molecu-
lar markers including microsatellites, al-
lozymes, and RFLPs (Restriction fragment 
length polymorphism) (Ochando et al, 
2003; He and Haymer 1999; Malacrida et al., 
1998; Kourti, 1997). Among these genetic 
tools, markers based on mtDNA sequences 
seem to have distinct advantages for study-
ing polymorphisms (Reyes and Ochando, 
2004). Although mtDNA markers have been 
studied in many worldwide populations of 
the medfly (Gasparich et. al., 1997), to date 
there have been no detailed studies of the 
genetic makeup of populations of this pest 
species from Tunisia.

Figure 1 shows the localities of the popu-
lations from Tunisia that were surveyed in 
this study. Approximately 20 specimens 
from each of these localities, as well as 
specimens from a lab strain maintained 
at INRAT, were analyzed. Using PCR, DNA 
fragments approximately 600 base pairs in 
length containing portions of ND4 gene 4 
and ND5 gene, were amplified from each 
of these specimens. These PCR products 
were sequenced from representative in-
dividuals for analysis.

Figure 2 shows representative sequences 
from Tunisian individuals aligned with se-
quences obtained from a GenBank entry 
(U12924) containing the ND4 and ND5 re-
gions of the medfly genome. Sequence pol-
ymorphisms are highlighted with red boxes. 

Four of these five sequence polymorphisms 
are shared by individuals from collections 
(D) and (E), INRA laboratory strain and Biz-
erte wild collection, respectively yet are ab-
sent in all other individuals. The fifth is a sin-
gle nucleotide polymorphism (SNP) found 
only in this individual (#16) from collection 
(C) from Kairouan (the central coastal part 
of the country). These results suggest that 
there are at least two distinct mitochondrial 
haplotypes present in Tunisia. Furthermore, 
the shared polymorphisms between the (D) 
and (E) collections are also consistent with 
the fact that the INRAT strain (D) was origi-
nally derived from a collection in the Bizerte 
(E) region (Cheikh et al. 1975). 

Figure 1. A map of Tunisia showing sample collec-
tion sites

The findings of the present study confirm 
the existence of at least two haplotypes in 
Tunisia. The presence of a limited number of 

 Bizerte 
Mornag 

Kairouan 

Cap Bon 
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haplotypes has been found in other Medi-
terranean countries. It remains to be seen 
whether any of the Tunisian haplotypes 
reported by Gasparich et al. (1997) are the 
same as those identifi ed here.

Recently, up to nine mitochondrial haplo-
types were identified from Mediterranean 
fruit fly populations in Spain (Reyes and 
Ochando, 2004). Based on this, these au-
thors suggest that Spain has the highest 
level of mitochondrial diversity followed 
by Italy and Greece in the Mediterranean 
area. Further investigations will analyze ad-
ditional specimens from the Tunisian and 
Mediterranean collections to further clarify 
these relationships.

Figure 2. Alignment of DNA sequence from the ND4 and ND5 regions of the mitochondrial DNA (Tunisia 
samples (B14: individual 14 from Takelsa, C16: individual 16 from Kairouan, D9: individual 9 from INRAT, 
E2: individual 2 from Bizerte, F11: individual 11 from Soliman) and Med: Medfl y Gen Bank entry (U 12924, 
containing sequences from the ND4 and ND5 regions). Sequence changes are highlighted. 

concluSIon

Collections of medfl y specimens from vari-
ous regions of Tunisia have been used to 
successfully initiate molecular genetic in-
vestigations of these populations. Sequence 
polymorphisms found in at least one wild 
collection (Area E – Bizerte) appear to be ab-
sent in other areas, suggesting that at least 
two distinct mitochondrial haplotypes exist 
in Tunisia, one of these is from the extreme 
north (Bizerte) and another haplotype is 
from the central coastal area (Kairouan). This 
preliminary evidence suggests that there is 
genetic differentiation between populations 
from different areas in Tunisia. 
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IntroductIon

Concern about the biological competence 
of mass-reared, sterile males of the Mediter-
ranean fruit fly (medfly), Ceratitis capitata 
(Wied.), arose simultaneously with the devel-
opment and implementation of the sterile 
insect technique (SIT) against this pest. After 
several decades of SIT, the performance of 
sterile male medflies in sexual competition 
against wild males, is still a vital topic of con-
ference symposia and research projects. Sev-
eral years ago, at one such workshop held in 
Guatemala, I presented information on the 
potential application of ‘aromatherapy’ to 
improve the mating success of sterile medfly 
males. In general, the talk was well-received, 
but one skeptic described ginger root oil, the 
aromatizing agent, as snake oil, a reference 
to the phony, cure-all medicine offered to 
unsuspecting dupes by traveling salesmen 
in the Wild West of the US. 

Undeterred by that comment, or perhaps 
motivated by it, our laboratory in Hawaii con-
tinued its investigation of the ginger root oil-
medfly interaction to investigate more fully 
its possible usefulness and implementation 
in sterile insect release programs. The objec-
tive of this report is to summarize briefly the 
main findings of this research program and 
to wrest ginger root oil firmly away from the 
‘snake oil’ label. The report assumes a loosely 
chronological framework as it documents 
progression along two experimental scales, 

(i) the number of males simultaneously ex-
posed to ginger root oil, starting with small 
groups of 25 males and ending with rooms 
with nearly 200 million males and (ii) the ex-
perimental arena used to test the effects of 
aromatherapy, progressing from standard 
field-cages to large field enclosures to the 
open field. In addition, brief comments are 
offered regarding the potential negative 
effects of GRO exposure, the mechanisms 
underlying GRO-mediated improvement in 
male mating success, and the financial costs 
of GRO aromatherapy. 

This report makes no attempt to review the 
sexual behavior of medfly, the general op-
erational and conceptual underpinnings of 
SIT, or the use, in general terms, of behavior-
altering chemicals as a management tactic 
in insect control programs. Those interested 
in these topics should consult Yuval and 
Hendrichs (2000) and Eberhard (2000) for 
medfly mating behavior, Hendrichs et al. 
(2002), Robinson et al. (2002), and Caceres et 
al. (2004) for medfly SIT, and Ridgway et al. 
(1990), Jang and Light (1996) and Renou and 
Guerrero (2000) for use of behavior-modify-
ing chemicals. 

thE MEthyl EugEnol-orIEntAl FruIt 
Fly IntErActIon And InItIAl StudIES 
on MEdFly AroMAthErAPy

 Research on medfly aromatherapy 
had its genesis in earlier studies that inves-
tigated the biological significance of methyl 
eugenol to males of the oriental fruit fly, Bac-
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trocera dorsalis (Hendel). Methyl eugenol was, 
of course, well known as a powerful attractant 
to B. dorsalis males (as well as males of over 
50 congeneric species, Metcalf 1990), who 
feed voraciously on this chemical. This strong 
response led to the development and imple-
mentation of the male annihilation tech-
nique, where the distribution of fiber boards 
containing methyl eugenol plus a toxicant 
led to the successful eradication of island 
populations of this pest (Steiner et al. 1965, 
1970; Koyama et al. 1984). While its value as a 
management tool was well-established, rela-
tively little attention had been given to the 
underlying function of methyl eugenol in the 
biology of Bactrocera species. In other words, 
the question of why B. dorsalis males might 
be so strongly attracted to methyl eugenol 
was not itself the subject of much investi-
gation or conjecture (but see Metcalf 1979, 
1990; Metcalf and Metcalf 1992; Metcalf et al. 
1979, 1983). 

A seminal study by Nishida et al. (1988) 
showed that break-down products of meth-
yl eugenol were recovered from the rectal 
gland of B. dorsalis males. However, several 
years lapsed before behavioral studies link-
ing methyl eugenol consumption and male 
mating performance were conducted. Then, 
in the mid-1990s, several studies (Shelly and 
Dewire 1994; Shelly et al. 1996a; Shelly 2000a, 
2002; Tan and Nishida 1996, 1998; Hee and 
Tan 1998) demonstrated that males of B. 
dorsalis (or other methyl-eugenol respond-
ing species) given either methyl eugneol or 
methyl eugenol-containing flowers had a 
pronounced mating advantage over unfed, 
control males, owing apparently to increased 
signaling activity as well as production of a 
more attractive pheromonal signal. Addition-
al studies (Shelly and Villalobos 1995; Shelly 
2000b) confirmed, and expanded upon, 
these initial results, and a similar, albeit less 
pronounced phenomenon, was described 
for male melon flies, B. cucurbitae, and cue 
lure and raspberry ketone. 

Based on these findings, two projects were 
conducted to determine what effect, if any, 
trimedlure might have upon mating suc-
cess of male medflies. Like methyl eugenol, 
trimedlure was a known attractant of male 
medflies used widely in survey and detection 
programs, but the biological significance of 
this association was unknown and unstud-
ied. The nature of this association was, if any-
thing, more perplexing, because male med-
flies do not ingest trimedlure but simply rest 
near it in a quiescent state. The first project 
(Shelly et al. 1996b) used flies from a recently 
established colony and examined the effect 
of trimedlure in mating trails conducted in 
small cages in the laboratory. Treated males 
were exposed to trimedlure in small groups 
(75 males) held in small (5 liter volume) con-
tainers. Trials revealed that trimedlure in-
creased male mating success only when test-
ing occurred immediately after exposure; no 
effect of trimedlure was evident when males 
were tested even 1 day after exposure. Field 
tests of female attraction suggested that the 
short-lived boost in male mating success 
resulted from increased calling activity but 
not from the production of a more attrac-
tive signal. The second project (Shelly 1999) 
examined the effect of trimedlure on males 
mating competition from a long-established, 
mass-reared (bisexual) strain. The results, 
which derived from trials conducted on 
field-caged host trees (3 m diameter, 2.5 m in 
height), were fairly encouraging. In trials con-
ducted 1 day after trimedlure exposure, the 
mass-reared (irradiated) males obtained ap-
proximately 2/3 of all matings, a result oppo-
site of that observed for non-exposed males 
(who obtained about 1/3 of all matings). As 
before, trimedlure appeared to have a short-
lived effect, but even in trials conducted 3 or 7 
days after exposure, the treated, mass-reared 
males displayed a higher mating ability than 
non-exposed males and achieved about the 
same number of matings as the competing 
laboratory males. Unlike the previous study, 
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however, trimedlure had no obvious effect 
on male calling propensity, and consequent-
ly there was greater uncertainty regarding 
the factor(s) responsible for the trimedlure-
induced increase in mating success. 

gIngEr root oIl AroMAthErAPy:  
IncrEASIng thE ScAlE oF ExPoSurE

The relatively short-lasting effect of trimed-
lure prompted a search for other chemicals 
that might improve the mating performance 
of male medflies. Two colleagues, T. W. Phillips 
and K. Y. Kaneshiro, independently suggested 
ginger root oil (Zingiber officinale) and an-
gelica seed oil (Angelica archangelica), re-
spectively, both of which contain the known 
attractant a-copaene (Flath et al. 1994a,b). 
Working with flies from a recently established 
colony, we exposed groups of 25 males held 
in plastic drinking cups (400 ml volume) to 
20 µl of angelica seed oil (0.9% a-copaene), 
or ginger root oil (0.4% a-copaene). Given 
limited amounts of material, a single expo-
sure regime was investigated for a-copaene 
and angelica seed oil, respectively. Namely, 
mature males were exposed for 6 hours and 
tested against non-exposed males 2 days 
later. As with the trimedlure trials, mating 
performance was assessed using field-caged 
host trees. The effect of exposure was dra-
matic, and, in both cases, the treated males 
achieved approximately 70% of the matings 
(Shelly 2001). 

The commercial availability of ginger root 
oil (GRO hereafter) allowed for additional 
tests, and these provided the first hint of the 
utility of GRO in medfly SIT (Shelly 2001). In 
trials again conducted in field-caged host 
trees, GRO-treated males displayed a mating 
advantage when subject to the same expo-
sure and testing protocol as a-copaene- or 
angelica seed oil-exposed males, and a test 
in which males were prevented from con-
tacting the GRO source confirmed that ex-

posure to GRO aroma alone was responsible 
for the enhanced mating ability. Additional 
experiments revealed that GRO-treated, 
mature males had heightened mating suc-
cess for as long as 5 days after exposure and 
that even GRO-treated, immature males (1 
day old) exhibited a mating advantage over 
non-exposed males when tested 8-10 days 
later. Thus, not only did GRO exposure have a 
long-lasting effect, but it conferred a mating 
advantage even when administered before 
sexual maturation, an important point since 
sterile males are often released at a relatively 
young age (e.g., 2 days old in the ongoing 
California Preventive Release Program). In 
contrast, exposing immature stages to GRO 
appears ineffective: neither exposing pupae 
to GRO aroma nor adding GRO to the larval 
diet (Shelly, unpublished data) influenced the 
mating success of the subsequently eclosed 
males. 

As noted, these initial studies with GRO 
were performed using flies from a recently 
established laboratory colony, i.e., the experi-
mental animals presumably retained many 
behavioral characteristics of wild flies. Accord-
ingly, the next set of experiments, which still 
involved GRO exposure on a small-scale (25 
males in 400 or 1,000 ml containers exposed 
to 20 µl GRO for 3 - 6 hours) and still utilized 
standard single-tree field cages, compared 
the mating success between GRO-exposed 
and non-exposed (irradiated) males from 
mass-reared strains competing against wild 
males for copulations with wild females. In 
Hawaii, Shelly and McInnis (2001) found that 
GRO exposure boosted the mating ability of 
males from a 5-year-old bisexual strain dra-
matically. Whether exposed as immature or 
mature adults, mass-reared males achieved ~ 
75% of all matings in tests conducted 2 or 4 
days following exposure compared to only ~ 
25% for non-exposed, mass-reared males. As 
found for semi-wild males, mass-reared males 
contacting the GRO source still displayed in-
creased mating success, again implicating 
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GRO aroma as responsible for the observed 
behavioral response. 

Subsequent studies investigated the effect 
of GRO exposure on the mating success of 
males from genetic sexing strains using tem-
perature sensitive lethal (tsl) mutations to 
cull females from the sterile release popula-
tion (Franz et al. 1996). Studies conducted in 
Austria (Shelly et al. 2002), Guatemala (Shelly 
et al. 2003), and Hawaii (Barry et al. 2003) uti-
lized different combinations of tsl and wild 
strains yet all showed that GRO exposure 
boosted the mating competitiveness of tsl 
males in field-cage trials. Moreover, females 
first mated to wild males were more likely 
to remate with GRO-exposed tsl males than 
GRO-deprived tsl males (Shelly et al. 2004a), 
which, given last male sperm precedence 
(Saul and McCombs 1993), may constitute 
an additional benefit of GRO aromatherapy. 
Barry et al. (2003) expanded the focus in an 
interesting direction by comparing mating 
success of GRO-exposed and non-exposed 
tsl males under different overflooding ratios. 
Importantly, they reported that the propor-
tion of matings obtained by GRO-exposed 
tsl males released in equal numbers as wild 
males was comparable to that observed for 
non-exposed tsl males released in numbers 
10 times greater than the wild males. Given 
the boost in mating ability, Barry et al. (2003) 
suggested that pre-release GRO exposure 
might allow for substantial reductions in the 
numbers of sterile males released in SIT pro-
grams. 

While the results obtained for mass-reared, 
sterile males were uniformly promising, GRO 
exposure in all of these studies was con-
ducted using small groups of males held in 
small containers. Progressing toward GRO 
implementation at a programmatic scale, we 
next assessed the effectiveness of GRO expo-
sure using individual PARC boxes (Shelly et al. 
2004b). PARC (Plastic Adult Rearing Contain-
ers) boxes (0.48 by 0.60 by 0.33 m) are used 
in the ongoing SIT programs in California 

and Guatemala. Typically, pupae are placed in 
paper bags (100 ml per bag, where 1 ml con-
tains ~ 60 pupae), and six bags are placed in 
individual PARC boxes (~ 36 000 pupae per 
box). Emerged males feed on a sugar-agar 
block placed on a screened opening on top 
of the box prior to chilling and release. In 
one series of tests, GRO was applied to PARC 
boxes (by placing oil-laden blotter paper on 
the screened opening on the top of the box) 
after the day of peak adult emergence at 
doses of 0.0625, 0.25, 0.5, 1.0, and 2.0 ml GRO 
per box. As before, GRO-exposed and non-ex-
posed, irradiated tsl males competed against 
wild males for matings with wild females on 
field-caged trees. GRO significantly increased 
the mating success of tsl males for all doses < 
2 ml, and the effect of GRO was uniform over 
these doses. However, the 2.0 ml dose was 
ineffective, and the relative mating success 
of tsl males exposed to this high dose was 
similar to that of non-exposed tsl males. Thus, 
while we did not identify a ‘minimum’ dose 
below which GRO was ineffective, we discov-
ered that GRO may have a diminished impact 
at high doses.

In a second series of tests involving PARC 
boxes, we applied GRO (0.25 or 1.0 ml) at the 
time of pupal placement and left it in place 
until the males were removed for testing (6 
days later). GRO had no effect at the 0.25 ml 
dose but did increase male mating success 
at the 1.0 ml dose to a level similar to that 
observed in the aforementioned adult expo-
sure tests. Thus, owing to volatilization before 
adult emergence, it seems that a pupal-adult 
exposure regime requires higher doses of 
GRO (than the adult-only exposure regime) 
to effect an increase in mating frequency. 
Coupled with the earlier data showing no ef-
fect of GRO exposure on the pupal stage, this 
result argues for GRO application during the 
adult stage exclusively. 

The data obtained from PARC boxes repre-
sented the first solid evidence that GRO could 
influence the mating ability of large numbers 
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of sterile males. However, GRO exposure to 
individual PARC boxes was not deemed prac-
tical at a programmatic scale, where tsl males 
from hundreds or thousands of PARC boxes 
are released each day. Accordingly, we shift-
ed our research efforts to the David Rumsey 
Sterile Fruit Fly Eclosion Facility of the Medfly 
Preventative Release Program, Los Alamitos, 
CA. Started in 1996, this program makes aer-
ial releases of sterile tsl males over an area of 
ca. 6 400 km2 that includes the Los Angeles 
basin and surrounding areas. Approximately 
40-45 million sterile males (from ca. 1 000 – 
1 200 PARC boxes) are released daily. PARC 
boxes containing pupae, and subsequently 
eclosed adults, are stored in holding trailers 
prior to release, with each trailer holding ~ 
360 PARC boxes or ~ 14 million sterile males. 
Our objective was straightforward - to run 
mating trials in field cages that permit com-
parison of the relative mating success of 
sterile tsl males from GRO-aromatized trail-
ers versus non-aromatized trailers. 

Although a variety of doses and spatial dis-
tributions of GRO sources were investigated, 
a logistically simple, and effective, protocol 
was identified (Shelly et al. 2007a) and sub-
sequently implemented at the Los Alamitos 
facility (from January 2005 to present). The 
trailers, which are approximately 18 m long 
by 3 m wide by 2.5 m (volume ~ 135 m3), 
contain fans at 1/3 and 2/3 the total length; 
the fans are mounted on boards (~ 1 m high) 
and blow in the same lengthwise direction. 
Four GRO sources were set up per trailer, two 
at each fan ‘bank’. At each source, we applied 
3 ml of GRO to each of 3 cotton wicks resting 
in an aluminum foil-lined Petri dish, which, 
in turn, was placed on the wooden structure 
used to support the fans. Thus, two Petri dish-
es, each containing 9 ml of GRO, were pres-
ent at each fan bank for a total dose of 36 ml 
of GRO per trailer (ml GRO/m3 room volume 
= 0.27). GRO exposure lasted 24 h and was 
initiated the day before chilling (and release) 
when most of the tsl males were 2 days old. 

Because the study was conducted in Cali-
fornia, we were unable to use wild flies in the 
mating trials and instead used (bisexual) lab-
oratory strains that had been irradiated as 
pupae prior to shipment. This fact notwith-
standing, we found that the aforementioned 
exposure regime enhanced the mating suc-
cess of tsl males in mating trials involving 
two different strains. In competing against 
males from a Guatemalan strain for females 
from that same strain, GRO-exposed tsl males 
obtained 55% of the total matings, whereas 
non-exposed tsl males accounted for 36% of 
the total matings. Similarly, in comparable 
trials involving a Hawaiian strain, tsl males 
from the GRO treated trailers obtained 53% 
of the total matings compared to 38% for 
non-exposed tsl males. Against both strains, 
exposure to GRO resulted in a significant in-
crease in the mating success of tsl males over 
that observed for non-exposed tsl males. 

Although the results are preliminary, ‘whole 
room’ exposure has also been tested at the 
eclosion facility at Retalhuleu, Guatemala 
with promising results. In three different 
rooms holding 83-179 million tsl males, we 
placed 160-400 ml of GRO at 16-40 locations 
(ml GRO/m3 room volume = 0.37-0.50). As 
before, GRO exposure lasted 24 hours and 
was initiated the day before chilling. In mat-
ing trials using wild flies, we found that GRO-
exposed tsl males achieved a significantly 
higher proportion of the total matings than 
non-exposed tsl males (38% versus 24% total 
matings over all tests). This result is remark-
able, because it indicates that room aroma-
tization with GRO can improve the mating 
success of more than 100 million medfly 
males. Additional tests involving substan-
tially higher and lower doses (e.g., 0.80 and 
0.20 ml GRO/m3 room volume) should be 
conducted to better characterize the dose-
dependent response of the tsl males.

While aromatizing entire rooms containing 
PARC boxes appears feasible, eclosion tow-
ers may soon replace PARC boxes as the pre-
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ferred storage unit for sterile male medflies 
(Salvato et al. 2004). A tower consists of inter-
locking, screen-paneled, aluminum frames or 
trays stacked on a wheeled base. Pupae are 
placed in a trough around the edge of a tray, 
and food is placed on the screen panel. This 
procedure is repeated for each of the 60-
80 trays that comprise a completed tower. 
Upon emergence, the males move on to the 
screen panel to feed. As a small fan (blowing 
upwards) is fitted on the top of the tower for 
ventilation, the entire contents of a tower 
(approximately 1.25 million flies) is easily ar-
omatized by placing a GRO source beneath 
the lowest tray. Studies of tsl males conduct-
ed in Florida and Hawaii have shown that 
placement of 1 ml of GRO below a tower for 
24 hours resulted in increased mating per-
formance relative to that observed for males 
held in non-aromatized towers (Shelly et al. 
2006). While GRO application to individual 
towers appears effective, the effectiveness of 
aromatizing entire rooms holding multiple 
towers has not yet been assessed. 

gIngEr root oIl AroMAthErAPy:  
IncrEASIng thE ScAlE oF EVAluAtIon

In all the studies noted above, evaluation 
of GRO aromatherapy was conducted us-
ing standard, ‘single-tree’ field cages. While 
this experimental stage is far superior to 
small, laboratory cages, more rigorous as-
sessment requires testing in large field en-
closures (containing multiple host trees) or 
the open field. To date, we have conducted 
one study (Shelly et al. 2005) using large 
field enclosures (containing > 10 guava 
trees) and one study in a coffee field (Shelly 
et al. 2007b). In both cases, tsl males were 
exposed to GRO in PARC boxes. 

In the large enclosures, we released wild 
flies and tsl males, either GRO-exposed 
or non-exposed, at variable overflooding 
(tsl:wild males) ratios (5:1, 10:1, 30:1, and 

60:1), dissected eggs from apples suspend-
ed in the tree canopy as oviposition sinks, 
and then incubated the eggs to determine 
the incidence of egg sterility (a control 
cage containing wild flies exclusively was 
also run to determine the ‘natural’ fre-
quency of egg sterility). At all four ratios 
tested, we found that the proportion of 
unhatched eggs was significantly greater 
in enclosures with GRO-treated tsl males 
than control, non-treated tsl males (Fig. 1). 
Interestingly, the level of egg sterility ob-
served increased (from 67% to 89%) with 
increasing overflooding ratios for releases 
of non-exposed tsl males but was fairly 
constant (86% - 96%), and not significantly 
different, over the different overflooding 
ratios for releases of GRO-treated tsl males. 
As a result, the percent egg sterility ob-
served for GRO-exposed tsl males at the 
5:1 overflooding ratio was similar to that 
observed for non-exposed tsl males at all 
higher overflooding ratios, including even 
60:1. Thus, like the aforementioned study 
by Barry et al. (2003), these results indicate 
that pre-release GRO exposure may allow a 
reduction in the numbers of sterile males 
released. 

Figure 1. Relative number of sterile (unhatched) 
eggs collected (% total) for GRO-exposed (treated) 
and non-exposed (control) tsl males at the four 
overflooding ratios tested in large field enclosures 
in Hawaii. Symbols represent mean values (+ 1 SE; 
n = 7).
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Data from a Hawaiian coffee field also pro-
vided evidence for improved SIT through 
aromatherapy. At weekly intervals over a 
13-week period, we released GRO-exposed 
or non-exposed tsl males in two small 
plots and monitored wild and sterile male 
populations as well as egg sterility levels 
(eggs were dissected from coffee fruits and 
then incubated). The wild fly population 
was very large (>1 000 wild males/trap/
day), consequently overflooding was not 
achieved. Despite the fact that, in general, 
lower numbers of tsl males were trapped 
in the plot receiving GRO-exposed males, 
egg sterility levels were higher in that 
plot than the plot receiving non-exposed 
tsl males for most weeks (Fig. 2). Over the 
entire study, the average incidence of un-
hatched eggs was 17% for the plot with 
GRO-treated tsl males compared to 11% 
for non-exposed tsl males, a statistically 
significant difference. Correspondingly, the 
average value of Fried’s competitiveness 
index (C) was significantly higher for the 
aromatized tsl males than the control tsl 
males (0.42 vs. 0.17, respectively, computed 
over entire study period without time lag; 
Fig. 3). While this study has two flaws – no 
SIT-induced reduction in wild fly numbers 

was observed and bad weather prevented 
replication the following year with treat-
ments reversed in the two study plots – it 
probably presents the strongest case for 
the incorporation of GRO aromatherapy in 
medfly SIT as the data derive entirely from 
the open field.
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Figure 2. Levels of egg sterility observed in con-
trol (non-exposed tsl males) and treated (GRO-ex-
posed tsl males) plots and the remote area (with-
out releases of tsl males) in a Hawaiian coffee field. 
Values are weekly means (+ SE) based on dissec-
tions of 20 fruits per sampling area (n = 5) per plot 
(i.e., 100 fruits total). 
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Figure 3. Values of Fried’s C for control (non-ex-
posed tsl males) and treated (GRO-exposed tsl) 
males released in a Hawaiian coffee field. Values 
are weekly means (+ SE) based on trap captures 
and egg sterility estimates for five sampling areas 
per plot.

PotEntIAl nEgAtIVE IMPActS oF gro 
ExPoSurE

The benefits of GRO aromatherapy regard-
ing increased mating competitiveness must 
be weighed against potential negative ef-
fects on survivorship and dispersal. Fortu-
nately, it appears that aromatization has 
no negative impact on either of these pa-
rameters. In Hawaii, GRO-exposed and non-
exposed tsl males displayed similar survival 
over a two day period in field cages lacking 
food or water (Shelly et al. 2004b), and, in a 
laboratory study, GRO exposure had no effect 
on the ability of tsl males to withstand starva-
tion following removal of the sugar-agar-gel 
diet (Levy et al. 2005). Similarly, after aerial 
release of sterile males in Florida, the decline 
in daily capture rate was nearly identical be-
tween GRO-exposed and non-exposed tsl 
males (Shelly et al. 2006). In this latter study, 
there was also evidence, based on presence/
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absence data over all traps, that dispersal was 
independent of GRO treatment. Consistent 
with this field result, J. Zermeño (personal 
communication) measured travel distances 
of tethered males on a laboratory flight mill 
and found no difference between GRO-ex-
posed and non-exposed males. 

MEchAnISM oF AroMAthErAPy

Our research has focused primarily on 
documenting the effects of GRO exposure 
on male mating success and not on elucidat-
ing the behavioral, physiological, or chemical 
factors responsible for the improved mating 
performance. However, studies conducted in 
a large field enclosure (Shelly 2001) and in a 
laboratory wind-tunnel (Papadopoulos et al. 
2006) both indicate that GRO exposure does 
not affect the attractiveness of the male sex 
pheromone to females. Instead, four prelimi-
nary findings from ongoing work indicate 
that GRO aroma interacts with the male 
exoskeleton in some way to produce a scent 
attractive to females. First, medfly males ex-
posed to GRO aroma for 30 s immediately 
before mating trials had a mating advantage 
over control males. Given the short interval 
between GRO exposure and testing, it ap-
pears unlikely that the increased success of 
treated males required incorporation and 
physiological processing of airborne chemi-
cals. Second, in screen cages in the laboratory, 
females preferentially land on chilled (dead) 
males that had been exposed (while alive) to 
GRO the previous day compared to chilled 
(dead) non-exposed males. The same result 
was obtained whether the males were vis-
ible to females or covered by a cotton cloth 
(blocking visual but not olfactory stimuli). 
Third, rinsing aromatized males in hexane re-
moved this female preference. Fourth, males 
whose antennae were surgically removed 
prior to GRO exposure still have a mating ad-
vantage over control (sham operated) males, 

indicating that males do not need to smell 
the aroma to gain a mating advantage. 

FInAncIAl coSt oF AroMAthErAPy

Relative to other costs incurred in SIT pro-
grams, the use of GRO would represent a mi-
nor expense. For the California SIT program, 
the cost of GRO exposure is approximately 
$0.20 per million tsl males (based on a price 
of $67 per kg of GRO, a dose of 41 g (~ 36 ml) 
per trailer, and 14 million tsl males per trailer). 
As the California program pays approximate-
ly $180 per million tsl pupae from Guatemala, 
the added cost of GRO exposure is negligible 
($0.20/$180 = 0.1%). Other supplies (cot-
ton wicks, pipettes, etc.) plus labor would, of 
course, increase the total cost but only by a 
small amount. 

gro AroMAthErAPy: A tEchnIQuE 
rootEd In thE chEMIcAl Ecology oF 
CerAtItIS CAPItAtA

The aroma of GRO increases the mating 
performance of male medflies, and, with 
the proper implementation, this fact can be 
used to improve the effectiveness of med-
fly SIT. The practical value of aromatherapy 
research should not obscure the emerging 
biological view upon which it relies, namely 
that plant chemistry has important effects on 
the sexual behavior of the medfly. Although 
not particularly well studied, this association 
has been identified in several studies. Work-
ing with wild flies, Papadopoulos et al. (2001) 
showed that males were highly attracted to 
and arrested on ripe, wounded oranges (cuts 
made in the peel) and that males given direct 
access to such fruits had a mating advantage 
over fruit-deprived males (see also Shelly 
et al. 2004c). Likewise, Shelly and Villalobos 
(2004) observed clusters of wild males at spe-
cific sites on the branches of guava trees and 
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found that males given access to these loca-
tions have a mating advantage over males 
exposed to guava branches lacking such sites. 
Additionally, exposure to ripe (unwounded) 
guava fruits conferred a mating advantage. 

Given these results, it appears that, inde-
pendent of GRO aromatherapy, tsl males may 
enjoy increased mating competitiveness 
through post-release contact with plants rich 
in a-copaene. Pre-release exposure to GRO, 
however, eliminates the ‘need’ for tsl males to 
locate chemical sources in the environment 
(thereby eliminating time and energy costs 
associated with searching) and guarantees 
that tsl males benefit fully from exposure to 
the performance-enhancing oil. Shelly and 
McInnis (2001) found that, when both wild 
and tsl males were exposed to GRO, wild 
males maintained a mating advantage over 
the tsl males. Importantly, however, the ad-
vantage observed was smaller than that ob-
served when neither male type was exposed 
to GRO. Thus, while the effectiveness of GRO 
aromatherapy may vary with host tree avail-
ability in the target area (being lower where 
a-copaene-rich plants are prevalent), the 
procedure should improve medfly SIT over 
all areas. 
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ABStrAct: Fruit flies are major constraint to fruit production in Mauritius. The peach fruit fly, Bactrocera zonata (Saunders), the natal fly, Ceratitis 
rosa (Karsch), the medfly, C. capitata (Wiedmann) are the main pests of fleshy fruits. Fruit fly trapping trials were conducted in backyards to find the 
most effective combination of attractant and lures for females. There were two separate trapping trials, carried out in two different localities during 
the period November 2004 to March 2005. In the first trial, the attractants in different combinations were tested in International Pheromone McPhail 
Trap (IPMT). The attractants were as follows: (i) three patches containing Ammonium Acetate (AA) + Trimethylamine (TMA) + Putrescine (PT); (ii) Two 
patches of AA ; (iii) two patches of AA + one patch of PT ; (iv) two patches of AA + one patch of TMA; (v) one patch of solbait ; (vi) torula tablets; (vii) 
protein hydrolysate and (viii) GF120. Water and Triton B were used as retention device in traps baited with the patches. In the first trial, all treatments 
were equally effective in the capture of either female B. zonata or female C. capitata with the exception of protein hydrolysate and GF120 which 
trapped fewer numbers of flies. In the second trapping trial, additional trap types and lure combinations were assessed. The three component lure 
(AA + PT + TMA with water/Triton as retention device in IPMT) and the trap baited with Waste Brewer’s Yeast captured significantly more female flies 
followed by IPMT with AA + PT + TMA / Sticky insert and the Easy trap. In all trials, females accounted for more than 75% of the catches.

Key Words: Fruit fly, Bactrocera zonata, Ceratitis rosa, C. capitata, IPMT, attractants

IntroductIon

Fruit flies (Diptera: Tephritidae) cause large 
losses to fruits throughout the world, and 
are recognized today as major insect pests 
of the horticultural and vegetable indus-
tries. A growing international trade has fur-
ther increased their significance (Allwood, 
1997). Fruit fly problems in Mauritius date 
back to the beginning of this century (Orian 
and Moutia, 1960). Eight pest species of fruit 
flies are known in Mauritius: the peach fruit 
fly Bactrocera zonata (Saunders), the natal 
fly Ceratitis rosa (Karsch), the medfly C. capi-
tata (Wiedmann), the melon fly, B. cucurbitae 
(Coquillett), the ber fly Carpomya vesuviana 
Costa, the tomato fruit fly Neoceratitis cyane-
scens (Bezzi), the Indian Ocean cucumber fly 
Dacus demmerezi (Bezzi) and the Ethiopian 
fruit fly D. ciliatus (Loew). Control efforts in 
the past have been focused on cover sprays 
of insecticides, biological control and the 
Sterile Insect Technique SIT (Hammes, 1980). 
More recently, control has been directed 
towards area-wide management which is 

more effective when an entire area is treated, 
instead of individual efforts where reinva-
sions from the neighbouring areas continu-
ously occur. An area-wide control was thus 
proposed (Landell Mills, 1991). A National 
Fruit Fly Control Programme (NFFCP) based 
on this concept has been operational since 
1994, initially with financial and technical as-
sistance from the European Union, and sub-
sequently through sole Mauritian Govern-
ment funding as from 1999. Control actions 
are currently being carried out in major fruit 
growing areas. To ensure the effectiveness 
of the NFFCP, there is continual and inten-
sive monitoring. Traps baited with parapher-
omones/Malathion and liquid proteins are 
maintained in urban/village areas, in farm-
ing communities, and along the roadways in 
host areas. The traps are serviced every two 
weeks.

The study of the foraging behaviour for 
food, water, mating and egg-laying has led to 
new methodologies for monitoring and con-
trolling several important fruit flies (Prokopy 
and Roitberg, 1984). A variety of protein 
hydrolysates have been used for trapping 
both sexes of fruit flies. Ammonia appears 
to be the principal attractant originating 
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from these food lures (Bateman and Morton, 
1981; Morton and Bateman, 1981). Lopez et 
al. (1971) found that baits of 3 % hydrolysed 
torula yeast with 4 % borax premixed in wa-
ter in invaginated glass traps proved 2-40 
times as attractive as the standard (pellets 
of enzymatic cottonseed hydrolysate with 
borax) in water as a bait for Anastrepha sus-
pensa (Loew). However, in large control ap-
plications, such traps may eliminate large 
numbers of beneficial or non-target insects if 
they are not selective. Furthermore, aqueous 
protein hydrolysate-baited traps are difficult 
to deploy and are not very specific for fruit 
flies (Katsoyannos, 1994). 

Traps have been made more specific by 
making them in shapes which are of specific 
significance to the target insects. Specificity 
can also be increased by adding a specific 
odour (e.g. sex attractant and food odour) 
(Economopoulos, 1989). Usually, visual at-
tractants have been combined with odour 
attractants such as proteins, ammonium salts, 
pheromones, or combinations of more than 
one. One of the first patented combinations 
was the Pherocon trap that combined yel-
low colour with food odours such as protein 
hydrolysate and ammonium acetate (Neilson 
et al., 1976). Trapping systems that include 
cylindrical plastic traps and a food-based 
synthetic attractant were developed that are 
highly attractive to the Mediterranean fruit 
fly, Ceratitis capitata (Wiedemann) females 
(Heath et al., 1995, 1996, 1997). The food-
based synthetic lure, composed of ammoni-
um acetate, putrescine, and trimethylamine 
lures (Biolure, Suterra LLC, Bend, OR), emits 
volatile chemicals that are part of the odour 
of protein baits and other natural materials 
attractive to fruit flies. 

An international network research project 
for the development of a female attractant 
system for medfly trapping was subsequent-
ly operated under IAEA/FAO, as a five year 
Coordinated Research Programme (CRP), as 
from 1995. The CRP enabled the testing of 

ammonium acetate, putrescine and trim-
ethylamine in different combinations and in 
different types of traps. Significant achieve-
ments were made in the development of a 
female detection system for the medfly. The 
three-component synthetic female food 
attractant was accepted as a means of as-
sessing the effectiveness of SIT programme 
efforts. Another 5-year CRP complementary 
to the above focusing on the development 
of improved attractants and their integration 
into SIT fruit fly management programmes, 
was initiated in 2000. Trials were geared to-
wards the genera Anastrepha, Ceratitis and 
Bactrocera which attack over 300 species of 
fruits and vegetables in tropical, subtropical 
and temperate climates in five continents. 
The objectives of the CRP were mainly to 
develop and compare female-based food 
attractants in different environments, to pro-
vide a standardized detection system among 
fruit fly pest species and regions, and to de-
velop female targeted bait/kill stations. 

This paper presents results of using differ-
ent food-based attractants for trapping of 
three fruit fly species, B. zonata, C. rosa and 
C. capitata for the period November 2004 to 
March 2005. Trials were conducted according 
to a common protocol devised by the IAEA, 
and agreed by the different participating 
countries which are from Latin America, Eu-
rope, Africa and Indian Ocean. 

MAtErIAlS And MEthodS

traps and lures. Several types of traps were 
used with female-targeted attractants in the 
field tests. These included a McPhail-type 
trap, which was an International Pheromones 
McPhail trap (IPMT); an Easy-trap; a coloured 
sphere trap. There were two types of female-
targeted attractants tested in these stud-
ies. Liquid protein baits were as follows: (1) 
aqueous solution of 2% protein hydrolysate 
(vol:vol) (Beauvilliers Aromatique, France) + 
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3% borax, (2) aqueous solution of 8% GF120 
(vol:vol) + 3% borax, and (3) aqueous solution 
of 12.5% laboratory modified waste brewery 
yeast (vol:vol) + 3% borax.. The food-based 
synthetic lures used were Solbait, ammo-
nium acetate (AA), putrescine (PT) and trim-
ethylamine (TMA) patches.
Field tests. The field trials were conducted 
at two sites: Pointe aux Sables (5-20 m ASL) 
and Beau Bassin (290-355 m ASL) during the 
period November 2004 to March 2005. The 
targeted fruit flies were B. zonata, C. rosa and 
C. capitata and the main hosts during the 
period of study were mango, Indian Almond, 
Loquat, and Peach. Trials were set on individ-
ual host trees located in backyard gardens as 
adequate orchards are not available for ex-
perimentation.

table 1. Description of treatments in Experiment 
1 at Pointe aux Sables (PS) and at Beau Bassin (BB)

Treat ments 
(IPMT trap)

Insect retention 
device

Location 
of test

2AA + PT 300 ml watera PS, BB
2AA 300 ml watera PS, BB

Protein  
hydrolysate

300 ml liquid Pro-
tein hydrolysate/

borax bait
PS

2AA + TMA 300 ml watera PS, BB
AA + TMA 300 ml watera PS, BB
AA + TMA + PT 300 ml watera PS, BB

GF120
300 ml liquid 

GF120/borax bait
PS, BB

Torula yeast 300 ml water BB
Solbait patch 300 ml watera BB

a 0.01% Triton B aqueous solution

In the trial at Beau Bassin, two new treat-
ments were included: Torula yeast pellets 
(three pellets of 3 gms each in 300 ml of wa-
ter in an IPMT trap and Solbait patch with 
water/Triton B as retention device. The treat-
ment protein hydrolysate in IPMT was not 
included.

Experiment 2 was conducted at Beau Bas-
sin and then repeated at Pointe aux Sables. 
Table 2 summarises the treatments.

table 2. Description of treatments in Experiment 2

Trap type Treatments 
Insect retention 

device
IPMT trap AA + TMA + PT Sticky insert
IPMT trap AA + TMA + PT 300 ml watera

Easy trap AA + TMA + PT Sticky insert

IPMT trap
Protein  

hydrolysate

300 ml liquid Pro-
tein hydrolysate/

borax bait
Coloured 
Sphere

AA + TMA + PT Sticky insert

IPMT trap
Modified waste 
brewery yeast 

(WBY)

300 ml liquid 
WBY/borax bait

 a 0.01% Triton B aqueous solution

Traps were hung on fruit trees, 1 – 2 metres 
above the ground, in the lower half of the 
south-eastern part of the tree canopy. At each 
site, traps were set in five replicates of seven 
traps. The distance between two traps varied 
between 25 to 50 m in each replicate. Traps 
were serviced twice a week and all tephritids 
captured were collected in 70% alcohol. Fruit 
flies were identified, sexed and recorded. Af-
ter data collection, traps within a replicated 
were rotated sequentially. During weekly re-
newal, the old liquid baits of IPMT traps were 
collected in a plastic bucket to avoid inter-
ference with traps. Similarly, synthetic lures 
that were changed after four weeks were col-
lected in a plastic bag. The traps were rinsed 
with water before the addition of fresh bait. 
The trials were run for eight weeks. 
Statistical Analysis. The sum total capture of 
insects in a trap was calculated and numbers 
of insects per trap per day were used for sub-
sequent analysis. Data were transformed to 
stabilise the variance before analysing by us-
ing log (x + 1). Differences in capture among 
the experimental traps were determined us-
ing analysis of variance (ANOVA). Significant 
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ANOVAs were followed by the Tukey test (P = 
0.05). All analyses were done with SPSS ver-
sion 11.

rESultS 

Experiment 1. The mean numbers of B. zo-
nata, C. capitata and C. rosa captured dur-
ing the experiments at Pointe aux Sables 
and Beau Bassin are presented in Table 3 
and 4, respectively. In the first trial at Pointe 
aux Sables, all treatments were equally ef-
fective in the capture of either female B. 
zonata or female C. capitata with the ex-
ception of protein hydrolysate and GF120, 
which trapped fewer numbers of flies. As 
regards trap captures for female C. capitata, 
there was no significant difference among 
the treatments. In the trial at Beau Bassin, 
Solbait and GF120 trapped fewer female B. 
zonata flies as compared to the other baits. 
There were no significant differences in the 
trap captures of either C. capitata or C. rosa. 
The three component synthetic lure in 
IPMT was as effective as any combination 
of the two component lures or the single 
AA lure. In both trials, females accounted 
for 77-97% of the total captures for the dif-
ferent baits.
Experiment 2. In the trial at Beau Bassin, 
the three component lure (AA + PT + TMA 
with water/Triton as retention device in 
IPMT) and the bait waste brewer’s yeast 
captured significantly more female flies 
followed by IPMT with AA + PT + TMA / 
sticky insert and the Easy trap (Table 5). A 
similar trend was obtained for the captures 
of C. rosa. There were no significant differ-
ences in the captures of C. capitata. In the 
second trial at Pointe aux Sables, IPMT (AA 
+ PT + TMA) with water/Triton captured 
significantly more female B. zonata or fe-
male C. capitata as compared to the other 
treatments (Table 6). All baits were equally 
effective in capturing C. rosa. In compari-

son of the two retention devices in the 
same trap type in both experiments, cap-
ture with IPMT baited with the three com-
ponent lure and water/Triton was higher 
than that with a sticky insert. Among all 
the traps, females accounted for over 78% 
of the total capture.

dIScuSSIon & concluSIon

Insect trapping is essential for popula-
tion studies or for use in insect pest con-
trol programmes. Estimation of population 
size, detection of newly introduced species 
and evaluation of population reproductive 
ability are necessary components for any 
control system (Economopoulos and Han-
iotakis, 1994). Traps baited with the three 
component food-based synthetic attractant 
showed remarkable performance in captur-
ing female C. capitata in tests conducted in 
Guatemala (Heath et al., 1997). Epsky et al. 
(1999) reported that the best female-tar-
geted traps, and specifically the traps baited 
with the food-based synthetic attractants, 
out-captured the male-targeted traps in 
studies that were conducted in sites with 
the lowest populations of C. capitata.

The trapping data showed that the popu-
lation of B. zonata was highest followed by C. 
rosa and C. capitata at both sites. The tested 
lures were all female specific. Similar results 
were obtained by Bakri et al. (1998) in an 
argan forest in Morocco, Heath et al. (1995) 
in an orange/coffee intercrop in Guatemala 
and Gazit et al. (1998) in citrus in Israel. Trap-
ping results demonstrated that the IPMT 
trap baited with the three component syn-
thetic lure provides a good female B. zonata, 
C. capitata and C. rosa selective trapping 
system. The food-based synthetic attractant 
does provide a viable alternative to liquid 
protein baits as shown by the captures of B. 
zonata in experiment 1 (Tables 3 and 4). IPMT 
with the 3 component lure and water/Triton 
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table 3. Experiment 1: Mean (±SD) number of fruit flies per trap per day captured at Pointe aux Sables

treatments 
(IP McPhail 
trap) n

Mean ± Sd insects / trap / day
B. zonata C. capitata C. rosa

Females Males total Females Males total Females Males total

2AA + Pt 5
0.069 ± 

0.029 ab

0.020 ± 

0.009 

0.089 ± 

0.036 ab

0.008 ± 

0.014 

0.006 ± 

0.004 a 

0.014 ± 

0.017

0.027 ± 

0.020abc

0.020 ± 

0.014

0.047 ± 

0.032abc

2AA 5
0.062 ± 

0.024 ab 

0.011 ± 

0.008

0.073 ± 

0.033 ab 

0.001 ± 

0.002 

0.000 ± 

0.000 b

0.001 ± 

0.002

0.014 ± 

0.012abc

0.000 ± 

0.000

0.014 ± 

0.012bc

Protein  
hydrolysate

5
0.009 ± 

0.007 b 

0.009 ± 

0.008

0.017 ± 

0.014 b 

0.001 ± 

0.002 

0.000 ± 

0.000 b

0.001 ± 

0.002

0.010 ± 

0.017bc

0.001 ± 

0.002

0.011 ± 

0.016bc

2AA + tMA 5
0.159 ± 

0.069 a 

0.024 ± 

0.014 

0.184 ± 

0.076 a 

0.005 ± 

0.003 

0.003 ± 

0.003 ab

0.008 ± 

0.006

0.052 ± 

0.030ab

0.026 ± 

0.031

0.078 ± 

0.058ab

AA + tMA 5
0.147 ± 

0.076 a 

0.029 ± 

0.021 

0.176 ± 

0.097 a 

0.002 ± 

0.003

0.001 ± 

0.003 ab

0.004 ± 

0.006

0.038 ± 

0.027ab

0.010 ± 

0.006

0.048 ± 

0.032abc

AA + tMA 
+ Pt

5
0.131 ± 

0.077 a

0.019 ± 

0.021 

0.151 ± 

0.099 a 

0.005 ± 

0.007

0.001 ± 

0.002 b

0.006 ± 

0.009

0.059 ± 

0.034a

0.027 ± 

0.024

0.086 ± 

0.058a

gF120 5
0.023 ± 

0.016 b 

0.001 ± 

0.014

0.024 ± 

0.017b 

0.001 ± 

0.002

0.000 ± 

0.000 b

0.001 ± 

0.002

0.005 ± 

0.006c

0.000 ± 

0.000

0.005 ± 

0.006c

df 6, 34 6, 34 6, 34 6, 34 6, 34 6, 34 6, 34 6, 34 6, 34

F 7.517 2.038 6.44 1.035 4.113 1.809 4.301 3.097 4.247

P<0.0001 P>0.05 P<0.0002 P>0.05 P<0.04 P>0.05 P<0.03 P>0.05 P<0.04

Means in the same column followed by the same letter are not significantly different (Tukey test on log(x+1) trans-
formed data, P=0.05, non-transformed means shown

as retention device appeared to be the best 
trap for trapping females of the three fruit 
fly species. 

The female selectivity of the synthetic at-
tractant observed will be of considerable 

value when used with B. zonata single-sex 
release of males and will further increase ef-
ficacy of the SIT for B. zonata by removal of 
the feral females without removal of sterile 
males.
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table 4. Experiment 1: Mean (±SD) number of fruit flies per trap per day captured at Beau Bassin

treatments 
(IP McPhail 
trap)

n

Mean ± Sd insects / trap / day

B. zonata c. capitata c. rosa
Females Males total Females Males total Females Males total

torula 5
0.513 ± 
0.260a

0.130 ± 
0.058a

0.643 ± 
0.312a

0.012 ± 
0.002

0.004 ± 
0.006 

0.016 ± 
0.005

0.327 ± 
0.400

0.111 ± 
0.131

0.438 ± 
0.531

AA + tMA 
+ Pt

5
0.469 ± 
0.189a

0.114 ± 
0.051a

0.584 ± 
0.239a

0.014 ± 
0.009

0.010 ± 
0.014

0.024 ± 
0.023

0.374 ± 
0.518

0.136 ± 
0.179

0.510 ± 
0.697

2AA
0.397 ± 
0.179a

0.101 ± 
0.061a

0.499 ± 
0.238a

0.011 ± 
0.016

0.005 ± 
0.004

0.016 ± 
0.019

0.112 ± 
0.122

0.050 ± 
0.040

0.162 ± 
0.161

2AA + tMA 5
0.614 ± 
0.299a

0.149 ± 
0.050a

0.763 ± 
0.331a

0.009 ± 
0.010

0.003 ± 
0.005

0.012 ± 
0.014

0.265 ± 
0.348

0.109 ± 
0.134

0.374 ± 
0.482

2AA + Pt 5
0.420 ± 
0.215a

0.105 ± 
0.050a

0.525 ± 
0.262a

0.015 ± 
0.014

0.006 ± 
0.009

0.021 ± 
0.022

0.264 ± 
0.330

0.097 ± 
0.120

0.361 ± 
0.450

Solbait 5
0.022 ± 
0.036b

0.006 ± 
0.009b

0.028 ± 
0.045b

0.002 ± 
0.005

0.001 ± 
0.002

0.003 ± 
0.006

0.049 ± 
0.091

0.014 ± 
0.022

0.062 ± 
0.112 

AA + tMA 5
0.405 ± 
0.161a

0.131 ± 
0.068a

0.536 ± 
0.223a

0.013 ± 
0.006

0.004 ± 
0.000

0.016 ± 
0.006

0.227 ± 
0.294

0.085 ± 
0.100

0.312 ± 
0.394

gF120 5
0.019 ± 
0.015b

0.005 ± 
0.003b

0.024 ± 
0.017b

0.000 ± 
0.000

0.000 ± 
0.000

0.000 ± 
0.000

0.024 ± 
0.034

0.009 ± 
0.014

0.032 ± 
0.048

df 7, 39 7, 39 7, 39 7, 39 7, 39 7, 39 7, 39 7, 39 7, 39

F 8.405 7.044 9.253 1.748 1.1111 1.697 0.993 0.999 1.056

P<0.000008 P<0.00004 P<0.000003 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

Means in the same column followed by the same letter are not significantly different (Tukey test on log(x+1) trans-
formed data, P=0.05, non-transformed means shown
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ABStrAct:  The host list for the Caribbean fruit fly, Anastrepha suspensa (Loew), includes nearly 100 fruit trees including citrus.  In south Florida, 
it is primarily a pest of dooryard fruit trees including Surinam cherry, Eugenia uniflora; loquat, Eriobotrya japonica; and tropical almond, Terminalia 
catappa; and it is a production pest of common guava, Psidium guajava.  In areas of Florida with commercial citrus production, fly-free zones are 
designated areas that are certified as A. suspensa controlled areas for citrus export.  In addition to Florida, A. suspensa is found in Cuba, Jamaica, His-
paniola and Puerto Rico.  Highly effective traps for this species and for other Anastrepha spp are needed for suppression of fruit flies in areas in which 
they occur and for early detection in areas currently free of these pests.  McPhail-type traps baited with a two component food-based synthetic lure 
containing ammonium acetate and putrescine outcapture McPhail-type traps baited with the liquid protein baits Nulure/borax or torula yeast/borax 
in some field trials, but results may be highly variable among different host plants or different environmental conditions.  We report on the results of 
laboratory and field tests conducted to further evaluate the effects of ammonia dose and formulation on A. suspensa response, as well as comparative 
studies with other liquid protein bait types and formulations. 

Key Words: Caribbean fruit fly, trapping, synthetic lures, aqueous baits, host tree

IntroductIon

Improved attractants are needed for Anas-
trepha spp. fruit flies, including the Caribbean 
fruit fly, A. suspensa (Loew). A. suspensa is a 
quarantine pest of citrus in Florida, but pre-
ferred hosts include guava, Psidium guajava 
L., loquat, Eriobotrya japonica (Thunb.) Lindl. 
and Surinam cherry, Eugenia uniflora L. Popu-
lations are generally low in citrus but high 
numbers can be found in preferred hosts. 
McPhail traps baited with the liquid protein 
bait torula yeast/borax (TYB) were tradition-
ally used to detect and monitor A. suspensa 
as well as other Anastrepha spp. (Heath et 
al. 1993a). Food-based synthetic attractants 
comprised of ammonium acetate (AA) and 
putrescine (Pt) (Heath et al. 1995, Epsky et 
al. 1995, Thomas et al. 2001, Hall et al. 2005, 
Holler et al. 2006) or ammonium bicarbon-
ate (AB), Pt and methylamine (Robacker and 
Warfield 1993) have been developed based 
on volatile chemicals released from liquid 
protein baits. Response of Anastrepha spp. to 
traps baited with these synthetic lures ver-
sus liquid protein bait tends to be variable 

and host/population level may be factors in 
this variation (Epsky et al. 2004, Thomas et 
al. 2008). Identification of additional attrac-
tant chemicals from protein baits that could 
be added to food-based synthetic lures may 
provide more effective trapping systems for 
A. suspensa as well as other pest Tephritidae 
that are captured in higher numbers in traps 
baited with liquid protein solutions. 

A multidisciplinary approach was used to 
investigate response of A. suspensa to syn-
thetic lures as well as to several liquid protein 
baits. Field tests were conducted to evaluate 
effects of ammonium dosage and formula-
tion on A. suspensa response in field tests in 
preferred hosts. Laboratory studies were con-
ducted to evaluate response of A. suspensa 
to volatiles from other liquid protein baits 
in comparison with response to TYB, and to 
test the effect of age of bait solution on this 
response. In addition, electroantennogram 
(EAG) analysis was used to measure antennal 
sensitivity to volatile chemicals emitted from 
liquid protein baits to further understand the 
electrophysiology that underlies behavioral 
response. This information will be used in 
chemical analysis for identification of new at-
tractants from preferred bait formulations.

Fruit Flies of Economic Importance:  From Basic to Applied Knowledge 
Proceedings of the 7th International Symposium on Fruit Flies of Economic Importance 

10-15 September 2006, Salvador, Brazil
pp. 81-88

Book Fruit Flies.indb   81 28/10/2008   08:26:45



From Basic to Applied Knowledge 
82

Anastrepha suspensa response to baits and lures

MAtErIAlS And MEthodS

traps and lures. Multilure traps (Better 
World Manufacturing Inc., Fresno, CA, USA) 
were used in field studies and in tests conduct-
ed in the large flight tunnel. Liquid protein 
baits included aqueous solution of TYB (ERA 
Intl., Baldwin, NY, USA), Nulure (Miller Chemi-
cal & Fertilizer, Hanover, PA, USA) or CPH pro-
tein bait (Süsbin, Mendoza, Argentina). Traps 
baited with Nulure or CPH had 3% borax (wt/
vol; sodium tetraborate decahydrate) added 
to the aqueous solution. Liquid protein baits 
in the small and large flight tunnel tests were 
added to 100 ml water. Synthetic attractants 
included a solid tablet formulation of ammo-
nium bicarbonate (AB) (Agrisense-BCS Ltd, 
UK) and membrane-based lure formulations 
of AA and Pt (BioLure, Suterra LLC, Bend, OR). 
Release rate of ammonia from the AB tablets 
is ~50% of the AA lures (Heath et al. 2006), 
therefore traps baited with 2 AB tablets re-
lease approximately the same amount of am-
monia as the traps baited with AA . To reduce 
the release rate from the AA lures, metallic 
tape (United Tape Co., Cummings, GA, USA) 
was used to cover 50 or 75% of the mem-
brane surface. This decreased the release of 
ammonia to ~50 or 25 %, respectively, of the 
uncovered AA lures (Heath et al. 2007), and a 
50% AA lure released approximately the same 
amount of ammonia as an AB tablet. Unbait-
ed traps and traps baited with synthetic lures 
contained 200 ml 10% polypropylene glycol 
(LowTox, Prestone, Danbury, CT, USA) aque-
ous solution to retain captured flies. 

Field tests. Field tests were conducted from 
March 18 - June 3, 2004 at USDA/ARS, SHRS in 
Miami, FL (experiment 1) and June 17 - July 
15, 2005 at Univ. FL, TREC in Homestead, FL 
(experiment 2). Experiment 1 examined the 
effect of ammonium acetate release rate on 
trap capture and had 4 treatments: 1) unbait-
ed, 2) baited with 25% AA + Pt, 3) baited with 
50% AA + Pt, and 4) baited with AA + Pt. Traps 
baited with all four treatments were placed 

in individual A. suspensa host trees including 
grapefruit, Citrus paradisi Macfad., black sa-
pote, Diospyros digyna Jacquin, starfruit, Aver-
rhoa carambola L., loquat, and Surinam cherry. 
Only one tree per host species was available, 
and the trees with traps were widely separat-
ed. The experiment was conducted for 8 wk, 
although some trees had host fruit present 
for only 6 wk of the test. Experiment 2 was 
conducted in a grove of common guava. The 
field plot design was a randomized complete 
block with five treatments placed in five rows 
(blocks) of trees. There were at least 10 m be-
tween rows and 10 m between traps within a 
row. The treatments were traps baited with 1) 
2 TYB pellets in 200 ml water; 2) 50% AA + Pt, 
3) AA + Pt, 4) AB tablet + Pt, and 5) 2 AB tab-
lets + Pt. Tests were conducted for 4 wk, with 
fresh protein bait solutions made each week. 
Synthetic lures were replaced after 4 wk. For 
both experiments, traps were sampled every 
7 d, and numbers of male and female flies 
were recorded. Traps were rotated sequen-
tially to the next position within a host tree or 
block at time of sampling. Host trees (experi-
ment 1) and blocks (experiment 2) were used 
as replicates, and there were five replicates 
for each experiment.

Flight tunnel tests. Insects used in flight 
tunnel tests were obtained from a labora-
tory colony maintained at SHRS, Miami, FL. 
Sexually mature 8 - 10 d old females were 
obtained from mixed sex cages and used 
for all tests. Females were protein-starved 
for 24 h prior to the start of a test. All flight 
tunnel tests were conducted as choice tests, 
with females given the choice of two test 
substrates. Tests in experiment 3 were con-
ducted in small flight tunnels (30.2 by 30.2 by 
122 cm) with volatile chemicals from the test 
substrates piped into the tunnels from cham-
bers placed outside of the tunnels (Heath et 
al. 1993b). Tests in experiment 4 were con-
ducted in a large flight tunnel (61 by 61 by 
180 cm). Multilure traps baited with test sub-
strates were hung 9 cm apart side by side in 
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the upwind end of a large flight tunnel, with 
the trap openings 17 cm apart. Experiment 
3 compared response to volatile chemicals 
from 100 ml aqueous solutions of either 5% 
or 10% solutions of CPH with 3% borax with 
response to standard TYB (1 pellet in 100 ml 
water). To determine if choice between the 
two test substrates was affected by age of the 
bait solution, baits were tested 0, 2, 4 and 6 d 
after preparation, and there were 6 replicate 
tests for each bait solution age. Experiment 4 
compared response to Multilure traps baited 
with 100 ml of aqueous solutions of either 
standard TYB (1 pellet) or 9% Nulure with 3% 
borax. Effect of age of bait solution from 0 to 
8 d after preparation was determined, and 
there were 3 replicates for each time period. 
Twenty females were released per tunnel, and 
number of flies per choice was recorded after 
~20 h. Flies responding to volatile chemicals 
from substrates placed outside of the tunnels 
were captured in insect isolation traps within 
the small flight tunnels and did not contact 
the test solutions. Flies were captured in the 
test substrates in the Multilure traps used in 
the large flight tunnels. Percentage of flies 
captured was determined by dividing the 
number captured per treatment by the total 
number of flies captured by either treatment. 
Bait solution pH was measured at the start of 
each trial in the large flight tunnels using a 
pHep 4 pH meter (Northern Brewer, St. Paul, 
MN). 

Electrophysiological response. The effect 
of age of bait solution on antennal response 
to TYB and Nulure was examined by elec-
troantennogram methods. Electroantenno-
gram signals were recorded with a Syntech 
EAG system (Hilversum, Netherlands) from 
sexually mature, laboratory-reared females, 
using methods described previously (Kendra 
et al. 2005a, 2005b). The test substrates con-
sisted of 300 ml aqueous solutions of TYB (3 
pellets) and 9% Nulure with 3% borax. Solu-
tions were prepared at room temperature 
(~24oC) in 1000 ml flasks, which were capped 

loosely to permit venting of gases. Three 
hours prior to sampling, flasks were plugged 
with foam stoppers. Using gas-tight syringes, 
headspace samples were withdrawn from 
the plugged flasks and presented to the fly 
antennae. EAG responses were measured ini-
tially in millivolts (peak height of depolariza-
tion), and then normalized with a standard 
reference sample (2-butanone) by the Syn-
tech EAG 2000 software. Normalization cor-
rected for time-dependent variability in an-
tennal performance, and test responses were 
expressed as a percentage of the standard 
response. The normalized values were used 
to make comparisons between different test 
substrates and different doses of each sub-
strate. Four volumetric doses of headspace 
were evaluated: 0.5, 1.0, 2.0, and 4.0 ml. The 2 
ml dose was then used to determine the ef-
fect of age of bait solution (0-8 d after prepa-
ration) on EAG response. For each test sub-
strate, EAG responses were measured from 
3-5 insects, and response from each insect 
was the average of three measurements.

Statistical Analysis. Numbers of female 
and male flies per trap per day (ftd) per 
treatment in field tests were summed per 
host/block over all sample dates, and were 
either used in analysis directly or were con-
verted to relative trapping efficiencies (rte) 
per host/block (Epsky et al. 1999). Data (rte 
for experiment 1 and ftd for experiment 2) 
were analyzed by one-way analysis of vari-
ance (ANOVA) using PROC GLM (SAS Insti-
tute 1985). The Box-Cox procedure, which 
is a power transformation that regresses 
log-transformed standard deviations (y + 
1) against log-transformed means (x + 1), 
was used to determine the type of transfor-
mation necessary to stabilize the variance 
before analysis (Box et al. 1978). Separate 
analyses were conducted for females and 
males for each experiment. Significant ANO-
VAs were followed by least significant dif-
ference test (LSD, P = 0.05) for mean separa-
tion. Two-sample t-tests using PROC TTEST 
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were used for all two-at-a-time laboratory 
comparisons over the whole experiment 
and/or with separate comparisons made 
for each age of bait solution test. Response 
variables for t-tests were either percentage 
of flies trapped per treatment (experiments 
3 and 4) or percentage of standard antennal 
response (EAG recordings).

rESultS And dIScuSSIon 

Field tests. In experiment 1, numbers of 
flies trapped in tests conducted in starfruit, 
black sapote and grapefruit were very low, 
with only 19, 20 and 28 flies captured, respec-
tively. Numbers were higher in tests conduct-
ed in Surinam cherry and loquat, with 1004 
and 1170 flies captured, respectively. Data 
were converted rte to allow comparisons 
among the range of number of flies captured 
in the different hosts (Epsky et al. 1999). There 
was no effect of AA dosage on percentage of 
females captured (Fig. 1), although all baited 
traps captured more flies than unbaited traps 
(F = 22.73; df = 3, 16; P < 0.0001). There was no 
effect of AA dosage on percentage of males 
captured (Fig. 1), but only the two higher dos-
ages of AA captured a higher percentage of 
males than unbaited traps (F = 3.75; df = 3, 16; 

P = 0.0326). There were higher percentages 
of females captured in traps with 50% AA + 
Pt versus AA + Pt, but further reducing am-
monia release to 25% resulted in decreased 
capture. 

Numbers of flies captured in guava in ex-
periment 2 were also very low, with only 41 
flies captured, so data used for analyses were 
flies per trap per day. Treatment significantly 
affected capture of females (F = 3.68; df = 4, 
20; P = 0.0211) but not males (F = 1.93; df = 4, 
20; P = 0.1211). More females were captured 
in traps baited with either dosage of AA + Pt 
than with either dosage of AB + Pt (Fig. 2). 
Capture in TYB-baited traps was intermedi-
ate to both AAPt- or ABPt-baited traps. 

Flight tunnel tests of tyB and cPh/borax 
Solutions. There was no difference in response 
of females to volatiles from aqueous solutions 
of 5% CPH/borax and TYB (27.8 ± 3.03% and 
29.5 ± 3.22%, respectively; t = 0.36, df = 44; P 
= 3.23), but fewer females were captured in 
response to volatiles from aqueous solutions 
of 10% CPH/borax than in TYB (20.0 ± 2.48% 
and 32.0 ± 2.86%, respectively; t = 3.18, df = 46, 
P = 0.0027). A comparison of response by age 
of bait solution (Fig. 3) shows that age had no 
effect in the 5% CPH/borax test, but the differ-
ence in capture of TYB versus 10% CPH/borax 
was observed mainly in the first 4 d since bait 

Fig. 1. Average relative trap efficiency (%) for female and male A. suspensa in Multilure traps that were 
unbaited (open bars), or baited with a putrescine lure and either an ammonium acetate lure with release 
reduced to 25% (dotted bars), with release reduced to 50% (diagonal lined bars), or with release not 
reduced (solid bars). Field tests were conducted in A. suspensa host trees in Miami, FL in spring 2004. Bars 
headed by the same letter within a sex are not significantly different (LSD test, P = 0.05)
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preparation. Similar results were observed in 
field tests of TYB versus several formulations 

Fig. 2. Average number of female and male A. suspensa per trap per day in Multilure traps that were 
baited with two ammonium bicarbonate tablets and a putrescine lure (dotted bars), one ammonium 
bicarbonate tablet and a putrescine lure(diamond hatch bars), standard torula yeast/borax aqueous so-
lution (horizontal lined bars), an ammonium acetate lure with release reduced by 50% and a putrescine 
lure(diagonal lined bars) or an ammonium acetate lure and a putrescine lure (solid bars). Field tests were 
conducted in A. suspensa host trees in Homestead, FL in summer 2005. Bars headed by the same letter 
within a sex are not significantly different (LSD test, P = 0.05)

Fig. 3. Average percentage of female A. suspensa captured in flight tunnel choice tests in response to 
volatile chemicals from A) aqueous solutions of 5% CPH protein bait with 3% borax (light dotted bars) 
or standard torula yeast/borax aqueous solution (solid bars), or B) aqueous solutions of 10% CPH protein 
bait with 3% borax (hatched bars) or standard torula yeast/borax aqueous solution (solid bars). There 
were 20 females per test and 6 replicate tests for each age of bait solution.

of mazoferm/borax (Corn Products, Argo, IL, 
USA) (Epsky et al. 1994). 
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Flight tunnel tests and EAg Measure-
ments with tyB and nulure/borax Solu-
tions. An effect of age of bait solution was 
also observed in the comparison between 
aqueous solutions of TYB and Nulure/bo-
rax (Fig. 4). Although TYB tended to capture 
more females over all bait ages, the differ-
ences were greatest in the first few days 
after bait preparations. Similar results were 
observed in field tests of TYB versus several 
formulations of Nulure/borax (Epsky et al. 
1993). In those studies, TYB solutions cap-
tured more flies the first 3 - 4 d than 4 - 7 
d after deployment, while bait age had no 
effect on capture with Nulure/borax formu-
lations. The pH (mean ± std. dev.) of the TYB 
was higher than the pH of the Nulure/borax 
(8.22 ± 0.856 versus 7.36 ± 0.805), but there 
was no change in pH over the time period of 
the test. In parallel EAG tests (Fig.5), higher 
EAG responses were obtained from Nulure/
borax than TYB for the first 5 d, but there 
was no difference over the last 3 d. Antennal 
response to TYB increased while response to 
Nulure decreased as the bait solutions aged. 
This trend in EAG response was consistent 
over the range of doses evaluated.

Previous studies have found a positive 
correlation between choice among food-
based attractants for laboratory-reared flies 
in flight tunnel bioassays and wild flies in 
field tests (Epsky et al. 1993), and for sterile 
flies and wild flies in field tests (Robacker 
and Thomas 2007). Laboratory-reared flies 
may be less discriminating than wild flies, 
and may respond to tests substrates in 
laboratory bioassays that wild flies do not 
respond to in the field, however we have 
not observed response in the field that was 
not also observed in the laboratory (N.D.E. 
and R.R.H., unpublished data). Thus, labora-
tory bioassays provide a valuable tool for 
screening potential attractants. Perhaps 
more interesting is the negative correla-
tion between EAG response and choice 
between fresh TYB and fresh Nulure/borax 

solutions. Kendra et al. (2005b) observed 
that sexually immature females had higher 
antennal sensitivity to ammonia but low-
er response to high ammonia dosages in 
flight tunnel bioassays than sexually ma-
ture females, indicating that the high lev-
els of ammonia were possibly repellant to 
the immature flies. Robacker and Czokajlo 
(2005) found that optimal ammonia dos-
age in food-based lures was affected by use 
in open traps, such as sticky traps, versus 
closed traps, such as Multilure traps. Thus 
showing that high dosage of an attractant 
may be repellant in closed traps. Volatile at-
tractant chemicals from Nulure/borax solu-
tion may be released at levels too high for 
effective fly capture when freshly prepared 
but have dropped to non-repellent levels 
by 4-5 d after preparation. This information 
will used to direct further studies into ad-
ditional attractant chemicals released from 
these protein baits. 

Summary. Traps baited with AAPt captured 
more A. suspensa than traps baited with 
ABPt even when the ammonia release rates 
were similar. Reducing dosage of ammonia 
by 50% of the commercially available AA 
lure slightly increased female capture, but 
reducing dosage to 25% tended to decrease 
female capture. The 5% CPH/3% borax bait 
captured the same number of flies as TYB, 
and was more effective than 10% CPH/3% 
borax. Further decreasing the amount of 
borax added to CPH may improve its effec-
tiveness. As has been observed in field tests, 
fresh TYB captures more A. suspensa than 
fresh Nulure/borax but this difference de-
creases as the bait solutions age. EAG analy-
sis indicates that volatiles from fresh Nulure/
borax elicit a higher antennal response than 
TYB, but this difference decreases as the 
TYB solution ages. Chemical analysis will be 
needed to determine the nature of reduced 
capture by fresh Nulure/borax and to iden-
tify additional attractive chemicals emitted 
by these protein baits. 
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Fig. 4. Average percentage of female A. suspensa captured in flight tunnel choice tests in Multilure traps 
baited with aqueous solutions of 9% Nulure with 3% borax (dotted line) or standard torula yeast/borax 
aqueous solution (solid line). There were 20 females per test, 3 replicates for each age of bait solution, 
and an asterisk indicates significant difference in response (t-test, P < 0.05) within age of bait solution 
treatment.

Fig. 5. Average percentage EAG response of female A. suspensa to 2 ml headspace samples of 9% Nulure 
with 3% borax (dotted line) or standard torula yeast/borax aqueous solution (solid line). Measurements 
were recorded from 3-5 females for each age of bait solution and an asterisk indicates significant differ-
ence in EAG response (t-test, P < 0.05) within age of bait solution treatment.
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ABStrAct: Bactrocera latifrons (Hendel) is a tephritid fruit fly that primarily infests solanaceous fruits. Although primarily of Asian distribution, it has 
invaded Hawaii and, more recently, the continent of Africa (Tanzania and Kenya). Male B. latifrons uniquely respond to alpha-ionol + cade oil, rather 
than to either methyl eugenol or cuelure, to which males of the majority of other Dacine fruit flies respond. Here we present research results detailing 
the age of male B. latifrons response to alpha-ionol + cade oil, the persistence of wick attractiveness, and the effectiveness of alpha-ionol + cade oil in 
detecting B. latifrons populations. Based on wind tunnel studies with wild flies, male response steadily increased from 5% at age 2 to 45% at age 28, 
with male response exceeding 50% of the peak response by Day 7 and exceeding 75% and 90% by days 14 and 21, respectively. The attractiveness 
of wicks treated with 2.0 ml alpha-ionol and 1.0 ml cade oil (on separate wicks) declined over time, with wick response reduced to about 50% of the 
fresh catch after 6 ½ weeks.  Based on concurrent alpha-ionol + cade oil – based trapping and collections of turkeyberry, Solanum torvum (Solanaceae), 
fruits, the presence of B. latifrons was detected at the time of fruit collection, 75.5 % of the time.

Key Words:  male lure, Solanum torvum

IntroductIon

Bactrocera latifrons (Hendel) is a tephritid 
fruit fly of primarily Asian distribution (e.g., 
Pakistan, India, Sri Lanka, China, Thailand, 
Laos, Malaysia, and Taiwan) (White and Elson-
Harris 1992). It is, also, the most recent alien 
tephritid fruit fly species of economic impor-
tance to become established in Hawaii, being 
first detected in 1983 (Vargas and Nishida 
1985a). Although, at present, little economic 
damage has been attributed to this species 
in Hawaii, it has the potential to impact pro-
duction of solanaceous crops such as pep-
pers (Capsicum annuum L. and C. frutescens 
L.), eggplant (Solanum melongena L.) and 
tomatoes (Lycopersicon esculentum Mill.) 
and some cucurbitaceous crops (Liquido et 
al. 1994). Although males of the majority of 
Dacine fruit flies respond to either methyl 
eugenol or cuelure (Metcalf 1990; Cunning-
ham 1989; Drew and Hooper 1981; Drew 
1974), B. latifrons is one species which shows 
little to no response to these lures but was 

found to respond to alpha-ionol, a compound 
used in the perfume and flavor industry and 
is included on the ‘Flavor and Extract Manu-
facturers’ (FEMA) list of compounds (FEMA 
3624) that are “generally regarded as safe” 
(GRAS) (Flath et al. 1994, Heath 1981). It was 
later found that the response to alpha-ionol 
was synergistically enhanced by the addition 
of cade oil, a commercially available essential 
oil produced by destructive distillation of ju-
niper, Juniperus oxycedrus L., twigs (McQuate 
et al. 2004; McQuate and Peck 2001; Liquido 
et al. 2000). Several important aspects of male 
lures, however, have not been researched for 
this male attractant. Here we present research 
results on (A) The age of male response to 
alpha-ionol + cade oil; (B) Field persistence 
over time of treated wicks; and (C) Effective-
ness of alpha-ionol + cade oil in detecting B. 
latifrons populations and relationship of trap 
captures with fruit infestation. 

MAtErIAlS And MEthodS

A. Age of response.  Mature green and ripe 
(yellow) turkeyberry (Solanum torvum Sw. 
[Solanaceae]) fruits were collected from the 
vicinity of Haiku, Maui and brought to Hilo, HI, 
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where they were counted and weighed and 
held in closed containers with a screened 
opening to permit aeration and with sand on 
the bottom to serve as a pupation medium. 
The sand was sieved weekly for 4 weeks to re-
cover any pupae emerging from the collect-
ed fruits. Recovered pupae were transferred 
to small, screened, plastic cups and held at 
an average temperature (± SEM) of 22.7 (± 
0.1) oC, an average %RH (± SEM) of 56.9 ± 0.4, 
and a photoperiod of 12:12 (L:D) h until adult 
emergence. Adults emerging on a given day 
were transferred to holding buckets held un-
der the same temperature, %RH and photo-
period as the pupae. Adults were fed water 
and a diet of three parts sucrose, one part 
protein yeast hydrolysate (Enzymatic, United 
States Biochemical Corporation, Cleveland, 
OH), and 0.5 part torula yeast (Lake States 
Division, Rhinelander Paper Co., Rhinelander, 
WI). Each of 14 age groups (ages 2 through 
28 days, in 2-day intervals) were tested for 
lure response. For each age group, twenty 
male flies were released between 1:00 and 
1:30 p.m. at the downwind end of a 2.8 m 
long x 0.9 m x 0.9 m rectangular glass flight 
tunnel, from a platform situated at mid-
height of the tunnel (40.5 cm). Two Jackson 
traps, each holding sticky inserts, were sus-
pended behind (upwind of ) two Hawaiian 
chili pepper (Capsicum frutescens L.) plants 
(from which flowers had been removed so 
that there would be no possibility of attrac-
tion to flowers or any formed fruits) placed, 
side by side, at the upwind end of the tun-
nel. Each trap held a cotton wick baited with 
either 0.15 ml water (control trap) or 0.1 ml 
alpha-ionol (“latilure:” 4-(2,6,6-trimethyl-2
-cyclohexen-1-yl)-3-buten-2-ol, obtained 
from Bedoukian Research, Inc., Danbury, CT) 
at one end of the wick and 0.05 ml cade oil 
(obtained from Penta Manufacturing, West 
Caldwell, NJ) at the other end of the wick 
(treatment trap). A 12:12 (L:D) h photope-
riod was maintained. Inserts were retrieved 

after 24 hours. Total response was calculated 
as the difference between flies recovered in 
the treatment and control traps. Each fly age 
tested was replicated a total of 4 times, with 
relative position of the treatment and con-
trol traps reversed for half of the replicates.

B. Wick Persistence. Every 2 weeks, 8 Jack-
son traps, holding wicks treated with 2.0 ml 
alpha-ionol and 1.0 ml cade oil (separate 
wicks), were set out in a macadamia nut 
(Macadamia integrifolia Maiden and Betche; 
a nonhost) orchard, one trap per tree. At ini-
tial placement all traps had blank (nonsticky) 
inserts to maintain the trap in an open con-
dition. Traps from each week’s deployment 
remained in the field until the time of as-
sessment (Week 14). This gave 8 replicates 
for each aging time. At Week 14, the blank 
inserts were replaced with sticky inserts and 
traps were set in a randomized complete 
block design. Traps were placed in every tree 
(one trap per tree) down a row with replicate 
blocks in adjacent rows. Sterile adult B. lati-
frons for use in the assessment of lure persis-
tence were obtained as pupae from a labora-
tory colony at the USDA-ARS U.S. Pacific Basin 
Agricultural Research Center in Honolulu, HI. 
We used sterile flies so as to not add fertile 
flies which could infest solanaceous crops 
in the environs of the release site. Emerged 
adults were kept in an insectary at 24-27 °C, 
65-70% RH, and a photoperiod of 12:12 (L:D) 
h and fed as described above for the Age of 
Response study. About 20,000 two week old 
sterile B. latifrons adults were then uniformly 
released throughout the trapping grid in the 
macadamia nut orchard. Uniformity of the 
release was provided by partially opening 
each holding container and tapping on the 
container over the course of the row of traps 
so that a steady release rate was achieved. 
Separate holding containers were similarly 
used for successive rows. Inserts were re-
trieved 24 h after the fly release. This trial was 
repeated for a total of three replications.
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c. Effectiveness of detection. Wild adult 
B. latifrons populations were monitored at 13 
separate turkeyberry patches in the vicinity 
of Huluhulunui Gulch on the island of Maui, 
Hawai, USA (see Figure 1), through the use of 
Jackson traps baited with 2.0 ml alpha-ionol 
and 1.0 ml rectified cade oil. The traps were 
deployed on separate 3.8 cm long x 1.0 cm 
diameter cotton wicks each enclosed in sep-
arate plastic baskets hung from the middle 
of the trap hanger. All traps were placed in 
separate turkeyberry patches. Patch size av-
eraged about 457 m2, ranging from about 
93 to 2194 m2. Four traps were placed in tur-
keyberry patches in Huluhulunui Gulch, with 
4 additional traps set in turkeyberry patches 
within a smaller, adjacent gulch, and 5 addi-
tional traps set in turkeyberry patches along a 
ridge between the two gulches. Twelve of the 
13 traps were deployed on 14 Jan., 2003. The 
13th trap was deployed on 11 Mar., 2003. Traps 
were serviced (i.e., captured flies counted and 
sticky cards replaced) every two weeks from 
the date of deployment until trapping was ter-
minated on 7 September, 2004, about 1.5 years 
later. All wicks were concurrently replaced with 
freshly charged wicks every 8 weeks. At each 
trap service, both mature green and ripe (yel-
low) turkeyberry fruits, as available, were col-
lected from each of the 13 turkeyberry patch-
es. 

Fruits were counted and weighed and placed 
in screened plastic containers containing sand 
as a pupation medium. The contained sand 
was screened weekly for four weeks to recover 
any tephritid fruit fly pupae. 
Statistical Analysis. Significance of differ-
ences, by age, in percentage response to 
alpha-ionol + cade oil was tested by ANOVA, 
following arcsine transformation of the per-
centage data (Sokal and Rohlf 1981), with 
Tukey HSD used for separation of means (SAS 
Institute Inc. 2002). The increased male lure 
response with age was fitted to a four param-
eter sigmoidal curve of the form:

where y is the % of males responding to 
alpha-ionol + cade oil, and a, b, x

0
, and y

0 
are 

all constants. The loss of attractiveness of 
alpha-ionol + cade oil wicks over time was fit-
ted to a decay curve. The significance of the 
fit of both generated response curves were 
tested by ANOVA (SPSS 2002). For the test of 
effectiveness of detection, the percentage of 
times where trap catch occurred when (or 2, 4 
or 6 weeks after) pupae were recovered from 
fruit collections was calculated for each of the 
thirteen study sites, and the percentage de-
tection was averaged across all sites. 

rESultS 

(A) Age of response. The percentage of 
males caught versus fly age, together with 
the fitted sigmoidal curve, are presented in 
Figure 2. Because of high variability in re-
sponse at most ages, only differences be-
tween age 2 and ages 18, 24, 26, and 28 are 
significantly different. However, the trend 
for increased response over time is ap-
parent, with the net male catch increasing 
steadily from 5% at age 2 to 45% at age 28, 
and the sigmoidal curve generated to re-

Figure 1. Map showing location of traps and tur-
keyberry patches where tests for detectability of 
B. latifrons populations were conducted.
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table 1. Relationship of catch of B. latifrons males at traps baited with alpha-ionol + cade oil to recovery 
of B. latifrons pupae from mature green (MG) and ripe (R) turkeyberry fruits collected at 13 sites on Maui, 
HI (with a maximum of 40 collections per site). 

Description Average SEM

1. Average total number of attempted fruit collections per site 39.8 0.2

2. Average number of fruit collections per site without fruit 2.3 0.4

3. Average number of fruit collections per site with recovery of fruit but 
no pupae

5.7 1.4

4. Average number of fruit collections per site with recovery of both fruit 
and pupae

31.8 1.7

5. Number of collections with fruit, pupae & trap catch at Week 0 24.5 2.2

6. Number of collections with fruit, pupae & trap catch at Week 0 &/or 
Week 2

27.6 2.2

7. Number of collections with fruit, pupae & trap catch at Week 0 &/or 
Week 2 &/or Week 4

29.1 2.2

8. Number of collections with fruit, pupae & trap catch at Week 0 &/or 
Week 2 &/or Week 4 &/or Week 6

29.8 2.1

9. % of collections with recovery of fruit 94.2 1.1

10. % of collections with recovery of both fruit & pupae 84.6 3.9

11. % of collections with recovery of both fruit & pupae & trap catch at 
Week 0

75.5 3.8

12. % of collections with recovery of fruit & pupae & trap catch at Week 0 
&/or Week 2

85.3 3.2

13. % of collections with recovery of fruit & pupae & trap catch at Week 0 
&/or Week 2 &/or Week 4 

90.0 2.9

14. % of collections with recovery of fruit & pupae & trap catch at Week 0 
&/or Week 2 &/or Week 4 &/or Week 6 

92.6 2.7

15. Average number of MG fruits per site from collections with pupal 
recovery

113.8 8.8

16. Average weight (g) of MG fruits per site from collections with pupal 
recovery 

213.4 17.9

17. Average number of B. latifrons per site from MG fruits 14.5 1.4

18. Average number of B. latifrons per site per 100 g MG fruits 6.8 0.5

19. Average number of R fruits per site from collections with pupal recov-
ery

188.7 17.0

20. Average weight (g) of R fruits per site from collections with pupal 
recovery

356.5 29.0

21. Average number of B. latifrons per site from R fruits 34.5 3.8

22. Average number of B. latifrons per site per 100 g R fruits 9.5 0.6

23. Turkeyberry patch size (m2) 457 150

24. Average trap catch on weeks with pupae 12.1 2.7
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late the increase in age to the male lure re-
sponse was significant (F = 9.79, df = 3, 13; 
P = 0.0025), with an r-square of 0.75. Per-
centage trap catch in the untreated con-
trol trap, on the other hand, averaged only 
5.2 (± 0.7) % across all ages tested with a 
tendency to decrease with increasing age. 
Comparing response data from the fitted 
curve to the peak response observed at 
Day 28, male response exceeded 50% of 
the peak response by Day 7 and exceeded 
75% and 90% by days 14 and 21, respec-
tively. 

(B) Wick Persistence. The decline in trap 
catch over time, together with a represen-
tative decay curve, are presented in Figure 
3. The decay curve generated to represent 
the loss in lure effectiveness over time was 
significant (F = 123.85, df = 1, 6; P < 0.0001), 
with an r-square of 0.95. The attractancy of 
the treated wicks declined to 50% of the fresh 
catch after 6 ½ weeks. 
(c) Effectiveness of detection. Results per-
taining to B. latifrons population detection 
are presented in Table 1. Mature green and/or 
ripe turkeyberry fruits were recovered 94.2 (± 
1.1) % of collection times. Of those collections 
where turkeyberry fruits were recovered, 84.6 
(± 3.9) % included fruits infested by B. latifrons. 
Of those collections including fruits infested 
by B. latifrons, the presence of B. latifrons was 
detected at the time of fruit collection, with 
traps baited with alpha-ionol + cade oil, 75.5 
(± 3.8) % of the time. Percentage of times the 
population was detected increased to 85.3 (± 
3.2) %, 90.0 (± 2.9) %, and 92.6 (± 2.7) of the 
time when trap catch 2 weeks, 4 weeks, and 
6 weeks, respectively, after the fruit collection 
were also considered. 

dIScuSSIon

The response of B. latifrons to alpha-ionol + 
cade oil seems to develop at a younger age 
than does the comparable response of B. dor-

salis to methyl eugenol and B. cucurbitae to 
cuelure. Based on data generated in outdoor 
screened cages, wild oriental fruit fly (Wong et 
al. 1989) and wild melon fly (Wong et al. 1991) 
did not reach 50% of their peak response 
until over 12 days old and over 13 days old, 
respectively, whereas we found over 50% of 
the peak response for B. latifrons by 7 days old 
(see Figure 2). The respective responses, how-
ever, became more similar for the higher per-
centages of peak response, with 75% of peak 
response reached by 17 days for both B. dor-
salis and B. cucurbitae (compared to 14 days 
for B. latifrons; see Figure 2) and over 90% of 
peak response reached by 21 days by B. dorsa-
lis and by 20 days by B. cucurbitae (compared 
to 21 days for B. latifrons; see Figure 2).

The 2.0 ml alpha-ionol + 1.0 ml cade oil wick 
loading used in the studies reported here 
provides comparable catch with aging to the 
performance criteria proposed for trimed-
lure dispensers to be used in USDA detection 
programs for Mediterranean fruit fly. Those 
performance criteria called for capture, after 
6 weeks of aging in Hilo, Hawaii, U.S.A., of at 

Figure 2. Average percentage male treatment 
response (- control response) (± SEM) by age, to 
Jackson traps holding a cotton wick baited with 
0.1 ml alpha-ionol and 0.05 ml cade oil, with sig-
moidal regression line of the observed treatment 
response (r2 = 0.75). Points with the same letter 
are not significantly different by Tukey HSD. Also 
shown is the average percentage male control re-
sponse (± SEM) to Jackson traps holding a cotton 
wick baited with 0.15 ml water. 
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least one-half of the number of flies caught 
by a standard cotton wick freshly treated 
with 2.0 g trimedlure (Leonhardt et al. 1989). 
The average catch of male B. latifrons in the 
present study, after 6 weeks of aging, exceed-
ed 50% of the catch at freshly treated wicks 
(see Figure 3).

 

Based on laboratory data (26.6o C, 60% 
RH) of Vargas and Nishida (1985b), mean 
duration of egg, larval, and pupal stages 
for B. latifrons are estimated to be 2.3, 8.5 
and 10.2 days, respectively, for a total egg-
larval-pupal development time of 21 days. 
With 75% - 90% of adult flies responding 
to alpha-ionol + cade oil by 14 – 21 days of 
age (see “Age of Response” results, above), 
one would expect response of adults de-
veloping from eggs or larvae in collected 
fruits within 6 weeks of fruit collection. The 
development times recorded in the labora-
tory also seem consistent with field results 
of B. latifrons in turkeyberry patches as re-
ported by McQuate et al. (2007). 

Although the strength of attraction of 
male B. latifrons to alpha-ionol + cade oil 
is less than that of B. dorsalis to methyl 
eugenol (McQuate and Peck 2001), alpha-
ionol + cade oil provides a good detection 

tool for B. latifrons populations, provided 
that traps baited with this attractant are 
deployed in patches of fruit hosts of B. lati-
frons. Although comparisons of attractive-
ness with all potential protein baits have 
not been made, alpha-ionol + cade oil has 
been shown to be more attractive than a 
protein bait solution based on Provesta 
621 (an autolyzed yeast extract previous-
ly available from Integrated Ingredients, 
Bartlesville, OK) (McQuate and Peck 2001), 
a protein bait to which oriental fruit fly 
has shown good response (McQuate et al. 
1999). 
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IntroductIon 

Throughout their lives insect herbivores 
are trapped between natural enemies and 
a deep sea of foliage or fruits of variable nu-
tritional value (Lawton and McNeill, 1979). 
To navigate their way through this environ-
ment insects have developed complicated 
physiological and behavioral mechanisms 
that suit the needs of their chronological 
age and physiological requirements. These 
mechanisms drive decision making in in-
sects and are aimed at maximizing fitness. 
Insect plant interactions have been studied 
extensively trying to give answers to both 
proximate and ultimate questions. Process-
ing of visual, chemical and mechanosen-
sory environmental information guide in-
sects to locate host plants, and then feed 
and oviposit, through a series of steps that 
are neatly described by Schoonhoven et al. 
(2005). Besides host finding, feeding and 
oviposition, plant chemicals may also influ-
ence developmental rates and the progress 
of maturation (both leading to reproductive 
success) since they define the nutritional 
value of the consumed host. Also, in several 
insect species volatiles influence mating 
behavior. In some cases sexual signaling 

and pheromone emission begin in the pres-
ence of plant volatiles, while in other cases 
plant compounds are used as pheromone 
precursors and thus become involved as 
behaviour modifying chemicals indirectly.
There are several studies dealing with the 
host finding behavior of tephritids (true 
flies, Diptera: Tephritidae), and the influence 
of plant compounds on their reproductive 
success. Among the most studied species is 
the Mediterranean fruit fly (medfy) Ceratitis 
capitata (Wiedemann), one of the most no-
torious pests of fruit trees. There are several 
studies on flies of the genus Rhagoletis, Bac-
trocera and Anastrepha (see Robinson and 
Hooper, 1989, and references therein) as 
well. Tephritids use both visual and chemi-
cal signals to locate and access habitat, 
adult food, oviposition sites and mating re-
sources. Plant chemical cues play a crucial 
role in mediating host finding and ovipo-
sition (Fletcher and Prokopy, 1991). Soon 
after attaining adulthood both males and 
females need to locate food rich in proteins 
and carbohydrates. The availability, quality 
and quantity of adult food has significant 
effect on the ovarian maturation and egg 
development (Carey et al., 1998; Carey et 
al., 2002) but also on the reproductive suc-
cess of males (Blay and Yuval, 1997; Field 
and Yuval, 1999; Kaspi et al., 2000; Papado-
poulos et al., 1998; Shelly et al., 2002a; Yu-
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val et al., 2002). Therefore, both sexes share 
the same nutritional interests and may use 
similar cues to locate habitats bearing high 
quality food. Sources of food can be locat-
ed on host plants in the form of fruit juice, 
and other plant exudates, but also on other 
niches such as bird droppings. Neverthe-
less, the interests of the two sexes might di-
verge later in their lives. After attaining ma-
turity and becoming mated, females search 
for suitable oviposition sites, while sexually 
mature males search for receptive females. 
At this point in their lives males and females 
employ different cues to maximize fitness. 
This results in temporal differences in the 
spatial distribution of the two sexes (Papa-
dopoulos et al., 2003). As insects age, their 
response to cues may shift, but this requires 
further study.
This paper reviews current information on 
the relation between plant chemicals and 
the Mediterranean fruit fly. It addresses the 
influence of age and adult physiology on 
the response of medflies to plant chemicals 
and the effect of plant chemicals on med-
fly behavior during host finding, mating 
and oviposition. It also addresses the issue 
of how plant chemicals may influence the 
dispersion patterns and spatial distribution 
of the fly.

Adult AgE And PhySIology

The response to plant cues may vary with the 
physiological condition and age of individual 
insects. Aging may bring about physiological 
changes or result in senescent sensory sys-
tems and reduced responsiveness to specific 
stimuli. Major physiological alterations take 
place during reproductive maturation and 
mating. An example of this would be olfac-
tory mediated behaviors of female C. capitata 
after they have mated. Virgin females choose 
the odor of male pheromone over the odor of 
host fruits; however, after mating they switch 

preference and select the odor emanating 
from host fruits (Jang, 1995). Male accessory 
gland fluids contain compounds responsi-
ble for the noted change of behavior. Virgin 
females injected with male accessory gland 
fluids switched odor preference likewise to 
mated ones. 
Host plant stimuli may substantially influ-
ence the physiology of medflies. In other 
fruit flies the physical properties of artificial 
oviposition devices influence ovarian matu-
ration and egg development (Lachmann 
and Papaj, 2001). The presence of chemical 
and visual properties of olive fruits affect 
egg maturity and oviposition in the olive 
fruit fly Bactrocera oleae (Rossi) (Girolami et 
al., 1982). Females reabsorb eggs when no 
such stimuli are available, and they resume 
egg maturation when fruits reappear. In fruit 
flies of the genus Anastrepha host odor and 
male pheromone have a significant effect 
on ovarian development (Aluja et al., 2001). 
The effect of chemical properties of the host 
plants, and especially that of fruits, on the 
ovarian dynamics of female medflies is not 
yet well studied. Preliminary laboratory ob-
servations indicate a neutral influence of cit-
rus odors on ovarian maturation in medflies 
(Ioannou, 2005). 
The effect of aging on the response to plant 
chemicals remains largely unknown. Differ-
ences in response to synthetic attractants of 
medfly adults of four different age classes 
have been discovered. In a field cage study 
male and female medflies older than 30 
days exhibited reduced responsiveness to 
the synthetic compounds of ammonium 
acetate and trimethylamine (BioLure, Or-
egon) compared to younger flies (N. Kou-
loussis, N. Papadopoulos and B. Katsoyannos 
unpublished). Whether old age attenuates 
response to natural plant chemicals simi-
larly with younger flies remains to be inves-
tigated. Studies addressing the behavioral 
adjustments of the older individuals may 
shed important light on the role of older in-
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dividuals in nature and provide basic infor-
mation on aging dynamics of fruit flies and 
other animals. 

hoSt FIndIng 

Visual and chemical stimuli emitted from 
host plants direct fruit flies to host trees 
(Katsoyannos, 1989a; Katsoyannos, 1989b). 
Adult medflies respond to plant derived ol-
factory cues and use them to orient towards 
host trees. The distance over which visual 
or plant odor stimuli are first detected and 
elicit a response remains largely unknown 
(Prokopy and Roitberg, 1989). The only doc-
umented case of attraction were females of 
Rhagoletis pomonella that have been shown 
to respond to fruit odor emitted from a dis-
tance of approximately 20 m (Fletcher and 
Prokopy, 1991). Upon landing on a host tree, 
the shape, size, and color of the fruits and 
other visual properties attract female med-
flies to fruits suitable for oviposition. Fruit 
density may also play a role. Physical prop-
erties of the fruit surface, gustatory and/or 
short range olfactory stimuli influence deci-
sion to accept or reject the specific fruit. The 
insect will oviposit or depart respectively. 

oVIPoSItIon

Mature mated medfly females search for 
ripening or ripe fruits for oviposition. Upon 
landing on a fruit that is suitable for oviposi-
tion, a gravid female engages in a series of 
steps that define preoviposition behavior 
(Levinson et al., 2003). This behavior involves 
examination of the fruit with her proboscis, 
tarsi, and probably olfactory sensilla. This 
process is performed to assess suitability 
and the possible presence of host marking 
pheromone deposited by other females. 
She then locates a suitable spot to oviposit, 
preferably a depressed or injured site on the 

fruit surface. After finding a suitable location 
the female uses her ovipositor to lay a group 
of eggs in a perforated cavity.
As suggested by Levinson et al. (2003) medfly 
oviposition is favored by high fruit humidity 
and appropriate tactile and optical stimuli, 
while the odor of fruits plays a secondary role. 
Though odors from small amounts of orange 
peel oil did not affect oviposition, higher dos-
es of orange oil had deterrent effects. Electro-
physiological studies showed that olfactory 
sensilla on medfly antennae are sensitive to 
orange oils (Hernandez et al., 1996). Under 
natural conditions this sensitivity may mani-
fest itself as avoidance by females to lay eggs 
on fruits loaded with citrus peel oils. High 
doses of citrus oils have toxic allelopathic 
effects on immature medlies. Therefore, fe-
males might use the odor from citrus peel as 
a signal to avoid oviposition where offspring 
survival may be low. However, essential oils 
are not the only odors emitted from mature 
fruits and it seems that other chemicals en-
courage oviposition. Guava juice has been 
used as oviposition stimulant and prefer-
ential oviposition on ripe coffee berries has 
been reported (McInnis, 1989; Vargas et al., 
1995). Jang et al. (1994) reported intensive 
egg-laying in hollow plastic spheres perfo-
rated with holes emanating odor from host 
fruits. 
The extent fruit odors influence the ovipo-
sition behavior of medflies became clearer 
from studies utilizing citrus odors. Peel and 
pulp odors differ substantially in many 
fruits, even though some of the compounds 
that constitute them are the same. In citrus 
fruits, essential oils account for the peel odor, 
whereas the odor of the pulp comes from 
other compounds. In a field cage study, fe-
male medflies did not respond to the odor of 
orange peel oil, but responded to the odor of 
juice from the pulp; males responded to both 
orange oil and to pulp odors (Katsoyannos et 
al., 1997). Both sexes search for food, so pulp 
chemicals may direct them to feeding sites. 
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However, gravid females might also use pulp 
odor to locate oviposition sites. It is well 
documented that females exploit natural 
or artificial peel-penetrating fruit wounds 
to lay their eggs (Papaj et al., 1989). There-
fore, females may be able to discriminate 
between odors from the peel and odors 
from the pulp and use them appropriately 
to maximize fitness. High concentrations 
of citrus oils might indicate an oviposition 
site with deleterious properties that would 
result in reduced hatchability of eggs, en-
hanced mortality of early instar larvae, or 
suppression of larval growth (Katsoyannos 
et al., 1997). Conversely, juice volatiles might 
indicate a highly suitable oviposition site 
that would enhance egg hatch and larval 
performance. Other workers have reported 
juice odors to either increase medfly ovipo-
sition (Jang and Light, 1996; McInnis, 1989) 
or to be neutral (Stark et al., 1991). Recent 
laboratory studies that addressed this phe-
nomenon showed that females ovipositing 
in response to citrus juices are induced to 
start reproduction at a younger age, remain 
oviposition-active for a longer proportion of 
their lives, and lay more eggs than females 
ovipositing in response to water (Ioannou, 
2005, N. Kouloussis, B. Katsoyannos, N. Papa-
dopoulos, unpublished data).
Another group of compounds that affects 
oviposition of medfly females and other te-
phritids is referred to as “green leaf volatiles” 
(Jang and Light, 1996). This group comprises 
six-carbon aliphatic aldehydes and alcohols 
and forms the main odor emitted from green 
leaves and unripe fruits. Green leaf volatiles 
repel medflies from landing on objects ema-
nating this odor and also deter oviposition. 
Green leaf volatiles provide a cue of poor 
larval food and may assist females in mak-
ing wiser choices of oviposition sites, thus 
contributing to increased offspring survival. 
Other volatiles that deter gravid females 
from oviposition are emitted from ferment-
ing fruits (Jang and Light, 1996).

SExuAl BEhAVIor

Medfly males form loose aggregations 
termed leks, usually on host plant leaves, 
performing sexual signaling by emitting a 
sexual pheromone and defending territo-
ries (Prokopy and Hendrichs, 1979; Yuval and 
Hendrichs, 2000). Receptive females visit leks 
and choose mates following a process that is 
not well understood. Males are likely evaluat-
ed and selected as mates on the basis of their 
physical characteristics and their courtship 
performance. Overall male mating success 
relies on the ability to establish or join leks, 
perform sexual signaling, convince courtship, 
and finally mate and transfer sperm.
Males of C. capitata and other Tephritidae 
display a strong attraction for certain plant-
derived substances, such as the essential oils 
contained in the peel of citrus fruits and the 
root of ginger, as well as for certain laborato-
ry synthesized chemicals, such as trimedlure. 
A well studied plant substance is a-copaene, 
a sesquiterpene hydrocarbon that is found 
in a wide range of medfly hosts and in the 
above mentioned oils (Nishida et al., 2000). 
Males are attracted to a-copaene from a long 
distance and select treated over untreated 
leaves. It has been suggested that a-copaene 
triggers lek establishment by functioning as 
an aggregating stimulus for males (Nishida 
et al., 2000). In the same study Nishida et al. 
showed a short range attraction of female 
medflies to a-copaene sources and reported 
“abnormal” female behaviors. In a field cage 
study, males, not female medflies, were at-
tracted to the odor of essential oils emanat-
ing from peel wounds on oranges (Katsoyan-
nos et al., 1997). Shelly and Villalobos (2004) 
reported tight aggregations of males on the 
trunk and branches of specific guava trees 
where natural a-copaene occured. Males in 
both studies appeared to feed on the odor 
source on orange peel wounds or on the bark 
of guava (Katsoyannos et al., 1997; Shelly and 
Villalobos, 2004).
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Convincing explanations for this affinity 
between C. capitata males and certain host-
derived substances has only recently been 
provided. Over the past few years a wealth 
of information have been gathered on the 
effect of orange peel oil and ginger root oil 
on C. capitata males. Exposure to these oils 
confers to males a significant mating advan-
tage over non exposed males (Papadopou-
los et al., 2006; Papadopoulos et al., 2001; 
Shelly, 2001; Shelly and McInnis, 2001; Shelly 
and Kennelly, 2004). Exposure of males to 
natural sources of a-copaene or/and other 
compounds, emmited by wounded oranges 
or guava bark, increase mating competitive-
ness as well. The behavioral and physiologi-
cal mechanisms underlying these phenom-
ena have not been fully elucidated. Both 
orange oil and ginger root oil increase male 
sexual signaling (Papadopoulos et al., 2006; 
Shelly, 2001), and high signalers mate at 
higher rates (Shelly, 2000). Part of the expla-
nation may, therefore, rely on the elevated 
signaling activity of exposed males. Never-
theless, the above two oils might also func-
tion in other ways. In wind tunnel experi-
ments females tended to become arrested 
more on objects emitting pheromone from 
males previously exposed to orange oil 
than to objects emitting pheromone from 
non exposed males. However, in the same 
experimental set up the pheromone emit-
ted from males exposed to ginger root oil 
did not have such an effect (Papadopoulos 
et al., 2006). Female arrestment might pro-
vide males exposed to orange oil with ex-
tra courting time and increase their mating 
probabilities, whereas ginger root oil might 
act differently. Video recording of pre-copu-
lation behavior of males exposed to ginger 
root oil showed that females accept more 
readily males exposed to ginger root oil 
over unexposed males (Briceno et al., 2005). 
These males may be successful in mating 
because they display one or more courtship 
elements in a distinctive form or rate and/

or because they emit distinctive close-range 
olfactory cues (Papadopoulos et al., 2006).
The physiological mechanisms underlying 
the function of the above two plant chemi-
cals have only recently been studied. It has 
been hypothesized that (a) males ingest 
the responsible chemicals to use them in 
pheromone biosynthesis, thereby produc-
ing pheromone of higher quality; (b) males 
perceive volatile chemicals olfactorily from 
some distance and this triggers production 
of pheromone of higher quality; (c) volatiles 
from the above two compounds aromatize 
males by interacting with cuticular odor, thus 
rendering these males more attractive to fe-
males. However, topical application of orange 
or ginger root oil on the wings of males had 
a negligible effect on their mating perfor-
mance (Papadopoulos et al., 2006). 

SPAtIAl dIStrIButIon

The ecological factors selecting for particular 
spatial patterns rest on the spatiotemporal 
pattern in the distribution of food resources, 
climate and probably other critical param-
eters (Koenig, 1999). Plant sources and plant 
chemicals are distributed in patches, and 
there is also a temporal availability of the re-
spective chemicals. As we discussed above, 
plant chemicals affect host finding, oviposi-
tion, habitat selection and mating behavior 
of medflies which might affect their tempo-
ral and spatial distribution. Therefore, adult 
medflies in specific times of the season will 
be distributed in patches as a result of their 
response to above plant compounds (Nestel 
et al., 2004; Papadopoulos et al., 2003). Spatial 
distribution might differ between the two 
sexes because of the different ecological and 
behavioral needs. In a recent field study that 
examined the temporal and spatial distribu-
tion of medflies in a mixed deciduous fruit or-
chard in northern Greece (Papadopoulos et 
al., 2003), it was found that females exhibit ag-
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gregated distributions that are tightly relat-
ed to host fruit availability and maturity, and 
that low populations tend to be more clus-
tered than high populations. Males exhibit 
aggregated distributions that are not closely 
related to host fruit maturity and availability, 
and are different from those of females in 
specific times of the season. A dramatic in-
crease of the population size, and exhaustion 
of fruit resources at the end of fruiting season, 
results in random distribution indicating a 
dispersion drive. The spatio-temporal disper-
sion pattern of the medfly populations in an 
orchard is a dynamic process that might also 
reflect the individual fly foraging behavior. 
Essential resources for adults constitute adult 
food, mating sites, mating partners, oviposi-
tion sites, and refugia (Prokopy et al., 1994). 
Differences between the two sexes reflect 
the differential use and need for resources. 
On the other hand, male spatial distribution 
might be affected by the patchy availability 
of plant chemicals, which may vary between 
and within plant species and male distribu-

tion may affect female distribution via at-
traction to male sex pheromone. Therefore, 
plant chemicals might directly affect male 
spacing and indirectly female spatial distri-
bution (Shelly and Villalobos, 2004). Figure 
1 summarizes the complex interactions of 
plant chemicals with medfly behaviors and 
the resulting ecological consequences.

PrActIcAl IMPlIcAtIonS And 
concluSIonS 

The successful application of the Sterile In-
sect Technique (SIT) for the control of the 
Mediterranean fruit fly and other fruit flies 
hinges on the quality of the released males 
that has to be comparable with that of wild 
males. Sterile males should exhibit a battery 
of qualities such as adequate mobility and 
survival, ability for habitat orientation, mat-
ing compatibility with wild females, and a 
capacity to compete successfully with wild 
males (Katsoyannos et al., 1999a). The im-

Summary diagram

figure 1. Summary diagram of the complex interactions of plant chemicals with medfly behaviors including those factors 
affecting the response of medfly to plant chemicals and the ecological consequences of these responses. 
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portance of specific host trees for the sexual 
behavior of medflies has been documented. 
In field studies, most of the leks were estab-
lished on fruiting Citrus trees and most mat-
ings were observed in the foliage of these 
trees (Hendrichs et al., 1991; Prokopy and 
Hendrichs, 1979). Therefore, to be competi-
tive sterilized released males need to be re-
sponsive to plant odors that would drive 
them to specific trees to ensure mating suc-
cess and survival. Host location and response 
to plant chemicals should be included to the 
routine quality control tests for mass-reared 
sterilized males. In field cage tests conducted 
in a green house mass-reared males of the 
genetic sexing strain Vienna-42 performed 
sexual signaling and mating on Citrus trees 
and not on other plants (Katsoyannos et al., 
1999a). Also, in field cage tests conducted 
in a citrus orchard sterile males of the same 
strain responded similarly to wild males to 
odor emanating from several citrus fruits 
that were wounded on the peel. The above 
findings showed that mass-reared males that 
had been held in the laboratory for more that 
150 generations and had undergone artificial 
selection, still maintained a clear preference 
for citrus foliage and volatiles. 
Host fruit chemicals reduce preoviposition 
period and increase oviposition rates (Ioan-
nou 2005). Wild flies accept artificial oviposi-
tion devices easier when host fruit chemicals 
are present to stimulate oviposition. Therefore 
fruit chemicals could be used to (a) increase 
production in laboratory rearing of medflies, 
(b) increase production in mass rearing facili-
ties, and most importantly, (c) avoid bottle-
neck effects during new introductions of wild 
strains to laboratory conditions. 
Host fruit chemicals could be also used to 
assess the fertility of wild females in Sterile 
Insect Release Programs (Katsoyannos et al., 
1999b; McInnis, 1989). So far this has been 
done with indirect labor intensive methods, 
such as with sampling of wild hosts and ex-
amining them for medfly eggs. An alternative 

method relies on collecting wild females from 
the field using female specific traps, keeping 
them individually, and having them lay eggs 
in artificial oviposition devices (Katsoyannos 
et al., 1999b). The use of host juice or other 
host fruit chemicals that stimulate oviposi-
tion promotes quick adaptation to artificial 
oviposition devices and could save time and 
labor while providing important data for the 
fertility of the captured females that is direct-
ly related to the success of a SIT Program. 
The mating-enhancing properties of orange 
peel oil and ginger root oil (Papadopoulos 
et al., 2006; Papadopoulos et al., 2001; Shelly, 
2001; Shelly and Kennelly, 2004) could be put 
into use to increase mating success of the 
sterilized flies in Sterile Insect Release Pro-
grams. The exposure of sterile males to gin-
ger root oil has been implemented recently 
with success. Sterilized, mass reared males 
were exposed to ginger oil and acquired a 
mating advantage over wild non exposed 
males (Shelly and McInnis, 2001; Shelly et al., 
2004; Shelly et al., 2002b; Shelly et al., 2003). 
Exposure to ginger root oil not only increases 
the efficacy of the SIT programs but may also 
result in substantial decrease of the cost of 
these programs. Exposure to ginger root oil 
increases mating competitiveness; therefore, 
lower numbers of males need to be released 
to achieve the same result (Barry et al., 2003).
Here we attempted to present a review of 
the recent advances on the influence of plant 
chemicals on the behavior of the Mediter-
ranean fruit fly and to highlight the practi-
cal implications of the acquired knowledge. 
Before concluding we should point out that 
despite the progress made in understand-
ing the complex interactions between plants 
and the Mediterranean fruit fly behavior, 
there are still plenty of challenging questions 
to answer. For example it would be very inter-
esting to chemically identify the exact com-
pounds responsible for attracting medflies 
or eliciting various responses. Such chemicals 
could be used to develop more powerful at-
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tractants for monitoring and managing the 
medfly, as has been attempted for the con-
trol of the apple maggot fly using fruit blends 
and other attractants (Prokopy et al., 2001; 
Reynolds et al., 1998; Rull and Prokopy, 2001). 
Basic research aimed at investigating the 
evolutionary mechanisms and the response 
of medflies to chemicals should also be con-
ducted (Papadopoulos et al., 2006). It would 
also be challenging to know the function of 
these compounds within the plants produc-
ing them. Alpha copaene, for example, might 
serve a defensive role against plant herbi-
vores by attracting predators (Shelly and Vil-
lalobos, 2004), but this has not been proven. 
Plant compounds that are ingested by te-
phritids of the genus Bactrocera increase 
male mating success but also confer to these 
species partial defense against herbivores 
(Tan and Nishida, 1998). They also attract pol-
linators to plants serving as synomones that 
directly benefit both the plant and the fruit 
fly (Tan and Nishida, 2000). The investigation 
of other roles that plant compounds involved 
with the behavior of the medfly might play is 
definitely a worthy subject.
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ABStrAct: Argan, Argania spinosa L. (Sapotacea), is an important endemic host plant of Ceratitis capitata (Wied.) (Diptera: Tephritidae) in Morocco. 
The forest of argan covers over 700,000 ha in the SW of the country. An argan extract obtained from volatiles of artificially injured mature fruits elicited 
a significant response from tested adult medflies (mated and unmated males and females). Male response was higher than female response and ma-
ted females responded better than unmated females. Volatile extracts from artificially damaged yellow mature argan fruits were analyzed by capillary 
gas chromatography (CGC). CGC-mass spectrometry showed four peaks eluting at approximately 8-10 min retention time (early peaks) corresponding 
respectively to hexanal, (E)-2-hexenal, (Z)-3-hexenol, and 1-hexanol. An unidentified fifth component eluted later at 33 minutes retention time and 
was in approximately the same concentration as 1-hexanol. The attractiveness of synthetic argan fruit volatiles alone and in various combinations 
was assessed against mated and unmated males and females in the laboratory cages and in the field. No significant response was obtained with 
these “green leaf volatile components”. However, the trimedlure and the female tri-lure deployed in parallel in the field attracted significant number of 
medflies. Results are discussed in terms of species specific response that argan components might elicit and the role they likely to play in developing 
effective trapping and monitoring systems for medflies

Key Words: Tephritidae, Ceratitis capitata, argan, attractant

IntroductIon

The argan tree (argania spinosa) grows in a 
harsh environment, surviving heat, drought 
and poor soil. It grows only in the south-west 
of Morocco – roughly between Essaouira and 
Agadir, in an area covering about 700,000-
800,000 hectares. Local people collect the 
tree’s nuts and process them into a dark 
brown oil. They also grind almonds with ar-
gan oil and honey to obtain a thicker mixture 
called amloo, which looks like peanut butter.

Medflies develop freely in argan forest 
which is an excellent refuge (Mazih 1992, 
Debouzie and Mazih, 1999). Previous studies 
have shown that argan fruit was highly at-
tractive to medfly (Hadis and Bakri 1994). The 
objective of this study is to investigate argan 
semiochemicals involved in this plant-insect 
chemo-interaction and compare their attrac-
tion with known medfly baits (trimedlure and 
female-three-lures).

MAtErIAl & MEthodS

Insect rearing
Ceratitis capitata (Wied.) adults tested in the 

laboratory were obtained as pupae which 
had developed from eggs and larvae in in-
fested argan fruits. Under laboratory condi-
tions, 24 – 25° C, 60 – 67% RH and 14L:10D 
photoperiod, adults were sexed just after 
emergence and placed inside plastic cages 
(30 x 30 x 30 cm). Granulated sugar, protein 
hydrolysate and water were provided as a 
diet for adults.
Argan volatile collection

Volatiles collected for bioassays were ob-
tained by placing artificially injured argan 
fruits (250 g) in a tree-neck 0.5 l flask. One 
neck was connected to an active charcoal 
packed glass column (50 cm long x 3 cm ID) 
to introduce purified air into the flask. The 
medium neck was sealed. The other later 
neck connected to an active charcoal packed 
small glass column (7 cm long x 1 cm ID) for 
argan volatile trapping. After 24h hours, the 
volatile extract was eluted with 10 ml meth-
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ylene chloride and concentrated under a 
gentle stream of nitrogen. 

Argan volatiles collection for chemical anal-
ysis were conducted using the dynamic head-
space (air - entrainment) technique (Heath & 
Manukian 1992). Briefly, the volatile collec-
tion system consists of a glass chamber (25.7 
cm long and 7.6 cm ID) constructed of pyrex 
glass with a glass frit inlet and a ground-glass 
joint outlet and a single port collector base 
to which the collector traps were connected. 
Collector traps used to trap organic volatiles 
were made from a 4.0 cm long by 4.0 mm ID 
piece of glass tubing and contained 50 mg of 
super-Q® as the adsorbent (why super Q here 
but charcoal above? The first experiment was 
done in Morocco with charcoal while in Bob 
Heath laboratory super porapak Q was used, 
which have the same performance. The same 
components are expected in both extracts 
since the same elution solvent was used). 
Two stainless steel frits were used to contain 
the adsorbent. The collector traps were con-
nected to stainless steel tubing using 0.64 cm 
unions and 0.64 cm ID Teflon® ferrules. These 
traps were cleaned by soxhlet extraction 
using methylene chloride for 24 hours and 
dried in a fume hood prior to initial use. Vola-
tiles collected on the traps were eluted using 
100 µl of high purity methylene chloride.
gc-Mass spectrometry

Gas chromatographic analysis of the vola-
tiles collected from artificially injured argan 
fruits were conducted using Hewlett Packard 
Model 5890A Series II gas chromatographic 
equipped with a cool on-column capillary in-
jector (septum injector) and flame ionization 
detector. Helium was used as the carrier gas 
at a linear flow of 18 cm/sec. The chromato-
graphic data was collected and processed 
using the Perkin-Elmer nelson Turbochrom® 
III software running on an IBM-type system 
under MS-Windows® 3.0. Capillary gas chro-
matography (CGC) analysis was conducted 
using a series of three fused silica columns (8 
cm long × 0.5 mm ID, 10m long x 0.25 mm ID, 

30 m long x 0.25 mm ID). The columns were 
connected in series using Glass Seal® con-
nectors (Supelco Inc. Bellefonte, PA). The col-
umn temperature program used for analysis 
was isothermal at 40°C for 5 minutes, then 
programmed to 210 °C at 5°C/min. Confir-
mation of compound identity was obtained 
using mass spectroscopy. Mass spectra were 
obtained at using the capillary columns, 
operated as described above, coupled to a 
Finnigan Ion Trap® mass spectrometer in ei-
ther electron impact (EI-ITDMS) or chemical 
ionization (CI-ITDMS) mode. The reagent gas 
used for CI was isobutane.
traps and lures

The Tephri trap (Agro Alcoy, Alcoy, Spain) 
consisted of a yellow invaginated base 11 cm 
deep, fitted with an opaque lid (3.5cm high). 
The total height of the trap was 14cm and di-
ameter at the junction of lid and base was 12 
cm. Four fly entry holes, 2.1 cm in diameter, 
were placed 90 degrees to each other, 1 cm 
from the top of the trap base. Tephri traps 
were baited with a three-component food-
based lure consisting of ammonium acetate 
(AA), putrescine (PUT), and trimethylamine 
(TMA), formulated as three separate patches 
backed with adhesive for securing inside the 
trap (Suterra LLC, Bend, OR). A small piece 
(1.5 cm²) DDVP strip (Agrisense) was placed 
inside Tephri trap to kill insects entering the 
traps.

Jackson traps (Triangular cardboard) 
were baited with Trimedlure (TML) plugs 
(AgriSense BCS Ltd., MidGlamorgan, United 
Kingdom). The traps contained white inserts 
that were coated on one side with sticky in-
sect adhesive (Tangle Trap, Tanglefoot Co., 
Grand Rapids, MI) to retain flies attracted to 
the traps.
Synthetic argan chemicals

Synthetic chemicals identified as naturally 
released from argan volatiles were tested in 
the laboratory and in the field. These com-
ponents included: 1-hexanol, (Z)-3-hexenol, 
hexanal, (E)-2-hexenal (Aldrich Company 
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Inc.) and combinations of two, three and four 
components. Combinations were prepared 
from equal amount of each compound,  
hexanal, (E)-2-hexenal; hexanal, (E)-2-hexenal, 
(Z)-3-hexenol; hexanal, (E)-2-hexenal, (Z)-3-
hexenol, 1-hexanol. 
laboratory Bioassays

Biological tests in the laboratory were con-
ducted in plastic cages (30 x 30 x 30 cm) with 
two filter papers (3x3 cm) placed at the top 
corners. One filter was loaded with the argan 
extract (20 µl) and the other with the solvent 
(methylene chloride). Landing insects were 
recorded every minute for 10 minutes pe-
riod. Six replicates were made and the posi-
tion of the filter papers was changed after 
each replicate. Fifty flies were released in the 
cage one night before the test. Tested insects 
were classified as males and females mated 
or unmated.

Similar tests were conducted with the syn-
thetic argan compounds and their combina-
tions versus the control.
Field studies

Taps were deployed following a random 
design in the argan forest near Agadir city. 
The experiment was conducted during high 
population period in July. TML and the food-
synthetic lures baited traps were used to as-
sess the population level during the tests. 
The performance of the following traps was 
assessed: Tephri traps baited with the above 
mentioned argan synthetic components and 
their combinations. Twenty µl (20 µl) of syn-
thetic argan components were loaded on a 
cotton dental roll and sealed with parafilm 
sheet to reduce the evaporation. Cotton rolls 
and a DDVP were placed inside the Tephri 
trap and suspended to argan trees. Tephri 
trap baited with the food-based attractant, 
Jackson trap baited with TML and control 
Tephri trap with DDVP strip alone (Same lures 
as bioassays or different?). 

Traps were suspended on the south east 
side of argan trees 1.5 to 2.0 m from the 
ground and at least 10 m from each other. 

During one week, traps were checked every 
24 h and rotated after each sampling period. 
The sticky inserts in the Jackson traps were 
replaced following each sampling. Male and 
female Ceratitis capitata captured were re-
moved from traps and the total number re-
corded. 

The longevity of the food based synthetic 
lures and Trimedlure is 4 and 6 weeks respec-
tively. Dental rolls loaded with argan syn-
thetic components were changed after each 
sampling.
Statistics

A student t-test was used to determine if 
there was significant difference between 
numbers of medflies choosing between ar-
gan extract and the control in laboratory bio-
assays. Transformed data (log (x+1)) of trap 
captures in the field were analyzed using 
one-way analysis of variance followed with 
least significant difference test (LSD, P<0.05) 
to separate means.

rESultS

Volatiles collected from artificially injured 
fruits elicited a significant response from the 
tested flies - mated and unmated males and 
females (Table 1). Male response was higher 
than female response and flies responded 
better when they are mated. 

Analysis of the extract by CGC interfaced to 
a mass spectrometry indicated the presence 
of four components in earlier eluting peaks 
(Fig.1). Identification by mass spectrometry 
indicated the peaks correspond respectively 
by elution order to hexanal, (E)-2-hexenal, Z, 
3-hexenol, and 1-hexanol. An unidentified 
fifth component eluted later at 33 min reten-
tion time and had approximately the same 
concentration as 1-hexanol. The first three 
compounds were slightly more abundant.

ANOVA analysis of males and females cap-
tures in the field. Data analyzed by the least 
significant test (p<0.05) separated the means 
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in six groups. Table 2 shows that traps baited 
with synthetic identified argan components 
or their combinations had the same or lower 
performance than the control (a lure-free 
trap). The number of males in traps baited 
with the food synthetic lure (AA-PUT-MAT) 
was also not significantly different from the 
control. The food synthetic lure baited traps 
attracted more females than males but the 
difference was not significant. Jackson traps 
baited with TML attracted the highest num-
ber of medflies (~100). Their performance 
to attract males was higher than the perfor-

mance of the synthetic-food lure baited traps 
to attract females.

Similarly, tests conducted in the laboratory 
cages have shown that medflies were not at-
tracted to the various synthetic argan com-
pound tested singly or in combinations. For this 
reason, no statistical analysis was carried out.

dIScuSSIon

Medfly is among the rare species of insects 
and the only fruit fly attacking argan. Previ-

table 1: Student t-tests of the number of male and female medflies responding to (artificially injured) 
argan fruit volatile extract. Tests were conducted for 10 min in (30 x 30x 30 cm) cages containing 50 flies. 
Table shows mean ± standard error (N= 6).  

treatments unmated males unmated females Mated males Mated females

Extract 27.6 ±2.3 15.8 ± 1.5 38.9 ± 4.0 21.6 ± 1.8

vs

control 3.3 ± 1.5 1.8 ± 0.6 3.8 ± 0.7 3.6 ± 0.3

Fig.1: Chromatogram showing volatile compounds of artificially damaged yellow argan fruits. Gas chro-
matographic-mass spectrometry (GC- MS) was performed with a Hewlett Packard Model 5890A Series 
II, equipped with a serie of three fused silica columns (8 cm long × 0.5 mm ID, 10m long x 0.25 mm ID, 30 
m long x 0.25 mm ID). Column temperature, isothermal at 40°C for 5 minutes, then programmed to 210 
°C at 5°C/min. Mass spectra were obtained at using the capillary columns operated as described above, 
coupled to a Finnigan Ion Trap® mass spectrometer (EI-ITDMS or CI-ITDMS).
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table 2: Field trial captures of traps baited with synthetic argan volatile components and their combina-
tions. Control traps, TML baited traps and AA+ PUT + TMA baited traps are used for comparison. Means in 
both columns followed by the same letter are not significantly different (P= 0.05; LSD mean separation 
test on log-transformed (x+1); non-transformed means shown).

treatments

Mean ± SE

Females Males

1) hexanol 2.75 ± 0.16 bc 5.25 ± 0.20 bcd

2) hexenol 2.00 ± 017 bc 4.25 ± 021 bc

3) hexanal 3.25 ± 0.12 bc 6.50 ± 0.27 bc

4) hexenal 1.50 ± 0.18 abc 2.50 ± 0.22 abc

5) hexanal + hexenal 0.75 ± 0.11 ab 3.75 ± 0.27 abc

6) hexanal + hexenal + hexenol 1.25 ± 0.12 abc 3.00 ± 0.09 bc

7) hexanal + hexenal + hexenol + hexanol 1.25 ± 0.15 abc 2.50 ± 0.11 bc

8) AA + Put + tMA 44.75 ± 0.21 ef 15.5 ± 0.16 de

9) trimedlure 00.00 ± 00.00 a 105 ± 0.13 f

10) control 2.25 ± 0.08 bc 4.50 ± 0.13 cd

ous studies showed strong chemo-visual 
attraction of medflies to argan fruits and 
leaves (Hadis and Bakri 1994). An extract of 
argan volatiles was also found to elicit more 
egg laying when loaded in an artificial ovi-
position device (Hadis et al. 1997).

This preliminary identification of argan 
fruit volatiles revealed the presence of only 
four compounds common in the so called 
“Green leaf volatiles” reported in plants 
by Dickens et al. (1990) and which are 
also abundant in other medfly hosts such 
as coffee (Warthen et al. 1997) and guava 
(Chyau et al. 1992, Idstein and Schreier 
1985, Nishimura et al. 1989) but absent in 
orange (Hernandez et al. 1966) and mango 
volatiles (Cosse et al. 1995). Synthetic argan 
components of the green leaf volatile elic-

ited very low response in laboratory cages 
and in the field trapping. Similarly, hexanal, 
(2)-E-hexenal and 1-hexanol elicited only 
a very low response from female medflies 
in a flight tunnel (Warthen et al. 1997). This 
suggests that green leaf volatiles in argan 
extract may not play a key role in attracting 
medflies and other longer and/or shorter 
chain molecular compounds might be the 
potential attractant candidates and their 
isolation and identification need still to be 
investigated. Based on the field results, it is 
clear that ammonium acetate, putrescine 
and trimethylamine (Heath et al. 1995, Bakri 
et al. 1998, Epsky et al. 1999) in association 
with tephri trap provide an effective system 
for capturing female medflies but capture 
about 14% of males compared to TML.
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IntroductIon

Over the past 30 years, there has been 
noteworthy attention in the utilization of hy-
menopterous parasitoids in integrated fruit 
fly pest management in tropical and sub-
tropical regions (Wharton 1989, Aluja 1996, 
Sivinski 1996, Purcell 1998, Montoya and Lie-
do 2000, Sivinski and Aluja 2003,). Thus, the 
employment of new Afrotropical and Neotro-
pical parasitoid species is a valid and appli-
cable strategy for the suppression of Ceratitis 
capitata (Wiedemann) and Anastrepha spp. 
in Latin America, respectively (Aluja 1999, 
Ovruski et al. 2000, Wharton et al. 2000, Lopez 
et al. 2003, Sivinski and Aluja 2003).

In Argentina, C. capitata and A. fraterculus 
(Wiedemann) are two economically im-
portant fruit fly species, and their control is 
currently kept, within certain limits, through 
insecticidal bait-spray applications and cul-
tural practices. In the case of the Medfly, the 
sterile insect technique is applied (Aruani 
et al. 1996; Spinetta 2004). However, there 
were also some isolated efforts throughout 
last century to implement biological control 

programs by using some native parasitoids 
that were collected in wild vegetation and 
released in commercial fruit orchards, as well 
as by using of exotic parasitoids introduced 
into Argentina from Hawaii, Costa Rica, and 
Mexico (Ovruski et al. 1999). The introduced 
parasitoid species were: Fopius arisanus So-
nan (reported as Opius oophilus Fullaway), 
Doryctobracon crawfordi (Viereck) (reported 
as Opius crawfordi), Diachasmimorpha lon-
gicaudata (Ashmead) (reported as Opius or 
Biosteres longicaudatus) (Braconidae), Acera-
toneuromyia indica (Silvestri) (reported as 
Syntomosphyrum indicum), Tetrastichus gif-
fardianus Silvestri (Eulophidae), and Pachy-
crepoideus vindemmiae (Rondani) (Pteromali-
dae) (Ovruski and Fidalgo 1994). From these 
species, P. vindemmiae, A. indica and D. longi-
caudata were released in limited numbers in 
some provinces (Turica 1968). Unfortunately, 
the effectiveness of all these biological con-
trol efforts in reducing C. capitata and A. 
fraterculus populations to an economically 
significant level was never ascertained due 
to absence of follow-up studies (Ovruski et 
al. 1999).

At least 18 and 22 hymenopterous para-
sitoid species have been recorded from C. 

Fruit Flies of Economic Importance: From Basic to Applied Knowledge 
Proceedings of the 7th International Symposium on Fruit Flies of Economic Importance 

10-15 September 2006, Salvador, Brazil
pp. 113-125

Book Fruit Flies.indb   113 28/10/2008   08:26:50



 From Basic to Applied Knowledge 
114

fruit fly parasitoids in Argentina

capitata and A. fraterculus in the Neotropi-
cal region, respectively (Ovruski et al. 2000). 
Surveys of the parasitoid species attacking 
cryptic A. fraterculus species and C. capitata 
have been published in Mexico (Aluja et al. 
2003, López et al. 1999, Sivinski et al. 2000), 
Colombia (Yépes and Vélez 1989, Carrejo 
and González 1999), Guatemala (Eskafi 1990), 
Costa Rica (Wharton et al. 1981), Venezuela 
(Katiyar et al. 1995), Peru (Cruz 1995), Brazil 
(Leonel et al. 1995, 1996; Salles 1996; Aguiar-
Menezes and Menezes 1997, 2001; Canal et 
al. 1995; Canal and Zucchi 2000; Guimarães 
et al. 2000, 2003; Carvalho et al. 2000; Car-
valho 2001; Aguiar-Menezes et al. 2001), and 
Argentina (Nasca 1973; Ovruski 1995, 2003; 
Wharton et al. 1998; Schliserman et al. 2003; 
Ovruski et al. 2004, 2005, 2006). These articles 
mainly show that the Neotropical region un-
doubtedly represents a valuable source of 
additional parasitoid species which could be 
employed in order to abate the populations 
of Anastrepha pest species. In addition to A. 
fraterculus parasitoids, a recent article pub-
lished by Schliserman et al. (2004) informs on 
a parasitoid guild associated with A. shultzi 
Blanchard in Northwestern Argentina. 

The purpose of this study, is to provide 
detailed information on the diversity, abun-
dance, biology, host range, distribution, and 
taxonomic status of hymenopterous parasi-
toid species associated with C. capitata and 
Anastrepha spp. in Argentina, and discuss 
future needs regarding the use of some neo-
tropical parasitoid species as an alternative 
tool in fruit fly management programs of the 
National Fruit Fly Control and Eradication 
Program (PROCEM-Argentina).

MEthodS

Data used for this work were obtained from 
numerous old and recent published articles 
on fruit fly parasitoids in Argentina. The vast 
majority of these publications involved para-

sitoid surveys of economically important 
fruit flies, such as C. capitata and A. fraterculus. 
Most records of parasitoid come from bulk 
samples of fruit, from which several species 
of flies and parasitoids emerge. Parasitoids 
reared under these conditions are often con-
sidered as coming from prevailing tephritid 
in the samples (Wharton et al. 1998). There-
fore, there are various published records on 
fruit fly host-parasitoid association that need 
to be verified (see Table 1). Moreover, various 
parasitoid species previously reported in the 
literature had never been formally described 
or had been misidentified (Ovruski et al. 
2005). In addition, all the literature on tephrit-
id parasitoids of the Neotropical region was 
also checked, which provided information on 
parasitoids species occurring in Argentina.

Parasitoid nomenclature follows Johnson 
(1992) for Diapriidae, Wharton (1997) for Bra-
conidae, Gibson et al. (1997) for Eulophidae 
and Pteromalidae, and Wharton et al. (1998) 
for Figitidae.

rESultS

diversity. There are two regions within Ar-
gentina in which fruit fly native parasitoids 
are common: the region which comprises 
Catamarca, Tucumán, Salta, and Jujuy (NW) 
and the region that covers Misiones, Corri-
entes and Entre Rios (NE). The original native 
vegetation in both areas was a subtropical 
rain forest, locally known as “Las Yungas” or 
“Selva Tucumano-Boliviana” in the North-
west and “Selva Paranaense y de Galería” in 
the Northeast (Cabrera, 1976). As a result of 
several fruit fly parasitoid surveys made over 
the past 69 years in these two Argentinean 
regions, a total of 11 neotropical parasitoid 
species (5 belong to Braconidae, 4 to Figiti-
dae, and 2 to Diapriidae), 2 indopacific parasi-
toid species (1 Braconidae and 1 Eulophidae), 
1 cosmopolitan parasitoid species (Ptero-
malidae), and 2 pteromalid parasitoid spe-
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table 1. Native and exotic parasitoid species associated with Anastrepha fraterculus, A. schultzi and Cera-
titis capitata in Argentina and some biological characteristics. 1 1° = primary; 2° = secondary; K = koino-
biont; I = idiobiont. 2 In = IndoPacific, Ne = Neotropical, Co = Cosmopolitan. 3 S = solitary; G = gregarious; 
En = endoparasitoid; Ec = ectoparasitoid; L-P = larval-pupal parasitoid; P = pupal parasitoid. 4 Host fly-
parasitoid association should be verified.

 
Parasitism

Modes1
Species 
origin2

Host 
Interaction3

Host fruit fly 
species

Braconidae

Diachasmimorpha longicaudata 
(Ashmead)

1°, K In S, En, L-P
A. fraterculus  

C. capitata

Doryctobracon areolatus  
(Szépligeti)

1°, K Ne S, En, L-P
A. fraterculus 

A. schultzi
C. capitata 4

Doryctobracon brasiliensis  
(Szépligeti)

1°, K Ne S, En, L-P
A. fraterculus 

A. schultzi 
C. capitata 4

Doryctobracon crawfordi  
(Viereck)

1°, K Ne S, En, L-P A. fraterculus

Opius (Bellopius) bellus Gahan 1°, K Ne S, En, L-P A. fraterculus

Utetes (Bracanastrepha)  
anastrephae (Viereck)

1°, K Ne S, En, L-P
A. fraterculus 

A. schultzi 
C. capitata 4

Figitidae

Aganaspis pelleranoi (Brèthes) 1°, K Ne S, En, L-P
A. fraterculus 

A. schultzi 
C. capitata

Dicerataspis grenadensis  
Ashmead

1°, K Ne S, En, L-P A. fraterculus 4

Lopheucoila anastrephae  
(Rohwer)

1°, K Ne S, En, L-P A. fraterculus 4

Rhoptromeris haywardi  
(Blanchard)

1°, K Ne S, En, L-P
A. fraterculus 4

C. capitata 4

Diapriidae

Coptera haywardi Loiácono 
(Ogloblin i.l.)

1°, I Ne S, En, P A. fraterculus

Tricopria anastrephae  
Costa Lima

1°, I Ne S, En, P
A. fraterculus 
C. capitata 4

Eulophidae

Aceratoneuromyia indica  
(Silvestri)

1°, K In G, En, L-P
A. fraterculus

C. capitata

Pteromalidae

Pachycrepoideus vindemmiae 
(Rondani)

1°- 2°, I Co G, Ec, P
A. fraterculus

C. capitata

Pachyneuron sp. 1°- 2°, I ? ?, ?, P
A. fraterculus

C. capitata

Spalangia sp. 1°, I ? S-G, Ec, P
A. fraterculus

C. capitata
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cies from unclear origin (Table 1) were reared 
from A. fraterculus and C. capitata puparia. 
Although the Pachyneuron sp. and Spalan-
gia sp. records still need verification, rearings 
from isolated puparia clearly demonstrate 
that these species are capable of successfully 
attacking C. capitata pupae. These parasitoids 
were recovered from different host plant spe-
cies in the Northeastern provinces (Ogloblin 
1937; Turica and Mallo 1961; DeSantis 1965; 
Ovruski and Schliserman 2003b), and main-
ly in the Northwestern provinces (Schultz 
1938; Hayward 1940, 1941, 1943; Nasca 1973; 
Fernández de Araoz and Nasca 1984; Loiá-
cono 1981; Ovruski 1995; Ovruski and Sch-
liserman 2003a; Ovruski et al. 2004; Oroño 
et al. 2005) (Table 2). However, significant re-
sults have been achieved during the last 12 
years (1994/2006) since the implementation 
of exhaustive taxonomic, biological, etho-
logical and ecological studies on neotropi-
cal parasitoid species occurring in Argentina 
(Ovruski 1994a, Ovruski 1994b, Ovruski and 
Wharton 1996, Wharton 1997, Wharton et 
al. 1998, Ovruski et al. 2000, Ovruski 2002, 
Ovruski and Aluja 2002, Ovruski et al. 2004, 
Ovruski et al. 2005). Also, detailed informa-
tion on the distribution, host range, diversity, 
abundance variation, diapause schedules, 
effect of microclimate, and different biologi-
cal aspects below rearing conditions of sev-
eral parasitoid species occurring in Argentina 
was reported by Sivinski et al. (1997, 1998, 
2000, 2001), Aluja et al. (1988, 2003), López et 
al. (1999), and Guillén et al. (2002) studying 
these species in Mexico, and by Leonal Jr. et 
al. (1995), Canal and Zucchi (2000), Guimarães 
et al. (2000, 2003), and Aguiar-Menezes and 
Menezes (1997, 2001) studying them in Bra-
zil. Four larval-pupal parasitoid species were 
also recorded by Schliserman et al. (2004) 
from A. shultzi pupae (Table 1). Anastrepha 
shultzi is a common tephritid species associ-
ated with fruits of Juglans australis Grisebach 
(locally known as “nogal criollo”) in Tucumán 
(Schliserman et al. 2004).

The available data (Ovruski 1995; Wharton 
et al. 1998; Ovruski et al. 2004, Ovruski et al. 
2005) suggests that the figitid Aganaspis 
pelleranoi (Brèthes) is better adapted to C. 
capitata larvae than any of the indigenous 
braconid parasitoids common in Argentina. 
Although the braconids Utetes anastrephae 
(Viereck) [reported as Opius argentinus 
(Brèthes)] (Nasca 1973), Doryctobracon areo-
latus (Szépligeti) [reported as Doryctobracon 
tucumanus (Turica and Mallo)], and D. brasil-
iensis (Szépligeti) (Fernández de Araoz and 
Nasca 1984), have been supposedly reared 
from C. capitata larvae, none of these records 
provide adequate evidence to conclude that 
the larvae were indeed C. capitata instead 
of A. fraterculus, which were very abundant 
in the study areas. In the same way, the host 
flies associations of the diapriid Trichopria 
anastrephae Costa Lima and the figitid Rhop-
tromeris haywardi (Blanchard) need to be ver-
ified. Earlier reports, such as Turica and Mallo 
(1961) and Wharton et al. (1998), suggest that 
both T. anastrephae and R. haywardi can mul-
tiply more easily on drosophilid puparia and 
larvae, respectively. The figitids Lopheucoila 
anastrephae (Rohwer) and Dicerataspis gre-
nadensis Ashmead were recorded supposed-
ly in association with A. fraterculus (Wharton 
et al. 1998), but the same authors indicated 
that lonchaeids and drosophilids seem to be 
the common hosts of L. anastrephae and D. 
grenadensis, respectively. However, in Brazil 
L. anastrephae has recently recovered from 
Anastrepha amita Zucchi and A. pseudop-
aralella (Loew) puparia, and the figitid Dicer-
ataspis flavipes (Kieffer) from A. amita puparia 
(Guimarães et al. 2000). 

In the case of those parasitoids species in-
troduced into Argentina in the 1960’s, four 
species (D. crawfordi, P. vindemmiae, D. longi-
caudata, and A. indica) are shown in Table 1 
as species currently present in Argentina. Do-
ryctobracon crawfordi was released in Jujuy 
and also in Misiones between 1961 and 1968. 
However, the permanent establishment of 
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table 2. Fruit fly host plants throughout Argentina in which native and exotic larval parasitoids were recov-
ered from C. capitata and Anastrepha spp., mainly A. fraterculus. Source: 1 Host plant – parasitoid associations 
recorded by Turica and Mallo (1961) have not been verified yet. 2 Host plant – parasitoid associations recorded 
by Nasca (1973) and Fernández de Araoz and Nasca (1984) have not been verified yet. 3 Ai, Aceratoneuromyia in-
dica; Da, Doryctobracon areolatus; Db, Doryctobracon brasiliensis; Dc, Doryctobracon crawfordi; Dl, Diachamimor-
pha longicaudata; Ua, Utetes anastrephae; Ob, Opius bellus; Ap, Aganaspis pelleranoi; La, Lopheucoila anastrephae; 
Dg, Dicerataspis grenadensis; Rh, Rhoptromeris haywardi. 

Plant Common Species Larval parasitoid species 3

species and families name origen A.i. D.a D.b D.c D.l U.a. O.b A.p L.a D.g R.h

Fabaceae

Inga marginata Willd. Pacay Native X X

Myrtaceae

Myrcianthes pungens 
(Berg) Legrand

Mato Native X X X X

Eugenia uniflora L.
Surinam 
Cherry

Native X X X X

Psidium guajava L. Guava Exotic X X X X X X X X X X1

Feijoa sellowiana 
(Berg) Berg

Feijoa Native X X X X X

Hexachlamys edulis 
(Berg) Krausel  
et Legrand

Ubajay Native X1 X1

Campomanesia  
crenata Berg 1

Guabirá Native X1

Blepharocalyx  
gigantea Lillo 1

Horco 
Molle

Native X1

Moraceae
Ficus  
carica L. 1

Fig Exotic X X1 X X1

Rosaceae

Cydonia oblonga Mill. Quince Exotic X

Prunus persica  
(L.) Batsch

Peach Exotic X X X X X X X1

P. domestica L.
Cultivated 
Plum

Exotic X X X

P. armeniaca L. Apricot Exotic X X X

Pyrus communis L. 1 Pear Exotic X1

Juglandaceae

Juglans australis  
Grisebach

Wild wal-
nut

Native X X X X
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D. crawfordi was recently confirmed in Salta 
(Ovruski et al. 2005). 

According to Ovruski et al. (2005) two prob-
able interpretations are equally reasonable 
regarding the discovery of D. crawfordi: (1) 
since D. crawfordi was introduced in Argen-
tina and released in Jujuy (approximately 43 
years ago), this parasitoid species may have 
been successfully established on A. fraterculus 
in the release area, and it could have spread 
to other neighboring areas of northwest Ar-
gentina; (2) considering that D. crawfordi is 
a widespread neotropical braconid species 
(Ovruski et al. 2000), and that it was recov-
ered in the Yungas forest of southern Bolivia 
(Escalante 1995), it is equally likely that the 
natural distribution range of this braconid 
includes northwestern Argentina.

Pachycreopoideus vindemmiae cannot be 
recognized as an exotic parasitoid estab-
lished in Argentina. This pupal parasitoid is a 
poliphagous and cosmopolitan species but 
was also extensively cultured and widely re-
leased against various tephritid pests (Whar-
ton 1989) and synanthropic flies (Morgan 
1986). Originally, P. vindemmiae was intro-

duced from West Africa and India to the Ha-
waiian Islands, and then it was redistributed 
in Latin America (Clausen 1978). Pachycrepoi-
deus vindemmiae was previously reported 
in Tucumán under other scientific names of 
Pachycrepoideus tucumanus Blanchard (Hay-
ward 1943; Turica and Mallo 1961), and in 
Mendoza and in Buenos Aires as Pachycrepoi-
deus dubius Ashmead (DeSantis 1941; DeSan-
tis 1967). Both scientific names are synonyms 
of P. vindemmiae at present (DeSantis 1979; 
DeSantis and Fidalgo 1994). Therofore, P. vin-
demmiae was already present in Argentina 
before 1961.

Recent fruit fly parasitoid surveys made in 
NE Argentina included specimens of D. lon-
gicaudata (Schliserman et al. 2003) and A. in-
dica (Ovruski et al. 2006). The first record of D. 
longicaudata dates from March 2000 attack-
ing A. fraterculus larvae from Feijoa sellowiana 
L. (Myrtaceae), and A. indica was recorded by 
first time in January 1998 from Prunus persica 
(L.) Batsch (Rosaceae) infested with C. capi-
tata larvae, so that these parasitoid species 
were recovered approximately 40 years after 
its first release in Misiones. Also, in very small 

Caricaceae
Carica quercifolia 
hill. 1

Sacha 
higuera

Native X1

Rutaceae

Citrus paradisi  
Macfadyn 2

Grapefruit Exotic X2 X2

C. sinensis 
 (l.) osbeck 2

Sweet 
Orange

Exotic X2

C. aurantium L.
Sour 
Orange

Exotic X

Sapotaceae

Chrysophyllum  
gonocarpum (Mart  
et Eich.) Egler

Aguay Native X

table 2. Continuation

Plant Common Species Larval parasitoid species 3

species and families name origen A.i. D.a D.b D.c D.l U.a. O.b A.p L.a D.g R.h
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numbers, A. indica was recently found in Cór-
doba and Jujuy (Ovruski et al. 2006). Both D. 
longicaudata and A. indica, natives of South-
east Asia, are the only exotic parasitoids cur-
rently established in Argentina.

Parasitoid guilds. The biological peculiari-
ties and host fruit flies of native and exotic 
parasitoid species occurring in Argentina are 
shown in Table 1. The larval-pupal parasitoids 
(figitids, eulophids and braconids) are more 
abundant (69%) than the pupal parasitoids 
(diapriids and pteromalids) (31%). No egg-
larval parasitoids were found during fruit col-
lection s in Argentina. 

The two most important groups of na-
tive parasitoid attacking A. fraterculus natu-
ral population in Argentina are Braconidae, 
subfamily Opiinae, and Figitidae, subfamily 
Eucoilinae (Table 1). All these species are soli-
tary, koinobiont endoparasitoid that oviposit 
in the Anastrepha larvae and emerge from 
the puparium [parasitoid guild number 2, 
which was defined by Ovruski et al. (2000)]. 
Based on the foraging behaviour, figitid and 
braconid parasitoid species were separated 
into two ecological groups (Sivinski et al. 
1997). The figitids A. pelleranoi, D. grenaden-
sis, L. anastrephae, and Odontosema anas-
trephae Borgmeier [a parasitoid recorded 
from A. fraterculus in Brazil by Guimarães et 
al. (2000)] attack mainly larvae in fallen fruit 
by penetrating fruit through previously ex-
isting holes (Sivinski et al. 1997; Wharton et 
al. 1998; Ovruski et al. 2004). On the contrary, 
the braconids D. areolatus, D. brasiliensis, D. 
crawfordi, U. anastrephae, and Opius bellus 
Gahan remain searching the host larvae on 
the fruit surface (Sivinski et al. 1997; Ovruski 
et al. 2004).

The idiobiont pupal parasitoids belonging 
to guilds 3 and 4 (Ovruski et al. 2000), are not 
well documented in Argentina mainly due to 
the difficulties in sampling fruit fly pupae. A 
small number of T. anastrephae specimens 
were recovered from C. capitata pupae (Tu-
rica and Mallo 1961) and Coptera haywardi 

Loiácono from A. fraterculus and A. shultzi 
Blanchard (Loiácono 1981). Both diapriid 
species belong to guild number 3, which in-
clude idiobiont endoparasitoids. The three 
pteromalid species cited in Table 1 belong to 
guild number 4, which include idiobiont ec-
toparasitoids.

Abundance. Based on parasitoid surveys in 
the NW and NE, areas of Argentina reported 
to date (Turica and Mallo 1961; DeSantis 
1965; Nasca 1973; Fernández de Araoz and 
Nasca 1984; Ovruski 1995; Wharton et al. 
1998; Ovruski 2002; Ovruski 2003; Ovruski 
and Schliserman 2003a, Ovruski and Schliser-
man 2003b; Ovruski et al. 2004; Schliserman 
et al. 2004; Schliserman and Ovruski 2004; 
Ovruski et al. 2005; Oroño et al. 2005), it is 
possible to make preliminary comparisons 
concerning parasitoid abundance of A. frater-
culus for these two Argentinean regions. For 
example, considering the relative abundance 
of larval-pupal parasitoid species, Dorycto-
bracon areolatus is the more abundant para-
sitoid of all species in NW (61%) and also in 
NE (45%); A. pelleranoi is the second more 
abundant in NW (28%), but U. anastrephae 
is the second more abundant in NE (28%); D. 
brasiliensis is the third more abundant in NW 
(9%), whereas A. pelleranoi is the third more 
abundant in NE (14%); U. anastrephae is the 
fourth more abundant in NW (1.2%), but in 
NE is D. brasiliensis (12%); O. bellus is the fifth 
more abundant species in NE (1%) and also 
in NW (0.3%). All other larval-pupal parasitoid 
species only occurring in NW (D. crawfordi, 
L. anastrephae, and D. grenadensis) are rarely 
encountered (0.06% - 0.1%). Pupal parasitoid 
species were barely sampled, and there are 
very few data on abundance of these parasi-
toid guilds. Some data on relative abundance 
(0.1% – 1.5%) were recorded for P. vindem-
miae attacking C. capitata pupae in Tucumán 
(Ovruski 1995). 

distribution. Doryctobracon areolatus, D. 
crawfordi, U. anastrephae and A. pelleranoi are 
widespread species that occur from Mexico 
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to Argentina. Doryctobracon areolatus has 
been established in Florida (Sivinski and Aluja 
2003), and throughout its distribution in the 
Neotropic it is often the dominant member 
of Anastrepha-parasitoid guilds (Sivinski et 
al. 2000). Opius bellus is another widespread 
opiine, ranging from Costa Rica to northern 
Argentina, whereas D. brasiliensis has a more 
regional distribution pattern, including only 
Brazil, Bolivia, and Argentina. Lopheucoila 
anastrephae is another native figitid which 
occurs naturally from México to NW Argen-
tina, whereas D. grenadensis would be dis-
tributed in few countries, such as Grenada, 
Brazil (Guimarães et al. 2003), and Argentina 
(Wharton et al. 1998). However, Wharton et al. 
(1998) pointed out that the genus Diceratas-
pis is known from Mexico and south Florida 
through the Caribbean to Argentina. Rhop-
tromeris haywardi is only known in Argentina 
and Uruguay. According to Wharton et al. 
(1998), the generic placement of R. haywardi 
needs verification following Nordlander’s 
(1978) revision of Rhoptromeris Förster, a Ho-
lartic genus. The Diapriid Coptera haywardi 
occurs in Argentina, Brazil, Venezuela and 
Mexico, while Trichopria anastrepha is pres-
ent only in Brazil and Argentina (Ovruski et 
al. 2000). Coptera haywardi was originally re-
corded in NW Argentina attacking A. fratercu-
lus and A. shultzi Blanchard (Loiácono 1981). 
The exotic parasitoids D. longicaudata and A. 
indica, and the cosmopolitan P. vindemmiae 
have been released in almost 12 American 
countries (Ovruski et al. 2000). 

host plant – parasitoid associations. 
The diversity of host fruit species has a sig-
nificant effect on the proportion of fruit fly 
parasitism by several fruit fly parasitoid spe-
cies (Sivinski et al. 2000). In Argentina, para-
sitoids reared from A. fraterculus larvae have 
mainly been recovered from fleshy fruit in 
the families Myrtaceae, Rosaceae, and Jug-
landaceae (Table 2). These host plants have 
a great number of fruit characteristics that 
may enhance parasitoid success, either by 

increasing attractiveness to the parasitoids 
or by facilitating detection of an oviposition 
in the host larvae (Sivinski et al 1997; Ovruski 
et al. 2004). Among the factors believed to be 
responsible for this attraction are thin peri-
carp, soft endocarp, type of volatiles emitted, 
color, and fruit size (Ovruski et al. 2000). More-
over, the high parasitoid diversity reflects the 
fact that these plant families contain some 
of the most commonly sampled fruits, such 
as guavas, peaches, and plums, the three of 
them being medium-sized fruit species. On 
the other hand, large-sized species such as 
the exotic Citrus spp, Mangifera indica L., and 
Annona cherimola Mill yield few or no parasi-
toids (Ovruski et al. 2004). 

Aganaspis pelleranoi was recovered from 15 
fruit species (representing 75% of all host fruit 
species in which Anastrepha parasitoids were 
reared, Table 2) and seven plant families, D. 
areolatus from 13 fruit (65%) species and five 
plant families, D. brasiliensis from eight fruit 
species (40%) and five plant families, O. bel-
lus from seven fruit species (35%) and three 
plant families, U. anastrephae from five fruit 
species (25%) and two plant families, R. hay-
wardi from four fruit species (20%) and four 
plant families, and D. crawfordi, D. grenaden-
sis and L. anastrephae from one fruit species 
(5%) and one plant family, respectively. Both 
D. areolatus and A. pelleranoi are particularly 
common in several wild exotic and native, 
as opposed to introduced and cultivated 
commercial, fruit species (Sivinski et al. 2000; 
Ovruski et al. 2004). 

The highest parasitism levels (ranging from 
10% to 28% range), calculated as the number 
of parasitoids divided by the total number 
of parasitoids and host flies emerging from 
a particular fruit species were recorded in 
the medium-sized, exotic species Psidium 
guajava L., P. persica, and P. domestica L., and 
in the small-sized, native species Eugenia 
uniflora L., Feijoa sellowiana (Berg) Berg, and 
Hexachlamys edulis (Berg) Krausel et Legrand. 
The lower parasitization rates (ranging from 
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7% to 9%) were found in Ficus carica L. and P. 
armeniaca L., both exotic species, the former 
being small-sized, and the latter medium-
sized, and in Campomanesia crenata Berg, 
Myrcianthes pungens (Berg) Legrand, Juglans 
australis grisebach, all small-sized, native spe-
cies. Doryctobracon areolatus and A. pelleranoi 
were the most important mortality factors 
throughout NW (Ovruski and Schliserman 
2003a; Ovruski et al. 2004; Ovruski et al. 2005) 
and NE (Ovruski and Schliserman 2003b) 
Argentina attacking A. fraterculus. Moreover, 
A. pelleranoi was a natural mortality factor 
of C. capitata in the large-sized, introduced 
fruit species C. aurantium (Schliserman and 
Ovruski 2004). 

dIScuSSIon

Most parasitoid surveys made in Argentina 
(90%) included ripe fruit collected from the 
field and kept in plastic or wooden boxes un-
til full-grown fly larvae emerged from host 
fruit. In this way, host larvae fall to the bot-
tom of the boxes where they pupate in sand. 
Then, fly pupae are sifted from the sand and 
kept in other cages until flies and parasitoids 
emerge. This sampling methodology is main-
ly aimed to obtain endoparasitoids species 
that oviposit in the host larva and emerge 
from the puparium. However, because this 
method seeks to obtain adult parasitoids, the 
knowledge of fruit fly parasitoid diversity in 
Argentina is limited. Surveys for detection of 
egg and pupal parasitoids associated with 
fruit flies have been largely neglected in Ar-
gentina. For this, ensuing surveys need to be 
focused on parasitoids that attack egg stage 
(guild number 1, Ovruski et al. 2000) and 
parasitoids that attack pupa stage (guilds 
number 3 and 4). Also, some fly-parasitoid 
species associations, such as A. fraterculus - L. 
anastrephae and D. grenadensis, and A. frater-
culus and C. capitata - T. anastrephae need to 
be verified in future studies. 

In the NW and NE regions of Argentina, in 
which a high diversity of indigenous parasi-
toids of A. fraterculus are well established in 
all native fruit species and in small, wild ex-
otic fruits, management strategies should be 
used to conserve their natural populations. 
In these regions, there are patches of pristine 
forest and areas with perturbed wild vegeta-
tion adjacent to commercial orchards, where 
it is possible to find numerous native and 
exotic fruit fly host plants. Precisely, it is in 
these areas where A. fraterculus populations 
increase and from which they move to attack 
commercially grown fruit. Instead of remov-
ing native hosts, and following Aluja (1996, 
1999), Aluja et al. (2003), and Ovruski et al. 
(2004), it is better to enhance natural parasi-
toid reservoirs such as E. uniflora (Myrtaceae), 
F. sellowiana (Myrtaceae), J. australis (Juglan-
daceae), and Myrcianthes pungens (Myrta-
ceae). In addition, a conservation biological 
control program could be combined with 
massive releases of native parasitoids such 
as D. areolatus and A. pelleranoi (Aluja 1996, 
1999) against A. fraterculus in NW and NE Ar-
gentina. Although D. crawfordi is a rare species 
in NW Argentina, this larval-pupal parasitoid 
species represents a potential candidate for 
mass releases against A. fraterculus because 
it has a longer ovipositor than D. areolatus y 
D. brasiliensis, and it could attack fly larvae in 
large, exotic commercial fruit, such as citrus 
and mango (López et al. 1999). Additionally, 
pupal parasitoid such as the diapriid Coptera 
haywardi (Ogloblin) could also be released 
to attack the particularly susceptible pupal 
stage (Sivinski et al. 1998). 

It is noteworthy, with the clear exception of 
A. pelleranoi, that Neotropical parasitoid spe-
cies recorded in Argentina appear to be poor-
ly adapted to the exotic C. capitata. Therefore, 
it is possible to consider that mass releases of 
the exotic parasitoid D. longicaudata in aban-
doned citrus orchards could also suppress C. 
capitata and also A. fraterculus populations in 
NW and NE Argentina. 
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IntroductIon

Current social and environmental problems 
associated to insecticide use for fruit fly con-
trol, either by aerial or ground applications 
on foliage for adult control or to the soil for 
larvae or new-emerged adult control (Saul et 
al. 1983, Penrose 1993), have motivated the 
search for biological control alternatives, in-
cluding enotmopathogenic bacteria, nema-
todes and fungi (Toledo 2002).

Beauveria bassiana (Bals.) and Metarhizium 
anisopliae (Met.) Sorokin are two species of 
entomopathogenic fungi, belonging to the 
Hyphomycetes group, that are natural inhab-
itants of soil, where they are found infecting 
a wide range of insect species that spend at 
least one stage of their life cycle in the soil. 
They are also found in agricultural crops as 
epizooties on defoliator lepidopteran larval 
populations.

The main infection route is through the 
integument, although they can also be in-
gested and enter the organism through the 

digestive tract, or through the trachea, or 
wounds (Madelin 1963).

The conidial phase (spores) of a large num-
ber of strains of both species, coming from 
different geographic regions, have been as-
sessed, under laboratory conditions, for con-
trol of different fruit fly species and on dif-
ferent life history stages (García et al. 1984, 
Espin et al. 1989, Campos 2000, Castillo et al. 
2000, Lezama-Gutiérrez et al. 2000, De la Rosa 
et al. 2002, Ekesi et al. 2002). Most of these 
studies have determined the dose-response 
curve for different strains. The most common 
method used has been the immersion of any 
insect stage (larva, pupa or adult) in a conidia 
solution (De la Rosa et al. 2002), although 
topic, oral or contact applications have also 
been tested (Toledo et al. 2003a, Toledo et al. 
2007).

Results obtained, so far, indicate that there 
are some strains from both fungi species 
with great potential to infect and kill adult 
fruit flies. However, studies on practical field 
applications are scare and do not provide the 
elements required for an efficient practical 
use of these biological control agents.

Application of conidia to the soil have been 
suggested as a method to use these entomo-
pathogenic fungi for fruit fly control (Dimbi 
et al. 2003, Lezama-Gutiérrez et al. 2000). This 
method has been shown to be an effective 
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way to infect new-emerged adults (Ekesi et 
al. 2005), and the entomopathogenic fungi 
might survive better under soil conditions 
(Gaugler et al. 1989). However, the amount 
of conidia required, and the interactions with 
biotic and abiotic factors under the diverse 
soil conditions must be evaluated, since these 
might strongly affect the efficacy of this ap-
plication method. In addition, the risk of side 
effects on non-target organisms must be as-
sessed (i.e. Ekesi et al. 2005).

Howse and Underwood (2000) proposed 
the use of electrostatic charged powders to 
spread a killing agent within a pest popula-
tion. In developing methods to test this novel 
technique (Toledo et al. 2003a), Jenifer Knapp 
(personal communication) brought the idea 
of using sterile flies as vectors to spread the 
spores of slow killing entomopathogenic 
fungi within wild populations of fruit flies.

Here, we summarize some of our results 
from different laboratory and field cage ex-
periments aimed to assess the potential of 
these entomopathogenic fungi as practical 
fruit fly biocontrol agents, using sterile flies 
as vectors. 

MAtErIAlS And MEthodS

Insects and Environmental conditions. 
Two species of fruits flies were used in our 
experiments: the Mexican fruit fly, Anastrepha 
ludens (Loew) and the Mediterranean fruit 
fly, Ceratitis capitata (Wied). To reduce bio-
logical variability, all insects used in our stud-
ies were obtained as larvae or pupae from 
the standard mass-rearing process at the 
MOSCAMED / MOSCAFRUT facility, located in 
Metapa, Chiapas, Mexico.

Pupae were placed in 30 x 30 x 30 cm glass 
cages, one side of the cage was covered with 
synthetic mesh that allowed air circulation 
and handling. Flies were provided with food 
(a 3:1 sugar: enzymatic yeast hydrolyzate dry 
mixture) and water (entomological vials with 

a cotton wick). Between 4 and 7 days old, 
males and females were collected from these 
emergence cages and placed in groups of 25 
pairs in 10 cm diameter x 23 cm height plas-
tic containers, for the different bioassays.

Laboratory conditions where the flies were 
maintained were: 26 ± 1 ºC temperature, 70% 
de relative humidity and 12: 12 h (L:D) pho-
toperiod.
conidia Viability tests. Before conducing 
the pathogenicity bioassays, the conidia 
viability for the different strains and prod-
ucts was verified. We used the microculture 
method (Jiménez 1992). Small aliquots of the 
fungal solution, previously homogenized in 
a vortex, were placed on a slide with Sabo-
raud Dextrose Agar (SDA) as growth media. 
Viability was determined by the presence of 
germination tubes. A given strain was consid-
ered viable if more than 90% of the conidia 
showed germination tubes.
Mean letal time (lt

50
). A 1% concentra-

tion stock solution was prepared, using 1 g 
of conidia diluted in 100 ml sterile distil wa-
ter. Glycerin was used as dispersal agent. The 
solution was homogenized with a magnetic 
agitator.

From this stock solution, additional solu-
tions were prepared (for example: 0.1, 0.01, 
and 0.001%) for the different bioassays. For 
each concentration, including the control, a 
minimum of 5 replicates were done to fulfill 
the statistical requirements for this type of 
studies (Ibarra y Federeci 1994). Each repli-
cate had the same number of treated insects. 
For the control the same number of insects 
was used and these were treated with sterile 
distil water.

Once treated, the flies were placed in glass 
cages with food and water (as described 
above) and maintained at 26 ºC y 70% de R. 
H.. Mortality was recorded daily until the last 
fly died. Dead insects were placed in humid 
chambers to promote fungal mycelia devel-
opment and confirm that dead was caused 
by fungal infection.
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Mean lethal concentration (lc
50

). A con-
centration series was evaluated (i.e. 0.001, 
0.003, 0.006, 0.01, 0.06, 0.1, 0.6, 1.0%, and the 
control). To determine the number of conidia 
in each solution, five recordings from samples 
taken from each concentration were made, 
using a hemocytometer.

For each concentration, 1.0 or 2.0 ml of the 
suspension was applied with a pipette to the 
unit where fruit fly adults were inoculated. 
The number of replicates was determined as 
required for this type of bioassays (Ibarra and 
Federeci 1994). Sample handling and fungal 
infection was confirmed as described above.
Field cage tests. Those strains or products 
that showed potential for fruit fly control un-
der laboratory conditions, were selected for 
field cage tests. The product used was from the 
Local Committee on Plant Protection (LCPP), 
and sterile flies were inoculated with the dry 
conidia, two or three hours before the test. In 
order to facilitate their management during 
the inoculation process, insects were placed 
in test tubes, and were placed in a refrigerator 
at 3º C for 5 minutes to render them lethargic. 
Cooled flies were then placed in groups of 50 
individuals in Petri dishes containing 0.5 g of 
conidia and were gently shaken for 1 minute. 
Treated and untreated flies were released in-
side 3 m diameter x 2 m height field cages, 
with small potted tress inside. The number of 
matings, as well as the duration of each cop-
ula was recorded. After mating, the flies were 
placed individually into 8 cm diam x 12.5 cm 
height clear plastic containers with food and 
water and daily mortality was recorded over a 
period of 20 consecutive days. At the end of 
the test, all fruit flies that do not mating were 
collected and placed in the same type of cages. 
Mortality was recorded daily and dead insects 
were placed in humid chamber to confirm 
that fungal infection was the cause of dead. 
Mortality due to direct fungal transmission 
through mating and indirect transmission due 
to male-male interactions or courtship was es-
timated.

data Analysis. Abbott correction (Abbott 
1925) was used when mortality was record-
ed in the control. Afterwards, for LC

50
, data 

were analyzed by Probit analysis (SAS Insti-
tute 2002). For LT

50
, means were compared by 

95% fiducial limits to determine if differences 
in the time required to kill 50% of the sample 
were significant. Data from field cage tests 
were analyzed by analysis of variance ANOVA 
(SAS Institute 2002).

rESultS

Laboratory bioassays showed that several 
strains of M. anisopliae (Ma3, Ma5 y Ma wild) 
and B. bassiana from the ECOSUR strain col-
lection were highly virulent to adults of A. 
ludens and C. capitata. Also, two B. bassiana 
commercially available products showed 
high adult virulence, the one produced by 
the Local Plan Protection Committee (LPPC) 
and Bassianil® (Table 1).

We found no effect of these strains or prod-
ucts when applied to larvae or pupae. Similar 
results were found by Dimbi et al. (2003).

Transmission using sterile flies as vectors 
showed promising results. High female mor-
tality was observed for both, A. ludens and 
C. capitata, when they mate with infected 
males. High male mortality was also ob-
served through male-male lek interactions. 
Male - female transmission through court-
ship and mating attempts was also observed, 
although female mortality was not as high as 
when they actually mate. Table 2 shows the 
data from field cage studies with sterile med-
flies.

dIScuSSIon

Mortality levels produced in our studies 
are within the range reported for other fun-
gal strains and other species of fruit flies. For 
example, Dimbi et al. (2003) found from 7 to 
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100% mortality in adults of C. capitata and C. 
rosa var. fasciventris treated with B. bassiana. 
Castillo et al. (2000) reported 100% mortality 
in C. capitata treated with 1 x 106 con/ml of M. 
anisopliae. Other strains of this fungi species 
have been found to be virulent to adults and 
immatures of Anastrepha fraterculus (Wied.) 
(Rodrigues-Destéfano et al. 2005). Muñoz 
(2000) evaluated 16 strains of B. bassiana 
against C. capitata adults and found mortal-
ity levels between 20 and 98.7%. Similarly, 
Campos (2000) and De la Rosa et al. (2002), 
testing M. anisopliae and B. bassiana for the 
control of A. ludens adults reported a mortal-
ity range between 82 and 100%. Most work-

ers have not found virulent strains for imma-
ture stages.

The LT
50

 produced by the virulent strains 
and products tested were similar to those 
previously reported for other insect pests 
(Davidson and Chandler 2005). These labora-
tory bioassays were useful to identify and se-
lect the strains and products that were worth 
to test under field cage conditions.

Our results from field cage conditions con-
firm that there is horizontal transmission and 
suggest that the use of sterile flies as vectors 
seems to be a feasible application method. 
Released sexually mature inoculated sterile 
flies will transmit the fungi through mating 

table 2.- Horizontal transmission of two B. bassiana (Bassianil®, and LCPP) products on adults of Ceratitis  
capitata in field cage tests.

Product
Means of  

transmission

Mortality (%) 

♂♂
Sporulation (%) 

♂♂
Mortality (%) 

♀♀
Sporulation (%) 

(♀♀)

Bassianil Mating 93.2 91.9 41.6 33.5

lcPP Mating 86.2 84.1 57.0 39.3

Bassianil Indirect 94.2 76.6 14.2  8.8

lcPP Indirect 83.5 80.7 33.8 14.6

LCPP = Local Committee on Plant Protection.

table 1.- Adult mortality in two species of fruit flies treated with conidia suspension of two entomopath-
ogenic fungi species. 

Fungal strai code§ Fruit fly species concentration conidia/ml Mortality* lt
50

 (days)

Bb16 A. ludens 5.13 x 105 100.0 2.82
Bb26 A. ludens 1.05 x 108 98.0 3.74
Bb18 A. ludens 1.40 x 108 86.0 3.94
Ma nat. (6) A. ludens 6.15 x 108 89.4 4.07
Ma3 A. ludens 7.95 x 108 78.5 4.43
Ma5 A. ludens 3.48 x 108 75.2 4.95
Bb25 C. capitata 1.70 x 108 91.9 4.01
Bb6 C. capitata 4.50 x 108 91.2 3.83
Bb26 C.capitata 2.00 x 108 87.4 4.22

§ Codes from ECOSUR strain collection
* Mortality corrected by Abbot formula.
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(direct), courtship and male-male interac-
tions (indirect) to the wild population (To-
ledo et al. 2003a, 2003b, 2007).

Field survival of sterile flies will be a key 
element to determine the feasibility of this 
approach. If under current Sterile Insect Tech-
nique (SIT) programs, sterile flies live for more 
than 4-5 days after release and after this time, 
males continue mating and inducing sterility 
into the wild population, it will not be advis-
able to release infected sterile flies that will 
only live and mate during 4-5 days after re-
lease. But if sterile males only live a very short 
time, or they are only capable to inseminate 
a few females after release because of sperm 
depletion, then the capability of fungal trans-
mission might represent a feasible alternative 
to improve pest control. For this approach, 
fungal strains with long lethal times will be 
preferred over those with short lethal times.

We believe that the use of sterile flies as fun-
gi vectors is a feasible approach that deserves 
further attention. The amount of conidia 
required and the side effects on non-target 
organisms will be minimized. For further de-
velopment, the performance of sterile males 
under current SIT programs conditions must 
be compared with the performance under 
this new approach, considering both effects, 
sterility induction and mortality produced by 
fungal transmission.
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ABStrAct: Biological control by augmentation is applied in Mexico as part of an integrated pest management program against native fruit flies of 
the genus Anastrepha Schiner. The exotic parasitoid Diachasmimorpha longicaudata has been the most important species used within this context. 
A program for the mass rearing of 50 million parasitized pupa per week has been established in southeast Mexico, and these are released into the 
field according to a yearly national plan based on industry requirements. In order to reduce costs and optimize procedures, important advances 
have been made in the technology for mass production, including an increase in the weight of host larvae (24 mg), changes in the management 
of host exposition, improvements in the management of environmental conditions, suitability in time and motions are the main areas addressed. 
Furthermore, a quality control program is routinely applied, and the key parameters under constant evaluation are: 1) weight and volume of host 
larvae, 2) host mortality after exposure, 3) weight and volume of pupae, and 4) percent parasitoid viability and percent emergence. Good performance 
in these parameters produces adults with adequate longevity and fecundity, high flight ability and good searching behavior. The introduced egg 
parasitoid Fopius arisanus and the native pupal parasitoid Coptera hawardi are being evaluated for use in the future as a complement to releases into 
the field of D. longicaudata. Manipulating host size and exposition time, the use of starting diet and suppressing host development by irradiation, have 
permitted the effective use of Anastrepha eggs as hosts for the rearing of F. arisanus. Further achievements in the mass rearing of C. haywardi (e.g., the 
suppression of unparasitized hosts after irradiation), could give us the opportunity to employ new options to reinforce the augmentative biological 
control of Anastrepha fruit flies in Mexico.

Key Words: Diachasmimorpha longicaudata, Anastrepha ludens, Fopius arisanus, Coptera haywardi, Quality 
Control. 

IntroductIon

The Mexican Government launched the Na-
tional Campaign against Fruit Flies in 1992 to 
create free and low-prevalence zones of na-
tive fruit flies of the genus Anastrepha Schin-
er of economic importance (Reyes et al. 2000). 
The technical plan was based on the integra-
tion of different technologies and strategies 
that have been applied using an area-wide 
approach. These include: the use of specific 
lures and baits to detect and monitor fruit fly 
populations, the application of cultural prac-
tices such as mechanical control, aerial or 
ground applications of selective toxic baits, 
the deployment of the Sterile Insect Tech-
nique (SIT) against A. ludens and A. obliqua, 
the establishment of quarantine procedures, 
and the release of the fruit fly parasitoid 
Diachasmimorpha longicaudata (Ashmead) 
(Hymenoptera: Braconidae) in specific zones 
and for certain periods (Montoya et al. 2007). 

Since 1995, the Moscafrut facility located in 
Metapa de Dominguez, Chiapas, Mexico, has 
produced 50 million pupae parasitized by D. 
longicaudata per week (Moreno 2004). These 
parasitoids are released in the field according 
to a yearly national plan based on industry 
requirements.

Several studies have shown that, if used ap-
propriately, augmentative releases of parasi-
toids may be a sound alternative for the sup-
pression of fruit fly populations (Wong et al. 
1991, 1992, Sivinski et al. 1996, Montoya et al. 
2000a). Along with previous studies, Barclay 
(1987) and Knipling (1992) argue that inte-
grating this form of biological control with 
the SIT may result in a synergism since two 
different stages of the fly population (i.e., im-
mature and adult stages) would be under 
attack simultaneously. According to these 
authors, and under the circumstances de-
scribed by Montoya and Cancino (2004) (in 
areas with organic fruit production, canyons 
and barracks, and marginal zones such as 
backyard orchards, etc.), the use of augmen-
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tative biological control against fruit flies 
may have wide-spread benefits.

Data from field releases of D. longicaudata 
in different states of Mexico (i.e., Michoacán, 
Sinaloa, Nayarit, Aguascalientes [see Montoya 
et al. 2007]), have shown high rates in the per-
centage of parasitism reached in Anastrepha 
species and notable reductions in the Flies 
per Trap per Day (FTD) indices. These results 
are important evidence that mass releases 
of parasitoids, in conjunction with other sup-
pression measures, can make the control of 
fruit fly populations easier inside commercial 
orchards. 

Natural limitations are, however, presented 
by D. longicaudata when it is released in areas 
with a great diversity of host fruits, since large 
fruit may serve as an excellent refuge for the 
pest (Montoya et al. 2000a). In this scenario, 
the complementary quota of parasitism that 
can be provided by species such as Fopius 
arisanus (Sonan) (Hymenoptera: Braconidae), 
an egg parasitoid of fruit flies, and Coptera 
haywardi (Oglobin) (Hymenoptera: Diiapri-
dae), a pupal parasitoid of fruit flies, could en-
hance the possibilities and achievements for 
the augmentative biological control of these 
pests.

MASS rEArIng oF DIAChASMIMorPhA 
LoNgICAuDAtA

The parasitoid Diachasmimorpha longicau-
data is mass reared on third instar (8-day-old) 
A. ludens larvae produced at the Moscafrut 
facility, and these are irradiated at 45 Gy to 
prevent the emergence of adult flies from 
any un-parasitized pupae when the para-
sitoids are released in the field (Cancino 
et al. 2002a). The irradiated larvae plus the 
retained diet-holding A. ludens larvae are 
placed in cassette-type containers covered 
with mesh and inserted in aluminum-frame 
mesh-covered cages (30 cm x 30 cm x 41 cm) 
(Cancino 2000). In these cages, larvae are ex-

posed to adult parasitoids at a rate of 2 larvae 
per parasitoid female. Adult parasitoids are 
fed with crystallized honeybees and kept in 
these cages for seven d. After two h of expo-
sure, the host larvae are collected and placed 
in trays with vermiculite to allow pupation. 
Fourteen days later, the pupae are ready to 
be packed and sent to different destinations 
for field releases (Fig. 1). A quality control sys-
tem to evaluate the mass rearing process was 
performed for each batch produced. The key 
parameters under constant evaluation were: 
1) weight and volume of host larvae, 2) host 
mortality after exposure, 3) weight and vol-
ume of pupae, and 4) percent parasitoid via-
bility and percent emergence (Planta Mosca-
frut/DGSV/SAGARPA 2000). The complete 
rearing process of D. longicaudata has been 
described by Cancino (2000).

IMProVEMEntS In thE QuAlIty oF               
D. LoNgICAuDAtA MASS ProductIon

Over the past six years, significant advances 
in the mass rearing of D. longicaudata have 
been achieved, which has enabled the mass 
production of 50 million parasitoids per week 
while maintaining a high level of quality. The 
percent emergence (60% at a minimum) of 
adults is the main indicator of success, which 
has been achieved due to the following ad-
vances: 
a) Weight of the host larvae: An average 
weight of 24 mg per larva is a crucial factor 
for achieving robust development of the par-
asitoid. A strict quality control of host weight 
results in batches with emergence above 
60%.
b) Exposure time: Various studies have re-
ported that D. longicaudata is a solitary para-
sitoid with a high incidence of superparasit-
ism (Lawrence 1988, Montoya et al. 2000b). 
The factors governing this behavior in mass 
rearing are unknown; nevertheless, the man-
agement of larval exposure time in mass 
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rearing has permitted a notable improve-
ment in the quality of the insects produced. 
At the beginning of mass production of this 
parasitoid, one of the main problems (high 
host mortality) was associated with high lev-
els of superparasitism (Cancino et al. 2002b). 
Currently, three larval exposure periods per 
day are performed using different exposure 
times. The first exposure period (8:30 am) 
lasts an average of 1.5 h, the second exposure 
(11:00 pm) is done in 2 h, and the third (15:00) 
takes no longer than 3 h. This procedure re-
sults in adequate emergence percentages; 
furthermore, it favors a higher proportion of 
females above a 2♀: 1♂ ratio, which is appro-
priate for the objectives of mass production 
(Gonzalez et al. 2007).
c) control of Environmental conditions: 
Temperature and moisture are the main fac-
tors that affect the optimum development 
of mass-reared D. longicaudata. Wong and 
Ramandan (1992) reported that, compared 
with other temperatures, an average of 21 ± 
2°C enhanced adult survival and increased 

fecundity. Cancino (2002) reported that 21°C 
increased average female fecundity (76.21 
offspring) when A. ludens was used as the 
host, which surpasses the 30.21 offspring, 
which are obtained at 26°C. 

Temperature adjustment aimed at reducing 
variation has permitted the attainment of a 
seven-day average useful lifespan for parasi-
toids in production cages, with over 50% of 
the adult parasitoids remaining alive. Simi-
larly, a temperature of 26°C in the emergence 
room leads to a shorter wait for adult emer-
gence, thus reducing the need for space and 
keeping the conditions suitable for activities 
such as mating and feeding during the initial 
emergence period. When immature stages 
are developed at 26°C, however, the adults 
emerge in the required time, facilitating the 
coordination of shipments to various states 
of the country. 
d) Suitability of time and Motions: The 
suitable organization of technical personnel 
means that 22 people (who are distributed 
throughout the areas of colony maintenance, 

8 millions of A. ludens eigth-day-old
larvae irradiated at 45 Gy

8 millions of larvae exposed per day
3 expositions each one with 1 thousand units
2000 irradiated larvae per unit

100 millions of puparium with parasitoids in development
14 days maintained at 26 ºC, 60-80% R.H.

45 millions of pupae for release
87% of total production

Colony of adults
860 cages (18 moduls)
2.5 millions of adults
2 :1
21ºC, 60-80 % R. H. 

Emergence room
Emergence,
copula and feeding

26 ºC, 60-80 % R. H.

Fig. 1. Flow diagram of the main steps involved in the mass rearing of D. longicaudata at the Moscafrut 
Plant, Metapa de Domínguez, Chiapas, México.
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larval exposure, immature stages mainte-
nance, and packaging) can produce 50 mil-
lion parasitized pupae with acceptable levels 
in the quality control parameters on a weekly 
basis. 

dEVEloPMEnt oF QuAlIty control 
MEthodS For thE MASS rEArIng oF        
D. LoNgICAuDAtA

The quality of mass-produced insects for 
augmentative releases in the field is a key 
factor in achieving adequate suppression of 
the target pest population (van Lenteren

1991, 2002, Messing et al. 1993, Bautista & 
Harris, 1997). The mass-reared insects should 
maintain their basic attributes (longevity, fe-

cundity, flight ability, search capacity) within 
the expected standards. For this reason, a 
rigorous system of quality control must be 
applied at two levels of the mass rearing pro-
cess: 1) the quality of the host larvae and 2) 
the quality of the adult parasitoids obtained. 
For D. longicaudata, we consider that the most 
important attributes are: adult emergence, 
survival, fecundity, sex ratio, flight ability, and 
search capacity (Messing et al. 1993, Eben et 
al. 2000, Cancino et al. 2002b). In accordance 
with Cancino et al. (2006), we will briefly de-
scribe the principles and fundamentals con-
cerning the main techniques, which these 
authors suggest for the quality control of D. 
longicaudata mass rearing. Table 1 shows the 
reference values used for the following qual-
ity control parameters:

table 1. Values of reference for selected quality control parameters that are applied in the mass rearing 
of D. longicaudata (taken from Cancino et al. 2006). 

test/Parameter description of standards

(1) (2)

host weight: humid sample 24.6 ± 2.0 mg /larva 291 ± 28.9 larvae/10 ml

dry sample 23.5 ± 0.1 mg/larva 327 ± 33.3 larvae/10 ml

Percent of pupation (72 h) 93.5 ± 4.9 %

Percent of mortality (72 h) 0.62 ± 0.1 %

Pupal weight (14 d) 12.4 ± 1.5 mg

Adult emergence 63.7 ± 6.3 %

Sex-ratio (f/m) 2.4 ± 0.4

Survival:

With food and water (15 d) Males 63.0 ± 23.8 % Females 75.77 ± 20.8 % 

Without food and water (7 d) Males 0.33 ± 2.2 % Females 0.25 ± 1.1 %

Fecundity 3.2 ± 1.8 sons/female/day

Flight ability 80.1 ± 7.8 % flying adults

(1) = Host weight: mg per individual larvae; (2) = number of larvae per sample of 10 ml; Sexual rate: f = female, m = 
male.
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a) host Weight: In the mass rearing of para-
sitoids, host quality is an indispensable re-
quirement for assuring good results in the 
production of parasitoids. In the particular 
case of fruit fly parasitoids, good results in 
emergence and sex ratio are obtained in di-
rect proportion to the age, size and weight of 
the host (Wong & Ramadan 1992, Cancino et 
al. 2002b). The size of the host has repercus-
sions mainly on the percent emergence of 
the offspring and its sex ratio. It is generally 
thought that smaller hosts are selective for 
the development of male eggs, while larger 
hosts are preferred for female eggs (Godfray 
1994).
b) Percent Pupation and Mortality at 72 
h: Host quality can also be evaluated after 
its exposure to parasitoids using the param-
eters of host mortality and pupation at 72 h. 
D. longicaudata is considered to be a koinobi-
ont parasitoid (Lawrence et al. 1978), allowing 
development of its host until pupation. The 
surveillance of the host and the formation of 
the pupa depend basically on host quality 
(Orozco et al. 1983), although these parame-
ters are also affected by handling during and 
after exposure to parasitoids. Host mortality 
occurs when conditions have not been ad-
equate, including such factors as contamina-
tion by microorganisms, humidity, and high 
host densities. An increase in host mortality is 
the main cause of low parasitoid production.
c) Pupal Weight: Host weight is considered 
to be a good indicator of pupal size (IAEA/ 
FAO/USDA 1998, Cancino et al. 2002b). It is 
thus an important parameter in the quality 
of mass reared insects (Kobayashi & Ozaki 
1980, Orozco et al. 1983, Churchill & Stan-
land et al. 1986, Cancino et al. 2002b). In D. 
longicaudata, this parameter is highly re-
lated with adult size, sex ratio and percent 
emergence (Cancino et al. 2002c). 
d) Adult Emergence: This parameter may 
be the most indicative of quality in mass 
rearing. Most publications on the quality 
control of mass-reared parasitoids use this 

parameter, along with flight ability and sex 
ratio, as the main reference (Calkins & Ashley 
1987, IAEA/FAO/USDA 1998). 
e) Survival and Fecundity: Both character-
istics are very important in the quality con-
trol of mass-reared insects (Greenberg 1991, 
van Lenteren 2002, Cancino et al. 2002c, 
Orozco et al. 1983). Survival, a basic param-
eter in insect biology, is related to life ex-
pectancy, which must last long enough for 
the insects to find food, reach sexual matu-
rity and mate. This parameter is of particular 
importance to the field performance of the 
parasitoid. 

Fecundity is probably the most studied 
parameter in D. longicaudata. We have in-
formation concerning the average number 
of eggs produced per female per day (Law-
rence et al. 1978, Ashley & Chambers 1979, 
Gonzalez et al. 2007), but due to different re-
lated variables (host, density, parasitoid-host 
relation, etc.) we need to study the best way 
of applying this parameter in a standardized 
way in the context of the quality control of 
mass-reared insects. 
f) Flight Ability: This is one of the clearest 
and strongest quality control parameters in 
mass-reared insects (Schroeder et al. 1973). 
Traditionally, this parameter has been used 
as an indicator of dispersion capacity in the 
field, where a high level of flight ability is 
critical (Huettel 1976). Various studies have 
found that the confinement of insects to 
small cages with food and no adverse con-
ditions may noticeably reduce their flight 
capacity (Fletcher & Economopoulos 1976, 
Cancino et al. 2002c). We compared a wild 
strain versus a lab strain of D. longicaudata 
and found that the percentage of flying par-
asitoids was higher in the wild strain. 
g) Searching Behavior: This parameter is 
of crucial importance in the performance 
of parasitoids once released in the field. The 
fittest females develop the capacity to seek 
hosts more quickly (Lawrence 1981). In the 
mass rearing of D. longicaudata, it has been 
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observed that well-developed parasitoids 
are more efficient in the host-searching test. 
This test is carried out using a Y-tube into 
which infested and non-infested fruits are 
offered to female parasitoids. A simple wood-
frame cage of 50 x 50 x 50 cm with walls of 
mesh netting may, however, also serve as a 
test site such that the types of fruit previously 
mentioned can be hung from the roof of the 
cage, allowing the free host to search for the 
female parasitoid.

dEVEloPMEnt oF MASS-rEArIng 
MEthodS For CoPterA hAywArDI

Coptera haywardi (Oglobin) is a solitary 
endoparasitoid of fruit fly pupae belonging 
to the Tephritidae Family. Its high specific-
ity gives it an advantage as a candidate for 
the biological control of flies of the genus 
Anastrepha spp. (Sivinski et al. 1988). Among 
other significant criteria in opting for its mass 
rearing is the fact that pupal parasitoids are 
relatively easy to rear (Dresner 1954). Togeth-
er with its demonstrated specificity, it also 
shows a highly developed discriminative ca-
pacity for pupae under attack by D. longicau-
data. This lends support to the idea of setting 
up an attack on the pupal biological stage of 
fruit fly populations using C. haywardi, which 
would complement the actions already un-
der way using D. longicaudata larval attack in 
the field.

A pre-requisite to the mass rearing of this 
species is the preliminary establishment of a 
robust brood stock to develop new method-
ologies for efficiently obtaining great num-
bers of individuals of high quality. Therefore, 
an average of seven million C. haywardi pu-
pae per week will be included in the control 
plans of the National Campaign over the next 
few years. These parasitoids will be destined 
for use in those regions and circumstances 
where an integral biological control program 
by augmentative releases is deemed expedi-

ent (cf. Montoya & Cancino 2004). A detailed 
description of the complete process of mass 
production of this species is provided in Can-
cino et al. (in preparation). 

rEArIng oF FoPIuS ArISANuS on 
ANAStrePhA LuDeNS EggS

Since the introduction of F. arisanus into 
Mexico, the development of a strain raised 
on fly eggs of the genus Anastrepha has 
been a primary objective. The initial results 
were reported by Lawrence et al. (2000), who 
showed the possibilities of developing this 
parasitoid on Anastrepha suspensa (Loew) 
eggs. The earliest evaluations performed by 
Zenil et al. (2004) reported a low parasitism 
in three species of Anastrepha. Nevertheless, 
this study permitted defining activities so as 
to establish a special strain of F. arisanus de-
veloped on Anastrepha ludens (Loew) eggs. A 
small colony that is currently being kept has 
a 20–25% adult emergence rate and a sex 
ratio close to 2♀:1♂. These advances have 
been implemented because of the following 
developments: 
a) Selection of host age and exposure time: 
Diverse studies report that 4-day-old eggs 
offer the best conditions for oviposition and 
development of F. arisanus using A. ludens as 
the host. Moreover, an exposure time of 4 h 
was adequate for obtaining parasitism per-
centages of approximately 80% (Montoya et 
al. submitted). 
b) Artificial exposure units: The establish-
ment of the strain was carried out by using a 
papaya chunk (Harris & Okamoto, 1991). Be-
cause this procedure has several drawbacks, 
the establishment of an artificial oviposi-
tion unit was sought. According to previous 
evaluations, we decided to use a unit made 
of PVC tubing (Fig. 2). This set-up consists of 
two halves of 2” PVC tubing measuring 15 
cm longitudinally, joined together. A piece of 
water-saturated filter paper was placed in the 
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middle. The tube covering the concave sec-
tion had 10 holes measuring 0.5 cm in diame-
ter where the eggs were placed for exposure 
and kept moist by fi lter paper. Egg eclosion 
after exposure has traditionally been around 
50 - 60% (Montoya et al. submitted). 
c) the use of a starting diet: More than ten 
days are necessary for the complete develop-
ment of A. ludens larvae from eggs parasitized 
by F. arisanus. To obtain good development 
of the parasitized larvae, two diets must be 
used. The fi rst contains 10% more yeast than 
traditional diets, where the eggs are sown 
and kept for fi ve days at high density (about 
54,000 1st instar larvae per kg of diet). Later, 
the larvae are switched to a diet containing 
10% more texturizer (ground corn cobs) from 
when the larvae fi nish their development un-
til around day 12.
d) Suitability of conditions for mating: In 
general, F. arisanus is a parasitoid requiring 
special conditions for mating (Quimio & Wal-
ter 2000, Bautista et al. 2001). We designed a 
special place with a temperature of 24ºC, 60-
80% R.H., high lums intensity and an open 
space so air could freely circulate with a wind 
speed of 10m/s. These conditions induced 
80% of the females to mate, thus promoting 
a suitable sex ratio and the stimulation of ovi-
position on the artifi cial units.

e) Separation of the parasitized mate-
rial: To overcome the problem posed by the 
emergence of non-parasitized hosts in colo-
ny management, we irradiated the eggs at 30 
Gy, which permitted the emergence of para-
sitoids but completely suppressed the de-
velopment of fl ies from unparasitized eggs 
(Pérez 2005).

thE uSE oF IrrAdIAtEd hoStS

The separation of non-parasitized fl ies, which 
developed together with parasitized hosts, in 
large-scale mass rearing of parasitoids is nec-
essary. In the particular case of fruit fl y parasi-
toids, the use of irradiated hosts has turned out 
to be a necessity. Sivinski and Smittle (1990) 
proposed using irradiated larvae for the mass 
rearing of D. longicaudata. Later, Cancino et al. 
(2002a) demonstrated how this could apply 
on a large scale. With this experience, host ir-
radiation has permitted the incorporation of 
different species into mass rearing, including 
egg, larval and pupal parasitoids. The exclusive 
emergence of parasitoids as a result of the use 
of irradiated hosts gives a great advantage for 
the management of biological material, such 
as the process of mass rearing or fi eld release 
activities. 

Fig. 2. Artifi cial oviposition unit for mass rearing of F. arisanus with A. ludens eggs. PVB= Base of PVC tube, 
WP= Wet paper fi lter, PVH= PVC tube with holes.
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Advances in the Mass Rearing of Parasitoids

PErSPEctIVES on thE uSE oF                   
MASS-rEArEd PArASItoIdS

The mass release of parasitoids in Mexico 
provides a fortuitous opportunity to analyze 
the success of biological control of fruit flies 
within a regional concept. In this context, 
mass rearing plays an important role, calling 
for consolidation and efficiency in the de-
velopment of the biological control of fruit 
flies. The main topics of research for mass 
rearing can be grouped under three head-
ings: 

Production cost analysis: The study that 
used the most real data is the mass pro-
duction of D. longicaudata using A. ludens 
as host, in accordance with the procedures 
documented in the Standard Operations 
Manual of the Moscafrut Plant (2002), which 
estimates the cost of producing one million 
pupae at $400 million USD. Cost-benefit 
analysis requires further study and may in-
clude factors that afford a more accurate vi-
sion of the implementation of a biological 
control program by augmentation (Mon-
toya & Cancino 2004).

The application of a Production Qual-
ity system: Despite all efforts, the effect of 
parasitoid quality on behavior in the field 
remains unknown. This implies that a 

follow-up analysis of the data relevant to 
population suppression and a cause/effect 
feedback from the release of parasitoids are 
imperative. The main objective should be to 
obtain indices that would lead to improved 
parasitoid quality and use based on infor-
mation obtained in the field.

Reduction in Production Costs: Produc-
tion techniques in mass rearing must be 
constantly under analysis. In the case of the 
mass rearing of D. longicaudata, studies are 
being conducted to develop an automated 
rearing system to reduce costs and increase 
efficiency. For other species as well, the idea 
of applying artificial procedures, which do 
not impair the quality of the reared products, 

are currently being investigated. This aspect, 
however, requires a good deal of study so as 
to determine the critical methods of rearing 
procedures and the influence on the quality 
of the final product.
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ABStrAct: No single control measure is able to provide full control of a pest. Integration of techniques like the sterile insect (SIT) with biological 
control practices (BC) should be intensively sough for. This possibility is revised here in connection with the fruit fly pest problems in Argentina. 
Theoretical reasons as well as practical conveniences for this integration are reviewed in this paper, the intention of which is to promote a discussion 
on how to approach the experimental study of the SIT+CB integration problem, i.e. how to measure the effects of each separate control measure as 
well as that of both acting together, in a repeatable manner. Arguments are advanced in favor of the joint production and releases of sterile fruit flies 
and parasitoids. 
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“.. y En lA cAllE, codo A codo, SoMoS 
Mucho MÁS QuE doS.”(“tE QuIEro” 
MArIo BEnEdEttI)

Pest control practitioners are becoming 
increasingly aware of the fact that no single 
control measure is able to provide full con-
trol of a pest. For this reason integrating 
methods is becoming a common practice. 
Action programs against particular pests also 
have to deal with growing environmental 
concern from the society in general and from 
consumers in particular. Tolerance threshold 
for pesticide residues are becoming lower 
and lower and, at the same time, the num-
ber of cases reported of genetic resistance 
to chemicals keeps growing every year. Any 
form of biological control by natural enemies 
as well as any variant proposed of genetic 
control, like sterile or semi sterile insects, or 
population drive, clearly fulfills the required 
condition of being friendly to the environ-
ment. Under these premises, one would 
expect that the integration of sterile insect 
technique (SIT) with biological control (BC) 

practices should be intensely sought for and, 
that this integration should become a focal 
point of interest for research laboratories 
investigating pest control in the world; curi-
ously enough, it is not. 

thE FruIt Fly PESt 

In the family Tephritidae (Diptera) there are 
several economically important flies causing 
damage to the production of a large number 
of plant species worldwide (Maddison and 
Bartlett, 1989). A number of studies on Sys-
tematics, Bionomics, Genetics and Control 
has been carried out for most of the econom-
ic important fruit fly species (see reviews by 
Cayol, 2000; Berlocher, 2000; Korneyev, 2000; 
Sivinski et al., 2000). In the present article we 
are mainly concerned with the fruit fly prob-
lem in Argentina. 

FruIt Fly ProBlEMS In ArgEntInA 

In Argentina, there are two quarantine 
species of fruit flies: the Mediterranean fruit 
fly, Ceratitis capitata (Wiedemann), and the 
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South American fruit fly, Anastrepha frater-
culus (Wiedemann) (Maddison and Bartlett, 
1989). C. capitata is native to Africa and has 
a worldwide distribution, covering many 
tropical, subtropical, and temperate regions 
(Copeland et al. 2002), and showing high 
adaptability to diverse climates as well as a 
large number of host fruit species (ca. 350; 
Liquido et al. 1991). Its presence in Argenti-
na was first recorded at the beginning of the 
20th century in orchards located in the vicin-
ity of Buenos Aires city (Vergani 1952). Later, 
it was reported in commercial orchards of 
northeastern and northwestern regions of 
the country. The last region in which it was 
reported was northern Patagonia (southern 
Argentina), where C. capitata was first de-
tected in 1952 (Vergani 1952; Rial 1997). 

A. fraterculus is native to South America and 
is distributed from Mexico to Argentina, but 
there is morphological and genetic evidence 
for the existence of sibling species within 
the taxon (Steck 1991, Hernández-Ortíz et 
al. 2004) and that not all the species within 
this species complex are pests (Aluja et al. 
2003). In Argentina, A. fraterculus is mainly 
distributed in regions with tropical and sub-
tropical climate (Ovruski et al. 2005). It is also 
a polyphagous species that attacks different 
families of fruit species, but the number of 
hosts cited is smaller (ca. 80 species; Norrbom 
2004) than that for C. capitata. Both species 
cause significant annual losses to the Argen-
tinian fruit production and constitute a ma-
jor barrier to the expansion of this market 
(Ovruski et al. 1999). 

coMPEtItIon BEtWEEn thE tWo 
SPEcIES 

Segura et al. (2006) analyzed the relative 
abundance of C. capitata and A. fraterculus 
along different regions and different hosts 
in Argentina and they found that both spe-
cies coexist there in several areas and hosts, 

exhibiting similar ecological requirements. 
Therefore, strong competition should be ex-
pected between them in habitats where the 
resources are scarce, as in wild or urban habi-
tats where the density of host plants is usual-
ly low. These habitats serve also as refuges for 
small populations that are usually neglected 
by traditional pest control measures becom-
ing foci where re-infestation starts. Segura et 
al. (2006) conclude that future studies should 
focus on these habitats and produce more 
information for area-wide management of 
these pests. 

MEthodS For FruIt FlIES control 

In general, the methods more commonly 
used worldwide to control the fruit flies are 
chemicals, the sterile insect technique, and 
biological control, depending of the fruit fly 
species. There are studies (McInnis et al., 1994; 
Montoya et al., 2000; Robinson, 2000; Wong et 
al., 1991) integrating techniques in different 
levels – in the laboratory or in the field – but 
the general rule applies here: integration of 
SIT and BC for fruit flies control has been not 
enough investigated.

thE StErIlE InSEct tEchnIQuE 

The sterile insect technique (SIT), conceived 
in the 1930s by Knipling, and improved 
by Bushland and associates in the 1950s 
(Gilmore, 1989), is based on over-flooding 
the pest population along a significant geo-
graphic area with artificially reared and ster-
ilized insects of the same species. The first 
successful experience including SIT in an 
area-wide integrated pest management pro-
gram was in the 1950s, being this method 
used for many years in the USA, Mexico, and 
Central America, to eradicate a livestock para-
site, the screwworm Cochliomyia hominivorax 
(Coquerel) (Klassen and Curtis, 2005). 
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FruIt FlIES control WIth SIt 

At present, the SIT is extensively applied 
against tephritid fruit flies. The first large 
scale program was developed in 1970s 
against Ceratitis capitata from Central 
America to southern Mexico (Hendrichs 
et al., 1983). Several countries have estab-
lished complete or partially SIT programs 
against different species of fruit flies: Chile, 
Peru, Argentina, Brazil, Mexico, USA, Spain, 
Portugal, South Africa, Japan, Israel, Tunisia, 
and Thailand (Klassen and Curtis, 2005).

In Argentina, the sterile insect technique 
is being successfully applied to control C. 
capitata (Aruani et al., 1996; De Longo et 
al., 2000). The SIT implemented in Mendo-
za, and San Juan provinces, the Patagonia 
region, and more recently, in La Rioja, (De 
Longo et al. 2000, Sánchez et al. 2001, Fris-
solo et al. 2001), aims to eradicate C. capi-
tata. However, SIT is also currently consid-
ered as a valuable tool in the suppression 
of this pest form other provinces with dif-
ferent ecologic scenarios. 

BIologIcAl control 

The biological control (BC) has been de-
fined by DeBach (1964) as the action of 
parasites, predators or pathogens in main-
taining the population density of another 
organism at a lower average than would 
occur in their absence. In another vein, it 
could be define as the use of natural ene-
mies to reduce to tolerable levels the dam-
age caused by noxious organisms (DeBach 
and Rosen, 1991). Among the variants of 
BC proposed (classical, conservative, aug-
mentative, etc.) the inundative parasitoid 
release – involving massive production and 
continuous release of insects – is compa-
rable to SIT in many regards.

Bc For thE control oF FruIt FlIES 

The idea that fruit flies could be controlled 
by augmentative releases of parasitoids at the 
appropriate phase of this pest life cycle, was 
advanced by Knipling himself (1992), following 
the usage, implemented from the beginning of 
last century, of parasitoids as natural enemies in 
BC strategies, but only in recent years system-
atic studies were performed on the biology and 
ecology, and specially on artificial rearing, of 
fruit fly parasitoids. Hawaii (Wong and Ramadan 
1987), the continental USA (Sivinski et al., 1996) 
and Mexico (Montoya et al., 1998) are good ex-
amples of successful fruit fly BC programs with 
augmentative releases of parasitoids. In sum ev-
idence is mounting that augmentative or inun-
dative parasitoid releases may be an efficacious 
means of suppressing fruit fly populations. 

As Ovruski et al. (1999) pointed out, compared 
to SIT, parasitoid wasps as biological control 
agents for fruit flies has received less attention 
in Argentina. However, a great deal of of basic 
information is available about native and exotic 
species with potential for the control of fruit flies 
in Argentina. 

nAtIVE 

The first step towards obtaining, increasing 
and immediately releasing A. fraterculus indig-
enous parasitoids in Argentina were registered 
in areas covered with wild vegetation of the Mi-
siones province, NE Argentina during the 1930´s 
(Ovruski and Fidalgo, 1994). Also, during the early 
1940’s, native parasitoids were collected in wild 
vegetation and released in commercial citrus or-
chards of the Tucumán province, NW Argentina 
(idem). The biological studies of fruit fly native 
parasitoids for using them in biological control 
program in Argentina have been resumed in 
recent years (Ovruski 2002; Ovruski et al 2004, 
2005; Ovruski and Schliserman 2003a,b). 
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ExotIc

The first introduction of an exotic parasitoid 
for fruit fly biological control into Argentina 
occurred in 1947. The eulophid Tetrastichus 
giffardianus Silvestri was introduced into 
the country from Brazil for controlling C. 
capitata (Ovruski et al., 2000). In the 1960’s a 
second effort was done for controlling med-
fly and also A. fraterculus by introducing five 
parasitoid species from Mexico (Ovruski and 
Fidalgo, 1994). Initial shipments were origi-
nated in Hawaii, via Costa Rica. The program 
involved small-scale productions of these 
three parasitoid species, and releases of lim-
ited numbers of specimens in Tucumán and 
Catamarca. Unfortunately, follow-up stud-
ies did not ensue (Ovruski et al., 1999). The 
permanent establishment of one of them, 
the Asian species Diachasmimorpha longi-
caudata (Hymenoptera: Braconidae) was re-
cently reported by Schliserman et al. (2003) 
in Misiones. The most recent program was 
initiated in 1999, by introducing specimens 
of the braconids Diachasmimorpha tryoni 
(Cameron) and D. longicaudata into Argen-
tina from Mexico. These parasitoids were 
successfully colonized on C. capitata larvae 
(Ovruski et al., 2003; Viscarret et al., 2006), 
but they have not been released in the field 
yet. 

Why SIt+cB? 

The hypothesis of inter-specific competi-
tion between C. capitata and A. fraterculus 
should be carefully tested in Argentina. In 
this country, it would be very useful to be 
able to predict the response of A. fraterculus 
populations to a marked decrease in the den-
sity of C. capitata and to identify areas likely 
to experience an increase in the population 
of the former, thereby avoiding outbreaks of 
this pest. A focal point of interest should be 
to devise strategies for those areas where C. 

capitata is suppressed by SIT while A. fratercu-
lus is not. Complementing SIT for Medfly with 
BC for both fruit flies appears to be a highly 
advisable strategy in this context. But this is 
not the only argument in favor of integrating 
the BC into the on going SIT programs. 

thEorEtIcAl rEASonS 

There are studies theoretically showing 
that (inundative) releases of parasitoids ap-
plied in conjunction with the SIT may have 
a synergistic effect to suppress pest popu-
lations. But, why should in theory SIT+BC 
sum up “more than two”? As Carpenter et 
al. (2005) put it on page 132, it is easy to 
see that, “although natural enemies and 
the SIT have different modes of action, the 
effectiveness of SIT increases the ratio of 
natural enemies to adult hosts, and the ef-
fectiveness of natural enemies increases the 
ratio of sterile to fertile insects”. Numerical 
examples have been provided by Knipling 
(1992); his calculations, assuming the ratio 
of sterile insect as being 2:1 and the ratio of 
parasitoids as 6:1, conclude that the joint ef-
fect would be 130 times that of the SIT alone 
or, 8 times that of the parasitoids alone. Us-
ing inference models borrowed from infec-
tious diseases, Carpenter (1981) pointed 
out that control measures that increase the 
pest “death” rate (e.g. pesticides) increase 
the threshold pest population required for a 
given pathogen to control the pest, where-
as those control measures that decrease the 
pest “birth” rate (e.g. sterile males) do not 
interfere with pest regulation by patho-
gens. Barclay (1987), performing specifically 
designed simulations, concluded that two 
methods of pest control are able to comple-
ment when they are effective at different 
densities of the pest. Consequently, parasi-
toids being more effective at high densities, 
and sterile males being more effective at 
low densities, should complement. 
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PrActIcAl conVEnIEncES 

Sometimes there are also practical reasons 
for this complementation to be convenient. 
The SIT requires pest numbers to be low, 
and action programs usually achieve this by 
spraying insecticides. BC could be applied in-
stead, releasing the natural enemies as a “bi-
ological insecticide”; this would lower down 
the pest numbers before starting with sterile 
insect releases. Another example, in moths, 
instead of fully sterile males as in SIT, semi-
sterile males are released for pest control, 
and the sterility is induced in the F1 genera-
tion. The final effect of pest suppression is the 
same. In programs like this, large numbers of 
sterile F1 larvae are produced in the field. 
This would provide an increased number of 
hosts for parasitoids. Experiments showed 
that female parasitoids show no oviposition 
preference for progeny when compared to 
female moths paired with either irradiated 
or unirradiated males (Mannion et al. 1994, 
1995 Carpenter et al. 1996). Therefore, no 
doubt about the acceptability and suitability 
of the F1 progeny (of irradiated males and 
untreated females) as parasitoid hosts.

IntEntIon 

In the present article we intend to promote 
a discussion on how to approach the ex-
perimental study of the SIT+BC integration 
problem, in general, i.e. how to measure the 
effects of each separate control measure as 
well as their joint effect, in a repeatable man-
ner. Naturally, we are also interested on what 
are the chances of integrating SIT and BC for 
control of the fruit fly problem in Argentina. 
This paper is an invitation to think together 
rather than a proposal on how to solve these 
issues. As a very important step in approach-
ing any complex problem is to identify key 
or crucial points along the line, our contribu-
tion is also intended as a draft of an agenda 

including some of the subjects that must be 
considered. Dividing the “big” question in 
smaller – more accessible – questions will be 
the first proposal that we would like to ad-
vance. 

JoInt ProductIon And rElEASES 

Extended use of fruit fly parasitoids has in 
the past been delayed because mass rear-
ing them is often relatively expensive. Unless 
we do something about this, their adoption 
in the future will be very limited. Another 
practical, and often overlooked, reason for 
integrating BC into SIT programs is that con-
siderable savings could be gained by the si-
multaneous production and release of both 
commodities. On the one hand, the mass 
production of sterile males and parasitoids in 
the same factory may result in a considerable 
reduction of costs compared to producing 
these agents separately. On the other, the 
costs of the logistics for releases in the field 
could be almost halved. A pretty obvious di-
vision of the “big” problem is between the 
difficulties found trying to integrate SIT and 
parasitoids productions in the factory and, 
those coming from the implementation of an 
integrated SIT+BC strategy in the field. 

IntEgrAtIng SIt+Bc In thE FActory 

This problem of producing parasitoids at 
the same time as producing sterile males has 
to be focused, at least for medfly, in the per-
spective of the “genetic-sexing-strains” pro-
duction, because this strains are presently 
ubiquitous in the world. As the efficiency of 
SIT improve significantly when only males 
are released (McInnis et al., 1994), nearly ev-
ery sterile medfly producing facility in the 
world is rearing a genetic sexing strain and 
delivering males only. Testing a sexing strain 
as a rearing medium for the production of 
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parasitoids may be a good starting point in 
this context. 

SoME ExPErIEncE In ArgEntInA 

There is a genetic sexing strain of C. capi-
tata based on a separation by rate of de-
velopment (see references in Delprat et al., 
2002). In this strain, females have a longer 
developmental time than males so they can 
be separated (Viscarret et al., 2002) with-
out being destroyed. While the male larvae 
could be used for the SIT after their emer-
gence (previous irradiation at pupa stage), 
the slow developing female larvae could be 
used for rearing parasitoids to be released 
in BC programs (an idea first proposed for 
the Caribfly, Anastrepha suspensa, by Sivin-
ski and Calkins, 1990). We have been rear-
ing this strain at INTA Castelar, where the 
rearing facility is of experimental scale 
(50m2) but large enough to yield informa-
tion about the kind of problems a “double 
purpose” factory, such as the one proposed 
here, will have to face. To do this, a 3-year 
(US$25000/y) project funded by FONCYT-
INTA was initiated in 2004. As one of the re-
sult of this Project, the Program in San Juan 
is now starting to rear parasitoids.

QuAlIty oF thE ProductIon 

Just illustrating aspects of the quality of 
flies reared in this facility, the evolution along 
the year 2005 of three parameters, are pre-
sented in the Figure 1. They are, egg to adult 
survival, pupa to adult survival (divided by 
2, to place it in the same scale), and propor-
tion of female larvae produced; note that the 
maximum expected for all three parameters 
is 0.50. Egg production, another factor affect-
ing productivity, averaged 9.8 ± 2.4 eggs /
female/ day (Figure 2), and the proportion of 
this eggs reserved to keep the colony aver-

aged 15.2 ± 2.3%, meaning that nearly 85% 
of the eggs produced were available for oth-
er purposes: production of sterile male flies, 
cage experiments (see, bellow) or parasitoid 
rearing.

Figure 1. SURVIVAL. Egg to adult survival, pupa to 
adult survival (1/2), and proportion of female lar-
vae produced.

Figure 2. PRODUCTIVITY. Egg production, and pro-
portion of this eggs reserved to keep the colony.

ProducIng c. cAPItAtA MAlES And 
PArASItoIdS 

D. longicaudata was the parasitoid species 
chosen to attempt this two simultaneous 
productions at INTA Castelar. First the genet-
ic sexing strain of C. capitata was evaluated as 
potential host for a mass rearing program of 
D. longicaudata (Viscarret et al. 2006). These 
authors compared the biological character-
istics (preoviposition / oviposition periods, 
longevity, survival, fecundity, sex ratio) of 
two parasitoids strains, one rearing on wilt-
type C. capitata, and the other, rearing on 
the genetic sexing strain. The results indicate 
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that the parasitoid reared on the metaboli-
cally slower larvae of female of the fruit fly 
genetic sexing strain Cast191 reach the same 
biological quality as those on wild larvae (Vis-
carret et al 2006). 

MASSIVE ProductIon 

Then, the potential use of the Cast191 
strain of C. capitata for producing sterile 
males and D. longicaudata parasitoids, at 
larger-than-previously scales, was evalu-
ated by Lopez et al (2006). These authors 
showed that even under standard “factory” 
conditions, the rate of parasitism obtained 
was similar to the one found when parasi-
toids are exposed to wild strain. Interesting-
ly, they found an F1 sex rate biased toward 
females (López et al., 2006).

IntEgrAtIon In thE FIEld 

Standardized protocols are essential to 
compare results for any type of experiment. 
However no field design or cage test proce-
dure has so far been proposed for evaluating 
the integration of SIT with BC. Implementing 
an integrated SIT+BC strategy in the field is 
a enormously wide subject. In a quick over-
view of several possible scenarios and how 
to evaluate results, we may go from the “ap-
parently” simplest proposal to more detailed 
ones. As we shall see, the feasibility of the 
proposed experiments goes the other way 
around.

thE SIMPlESt IdEA 

The simplest idea would be this: just divide 
your experimental field in four blocks, keep 
one as control, and, in the other three, con-
tinuously release sterile flies, or parasitoids, 
or both. Then record the damage. 

thE ISolAtIon ProBlEM 

As we cannot prevent the insects from 
moving from one block to the next, dividing 
a single field is the first “wrong” idea with 
this “simple” experiment. So, we need at 
least four orchards as similar and as isolated 
as possible. In order to solve this, instead of 
performing different treatment in separate 
localities we may try to work in confined en-
vironments, i.e. cages. Here, there are a num-
ber of thinkable sizes according to the type 
of observation and the expected results, as 
we shall consider later on.

gEttIng Enough rEPEtItIonS 

The second problem with this apparently 
simple assay is reps: We need to repeat the 
experiment enough times to give the results 
any statistical significance, so either we have 
got sets of four orchards in several different 
places, or, we repeat the experiment many 
times on the same place. Cages may also be 
a solution for this problem. It is not unrea-
sonable to think of a large number of cages, 
performing every treatment in each one of 
them. Meanwhile, nobody would dream of 
having access to four (let alone, N times four) 
orchards just to perform experiments.

thE tIME ProBlEM 

The third objection is time: how long are we 
prepared to wait for results? Fruit yielding is a 
number obtained at the end of each season 
so, waiting for the damage on fruit to show up 
means, “one season - one rep”. We may find 
a way around this by monitoring either the 
evolution along time of the presence of flies 
(trapping), or of the presence of larvae (open-
ing fruits, or waiting for them to develop and 
then, counting pupae). A closer look at the ac-
tion of the controlling agents would be gained 
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by: a) collecting wild flies’ eggs and incubat-
ing them in a wet chamber, in order to record 
“hatching” as an indication of the action of 
sterile males, and b) collecting juveniles (lar-
vae or egg), rearing them to adult, and record-
ing the action of BC as % parasitism. 

FIEld ExPErIMEntS 

Out-in-the-field experiments cited by the 
literature offer examples of some of these 
different levels of complexity and progres-
sive narrower – but more precise –expecta-
tions for the result of the assays. 

oPEn FIEld 

There is at least one experiment really per-
formed in the open field by Wong et al. (1987, 
1991, 1992) in the island of Maui, Hawaii. 
Here, the entire area (13 km2) was considered 
as just one block, SIT and BC were applied in 
different times. To put the results in num-
bers, SIT alone reduced 4.7 times the num-
ber of flies per kilo recovered, the parasitoid, 
Diachasmimorpha tryoni, used alone reduced 
1.3 times that number, but the two acting to-
gether caused a reduction of 12.3 times. 

lArgE FIEld cAgES 

The next level would be the huge cages 
(230m3 used by Rendón et al. (2006). This was 
a valuable and tremendous effort repeated 
at four different sites (varying in altitude and 
other environmental conditions), with eight 
cages each. Sterile males were of the TSL 
strain. Two parasitoids species were released 
simultaneously instead of one (but the egg 
parasitoid, Fopius arisanus, left too little to 
do to the larva parasitoid, Diachasmimorpha 
krausii). This work is a good example of the 
“how to measure” problem mentioned above. 

Rendón et al. (2006) decided to pick up coffee 
berries at the end of the experiment, and after 
obtaining the pupae, compare the treatments 
in terms of number of pupae obtained per ki-
logram of fruit, but, they found that, in this ex-
perience, it was more meaningful to compare 
total numbers of adult flies (i.e. those escaping 
the control). The final result was that the com-
bination of parasitoid and sterile flies resulted 
in increased effectiveness sometimes, but 
others did not. Neither parasitoids nor sterile 
males were equally effective in all tempera-
tures and environments. 

StAndArd-SIzE cAgES 

Cage studies on lepidopteran pests have 
been reported indicating compatibility be-
tween the two control tactics (Bloem and Car-
penter 2001), but for fruit flies no antecedent 
is registered so far in regular size cages. We 
intended this approach trying to follow the 
same cohort of flies, from egg to larvae (like 
Rendón et al did, in the huge cages mentioned 
above) but using 14m3 cages with small trees 
(Citrus reticulata) inside. The insects used were: 
C. capitata wild strain MI94, and D. longicau-
data, reared on the same fruit fly strain at INTA 
Castelar. Natural (peaches), as well as artificial 
(bags full of larva food) fruits were exposed to 
wild flies inside the cages with or without the 
presence of sterile male (X ray sterilized males 
from the genetic sexing strain CAST191). One 
week later, the same fruit were exposed to 
parasitoids released in the same cages. The 
fruits were then incubated and the emerged 
adults recorded. Every experiment lasted 
about 3 weeks and 9 repetitions were planed, 
though only 5 were actually performed. The 
cages were partially protected from the rain 
by a high roof, however the unusually bad 
weather and low temperatures of this sea-
son (spring 2005 in Castelar) prevented the 
insects from being active enough, along the 
entire period of time required. Even when this 
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experiment failed, we show here the actual re-
sults of repetition 5 (Figure 3), just to illustrate 
the expected outcome under the “no interfer-
ence” assumption.

Figure 3. EXPECTED OUTCOME. Number of adults 
emerged from fruits exposed to different treat-
ments

StAndArd cAgE, AttEMPt tWo 

A less ambitious experiment, only lasting 
two days was performed in similar 14 m3 
caged trees. Wild flies and parasitoid were 
the same but the sterile males used were TSL 
from the ISCAMEN Insect Factory, in Mendo-
za. Artificial plastic fruits with a piece of poly-
urethane foam moistened in orange juice 
were used for the fruit flies to lay eggs. The 
substrate for the parasitoids to lay eggs was 
a voile bag with fresh diet and larvae inside. 
Five plastic fruit and 5 bags with food and lar-
vae, were hanging from a piece of wire and 
removed as needed. The variables registered 
were: in the first case, % of hatching; and in 
the second, % of parasitism. The numbers 
of insects were, wild flies =50 males + 50 fe-
males; sterile males = 1250; parasitoids = 100 
females + 50 males. The average number of 
eggs (laid by wild females and observed) per 
cage was 140 (range 50-315). 

Adult PErForMAncES 

The %hatching, of SIT and BC+SIT treatments 
resulted different from the CONTROL but not 
between them (CV= 2.570, alpha=0.2); and 

the % parasitism was not different between 
BC and SIT + BC (CV = 3.345, a = 0.05), while 
in the CONTROL it was zero (Table 1). Conclu-
sion: the performance of the parasitoids and 
sterile males of fruit flies was not affected by 
the presence of the other species even in the 
artificially forced situation of a confined en-
vironment. 

tABlE 1. ADULT PERFORMANCE. Performance of 
the parasitoids (% parasitism) and sterile males of 
fruit flies (% egg hatch) after different treatments 

Field Cages Egg hatch Parasitism
(n=8) mean Sd mean sd
control 46.9 7.8 0.0 0.0
SIT 25.6 8.6 - -
BC - - 9.4 3.7
SIT+BC 32.1 7.4 9.5 3.0

lAB cAgES And dIrEct IntErActIonS 

In the previous experiment only the results 
of the activity (performance) of both insects 
was measured. Direct interactions between 
them could still be occurring and not neces-
sarily being reflected by their performances. 
Presently, another experiment is in progress 
using a more reduced scale: indoor cages 
(0.15 m3) with an artificial twig inside, kept 
in an isolated room, and using natural fruits 
(oranges) for egg laying activities. The num-
bers of insects are: wild = 70 M+70F, sterile 
male (Cast191) = 1750, parasitoids = 120 F + 
60 M. The observations planned include not 
only the number of insects obtained, as pre-
viously, but also a close record of the number 
and the kind of “physical contact” or interac-
tions between both insects. 

EPIloguE 

The problem of controlling both A. fratercu-
lus and C. capitata along the many different 
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geographical and ecological regions produc-
ing fruit in Argentina is a very complex one. 
The application of fruit fly management and 
eradication practices suitable to each par-
ticular situation but closely coordinated by 
the National Fruit Fly Control and Eradica-
tion Program (PROCEM) should certainly fa-
cilitate this task. D. longicaudata is currently 
reared, only on a small-scale, in two fruit fly 
Laboratories, at PROIMI, Tucumán, and at 
INTA-Castelar. There, detailed studies on 
bio-ecology of this bio-control agent are be-
ing conducted to determine its suitability for 
fruit fly control programs along the varied 
fruit producing regions in Argentina (Ovruski 
et al., 2003; Viscarret et al., 2006). At INTA-
Castelar D. longicaudata is reared on larvae 
of a genetic sexing strain of C. capitata, in 
which the female larvae are waste product 
because only the males are used in the SIT. 
Comparative biological studies between D. 
longicaudata strains, reared on larvae of a 
genetic sexing and a wild strain of C. capitata 
have been completed. Moreover, this para-
sitoid now reared on A. fraterculus larvae, is 
currently being evaluated, and preliminary 
results are very encouraging (see A. Soria et 
al., this Meeting). Studies like this, will be ba-
sic for mass production and future releases of 
this parasitoid in the Northwestern provinces 
of San Juan and La Rioja, and in the most ex-
treme Northeastern province of Misiones, 
all of them in Argentina. From an ecological 
point of view the combination of rearing and 
releasing sterile insect and parasitoid in this 
country, albeit properly integrated, could be 
a most effective and practical alternative for 
controlling fruit flies in Argentina. 
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ABStrAct: The larval parasitoid, Psyttalia cf. concolor, collected from tephritids infesting coffee in Kenya and reared on Mediterranean fruit fly, 
Ceratitis capitata Weidemann, in Guatemala by USDA-APHIS, PPQ, was imported into California for biological control of olive fruit fly, Bactrocera oleae 
(Gmelin), in olives, Olea europaea. Free releases of the parasitoids were made in olive trees infested with olive fruit fly at a coastal and inland valley 
location during the fall and early winter of 2005. The relative humidity during the releases was significantly higher at the coastal location. Mean 
percentage parasitism ranged from 0.5 to 4 and 1.5 to 30 at the coastal and inland valley locations respectively, based on same season recovery 
of the F

1
 generation. One parasitoid was found in infested olives in the next crop of the following year in San Jose. Survival of the parasitoid in the 

greenhouse in the presence of olive fruit fly infested olives was not significantly different than in the presence of non-infested olives. The greatest 
number of progeny was produced from female parasitoids that were 12-16 d old. In laboratory tests, a few individuals of the parasitoid successfully 
completed one life cycle in walnut husk fly, Rhagoletis completa Cresson, infested English walnuts, Juglans regia L. 

Key Words: Bactrocera oleae, Olea europaea, Rhagoletis completa

IntroductIon

A larval parasitoid collected in Kenya 
from Mediterranean fruit fly, Ceratitis capi-
tata Weidemann, in coffee was described by 
Wharton et al. (2000) as Psyttalia cf. concolor 
(Szépligeti). This parasitoid was originally de-
scribed as an Opius sp. and then briefly con-
sidered a synonym of P. humilis (Silvestri) (Ki-
mani-Njogu 2001). P. cf. concolor differs from 
the P. concolor used in Europe for biologi-
cal control of olive fruit fly, Bactrocera oleae 
(Gmelin) (Wharton et al. 2005). We reared this 
parasitoid on Mediterranean fruit fly, Ceratitis 
capitata Weidemann, at the Medfly Parasi-
toids Rearing Facility La Aurora, Programa La 
Mosca del Mediterráneo (MOSCAMED), Gua-
temala City, Guatemala, and imported it into 
California, U.S.A. to determine its potential for 
biological control of olive fruit fly (Yokoyama 
et al. 2004).

Olive fruit fly is a newly introduced species 
in California (Rice 2000). Large populations of 

olive fruit fly occur in the coastal areas, and 
low numbers can be found in the inland val-
leys where canning olives, Olea europaea L., 
are produced (Yokoyama et al. 2006). Even 
though olive fruit fly damage has been miti-
gated by the warm, arid conditions in the 
inland valleys, the pest has potential to dev-
astate the canned olive industry in the state 
which supplies olives to the nation. Quaran-
tine strategies for harvested fruit, and other 
methods to detect and control the pest in-
cluding biological control have been investi-
gated by Yokoyama and Miller (2004, 2007), 
Yokoyama et al. (2004), and Sime et al. (2006). 

Biological control of olive fruit fly by P. cf. 
concolor might be accomplished through 
“classical” release and establishment of the 
parasitoid. However, factors that affect the 
effectiveness of the parasitoid need further 
consideration. To determine levels of para-
sitism in different climates, we selected a 
coastal and an inland valley location as rep-
resentative of the two regions where olives 
are grown and olive fruit fly is present. We 
considered parasitoid longevity in the pres-
ence or absence of the host, which may af-
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fect the ability of the parasitoid to become 
established on olive fruit fly. We investigated 
the potential of P. cf. concolor to attack the 
walnut husk fly, Rhagoletis completa Cresson, 
in English walnuts, Juglans regia L. 

MAtErIAlS And MEthodS

Source of Parasitoids. Parasitoids, P. cf. con-
color, were reared from third instars of Medi-
terranean fruit fly at MOSCAMED, San Miguel 
Petapa, Guatemala. Parasitoid adults that 
were 1-5 d-old and of a 50:50 sex ratio were 
shipped from Guatemala City by air freight 
in paraffin-coated paper cups as described 
by Yokoyama et al. (2007). The parasitoids ar-
rived at the USDA-ARS, Parlier, CA, after 3 d 
enroute. Live adults were placed into wood-
en sleeve cages and provided with honey for 
food, and separate vials of water. Dead adults 
in the cups were counted and reported as the 
mean ± SEM percentage mortality in seven 
shipments from Oct. through Dec. 2005. The 
parasitoids were held for 2-d at 24.0 ± 1.5°C 
for observation and mating, then transferred 
in the laboratory to 0.03 m³ (30 liter) screened 
cages for field releases. 
Study locations, traps, temperature and 
relative humidity loggers. Parasitoid re-
lease studies were conducted in California 
from Oct. 2005 to Jan. 2006 at Villages Park-
way and San Filipe Road in San Jose (Lat. 37º 
17’ N, Long. 121º 45’ W), and Interstate 99 at 
Grapevine Road (Lat. 34º 56’ N, Long. 118º 55’ 
W). The San Jose location is near the coast 
and had extensive plantings of ornamental 
olive trees. The Grapevine Road site is an iso-
lated location in the inland valley and had a 
few ornamental olive trees. 

Four replicate yellow panel Pherocon® AM 
traps (Trécé, Adair, OK) each with a clear plas-
tic packet (10.5 cm wide by 10.5 cm high) 
of 15-20 g of ammonium bicarbonate bait, 
and a plastic dispenser (1.7 cm wide by 4.8 
cm long) containing 80 mg of pheromone 

(1, 7-dioxaspiro[5,5]undecane) were used 
to trap olive fruit fly adults at each location. 
Two temperature and humidity loggers (On-
set Computer Corp., Bourne, Massachusetts) 
were placed on branches at each location 
near parasitoid release sites and programmed 
to record 720 determinations per day, except 
for 26 Oct. through 14 Nov. 2005 when Na-
tional Oceanic and Atmospheric Administra-
tion Weather Service data for Bakersfield, Cal-
ifornia (Lat. 35º 25’ N, Long. 119º 03’ W) were 
reported for Grapevine 55.1 km away. 
Parasitoid releases. Parasitoids were re-
leased from the screened cages near trees 
with olive fruit infested with olive fruit fly. The 
number of parasitoids released in San Jose 
on 19 Oct.; 2, 7, and 21 Nov.; 5 and 9 Dec. were 
2,587; 3,600; 4,630; 3,655; 5,089; 4,683; and, in 
Grapevine on 26 Oct.; 14 and 28 Nov. were 
2,661; 1,482; and 3,450, respectively. 

After the first parasitoid release, loggers and 
traps were collected and replaced, and a sam-
ple of olive fruit was collected on each follow-
ing release date. The samples were collected 
at random from the canopy of trees in the 
vicinity where parasitoids were released and 
consisted of 473-2,195 and 282-478 fruit in 
San Jose and Grapevine, respectively. The last 
fruit samples were collected on 23 Jan 2006 
in San Jose, and on 14 Dec. 2005 in Grapevine. 
Each sample of fruit was considered a repli-
cate and three and 1-3 replicates were col-
lected in San Jose and Grapevine, respectively. 
All materials were returned to the laboratory 
for evaluation. Percentage females and the 
total number of olive fruit fly adults captured 
per day were reported as the mean ± SEM of 
1-3 traps every 14-35 d for San Jose, and 14-
19 d for Grapevine. The total number of adults 
per day per trap from Oct. through Dec. was 
compared between San Jose and Grapevine 
by a two-tailed paired t-test (GraphPad Soft-
ware 2004). Temperature and humidity data 
were reported as the daily mean ± SEM during 
14-35 d and 14-19 d intervals in San Jose and 
Grapevine, respectively. 

Book Fruit Flies.indb   158 28/10/2008   08:26:57



From Basic to Applied Knowledge Psyttalia cf. concolor for Biocontrol of Olive Fruit Fly
159

Each sample of fruit from parasitoid re-
lease sites was placed in plastic containers 
(22 cm wide by 32 cm long by 13 cm high) 
covered with organdy cloth and held in the 
laboratory at 23°C. The total number of fruit 
was reported as the mean ± SEM of the repli-
cate samples. Parasitoid adults that emerged 
from olive fruit fly pupae from the fruit were 
counted for ≥50 d from the beginning of the 
exposure period. 

Every 1-4 wks from 17 Jul. through 23 Oct. 
2006 in San Jose, one to two samples of about 
250 to 750 olive fruit per tree were collected 
at random from four trees where parasitoids 
had been released in 2005. The fruit that was 
infested with olive fruit fly was held in cloth 
covered plastic containers and observed for 
the emergence of parasitoids. 
calculation of Parasitism. Olive trees in-
fested with olive fruit fly in adjacent to each 
release site were selected for controls, and a 
sample ranging in number from 1,230-1,837 
fruit in San Jose, and 90-299 fruit in Grape-
vine were collected from these trees after 
each release date. The fruit were returned to 
the laboratory, placed in plastic containers, 
and the number of olive fruit fly larvae and 
pupae that emerged for 4 d after collection 
was reported as the number of 3rd instars per 
fruit. The observational period was based on 
4 d duration of the 3rd instar. This value was 
multiplied times the total number of fruit col-
lected from each release site to estimate the 
total number of 3rd instars that were exposed 
to the parasitoids. Percentage parasitism was 
calculated by dividing the total number of 
parasitoid adults that emerged by the es-
timated total number of 3rd instars for each 
release date. 
Parasitoid Survival in the Presence of 
the host. To obtain larvae, olive fruit were 
exposed to approximately 500 olive fruit 
adults in a 0.1 m³ screened cage for 1-3 d, 
removed from the cage, and held in the lab-
oratory for 6-11 d at 23°C. Thirty-five to 55 
fruit infested with olive fruit fly larvae were 

placed into each of three 0.1 m³ screened 
cages. Approximately 196-214 adult para-
sitoids that were of an equal sex ratio and 
4-5 d-old were placed into each cage. Thir-
ty-five to 55 non-infested fruit were placed 
into each of three cages with 184-201 para-
sitoids per cage. Each cage was considered 
a replicate, and all cages were placed in a 
greenhouse with a daily mean (± SEM) di-
urnal temperature and humidity of 26.5 
± 0.2°C and 62.7 ± 0.9%, and a daily mean 
nocturnal temperature and humidity of 
24.7 ± 0.2°C and 58.5 ± 1.5%. Fruit infested 
with olive fruit fly larvae or non-infested 
fruit were replaced every 1-3 d until parasi-
toid mortality was about 85% or 26 d after 
the start of the test, when all fruit were re-
moved from the cages. Throughout the test, 
whether infested or non-infested fruit was 
present, the parasitoids were fed honey and 
water and dead parasitoids were counted 
every 1-4 d until all adults had died. The 
mean number of parasitoids that were dead 
1-26 d from the beginning of the test was 
compared between three replicate cages 
with fruit infested with olive fruit fly larvae 
and three replicate cages with non-infested 
fruit by a two-tailed paired t-test (GraphPad 
Software 2004). The results were reported 
as the mean ± SEM percentage parasitoid 
survival in three replicates cages provided 
with infested versus non-infested fruit 68 d 
from the beginning of the test.
Progeny per Female. Fruit infested with ol-
ive fruit fly larvae that had been exposed to 
parasitoids and removed from cages every 
1-3 d in survival tests were placed in plas-
tic containers that were covered with fabric 
until all larvae had emerged and pupated. 
The olive fruit fly pupae were placed in pe-
tri dishes and held in the laboratory until all 
parasitoid adults emerged. The number of F1 
adult parasitoids that emerged after ≥ 31 d 
was reported as the mean ± SEM progeny 
per female. Progeny per female was based on 
equal mortality rates between the sexes. 
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host Status of Walnut husk Fly. The sus-
ceptibility of olive fruit fly and walnut husk fly 
to parasitism was compared in laboratory no-
choice tests. Sixteen olives infested with 12 d-
old olive fruit fly larvae were exposed for 7 d 
to 30 mated females and 7 male parasitoids 
in a 0.03 m³ screened cage, and 16 identically 
infested olives were used for a non-exposed 
control. Olive fruit was unavailable to repli-
cate the test. Parasitoid sex ratio was based 
on the addition of a small number of males to 
ensure that all females were mated. 

English walnuts, Juglans regia L., with in-
tact green husks were infested according to 
methods described by Yokoyama and Miller 
(1992). Four replicates of 6-7 walnuts infested 
with 6-13 d-old walnut husk fly larvae were 
exposed for 8 d to 30 mated females and 
7-20 male parasitoids in 0.03 m³ screened 
cages, and two replicates of 3-4 infested wal-
nuts were used for a non-exposed control. 
The number of fruit used in the exposure test 
was reported as the mean ± SEM of the rep-
licates.

The cages were held at 24.0 ± 1.5°C and 63 
± 3% relative humidity (± SEM), and a photo-
period of 12:12 (L:D) h. The number of pupae 
and adults that emerged per fruit in the con-
trols was reported as the mean ± SEM. This 
value was multiplied by the total number of 
fruit in each replicate to estimate the num-
ber of larvae that were exposed to the para-
sitoids. Percentage parasitism was calculated 
by dividing the total number of parasitoid 
adults that emerged from exposed fruit by 
the estimated number of larvae in each test 
and reported as the mean ± SEM. 

rESultS And dIScuSSIon

The parasitoid, P. cf. concolor, was shipped 
7 times from Guatemala to Parlier, California 
with mortality during shipment that ranged 
from 3.2-16.0%, and a mean ± SEM of 7.1 ± 
1.6%. The parasitoids were 4-8 d-old when re-

ceived, 6-10 d-old when released, and 4-10 d-
old when used in laboratory or greenhouse 
tests. P. cf. concolor survived well under ex-
tended shipping and handling conditions 
during importation, which is a valuable at-
tribute for its successful use in a biological 
control program. 

During the olive growing season, the weath-
er is cool and humid in San Jose, and hot and 
arid in Grapevine. The percentage of olive 
fruit fly females captured with yellow sticky 
panel traps ranged from 44 to 58 during the 
parasitoid release period in both locations 
(Table 1). Olive fruit fly adults were captured 
daily in San Jose and Grapevine throughout 
the study period, but the total number of ol-
ive fruit fly adults did not significantly differ 
between the two locations from Oct. through 
Dec. During the period of parasitoid releases, 
the highest mean temperature, 15ºC, was re-
corded in Grapevine, and the highest mean 
humidities, > 82%, were recorded in San Jose. 
Mean relative humidity in San Jose was sig-
nificantly higher than in Grapevine through-
out the study period. The highest number 
of adults was collected in San Jose in Oct. 
which is consistent with the observation 
that olive fruit fly populations are highest in 
coastal locations and when fruit is abundant 
(Yokoyama et al. 2006). Both locations were 
ideal study locations to test the capacity of P. 
cf. concolor to parasitize olive fruit fly in field 
releases under different environmental con-
ditions.

The estimated number of olive fruit fly 3rd 
instars in control fruit ranged from 0.12 to 
0.21 per fruit in San Jose, and 0.03 to 0.21 per 
fruit in Grapevine. Based on the controls, the 
estimated mean number of olive fruit fly 3rd 
instars in fruit samples collected after para-
sitoids were released in San Jose and Grape-
vine are shown in Table 2. Mean percentage 
parasitism determined from the number of 
P. cf. concolor adults that emerged from olive 
fruit fly 3rd instars in the fruit samples ranged 
from 0.5 to 4% in San Jose and 1.5 to 30% in 
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Grapevine. Rates of parasitism were similar to 
earlier studies (Yokoyama et al. 2007) and in 
general relatively low, especially in San Jose. 
Recapture of the progeny from parasitoid 
adults that were originally released in the 
San Jose olive trees may have been affected 
by the small sample of fruit in proportion to 
the large olive crop available at the location, 
a low population of < 1 olive fruit fly 3rd instar 
per fruit, and the increased likelihood of adult 
dispersal when released in a very large area 
with many olive trees. The highest rate of par-
asitism observed in Grapevine is attributed to 

the small amount of fruit on a few trees in the 
isolated location. The limited number of olive 
fruit fly 3rd instars would be highly suscepti-
ble to parasitism because the low number of 
trees and small crop of fruit would have been 
inundated with the released parasitoids. One 
parasitoid adult was found in olives collected 
on 16 Oct. 2006 in San Jose indicating that 
a small number of parasitoids had become 
established on olive fruit fly from releases in 
the previous year. These results suggest that 
P. cf. concolor may have potential for biologi-
cal control of olive fruit fly.

table 1. Mean (± SEM) olive fruit fly trap captures, daily temperatures, and humidities in two locations 
where parasitoids were released in 2005 in California. 

location Month
trap captures

daily
temp., ºc

daily 
% relative 
humidity

%
Females

no. per day 
per trap

San Jose Oct. 44.3 ± 4.4 17.2 ± 8.1 14.2 ± 0.1 83.5 ± 0.4

Nov. 45.8 ± 5.2 6.2 ± 3.6 12.7 ± 0.1 82.1 ± 0.4

Dec. 54.8 ± 22.6 0.9 ± 0.7 9.3 ± 0.1 86.0 ± 0.4

Jan. 45.7 ± 6.9 0.5 ± 0.4 11.5 ± 0.1 85.3 ± 0.2

grapevine Oct. 50.5 ± 6.6 1.6 ± 0.6 15.0 ± 0.4 60.8 ± 1.9

Nov. 49.8 ± 3.8 6.6 ± 0.4 15.2 ± 0.1 41.4 ± 0.5

Dec. 58.1 1.9 9.5 ± 0.1 64.2 ± 0.6

table 2. Mean (± SEM) number of fruit, estimated number of olive fruit fly 3rd instars, and percentage 
parasitism by P. cf. concolor in 2005 in two locations in California.

location collection date no. fruit no. 3rd instars % Parasitism

San Jose  Nov. 2 1,632.7 ± 258.1 195.9 ± 31.0 0.64 ± 0.42

Nov. 21 767.0 ± 96.4 161.1 ± 20.2 0.54 ± 0.54

Dec. 5 1,795.3 ± 342.8 323.2 ± 61.7 0.70 ± 0.33

Dec. 9 1,336.0 ± 446.3 187.0 ± 62.5 3.57 ± 2.7

grapevine Nov. 14 324.0 ± 0.0 68.04 ± 0.0 1.47 ± 1.47

Nov. 28 283.5 ± 1.5 8.50 ± 0.04 29.6 ± 29.6

Dec. 14 371 11.13 9.0
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The longevity of P. cf. concolor adults after 
importation and exposure to olives infested 
with 6-11 d olive fruit fl y larvae or non-infest-
ed olives is shown in Fig. 1. Survival was not 
signifi cantly different between adults in the 
presence of infested or non-infested olives (t 
= 0.1114; df = 16; P = 0.91). Adults survived 
as long as 67 d in the greenhouse in cages 

with infested fruit and as long as 43 d in cag-
es with non-infested fruit. Longevity in the 
presence of the host would be benefi cial for 
successful parasitism. In contrast, Sime et al. 
(2006) reported that the life span of P. con-
color signifi cantly declined when hosts were 
available, suggesting an energetic cost for re-
production. 

Fig. 1. Longevity of P. cf. concolor adults exposed to either non-infested or fruit infested with olive fruit fl y 
larvae in greenhouse cage tests. 

The mean number of F1 adult parasitoids 
produced for one month after importation 
on olive fruit fl y larvae in olives is shown in 
Fig. 2. The greatest number of progeny was 
produced from parasitoids that were about 
12-16 d-old. These observations are similar to 
Sime et al. (2006) who found that for P. con-
color progeny production rates were highest 
during the fi rst 12-14 d.

The number of olive fruit fl y and walnut 
husk fl y pupae and adults that emerged per 
fruit in controls was 3.3 and 5.9 ± 5.9 (mean 
± SEM), respectively. In laboratory tests, a few 
individuals of P. cf. concolor successfully com-
pleted one life cycle in walnut husk fl y (Table 

3). Walnut husk fl y is a pest of walnuts and can 
be an alternative host for the parasitoid in 
the absence of olive fruit fl y. However, walnut 
husk fl y produces only one generation per 
year (Yokoyama and Miller 1992) and over-
winters in the pupal stage in the soil. There-
fore, walnut husk fl y would not help sustain 
the parasitoid when olive fruit and olive fruit 
fl y infestations were not available during the 
winter months. 

We conclude that P. cf. concolor has poten-
tial for use for biological control of olive fruit 
fl y in California based on its ability to adapt 
to different environmental conditions and 
reproduce in the host. In this investigation, 
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we found that parasitoid survival is not ad-
versely affected by shipping conditions or 
interactions with the host, and the parasitoid 
may also have potential for biological control 
of walnut husk fly, a pest of walnuts. 
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ABSTRACT:  An instrument that identifies Mediterranean fruit flies entering a trap by detecting and discriminating their wingbeat sounds from 
background noises was developed and tested in an anechoic chamber and in field environments. Although the system works well in the absence of 
background noise, it has some difficulty identifying the wingbeats in high levels of background noise, and additional versions of the instrument are 
under development to improve operations in high-noise environments.
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INTRODUCTION

Worldwide, hundreds of thousands of 

traps are used seasonally in surveillance 

and mass trapping programs against the 

Mediterranean fruit fly, Ceratitis capitata 

(Wiedemann) (California Department of 

Food and Agriculture 2003). An automated 

system for remotely detecting and identi-

fying trapped insects would have consid-

erable potential for reducing the costs of 

servicing traps and increasing the timeli-

ness of collected information. One of the 

systems under consideration includes a 

microphone, amplifier, and acoustic sig-

nal processing system that detects and 

discriminates wingbeats of insects flying 

into a trap (Beroza & Machan 2006). To be 

successful, the system must be able to re-

liably identify weak wingbeat signals of 

flying insects in a variety of environmen-

tal contexts. Here we report on a series of 

tests conducted with a prototype Mediter-

ranean fruit fly detector system in a worst-

case, highway noise environment.

MATERIALS AND METHODS

Flies and Test Arenas. Male-only-strain C. 

capitata (e. g., Caceres 2002) were obtained 

as pupae from the sterile-fly rearing facil-

ity in El Pino, Guatemala. After emerging, they 

were maintained as described in Mankin et al. 

(2004). Tests of flight detection in a quiet en-

vironment were conducted with groups of 25 

males (4-7-days after emergence) in a 20- by 

21- by 21.5-cm screened cage in the Center for 

Medical, Agricultural and Veterinary Entomol-

ogy (CMAVE) anechoic chamber (Mankin et al. 

1996). A camcorder (DCR-TRV27, Sony, Tokyo, 

Japan) was used to enable remote observa-

tion of recorded flights. Two series of tests of 

flight detection in a noisy environment were 

conducted with groups of 125 males in a 316-

diam.- by 220-cm-height octagonal field cage 

(Calkins & Webb 1983) in a wooded area about 

50 m from a 6-lane highway. The first series 

of tests included a Jackson trap baited with 

trimedlure (e.g., Jang et al. 2005). In the second 

series, the insects were placed in a 38.75- by 

39- by 46-cm screened cage to increase the 

density of flies near the microphone and re-

duce the time needed for data collection. 

Flights in the field cage were monitored visu-

ally during recording sessions.
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Acoustic Detection System. The flight 

detection system was a portable prototype 

device, modified from a MobilePre USB pre-

amplifier and audio interface (M-Audio, Ir-

windale, CA), that provided 40-70 dB ampli-

fication through two variable-adjustment 

gain controls. In the anechoic chamber, the 

background noise was low enough that we 

could use a 16-16 level of amplification (ca. 

60% of maximum) to detect flights from 

long distances. In the field cage, however, 

it was necessary to reduce the amplifica-

tion to 12-12 (ca. 44% of maximum) to avoid 

clipping the signal. A low-pass, 1800-Hz 

filter was implemented to avoid aliasing 

of the 8-kHz analog/digital conversions. 

An AT803B omnidirectional lavalier micro-

phone (Audio-Technica, Stowe OH) pro-

vided signal input. The digitized signal was 

transferred to a laptop computer through a 

USB port and processed by custom-written 

Matlab (MathWorks, Natick, MA) software. 

The interface/preamplifier system sent two 

audio signals to ring buffers in the laptop 

memory. One was the amplified signal from 

the microphone. The second was a gated 

version of the signal, passed to the laptop 

whenever a tone detector was triggered by 

a 166 ± 23 Hz signal. This frequency range 

had been selected in the early stages of this 

study as approximately the range of wing-

beat frequencies typically produced during 

flights of a previously bioassayed, bisexual 

strain of C. capitata.

When a signal triggered the tone detector, 

the customized software collected 4096 sig-

nal samples (0.512 s) from each of the two 

channel buffers into a log file, beginning 

0.128 s before the trigger to ensure capture 

of early wingbeats of a fly-by. In these tests, 

we usually collected 50 sets of triggered 

signals into each log file. After a log file was 

saved, it was analyzed by custom-written 

signal processing software that displayed 

oscillograms and spectra, and had partial 

capability to predict whether signals were C. 

capitata flights, other insect flights, or back-

ground noise. For this report, we were con-

cerned primarily with whether or not the 

system could reliably detect flight signals 

in high levels of background noise, so the 

tests included only C. capitata males, and we 

did not test the reliability of distinguishing 

among different species.

RESULTS AND DISCUSSION

The sounds produced by C. capitata flights 

past a microphone are typically brief, but 

easily identifiable signals, as in the example 

of Figure 1. This example was one of a series 

of 50 flights recorded by the prototype de-

tector in the anechoic chamber. The signal 

waxed and waned within about 10 ms (Fig. 

1A), and the peak energy occurred at the 

185-Hz wingbeat frequency (Fig. 1B). Lower, 

but energy significant peaks occurred at the 

second and third harmonics of the wingbeat 

frequency, 370 and 555 Hz, respectively. The 

wingbeat frequency depends on many fac-

tors, including the temperature (Unwin & 

Corbet 1984), the size of the fly (e.g., Darveau 

et al. 2005), and whether it is in lifting or 

falling, straight, turning, or hovering flight 

(Hedrick & Daniel 2006). The mean and stan-

dard error of 10 randomly sampled flights in 

the 50-flight series was 190.5 ± 3.04 Hz. Our 

experience with several hundred flights of 

different groups of males and females (un-

published) is that the fundamental frequen-

cy of C. capitata flight is typically between 

150 and 220 Hz. The results here and below 

suggest that the prototype detector would 

operate correctly over the entire range of 

frequencies we have observed.

The primary effects of background noise 

on the operation of the prototype wingbeat 

detector can be seen in comparisons of the 

oscillogram and power spectrum in Fig. 1 

with those obtained from flights detected 

in the field cage. For example, the fly-by sig-
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nal in Fig. 2A is noticeable but somewhat 

obscured by noise compared to the flight 

observed in Fig. 1A. However, the obscuring 

noise separates out clearly from the wing-

beat harmonics in the field-cage power 

spectrum because its energy is primarily 

below 100 Hz (Fig. 2B). The wingbeat fre-

quencies (and the corresponding 2nd and 3rd 

harmonics) differ by about 20 Hz, but both 

wingbeat frequencies lie within the expect-

ed 150-220 Hz range.

The flight in Fig. 1 was 2-4 cm farther than 

the 1-2-cm distance of the fly from the mi-

crophone in Fig. 2, estimated by visual ob-

servation, but it was still detectable, due to 

the low level of background noise. As the 

level of noise increases, the fly will not be 

detected unless it approaches closer to the 

microphone. If it approaches too closely, 

however, the signal may exceed the am-

plification range of the microphone. All 

the flights in Figs. 2-5 approached close 

enough that the signal peaks exceeded 

the amplification range and were clipped. 

Fortunately, the clipping affected only the 

high-frequency components of the sig-

nal and not the portion in the 150-550-Hz 

range of most interest to us.

As expected, the noise was highly variable. 

In Figure 3, background noise obscured the 

oscillogram, and noise near 100, 300, and 

600 Hz interfered with interpretation of the 

spectrum.

A particularly loud 80-Hz signal appeared 

in Fig. 4 but not in a sample recorded a few 

minutes later, shown in Fig. 5. In each of these 

spectra, a first harmonic is observed be-

tween 150-220 Hz, and 2nd and 3rd harmon-

ics are seen at multiples of 2 and 3 times the 

first harmonic. These harmonics are likely to 

be key features of any automated wingbeat 

Figure 1. A) Oscillogram and B) power spectrum 

of signals captured by prototype system triggered 

by male C. capitata flight in quiet background of 

anechoic chamber.

Figure 2. A) Oscillogram and B) power spectrum 

of signals captured by prototype system triggered 

by male C. capitata flight in high-noise environ-

ment near traffic.

Figure 3.  A) Oscillogram and B) power spectrum of 

signals captured by prototype system triggered by 

male C. capitata flight during an interval with high 

levels of background noise at 100, 300, and 600 Hz.
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identification system ultimately developed. 

The wingbeat harmonics were barely ob-

servable in Fig. 4, so this flight was probably 

at the lower limit of signal to noise ratios in 

which flights can be detected. 

In contrast to the tests conducted in the 

anechoic chamber, where almost all of the 

tone detector triggers resulted in the cap-

ture of a flight, only 4 of about 200 triggers 

that occurred in a typical field cage test cap-

tured a flight. The other triggers in the field 

cage test captured background signals that 

either had a significant component at fre-

quencies in the triggering range, or were so 

loud, e.g., Fig. 6, that the relatively low level 

of signal in the triggering range was never-

theless strong enough to trigger the tone 

detector. In a lower-noise environment, the 

rate of triggering on edge-of-range signals 

could be reduced by decreasing the ampli-

fication levels, but this also would reduce 

the distance over which the flight could be 

detected.

During this study, we observed an unex-

pected trigger of the system by a male fly-

ing directly into the side of the trap. The pro-

totype did not detect any wingbeats, but it 

did trigger on the impact of the fly striking 

the trap (Fig. 7). In the absence of an observ-

er, such an event would simply be deleted 

as background noise. Raindrops or other im-

pacting objects can produce spectra similar 

to that observed in Fig. 7.

The results of these studies with the proto-

type detector suggest that future versions 

of the system may need to implement an 

additional prescreening stage between the 

signal triggered by the tone detector and 

the signal that ultimately will be sent to au-

tomated wingbeat identification software. A 

spectral filter could be implemented, for ex-

ample, to discard signals that do not contain 

significant harmonic components. In envi-

Figure 4. A) Oscillogram and B) power spectrum 

of signals captured by prototype system triggered 

by male C. capitata flight during an interval with 

high levels of background noise at 80 Hz.

Figure 5. A) Oscillogram and B) power spectrum 

of signals captured by prototype system triggered 

by male C. capitata flight a few minutes after the 

flight in Fig. 4, showing effects of changes in back-

ground noise.

Figure 6. A) Oscillogram and B) power spectrum 

of signals captured by prototype system triggered 

by high levels of background noise at 120 Hz.
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ronments with high levels of background 

noise, this would greatly reduce the rate of 

storage of signals that incorrectly trigger the 

tone detector. Also, we continue to search for 

high-gain, low-cost portable microphones 

that would enable detection of flights at lon-

ger distances. Although the prototype cost > 

$300 to assemble, a goal is to reduce overall 

costs ultimately below $50.
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ABStrAct: The percentage of infested mango fruits of five selected mango varieties was evaluated during three years under field conditions. Three 
varieties with field resistance to fruit flies had less then 10% of fruits infested. Tommy Atkins, the susceptible commercial check, had  42,9% and the 
susceptible check had 98.9 % of infested fruits. The three field resistant varieties plus the susceptible commercial check, Tommy Atkins, were further 
tested in laboratory, under caged conditions, with artificial infestation of Anastrepha obliqua. The attempts of oviposition and the number of pupae 
developed from each fruit were evaluated. Under caged conditions, the cultivar Alfa maintained its field resistance and Espada Stahl and IAC 111 lost 
the field resistance and were as susceptible as Tommy Atkins. The attempts of oviposition were positively and highly correlated with the number of 
pupae developed in the fruits. Non preference for oviposition was confirmed as the main mechanism of resistance of mango fruits to fruit flies. In the 
absence of a more susceptible variety (no choice test) the cultivar Alfa has kept the resistance.

Key Words: Mangifera indica, Varietal resistance, Anastrepha obliqua, Non preference, Mango breeding.

IntroductIon

Fruit flies are a serious problem for the man-
go crop, being Anastrepha obliqua a pest of 
major concern in the State of Sao Paulo, Brazil 
(Rossetto et al, 1996a). Control requires popu-
lation monitoring, bait spraying and thermic 
treatment of the fruits for the export market. 
Often, Fenthion sprays are applied on tree 
canopies being the interval from spray to 
harvest at least 21 days long. This is trouble-
some for the grower and presents a poten-
tial residue problem for the consumer. Fruit 
fly infestation is a concern for the growers as 
it increases production costs, leads to resi-
due problems and is a barrier to the export 
market. In backyards the problem is even 
more severe. Adult flies feed in the neigh-
borhoods and when they come to the target 
tree they are ready to lay their eggs. Under 
these conditions the poisoned baits are help-
less. People in general are not equipped to 
apply pesticides and it would not be recom-
mended in backyards within inhabited areas. 
One control option is fruit bagging, but it 

would be unfeasible in tall trees. Under these 
conditions a naturally resistant variety, with 
good quality and yield, would be a major 
achievement for fruit fly management. There 
is a large variability among mango variet-
ies to fruit flies infestation, compatible with 
quality and yield (Joel, 1980; Carvalho et al., 
1996; Rossetto et al., 2006). The selection and 
breeding of mangoes with good quality and 
yield and besides these traits, with resistance 
to fruit flies, is a possible goal. This paper is 
part of a series with the objective to identify, 
select and breed fruit fly resistant mango cul-
tivars. It also aims to study the mechanisms 
and causes of the resistance. This is part of a 
broader programme of mangoes selection 
(Rossetto et al., 1996b - www.iac.sp.gov.br/
Manga/Manga.htm) for crowns and root-
stocks, concerning the resistance to diseases 
and pests.  

MAtErIAl And MEthodS

Field evaluation for fruit fly resistance was 
made by cutting 30 mature fruits of each 
variety on both sides of the stone and fruits 
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with any sign of fruit fl y larvae were consid-
ered infested. The percentage of infested 
fruits was considered for variety comparison. 
Five varieties were evaluated during three 
years in Votuporanga, SP, Brazil. In order to 
make the statistical analysis of variance, the 
data in percentage was transformed into 

100/xarcsen . For the analysis, the interac-
tion between varieties and years was used as 
the error to test the signifi cance of variet-
ies and years. Three varieties which showed 
fi eld resistance, Alfa, Espada Stahl and IAC 
111, plus Tommy Atkins used as suscepti-
ble check, were further tested in cage test 
with artifi cial infestation. Matured man-
goes of these four varieties were hung 
from the top of a transparent plastic cage 
(Figure 1), in a 4 x 4 Latin Square Design, 
with a total of 16 fruits. Prior to be placed 
inside the cage, the fruits were submitted 
to 300 Gy of gamma radiation, in order to 
eliminate any previous fi eld infestation. 32 
sexually mature A. obliqua females, were 
maintained in the cage with the fruits for 
2 h. The fl ies were reared in the CENA/

USP lab. Adult fl ies inside the cage were 
fed with a mixture of 3 parts of sugar and 
one part of hydrolyzed protein, and they 
also had access to water. The attempts of 
oviposition of the female fl ies were regis-
tered for each fruit for 2 hours. The fruits 
were removed from the cage and placed 
on individual trays containing grinded 
vermiculite. After 20 days the vermicu-
lite was sifted and the developed pupae 
were separated and counted. The trial was 
repeated twice and a joint analysis was 
made considering it as 4 treatments and 
8 replications. For the analysis of variance, 
the numbers of attempts of oviposition 
and numbers of pupae developed were 
transformed into 5,0+x . A non-choice 
test was also made using the same proce-
dure, placing ten fruits of Alfa in one box 
and 10 of Tommy Atkins in another box, 
with 20 female fl ies per box. The formula 
m ± t.s/r1/2 (m = mean; t = the t table value 
at 5%; s = standard deviation and r = num-
ber of replications), was used to place a 
confi dence interval in the attempts of ovi-
position means of Alfa and Tommy Atkins 
in the non-choice test.

rESultS And dIScuSSIon

The varieties Alfa, Espada Stahl and IAC 
111 showed signifi cant fi eld resistance to 
fruit fl ies compared to Tommy Atkins and 
the F1 from mother Sensation was highly 
susceptible (Table 1). Under artifi cial infesta-
tion in cage conditions however, Alfa main-
tained its fi eld resistance and Espada Stahl 
and IAC 111 had their resistance broken and 
became as susceptible as Tommy Atkins 
(Tables 2 and 3). It means that there is a fi eld 
resistance which may be different from the 
resistance under artifi cial infestation in cage 
conditions. In the fi eld there are plant factors 
besides the fruit factors and in the cage the 
population pressure of fruit fl ies was higher. 

Figure 1. Acrylic cage with mango fuits hung from 
the top,used to test varieties under artifi cial infes-
tation of A. obliqua.
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Painter (1951) classified the mechanisms of 
plant insect resistance into non-preference, 
antibiosis and tolerance. There is a positive 
coefficient of correlation r = 0,85 between 
the means of attempts of oviposition (Table 
2) and the means of numbers of pupae de-
veloped (Table 3). The results show that there 
is a mechanism of non-preference for ovipo-
sition of the adult female fly in relation to 
different mango varieties. This confirms the 
previous observations and conclusions of 

Rossetto et al. (2006). In the non choice test 
Alfa had an average of 9.2 ± 4.36 attempts of 
oviposition, whereas Tommy Atkins had 38.3 
± 23.52. This difference was significant, what 
means that Alfa kept at least part of its re-
sistance even in the absence of a more sus-
ceptible variety. The cultivar Alfa released by 
EMBRAPA (Pinto, 2000) is the most resistant 
cultivar to fruit flies among the tested ones, 
besides its known resistance to anthracnose, 
good quality and yield. The methods used in 

table 1. Percentage of infested fruits of five mango varieties over a three years period. Votuporanga, SP, 
Brazil.

VArIEtIES 2003 2004 2005 MEAn

Espada Stahl 5.0 0.0 1.3  2.10 a*

IAC 111 3.3 13.3 2.5  6.36 a

Alfa 10.0 7.1 5.0  7.37 a

Tommy Atkins 56.7 43.3 28.8 42.93 b

 F1 (Sensation x ?) 96.7 100.0 100.0 98.90 c

* Means followed by the same letters do not differ by Tukey at 5%.

table 2. Attempts of oviposition of Anastrepha obliqua on four mango varieties under artificial infesta-
tion inside an acrylic cage.

VArIEtIES I II III IV V VI VII VIII MEAnS

Alfa 1 3 2 18 2 3 1 7  4.62 a*

IAC 111 13 52 36 12 47 34 30 55 34.87 b

Espada Stahl 28 31 50 44 21 36 64 32 37.00 b

Tommy Atkins 10 50 21 15 43 38 44 55 34.50 b

* Means followed by the same letters do not differ by Tukey at 5%.

table 3. Number of pupae of Anastrepha obliqua developed from four mango  varieties after artificial 
infestation inside an acrylic cage.

VArIEtIES I II III IV V VI VII VIII MEAnS

Alfa 7 14 4 19 0 1 0 1  5.75 a*

IAC 111 2 45 26 12 16 42 20 36 24.87 b

Espada Stahl 24 73 102 105 15 33 48 24 53.00 b

Tommy Atkins 14 19 17 42 47 45 69 60 40.37 b

* Means followed by the same letters do not differ by Tukey at 5%.
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this work to evaluate mango varieties for 
resistance to fruit flies should also be use-
ful to evaluate the resistance of other fruits 
like oranges, guavas, peaches and pears, 
contributing for the solution of the fruit flies 
problem in these crops. 
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ABStrAct: Pathogenicity of the fungi Paecilomyces lilacinus, isolated from Bactrocera cucurbitae, and Aspergillus candidus, isolated from B. dorsalis, 
was tested. Cross infectivity of P. lilacinus on B. dorsalis and A. candidus on B. cucurbitae and cross infectivity of a local isolate of B. bassiana from bhindi 
leaf roller (Sylepta derogata) on fruit flies (B. cucurbitae and B. dorsalis ) were also studied. These fungi were new records in these hosts. P. lilacinus at 109 
spores / ml caused 96.67% and 100 % cumulative mortality in fruit flies on the second and on the third days. LC

50
 values of P. lilacinus on B. cucurbitae 

were 5.0 x 106, 8.0 x 105, 7.0 x 105 spores/ ml on 2nd, 3rd and 4th day, respectively. The fungus was found to cross infect B. dorsalis. LC
50

 values of A. candidus 
on B. cucurbitae were 1.29 x 108, 1.22 x 107, 2.27 x 106 spores / ml on 3rd, 4th and 5th day, respectively. The fungus was found to be cross infective to B. 
cucurbitae. B. bassiana at 109 spores/ ml on B. dorsalis was found to cause 70%, 80% and 90% mortality on 4th, 5th and 6th day. LC

50
 values of B. bassiana on 

B. dorsalis were 7.0 x 108, 2.0 x 107, 5.0 x 106 spores/ ml on 3rd, 4th and 5th day ,respectively . Formulation of P. lilacinus as wettable powder and granules 
and B. bassiana as wettable powder, were also prepared and their efficacy was tested on hosts. 

Key Words:  Paecilomyces lilacinus, Bactrocera cucurbitae, Aspergillus candidus, Bactrocera dorsalis, Ento-
mopathogens

IntroductIon

Fruit flies are a serious economic pest affect-
ing horticultural production world wide. Bac-
trocera cucurbitae is an important pest of cu-
curbits and B. dorsalis (Hendel) is a major pest 
of mango and guava in Kerala, India. Patho-
genicity of three fungi Paecilomyces lilacinus 
isolated from B. cucurbitae and Aspergillus can-
didus isolated from B. dorsalis and local isolate 
of B. bassiana isolated from bhindi leaf roller 
(Sylepta derogata) were tested in the present 
study. 

MAtErIAlS And MEthodS

Fungal strains
Fungal strains P. lilacinus (ITCC No. 6064), B. 

bassiana (ITCC No. 6063) and A. candidus (ITCC 
No.5428) were used for the study.
Survey 

Survey conducted in the Southern districts of 
Kerala to identify potential pathogens.

Isolation
Pathogens were isolated from the infected 

insect specimens using potato-dextrose-agar 
(PDA) medium. Kochs postulates were proven.
Identification 

Pathogens were identified by the Indian Type 
Culture Collections (ITCC), Indian of Agricultur-
al Research Institute, New Delhi.
Pathogenicity 

The pathogenicity of spore suspensions of 
B. bassiana, P. lilacinus and A. candidus were 
sprayed on pupae and adults of fruit fly. 
Spore suspension of the test fungus was 
prepared by shaking fungal discs in sterile 
water blanks. Daily observations on disease 
symptom development and mortality were 
recorded. 
Bioassay studies 

Spore suspensions of B. bassiana, P. lilacinus 
and A. candidus at different concentrations 
were sprayed on fruit flies. To prepare stock 
spore suspension, Seven millimeter fun-
gal discs from well developed sporulating 
fungal cultures were shaken in 10 ml water 
blank. The spore count was estimated using 
haemocytometer. Different spore concen-
trations were prepared by adding additional 
fungal discs or sterile water. Serial dilution 
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Control of Bactrocera cucurbitae and B. dorsalis with entomopathogenic fungi

was done to prepare the suspensions at 
lower concentration. 

The test insects of uniform age taken from 
laboratory culture were selected for bioas-
say. Flies were sprayed with different spore 
concentrations of fungus using an atomizer, 
allowed to dry and then kept in a dry rearing 
jar. Flies sprayed with sterile water served as 
control. Replications were maintained for 
each treatment. Observations were record-
ed on insect mortality at daily intervals. The 
dosage mortality data obtained were sub-
jected to probit analysis and LC

50
 values of 

each fungus were calculated.
Preparation of formulation

Formulation of B.bassiana (wettable pow-
der) and P. lilacinus (wettable powder and 
granules ) were prepared.

rESultS And dIScuSSIonS 

Adult fruit flies sprayed with P. lilacinus 
died within 2-3 days. Pinkish violet puffy 
mycelial growth of the fungus appeared on 
dead insects. P. lilacinus @ 1.0 x 109 spores/ 
ml caused 96.67%, and 100 % cumulative 
mortality in fruit flies on second and third 
day respectively (Fig 1). Fungus @ 1.0 x 107 
was found to cause more than 50% cumula-
tive mortality on second day LC

50
 values of 

P. lilacinus on B. cucurbitae were 5.0 x 106, 8.0 
x 105, 7.0 x 105 spores / ml on 2nd, 3rd and 4th 
day, respectively. P. lilacinus treated pupae 
were black in colour and failed to emerge.

Local strain of B. bassiana developed dis-
ease symptoms on B . cucurbitae and B. dor-
salis. Adult fruit flies sprayed with B. bassiana 
died within 4-5 days. White puffy mycelial 
growth of the fungus covered these dead 
flies. B. bassiana @ 1 x 109 was found to cause 
70%, 80% and 90% mortality on fourth, fifth 
and sixth day respectively (Fig 2). LC

50
 values 

of B. bassiana on B. dorsalis were 7.0x 108, 2.0 
x 107, 5.0 x 106 spores / ml on 3rd, 4th and 5th 
day , respectively .

Adult fruit flies sprayed with A. candidus 
were found to die within three to four days. on 
the dead insect dull yellowish coloured fungal 
growth appeared within two days with sporu-
lating heads of the fungus. Pupae treated with 
A. candidus also showed yellowish powdery 
growth of the fungus. A. candidus @ 1.25 x 109 
spores/ ml caused 63.33%, 83.33% and 100 
% cumulative mortality in fruit flies on third, 
fourth and fifth day respectively (Fig. 3). LC

50
 

values of A.candidus on B.cucurbitae were 1.29 
x 108, 1.22 x  107, 2.27 x 106 spores / ml on third, 
fourth and fifth day respectively.

The formulations of B. bassiana and P.lilacinus 
were effective when tested under laboratory 
condition .

Fig 1. Cumulative per cent mortality of Bactrocera cucurbitae treated with PArcilimyces Lilacinus
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Fig 2. Cumulative per cent mortality of Bactrocera dorsalis treated with Beauveria bassiana

Fig 3. Cumulative percentage mortality of Bactrocera cucurbitae treated with Aspergillus candidus 
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ABStrAct: The fruit fly, Bactrocera dorsalis (Hendel) is a major pest of mango in India. So, investigations were carried out to standardize an Integrated 
Pest Management (IPM) for fruit fly-free and residue-free mango fruits. The study required orchard and laboratory studies, which were conducted on 
the commercial variety Banganapalli, at the Indian Institute of Horticultural Research, Hessaraghatta Lake P.O., Bangalore, India, during 2004 and 2005. 
Results showed that a pre harvest IPM combination of male annihilation technique (MAT) (using methyl eugenol as a lure) + sanitation brought down  
B. dorsalis infestation to 5.00% from an infestation ranging from 17 – 66% in control in both years. An additional cover spray of Decamethrin 2.8EC 
0.5ml/l (which is half the recommended dose) + Azadirachtin (0.03 %) 2ml/l (neem based botanical) gave 100% control in both the years. Post harvest 
treatments with hot water at 48oC for 60 and 75 min resulted in 100% control at both the time regimes in 2004 and 2005. The untreated fruits, which 
were also exposed to gravid females (but not treated in hot water) showed 30% and 5.5% infestations, respectively, in 2004 and 2005.

Key Words: Oriental fruit fly, Male anihilation technique, Chemical Control, Hydrothermic treatment, 
Mangifera indica

IntroductIon

In India, mango, Mangifera indica, is a ma-
jor fruit crop with high potential for exports. 
The Oriental fruit fly (OFF), Bactrocera dor-
salis (Hendel) (Diptera: Tephritidae) is a di-
rect pest on mango,. In India, the loss in fruit 
yield ranges from 1 to 31% with a mean of 
16% (Verghese et al., 2002). The OFF not only 
causes economic loss but is also of quaran-
tine importance. The fly is distributed in the 
Oriental regions of Bhutan, China, Myanmar, 
Thailand and India. Adults of the OFF are 
attracted to the para-pheromone, methyl 
eugenol, and several studies have shown the 
efficacy of methyl eugenol in monitoring and 
management (Verghese et al., 2006). 

As fresh mango fruits are of value both to 
domestic and international markets, it is im-
portant to avoid insecticidal sprays close to 
harvest so as to obtain residue-free fruits. 
Verghese et al. (2004) found that cultural 
methods like orchard sanitation (collection 
and destruction of all fallen fruits), inter tree 
ploughing combined with a cover spray of 
deltamethrin 2.8EC @ 1ml/l gave excellent 

control of fruit flies. However, it was found in 
subsequent investigations that male annihila-
tion technique (MAT) using methyl eugenol as 
lure is a potent tool in obtaining good control 
levels. It was also felt that insecticidal dose 
level should be reduced with exploration of 
safer and environment friendly insecticides 
like plant-based compounds with insecticidal 
action. In India, neem based component viz., 
azadiracthin is commercially available. So, a 
preharvest IPM consisting of MAT + cultural 
methods + half the dose of recommended in-
secticide in combination with botanicals was 
investigated. A need was also felt for a cheap 
and viable post harvest treatment. So, research 
was carried out to standardize a Pre and Post 
Harvest Integrated Management (IPM) for B. 
dorsalis to obtain fruit fly-free and residue-free 
mango fruits for internal and export markets.

MEthodology

The study was taken up at the Indian In-
stitute of Horticultural Research, Bangalore 
(12o58’N; 77o35’E), S. India during 2004 and 
2005 in a mango orchard of cv. Banganapalli. 
The orchard consisted of compact block of 
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24 trees. Here the pre harvest IPM treatments 
were incorporated. An orchard of the same va-
riety consisting of 20 trees about one km away 
from this IPM orchard served as control where 
no treatments were imposed. 

Pre harvest IPM components consisted of 
MAT with methyl eugenol traps (4 traps/ acre) 
(30 days prior to harvest; common to all trees). 
The trap was a low-cost bottle trap (used min-
eral water bottle with four windows of 1.5cm 
diameter). Plywood (3 x 3 x 1 cm) soaked in 
methyl eugenol for 48 h in a solution of 6: 4: 1 
ethanol: methyl eugenol: malathion was dan-
gled using a twine in the bottle. The wooden 
blocks were almost at the same level of the 
windows. The trap is hung on the tree or staked 
under the tree, 2m above ground (Stonehouse 
et al., 2005). Sanitation involved the destruction 
of all fallen fruits at weekly intervals starting 
30 days prior to harvest; common to all trees. 
Cover sprays of botanicals/ insecticides 21 days 
prior to harvest (as detailed in Table 1) were in-
vestigated. Six trees were selected at random 
for each cover spray. Another six trees were not 
sprayed but received the above MAT + sanita-
tion treatments. 

Sampling for pre harvest: At harvest 15 
fruits at random were selected from each tree 
and grouped, thus each treatment had 90 
fruits. These fruits were brought to the labora-
tory held in cages for ripening after which they 
were cut and percentage infestation was calcu-
lated based on the number of infested fruits.

Sampling and treatments for post harvest: 
Fruits at 80% maturity along with the stalk (1 
cm length) were harvested from the trees, 
which received pre harvest IPM, brought to 
the laboratory and de-sapped. Only healthy 
firm fruits were selected. Fruits, which showed 
partial yellowing, and softness (suspected of 
fruit fly infestation) were discarded. 360 fruits 
were selected and 270 fruits were exposed to 
sexually mature female fruit flies for oviposi-
tion in cages for 24 hrs and 90 fruits were kept 
unexposed. After oviposition, 180 fruits were 
subjected to hot water treatment at 48oC for 60 
and 75 min separately (90 fruits for each time 
regime) and 90 fruits were kept as control A. 
Another 90 fruits that were not exposed to ovi-
position were also kept as control B. All fruits 
were cut and examined for percent fruit fly in-
festation after ripening. Fruits were treated in 
a double walled steel tank of 1000 l capacity, 
with thermostat.

Results and Discussion
In 2004 and 2005, MAT + sanitation apprecia-

bly brought down B. dorsalis infestation (Table 
1). An additional cover spray of Deltamethrin 
2.8EC 0.5ml/l + Azadirachtin (0.03) 2ml/l gave 
100% control. As the cover spray was only half 
the recommended dose, residues are not ex-
pected because at 1 ml of deltamethrin (the 
earlier recommended dose) the waiting pe-
riod was only one day (Awasthi, 2001). Use of 
botanical was synergistic with 1/2 the dose of 
deltamethrin.

table 1: Pre harvest IPM of fruit fly

MAt + Sanitation + cover spray
% infested fruits

n = 90 fruits
2004 2005

MAT + Sanitation + Deltamethrin 0.5 ml/l + 
Azadirachtin 2 ml/l 

0.00 0.00

MAT + Sanitation + Azadirachtin 3 ml/l 3.33 0.00

MAT + Sanitation + Neem oil 10 ml/l 10.00 1.11

MAT + Sanitation without cover spray 5.55 5.55

Control 17.78 66.67

Book Fruit Flies.indb   180 28/10/2008   08:27:16



From Basic to Applied Knowledge Oriental fruit fly management in mango in India
181

Treatments with hot water at 48oC for 60 
and 75 minutes resulted in 100% control at 
both the time regimes in 2004 and 2005. The 
untreated fruits, which were also exposed to 
gravid females (Control A) showed 30% and 
5.55% infestations, respectively, in 2004 and 
2005. Natural infestation did occur as evident 
in Table 2 (Control B). This however, seems to 
have been controlled in the hot water treat-
ment. 

The above results would mainly pertain 
to mortality of eggs as oviposition period 
would be around 3 days, within which the 
treatments were administered. Fruits, which 
have larval feeding, tend to yellow early and 
become softer and therefore gets culled out. 
Subsequent studies by the authors have 
shown that eggs and three instars of larval 
stages are heat susceptible at 48oC for 60 
minutes. So, hot water treatment is ideal for 
pre export fruit fly disinfestations.

concluSIonS

The mango fruit fly is a major pest of mango 
but can be well managed by a combination of 
pre harvest and post harvest treatments. Pre 
harvest treatments alone ensures 100% con-
trol and it can be further subjected to post 
harvest treatments to satisfy international 
disinfestation requirement. These strategies 
are environment friendly and residue-free. 
Efforts are being made to study the impact of 
area wide (community level) IPM application 
as opposed to individual orchard approach, 
for greater adoption of IPM. 
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table 2. Percentage fruit fly (B. dorsalis) infestation at different temperature-time regimes

temperature (oC) time (minutes)

Infestation (%)
n = 90 fruits

2004 2005

48 60 0.00 0.00

48 75 0.00 0.00

Control A (exposed to fruit fly oviposition) 30.00 5.55 

Control B (not exposed to fruit fly oviposition) 5.55 1.11
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ABStrAct: The objective of this study was to assess the infestation level in grapes, Vitis vinifera, by the medfly, Ceratitis capitata in the Sao Francisco 
River Valley (SFV). The adult population was monitored with Jackson trap baited with trimedlure. Samples of grapes for larval infestation assessment 
were taken along three months, with a total of 116 kg. The average FTD (flies/trap/day) for medfly males was 0.26. The number of pupae obtained from 
the fruit samples was 471; 287 adults emerged (60.4%), all Ceratitis capitata. The infestation level was 4.0 pupa/kg of fresh fruit. We conclude that grape 
is a medfly host in SFV, occasionally causing high damage to production.

Key Words: Medfly, Infestation, Host Status

The expansion of areas under fruit pro-
duction in the Sub-Medium São Francisco 
River Valley (VSF) and in other irrigated 
fruit production areas in Northeastern Bra-
zil has increased the population of medfly, 
Ceratitis capitata (Nascimento et al., 2001). 
In 2005, grapes represented 198.852 of the 
948.908 ha under fruit production in VSF 
(Codevasf, 2005).

According to Haji et al. (1991), C. capitata 
was limited to urban VSF areas until the 
1990s. However, recent fruit fly monitoring 
has shown the expansion of the species 
into production areas. 95% of the 627.272 
tephritid specimens trapped from 1989 to 
2005 were medflies (Haji et al., 2005). The 
high populations of the pest-species in 
fruit growing areas, is a major quarantine 
constraint for export of fresh table grapes 
to the United States and Japan. 

Carvalho (2003) and Botton et al. (2005) 
reported a low C. capitata infestation (0.05 

pupae/grape) of the grape Vitis vinifera in 
VSF. For Reis et al. (1998), the fruit fly infes-
tation index in grapes is usually low. In Bra-
zil, data on the fruit fly infestation of grape 
are scarce and this host still has not been 
formally registered. 

In this study, we report medfly infestation 
in commercial orchards in VSF, by monitor-
ing the adult population of insects with 
Jackson traps baited with trimedlure (acid 
tert-butil-4 (or 5) chlorine-2-metil-ciclo-
hexano-carboxylic), from May to November 
2005. We also estimate larval grape infesta-
tion by collecting the fruits from October 
to December de 2005. 

Adult monitoring - 1703 individuals cap-
tured, a 0.26 fly/trap/day (FTD) index (Fig. 
1). Adults were captured throughout the 
monitoring period, an indication of the 
fly population establishment in grape or-
chards. 

Larva monitoring - 481 pupae were ob-
tained, resulting in an infestation index of 
4.0 pupae/ Kg of fruit (Table 1). According 
to the infestation data, the adults captured 
in traps were infesting the grapes.
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Figure 1. Monthly mean of the fl y/trap/day (FTD) 
index for Ceratitis capitata, collected in Jackson 
traps at commercial grape orchards, in the Submé-
dio do) São Francisco River Valley, Curaçá, Bahia. 

In table grape (cultivar Christman Rose), 
the infected fruit is red in the middle and 
lighter red toward both ends (Fig. 2). Dur-
ing their development, the larvae build gal-
leries in the grape; in some cases, the gal-
leries can be seen through the fruit skin. 
These galleries are typical, thus character-
izing grape infestation (Reis et al., 1998). 
When compared with the larval develop-
ment in preferred hosts, the larvae in our 
study occasionally seem underdeveloped; 
what suggests that grapes have not yet been 
completely colonized by the medfl y (Fig. 3). 
Based on our preliminary results, the grape 
cultivars grown at VSF are medfl y hosts and 
can occasionally cause signifi cant damage 
to production. Grape varieties that host fruit 

fl ies must be characterized and their infes-
tation threshold determined to effi ciently 
monitor the insect and control its population 
growth. 

Figure 2. Christman rose grapes infested by lar-
vae of Ceratitis capitata

Figure 3. Grape cut, with the larva of Ceratitis capi-
tata

table 1. Infestation of six grape cultivars by fruit fl ies in the Sub-medium São Francisco River Valley, Bra-
zil, from October to December 2005. 

Cultivar Location
Sample

Mass 
(kg)

Number 
of 

Samples 

Number 
of 

Pupae
Pupae/

kg

Total 
emerged

C. 
capitatad

Number and % 
of emerged C. 

capitata

Emer-
gence% 

♂ ♀
Christman 
rose

Juazeiro 21.30 06 50 2.35 35 14 - 66.7 21 - 33.3 70.0

Red globe Juazeiro 48.28 12 60 1.24 45 21 - 46.7 24 - 53.3 75.0
Festival Petrolina 25.41 07 271 10.66 139 61 - 43.9 78 - 56.1 51.3
Itália Petrolina 10.84 05 09 0.83 8 3 - 37.5 5 - 62.5 88.9
Benitaka Petrolina 9.53 07 94 9.90 68 35 - 51.5 33 - 48.5 72.3
Total - 115.36 37 484 4.19 295 134 161 71.5
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ABStrAct: Neosilba species are believed to be secondary invaders of fruit, so, little attention has been paid to its presence in coffee fruits. In this 
article we present a key to Neosilba species present in coffee fruits and describe a new species that is considered a primary invader. We hope this will 
help researchers working with coffee fruits to better quantify the economic importance of Neosilba species associated with coffee fruits.

Key Words: Fruit-fly, new pest, Neosilba new species.

IntroductIon

Coffee crops are grown in much of the 
southeast of Brazil, in the states of Parana, São 
Paulo, Minas Gerais, Rio de Janeiro and Es-
pírito Santo. In the year 2000 coffee exporta-
tion added 1.65 billion dollars to the Brazilian 
economy (IBGE 2000). The damage caused by 
fruit flies (Tephritidae) in coffee plantation is 
well known (Eskafi & Cunningham 1987, Ma-
lavasi & Zucchi 2000), but little attention has 
been paid to Lonchaeidae species present in 
coffee fruit. This may be due to the fact that 
lonchaeids in fruit are often thought to be 
secondary invaders, associated with tephritid 
flies or with fruit damaged by other causes, 
and the lack of an identification key to spe-
cies present in coffee. Araújo & Zucchi (2002) 
reported Neosilba pendula (Bezzi) as an im-
portant pest of Barbados cherry crops (Mal-
pighia ermaginata) in the state of Rio grande 
do Norte, Brazil. This species is also present in 
coffee fruits, along with N. zadolicha McAlpine 
& Steyskal, N. glaberrima (Wiedemann), N. cer-
ta (Walker), N. bifida Strikis & Prado, N. pseu-
dopendula (Korytkowski e Ojeda) and N. bella 
n. sp. Souza et al. (2005) found six species of 

Neosilba present in coffee fruits. Aguiar-Me-
nezes et al. (2007) describe N.bifida and Neo-
silba n. sp 10, here designed Neosilba bella n. 
sp, as primary invaders of coffee fruits. 

MAtErIAlS And MEthodS

Samples of Neosilba species reared from 
coffee fruits (Coffea arabica., Rubiaceae), cul-
tivars Icatú Amarelo, Catucaí Amarelo, Oieiras 
and Obatã, have been sent to our laboratory 
at the Departmento de Parasitologia of the 
Instituto de Biologia of Universidade Estadu-
al de Campinas to be identified. 

From male specimens received, kept in al-
cohol 70%, the abdomen was separated and 
put into a solution of 10% KOH at room tem-
perature for 24 h. After clearing the abdo-
mens were washed gently and put in glycerin 
in order to extract the genitalia under a Zeiss 
stereomicroscope enabling us to identify the 
Neosilba flies. Voucher specimens are depos-
ited in the laboratory L2a at the Departamen-
to de Parasitologia at UNICAMP.

All measurements were made using a Zeiss 
Axioplan photomicroscope and the software 
Image-Prolite, version 4.0 for Windows 95/
NT/98. 
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New Neosilba Species in Coffee.

rESultS 

Species of Neosilba Reared from Coffee Ara-
bica
Neosilba bifida Strikis & Prado
Neosilba bifida Strikis & Prado 2005: 1.
Material examined: Rio de Janeiro: Seropédica, 
2005, Ellen Aguiar-Menezes: 01 ♂.
Neosilba certa (Walker)
Anthomyia certa Walker 1850-56: 364. 
Neosilba certa: McAlpine & Steyskal 1982: 112.
Lonchaea certa: Stein 1901: 192. 
Silba certa: Gaud & Martorell 1973: 249.
Lonchaea pendula: Bezzi 1919: 249. 
Material examined: São Paulo: Campinas, 1994, 
Adalton Raga: 01 ♂; Rio de Janeiro: Seropédica, 
2005, Ellen Aguiar-Menezes: 29 ♂♂.
Neosilba glaberrima (Wiedemann) 
Lonchaea glaberrima Wiedemann 1830: 475.
Neosilba glaberrima: McAlpine & Steyskal 1982: 
114. 
Lonchaea pendula: Bezzi 1919: 249.
Carpolonchaea pendula: Hennig 1948: 360. 
Silba pendula Korytkowski & Ojeda, 1971: 112.
Material examined: Rio de Janeiro: Seropédica, 
2005, Ellen Aguiar-Menezes, 13 ♂♂.
Neosilba pendula (Bezzi)
 Lonchaea pendula Bezzi 1919: 249.
Neosilba pendula: McAlpine & Steyskal 1982; 
Araújo & Zucchi 2002: 91; Strikis & Prado 2005: 
1.
Lonchaea glaberrima: Ihering 1905: 3; Hempel 
1905: 353, 1906: 208; Bezzi, 1910.
Lonchaea aenea: Ihering, 1912; Tavares 1915: 52.
Material examined: Rio de Janeiro: Seropédica, 
2001, Ellen Aguiar-Menezes. 28 ♂♂. Sao Paulo: 
Campinas, 1998, Adalton Raga, 24 ♂♂; Garça, 
1997, Adalton Raga. 09 ♂♂ 
Neosilba pseudopendula (Korytkowski & Oje-
da) 
Silba pseudopendula Korytkowski & Ojeda 
1971:113; Steyskal, 1978: 72.
Neosilba pseudopendula: McAlpine & Steyskal 
1982: 127; Souza et al. 2005: 639.
Material examined: Rio de Janeiro: Seropédica, 
2005, Ellen Aguir-Menezes: 02 ♂♂.

Neosilba zadolicha McAlpine & Steyskal
Neosilba zadolicha McAlpine & Steyskal 1982: 
127; Uchoa-Fernandes et al., 2004: 515; Santos, 
et al. 2004: 653; Strikis & Prado 2005: 1; Han & Ro 
2005: 420. 
Material examined: São Paulo: Campinas 1999 
Adalton Raga: 01 ♂; Campinas, 2000, Adalton 
Raga: 03 ♂♂.
Neosilba bella n. sp.
Material examined: Rio de Janeiro: Seropédica, 
2005, Ellen Aguiar Menezes: 41 ♂♂.

tAxonoMy 

Neosilba bella n. sp.
holotype: Male, reared from Cytharexyllum 

myrianthum Chamb. collected by Adalton 
Raga, on 30 Jan 2002 in Caraguatatuba, SP, 
deposited in the Museo de Zoologia da Uni-
versidade de São Paulo (MZUSP).

Paratypes: 3 males, in very good condition, 
reared from Eryobotria japonica (Thumb.) 
Lindl., collected in Monte Alegre do Sul, SP, on 
08 Jun. 2002 by Pedro Carlos Strikis, depos-
ited in MZUSP.

dEScrIPtIon oF holotyPE: 
MAlE Body SIzE: 6.7 MM

head: Frons: narrowed toward lunule, 1.8 
mm long and 1.4 mm wide; length/width 
ratio:1.28. Lunule with 8-9 setulae. Ocel-
lar plate with 8 strong bristles, 2 inter ocel-
lar bristles under ocellar plate and 2 others 
above ocellar plate. Antenna, 1.8 mm long, 
with one prominent bristle on the pedicel. 
First flagellomere 0.846 mm long and 0.34 
mm wide; length/width ratio: 2.48. Arista 
0.9 mm long and plumose. Palpus large and 
broad.

thorax: thorax 2.0 mm in long dorsal 
view and setulose. Scutellum bare, with 2 
strong marginal basal bristles with 3 se-
tae between it and 2 strong marginal api-
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cal bristles, and 3 setae between marginal 
apical bristle and marginal basal bristle at 
each side of scutellum. Anepisternum with 
a cluster of 5 strong posterior bristles, with 
one setae below, and a cluster of 4 strong 
anterior bristles, weaker than posterior 
bristles.

Wings: hyaline, 5.2 mm long and 2.3 mm 
wide; length/width ratio: 2.26; hyalines with 
brownish veins and microtrichia, calypteres 
white with white fringes and with about 12 
long blackish setae at fold.

Male terminalia: Total length: 0.93 mm; 
epandrium short, 0.46 mm long, but lon-
ger than wide; 0.38 mm wide, length/width 
ratio: 1.21 and with long hairs, longer at 
end of epandrium (figs. 1 and 2). Aedea-
gus with filament fine and slender after “C” 
shaped base until apex, ending slightly be-

yond prensisetae. Surstylus with 10 strong 
prensisetae distally. Cerci with scarce but 
long setae; easily seen in ventral and lat-
eral views (figs. 1 and 2). Paramere with a 
conspicuous shape, more or less triangu-
lar, (fig. 1 and 3).

FEMAlE: unknoWn. 
othEr SPEcIMEnS ExAMInEd:

São Paulo: Caraguatatuba, Cytharexyllum 
myrianthum Chmab. 30 Jan. 2002 Adalton 
Raga: 03 ♂♂; Monte Alegre do Sul Eryobot-
ria japonica (Thumb.) Lind., 08 Jun. 2006, 
Pedro Carlos Strikis 8 ♂♂; São Bento do 
Sapucaí Malpphighia punicifolia L., 14 Apr. 
1998, Miguel de Souza Filho: 2 ♂♂; Espíri-
to Santo: Viana, Eugenia uniflora L., 24 Oct. 

Fig. 1, male terminalia of N. bella n.sp in ventral view; 

Fig. 2, male terminalia of N.bella n. sp in lateral view; 
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Fig. 3, male terminalia of N. bella n. sp in ventral view showing detail of paramere.

Fig. 4, male terminalia of N. zadolicha in ventral view; 

Fig. 5, male terminalia of N. bifida in ventral view; 

Book Fruit Flies.indb   190 28/10/2008   08:27:22



From Basic to Applied Knowledge  New Neosilba Species in Coffee.
191

Fig. 7, male terminalia of N. glaberrima in ventral view.

Fig. 6, male terminalia of N. certa in ventral view;

Fig. 8, male terminalia of N. pseudopendula in lateral view; 
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Fig. 9, male terminalia of N. pendula in lateral view. Figures taken from McAlpine & Steyskal, 1982.

kEy to SPEcIES oF NeoSILBA uSuAlly 
Found In coFFEE FruItS In BrAzIl 
(AdAPtEd FroM McAlPInE & StEySkAl 
(1982) And StrIkIS & PrAdo (2005)

1. Male teminalia in ventral view approxi-
mately 6 times as long as wide (Fig. 4) ......... 
 ............................................................N. zadolicha 
Male terminalia in ventral view with 
length/width ratio less than 4 ...................... 2

2. Male terminalia in ventral view with a left 
bended spine-like structure arising above 
“C” shaped base of aedeagus (Fig. 5) ............. 
 ....................................................................N. bifida 

No special structure visible in ventral view 
arising above “C” shaped base of aedeagus 
 ................................................................................. 3

3. Tip of aedeagus strongly sinuous or  
swollen .................................................................. 4 

Tip of aedeagus not strongly sinuous nor 
wollen .................................................................... 5

4. Tip of aedeagus S-shaped in lateral view 
(Fig.8) .....................................N. pseudopendula

Tip of aedeagus swollen in lateral view (Fig. 9)  
 .................................................................. N. pendula

2002, David Martins 01 ♂; Viana, Ingá laurina 
Willd:, 27 Oct. 2002, David Martins 02 ♂♂; 
Linhares: Eugenia gemminiflora Berg., 28 Jan. 
2004 David Martins: 3 ♂♂; Linhares: Talisia es-
culenta Radlk (native name: Pitomba-rosa): 06 
Feb. 2004, David Martins: 04 ♂♂; Paraná: Euge-
nia uniflora L.; 20 Apr. 2004, Flávio Garcia: 01♂; 
Bahia: Ilhéus trapped in McPhail trap placed 
in a border of mata atlântica reservoir, 13 Jun. 
2004, Maria Aparecida Leão Bittencourt: 04 
♂♂; Amazonas: Manaus, Sample labeleb only 
Sapotaceae, with no species descrimination, 
24 Apr. 2004, Sergio Costa: 06 ♂♂.

Families of host plants of N. bella n. sp: 
Verbenaceae, Rosaceae, Malphighiaceae, 

Myrtaceae, Fabaceae, Sapindaceae, Rubiace-
ae and Sapotaceae.

diagnosis: The shape and size of the male 
terminalia, the shape of the paramere, and 
the curvature of the aedeagus after the “C” 
shaped base are the best characters to iden-
tify N. bella. 

distribution: known only from Brazil (Ama-
zonas, Bahia, Espírito Santo, Paraná, Rio de Ja-
neiro and São Paulo).
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5. Paramere with somewhat blade-like shape 
in ventral view (Fig. 7) .............. N. glaberrima

Paramere not blade-shaped in ventral view ... 
 ................................................................................. 6

6. Paramere bilobed in ventral view (Fig. 6) ..... 
 ..................................................................... N. certa

Paramere more or less triangular in ventral 
view (Figs. 1, 3) ........................................ N. bella
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INTRODUCTION
 
Animal-pollinated flowers usually produce 

rewards to entice floral visitation by pol-
linators; and the commonest reward is in 
the form of a sugary liquid known as nectar. 
Nonetheless, some flowers attract pollinators 
despite having no apparent floral reward; 
and most of these “non-rewarding” flowering 
plant species are orchids. There have been a 
number of attempts to account for the seem-
ing paradox, including “One explanation for 
the widespread absence of floral nectar in 
many orchids is that it causes pollinators to 
visit fewer flowers on a plant, and thus reduc-
es self-pollination” (Jersakova and Johnson 
2005 and references there in). 

Bulbophyllum (Orchidaceae: Epidendroi-
deae), with ca 1,900 accepted species {many 
of which are epiphytes in tropical and sub-
tropical forests} categorized under eighty 
sections, is the largest genus in the orchid 
family, (J.J. Vermeulen, personal communica-
tion). The irregular (zygomorphic) flowers of 
this myophilous orchid genus are currently 
better known as producers of foul-smelling 
odours that attract carrion flies (Van der Pijl 
and Dobson 1969, Dressler 1981). Some Bul-
bophyllum species have flowers that are pol-
linated by flies belonging to four dipteran 
families, Calliphoridae, Lonchaeidae, Milichii-
dae, as well as Tephritidae (Christensen 1994). 
But there is no information as to the actual 

chemical component(s) responsible for fly 
attraction. However, in the Bulbophyllum sec-
tion Sestochilus (currently being revised, J.J. 
Vermeulen, personal communication) many 
of the 60-70 species produce flowers that 
specifically attract Bactrocera fruit flies (Tan 
2000). 

Ridley (1890) first reported the fertilization 
of two Bulbophyllum species, Bu. macranthum 
Lind. and Bu. stritellum Lind., by a “small and 
active fly”, which he had never seen on other 
flowers. He also stated of Charles Darwin “…
after examining several species of Bulbophyl-
lum, that he was quite unable to conjecture 
the use of this extreme mobility of lip, unless it 
were to attract the attention of insects”. More 
than a century past by before the role, of the 
moveable floral lip that characterizes the ge-
nus Bulbophyllum, was investigated. The floral 
attractants and the atypical rewards flowers 
provide have also been determined and are 
described in this paper. 

Bactrocera spp. fruit flies appear to be the 
exclusive pollinators of Bu. baileyi F. Muel. Its 
flowers release a fruity scent in the morn-
ing that is responsible for attracting flies 
(Symthe 1969). A “pleasant odor” was also re-
ported for flowers of Bu. giellerupii J. J. Smith 
and described as attractive to Dacus (cur-
rently Bactrocera) fruit flies (Howcroft 1983). 
These flowers use volatile chemicals, and not 
shape or colour, to attract fruit flies, as was 
demonstrated by covering the blossoms of 
Bu. cheiri with black stocking cloth (Tan 1992; 
1993). Recently, a growing awareness of fruit 
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flies visiting and pollinating Bulbophyllum or-
chids (Tan and Nishida 2000, 2005, Tan et al. 
2002), has stimulated internet discussions via 
the website < http://www.orchidspng.com/
discus/messages/6/8508.html?1114674110 
>. The site includes striking photographs of 
fruit flies on Bu. hahlianum Schltr., and Bu. si-
napis JJVerm. & PO’Byrne.

While tephritids are widely recognized as 
pests, little is known about their important 
beneficial and ecological role as floral visitors 
and pollinators in natural ecosystems par-
ticularly in association with wild orchids (Tan 
1993, 2000). As late as 1983, Kevan and Baker 
in their review of “Insects as flower visitors and 
pollinators” made no mention of tephritid fruit 
flies visiting flowers, albeit there were earlier 
publications. For example, a survey using cue 
lure and methyl eugenol (=ME) baited traps 
(24 each), covering all the provinces of Papua 
New Guinea (PNG), captured 338 individu-
als belonging to 24 Bactrocera species which 
bore pollinaria (all from unknown orchid spe-
cies except for two on B. umbrosa were identi-
fied as from Bulbophyllum tollenoniferum JJ 
Sm. flowers) as evidence of orchid visitation. 
The eleven species with highest numbers of 
individuals bearing pollinia were, in decreas-
ing order, B. umbrosa > B. curvifera > B. musae 
> B. papayae > B. atramelata > B. frauenfeldi 
> B. seguyi > B. bryoniae > B. moluocensis > B. 
trivialis (Clarke et al. 2002).

Table 1. Bactrocera pest species in the Asia-Pacific 
region

Lure Pest species

cue lure or 
RK*

B. albistrigata (Meijere), B. bryo-
niae (Tyron), B. caudata (Fabr-
icius), B. cucurbitae (Coquillett), 
B. distincta (Malloch), B. facialis 
(Coquillett), B. fruenfeldi (Schin-
er), B. kirki (Froggatt), B. kraussi 
(Hardy), B. melanotus (Coquil-
lett), B. neohumeralis (Hardy), B. 
passiflorae (Froggatt), B. pedes-
tris (Bezzi) B. tau (Walker), and B. 
tryoni (Froggatt)

methyl 
eugenol

B. correcta (Bezzi), B. dorsalis 
complex [B. carambolae Drew & 
Hancock, B. caryeae (Kapoor), B. 
dorsalis (Hendel), B. kandiensis 
Drew & Hancock, B. occipitalis 
Bezzi, B. papayae+ Drew & Han-
cock, and B. philippinensis Drew 
& Hancock], B. musae (Tryon), 
B. umbrosa (Fabricius), B. xan-
thodes (Broun) and B. zonata 
(Saunders)

unknown B. arecae (Hardy & Adachi), B. 
cucumis (French), B. latifrons 
(Hendel), B. jarvisi (Tryon), B. py-
rifoliae Drew & Hancock, B. strigi-
finis (Walker), and B. tsuneonis 
(Miyake)

+  not a distinct species from B. dorsalis (Nace-
ole and Haymer 2003, Tan 2003)
* RK – raspberry ketone found in several spe-
cies of plants but cue lure is a synthetic ana-
logue of RK
Adapted from Tan (2000), Allwood and Vueti 
(2003), Carroll et al. (2005). 

Although, fruit fly pests have been recorded 
as floral visitors and implicated as possible pol-
linators of other plant families (eg., Lewis et al. 
1988; Chuah et al. 1996), this paper discusses 
only their interactions with Bulbophyllum wild 
orchids: specifically a) their diversity; b) their 
floral compounds that act as chemical cues / 
rewards for the attracted flies; and c) their floral 
architecture, especially the moveable lip mech-
anism, in facilitating pollination.

1. ATTRACTANTs AND TheIR beNeFITs TO 
mALe FRUIT FLIes. 

As a prelude to understanding the interac-
tion between Bactrocera fruit fly and Bulbo-
phyllum orchids, it is important to understand 
how and why attractive compounds are used 
by male flies. The following are among the 
better understood Bactrocera attractants 
(Table 1).

1.1. Methyl eugenol. It was first discovered as 
a minor component of citronella grass, Cym-
bopogon nardus Ridley (Graminaeae), and 
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shown to be a very potent fruit fly attractant 
(Howlett 1915; Table 1). It has now being de-
tected in >200 plant species belonging to 46 
families (Tan et al. 2005). Before the 1990s, 
ME’s role in male fruit flies has puzzled many 
entomologists and chemical ecologists; and 
some have considered it as “one of the great 
mysteries of tephritid biology” (Cunningham 
1989).  

Recently, it was found that sexually mature 
male B. dorsalis exposed to ME vapor produced 
a polypeptide in the antennae that induces a 
series of feeding behavior (Lim et al. 1998). 
Upon consumption, ME is converted into its 
analogs E-coniferyl alcohol (CF), 2-allyl-4,5-
dimethoxyphenol (DMP) and trace amounts 
of Z-3,4-dimethoxycinnamyl alcohol (DCA) in 
the crop (Lim et al. 1998, Hee and Tan, 2004). 
These are then transported directly to the rec-
tal gland via hemolymph (Hee and Tan 2004, 
2006). Upon reaching the rectal gland, the ME 
metabolites are sequestered in the rectal sac 
via a particular rectal papilla (Khoo and Tan 
2005). The compounds are subsequently re-
leased as a sex pheromone to attract females 
(Tan and Nishida 1996, 1998) or an allomone, 
when threatened, to deter predation (Wee 
and Tan 2001). Males that have fed on ME are 
more successful in mating competition com-
pared with ME-deprived males (Shelly and 
Dewire 1994, Tan and Nishida, 1996, 1998). As 
a precursor of sex pheromone and as a de-
fensive substance ME is beneficial to males of 
B. dorsalis and this presumably accounts for 
its strong attractiveness. 

In other ME-sensitive pest fruit flies, con-
sumed ME is processed differently. In B. 
umbrosa it is converted to analogs - 3,4-
dimethoxycinnamyl alcohol (DCA), DMP 
and 3,4-dimethoxy-hydroxyallyl-benzene, 
(Nishida and Tan unpublished data); and 
in B. carambolae, it is oxidized to CF to act 
as a sex pheromone in tandem with its en-
dogenously produced components - 6-oxo 
-1-nonanol and N-3-methylbutyl acetamide 
(Wee and Tan 2005). Conversely, after the 

non-pest species B. unimacula feeds on flo-
ral ME, DMP and a trace amount of CF were 
detected in the rectal gland along with large 
quantities of two sesquiterpenic compounds 
tentatively identified as -caryophyllene and 
humulene, which were likely sequestered 
from other plants (Tan et al. 2006). Hence, it 
appears that each species produces its own 
blend of major sex pheromone components 
either entirely from ME-derived components 
or from ME-derived component(s) in combi-
nation with its endogenously synthesized/
produced chemical component(s). 

 1.2. Raspberry ketone. Free or glycosidically 
bound raspberry ketone (RK) has been de-
tected in 17 plant genera (Zorn et al. 2003). 
However cue lure (CL) (an acetyl analog of 
RK), a commonly used commercial lure (Table 
1), is not found naturally and is readily con-
verted to RK in the presence of moisture (Met-
calf 1990). Males of B. cucurbitae and B. tryoni 
sequester RK into their rectal (pheromonal) 
glands after feeding on CL (Tan and Nishida 
1995, Tan 2000a). Similar sequestration was 
detected in B. tau (unpublished data); and 
in B. caudata after feeding on floral volatiles 
containing RK (Tan and Nishida 2005). These 
species like B. cucurbitae releases RK as one of 
the volatile components in the rectal gland 
secretion that acts as sex pheromone dur-
ing courtship to attract conspecific female as 
well as allomone to deter vertebrate preda-
tion (Tan 2000a). RK is detectable in three va-
rieties of the raspberry jam orchid, Dendrobi-
um superbum RchB. f. (syn. D. anosmum Lind.), 
which attracted many RK-sensitive male flies 
that did not feed on inner region of the lip 
and, consequently, do not remove the polli-
narium for pollination (Nishida et al. 1993).

2. ATTRACTANTs FROm FLOWeRs OF 
BulBophyllum ORChIDs.

Most Bulbophyllum flowers do not produce 
nectar as a reward for insect pollinators but, in-
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stead, produce compounds, such as those de-
scribed above, that are used by potential fruit 
fly pollinators as semio- and allo-chemicals. 

2.1. Floral zingerone. Zingerone [4-(4-hy-
droxy-3-methoxyphenyl)-2-butanone] (Fig. 
1C), is a pungent essence of ginger. Flowers 
of Bu. patens King (Fig. 2A), currently extinct 
in Singapore [http://www.cites.org/eng/re-
sources/species.html], was discovered to re-
lease zingerone. Interestingly, this compound 
was shown for the first time to attract male 
flies of both ME-sensitive and RK-sensitive 
Bactrocera species; for example, B. dorsalis 
and B. caudata, B. cucurbitae, and B. tau, re-
spectively (Tan and Nishida 2000). All these 
species are pests in many Asia-Pacific coun-
tries especially in Indonesia, Malaysia and 
Thailand. 

stage of pollination, i.e. actual deposition of a 
pollinarium borne by the notorious Queen-
sland fruit fly, B. tryoni, on to the stigmatic sur-
face of another flower, was reported (Symthe 
1969). Recently, zingerone was detected as 
the major component of floral volatiles in 
flowers of Bu. baileyi (ex Queensland) grown 
in Malaysia. Similarly, as in Bu. patens flowers, 
the see-saw lip has the highest concentration 
of zingerone; and removal of pollinarium by 
B. dorsalis in Malaysia (a non-endemic area) 
has been observed (Tan and Nishida 2006).

Flowers of Bu. macranthum (ex Thailand), Bu. 
praetervisum JJ Verm. (ex Malaysia) and Bu. 
giellerupii (ex PNG), belonging to the Bu. mac-
ranthum species complex, also possess and 
release Floral zingerone that attracts several 
fruit fly pest species (unpublished data).

Interestingly, flowers of two sympatric vari-
eties of Bu. apertum Schltr. (syn. Bu. ecornutum 
(JJSm.) JJSm.) subspecies verrucosum from 
the Nabawan population in Sabah, Malaysia, 
show variation not only in color and pattern 
differences but also possess different fruit fly 
attractants in their respective floral fragranc-
es. A variety with dark red or purple batches 
on petals, sepals and lip (Fig. 2C) contains RK 
(see below); and a variety with purple spots/
patches on white petals and sepals (Fig. 2D) 
contains zingerone (Nishida, Vermeulen and 
Tan unpublished data). 

Floral zingerone upon consumption by male 
B. dorsalis is converted to zingerol, which at-
tracts sexually mature female, thus, acting as 
sex pheromone. Nonetheless, in B. cucurbi-
tae, the chemical is sequestered in the rectal 
gland unchanged. Surprisingly, zingerone-
fed male flies attracted significantly higher 
number of female flies when compared with 
zingerone-deprived and CL-fed male flies in 
a wind tunnel (Khoo and Tan 2000). This sug-
gests that zingerone-fed males may be more 
successful in attracting and courting their fe-
male partners than even CL-fed males; hence, 
comparative field studies should be conduct-
ed for further supportive evidence.   

Figure 1. Chemical structure of the floral at-
tractants for Bactrocera male fruit flies. A: Methyl 
eugenol, B: Raspberry ketone, C: Zingerone.

Of the floral parts in Bu patens, the see-saw 
lip (labellum) contains the highest concen-
tration of zingerone, 930 ppm, while medial 
sepal, lateral sepals, petals and column have 
167, 95, 51 and 4 ppm, respectively (Tan and 
Nishida 2000). Pollinarium removal by B. dor-
salis (Fig. 2A), B. cucurbitae (Fig. 2B) and B. tau 
has been observed.

Males of Bactrocera jarvisi (Tryon) have been 
seen attracted in large numbers to Bu. baileyi 
flowers (May 1953). Flowers of Bu. baileyi were 
reported to produce a ‘fruity odour’ as well as 
frequently visited by fruit flies (4-5 per flower) 
in Townsville, Australia. Additionally, the final 
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2.2. Floral raspberry ketone. A variety of Bu. 
apertum subspecies verrucosum flowers re-
lease RK to attract pest species - B. albistra-
gata, B. caudata (Fig. 2C), B. cucurbitae, and 
B. tau in Malaysia. However, this small non-
resupinate flower, with a relatively small and 
triangular see-saw lip, allows the larger male 
flies, except B. albistragata, to feed on the lip 
surface without mounting on to the lip and, 
hence, may accidentally remove pollinarium 
leading to total wastage of pollens. In this 
case, RK acts as floral kairomone. Neverthe-
less, a smaller sized fruit fly, such as male B. 
albistragata, is able to precisely remove the 
pollinarium in a correct manner and, then, 
able to transport the pollinia to another flow-
er, thus floral RK acts as synomone (Tan and 
Nishida 2005).  

Flowers of Bu. emiliorum Ames & QuisumB. 
Bu. hahlianum (ex PNG) and Bu. macranthum 
(ex PNG) of the Bu. macrantum species com-
plex also release RK. As for the first species, 
hitherto, only one flower was available for 
my observation, in which males of B. albis-
tragata (Fig. 2E) and B. caudata (Fig. 2F) were 
observed to feed on the inside and outside, 
respectively, of the tubular shaped flower, 
which incidentally is not adapted to insect 
pollinators with long tongue/proboscis but 
to fruit flies (unpublished data). The floral 
fragrance of Bu. hahlianum contains RK and 
another interesting and unusual fruit fly at-
tractant (Nishida, Howcroft and Tan unpub-
lished data). Interestingly, the variety of Bu. 
macranthum found in PNG has a different 
color pattern and volatiles from those found 
in Thailand (see above), suggesting varietal 
difference in indigenous species of different 
countries.

2.3. Floral methyl eugenol. Flowers of Bu. 
cheiri Lind. contain ME as the major volatile 
component of their floral fragrance (Tan et 
al. 2002). Besides ME, other minor phenyl-
propanoid components in the floral volatiles 
are eugenol, Z-methyl isoeugenol, E-methyl 
isoeugenol, 2-allyl-4,5-dimethoxyphenol 

(DMP), and 5-allyl-1,2,4-trimethoxybenzene 
(euasarone) (Nishida et al. 2004). This species 
of orchid is found in lowland rain forest, and 
its solitary non-resupinate flower attracts 
many male flies (Fig. 2G). Of the 276 fly visitors 
collected from the flowers, a B. carambolae, 2 
hybrids of B. dorsalis and B. carambolae, 17 B. 
umbrosa and the rest B. dorsalis were identi-
fied. Each bloom can be completely covered 
with fruit flies (ca 30) during late morning. 
The petals and sepals do not spread out with 
their tips almost touching each other. As such, 
actual pollinarium removal is difficult to ob-
serve, but without fail, one of the first few flies 
attracted can soon be seen bearing the polli-
narium (Fig. 2H) (Tan et al. 2002). Interestingly, 
DMP is also one of the male sex pheromonal 
components derived from ME in the notori-
ous pest B. dorsalis, and is a potent deterrent 
against a lizard predator (Wee and Tan 2001). 
Presumably, floral DMP may be used to deter 
frugivorous vertebrates from consuming the 
flower, which resembles a small fruit in ap-
pearance.  

Another wild and very rare orchid species 
that releases ME as the largest floral volatile 
component is Bu. vinaceum Ames & C. Sch-
weinf. (Fig. 2I), which is endemic in the high-
land forests of Sabah. At ca 1,800 m above sea 
level, many B. dorsalis and B. unimacula Drew 
& Hancock (the latter is a sibling to the for-
mer, and not a pest) are attracted to the deep 
wine-red colored, and single flowered inflo-
rescence. At times, flies cover the fully spread 
petals and sepals. Amazingly, the flowers pro-
duce a cocktail of phenylpropanoids ranging 
from lowly to very highly potent male fruit 
fly attractants. Besides ME, the other major 
components are E-coniferyl alcohol (CF), 
2-allyl-4,5-dimethoxphenol (DMP), and E-3,4-
dimethoxycinnamyl acetate, while the minor 
components are eugenol, euasarone, E-3,4-
dimethoxy cinnamyl alcohol and Z-coniferyl 
alcohol. Strangely, flowers of this species do 
not attract any female fruit flies, albeit they 
abundantly possess two phenylpropanoids – 
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CF and DMP, which are identical to the two 
major male sex pheromone components in 
B. dorsalis. Perhaps these substances are not 
released during late afternoon or dusk when 
the sexually mature female flies are most 
sensitive (Tan et al. 2006). 

Flowers of Bu. cheiri and Bu. vinaceum attract 
many male fruit flies. Each bloom can attract 
well over 50 flies before wilting. Regardless of 
fly numbers, as mentioned earlier in the in-
troduction, only one can become a potential 
pollinator, as there is only one pollinarium to 
be removed (Fig. 2G). The rest are just visitors 
picking up floral attractant(s) without getting 
involved directly in pollination. 

The interaction between B. dorsalis and those 
Bulbophyllum species that release floral ME ap-
pears to have coevolved into a true mutualism 
in which both parties gain reproductive bene-
fits; i.e. the orchids get their pollinia transport-
ed and are pollinated, and the male fruit flies 
are rewarded with the floral synomone, which 
is converted into chemical component(s) for 
sex pheromones and/or as allomones to de-
ter predation by lizards, particularly during 
lengthy mating that normally lasts from dusk 
to dawn. The co-evolution between Bactrocera 
fruit flies and Bulbophyllum orchids certainly 
deserves further research/investigation. This 
may ultimately reveal more fruit fly attractants 
or new attractants for Bactrocera species cur-
rently non-responsive to known commercial 
attractants.

3. The ORChID LIP meChANIsm AND ITs 
ROLe IN POLLINATION by FRUIT FLIes.

The lip (labellum), a highly modified petal, 
is an important adaptation of many orchid 
species, especially those in Bulbophyllum, to 
facilitate cross-pollination (Vermeulen 1991, 
Chan et al. 1994). Lip anatomy and mechanism 
were compared between wind assisted and 
non-wind assisted, fly pollinated species of 
Bulbophyllum. In the latter group, lips required 

applied weight to move (Teixeira et al. 2004). 
The moveable lip mechanism adapted to en-
tice and assist tephritid fruit flies during polli-
nation in the several Bulbophyllum species we 
have studied thus far can be divided into three 
categories: a) see-saw lips with highest content 
of floral attractant, b) see-saw lips with little/
no attractant and assisted by slippery surfaces 
of the lateral sepals, and c) Spring loaded and 
hinged lip. Categories (a) and (b) are in non-
resupinate flowers ((lip faces upward); and (c) 
is found in two species that has resupinate (lip 
faces downward) flowers.

3.1. See-saw lip with high attractants. The lips 
of Bu. apertum, Bu. bailey, Bu. cheiri (Fig. 3A & 
B), and Bu. patens contains high concentra-
tions of floral synomone that contains volatile 
compounds to attract and reward fruit flies. 
An attracted fly is rewarded by the opportu-
nity to feed on petal surfaces of petals and 
sepals; and it is eventually led to the lip where 
the chemical concentration is highest. Ini-
tially, the fly climbs on to the opened lip near 
the tip (Fig. 3A) and continues feeding as well 
as moving toward the column. In doing so, 
it passes the point of imbalance, i.e. crosses 
the see-saw lip’s hinge/fulcrum, resulting in 
the lip flipping into a closed position (Fig. 3B), 
thus, sending the fly head first into the col-
umn cavity. After being trapped temporarily 
between the lip and column, the fly retreats 
by moving backwards and, simultaneously, its 
thoracic dorsum touches the sticky viscidium 
of the pollinarium (pollinia and pollinia stalk), 
which is then removed from the anther and 
sticks to the fly. Presumably, when a fly bear-
ing the pollinarium on its thoracic dorsum 
visits another flower the same process is re-
peated and the fly is toppled into the column 
cavity again. In this subsequent performance, 
the pollinarium is ultimately deposited on to 
the stigma effecting successful pollination. 

3.2. See-saw lip with little/ no attractant, as-
sisted by slippery surfaces of lateral sepals. The 
lips of flowers belonging to the Bu. macran-
thum species complex, such as Bu. emiliorum, 
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Bu. giellerupii, Bu. hahlianum, Bu. macranthum, 
Bu. praetervisum (Fig. 3C), are relatively simple 
structures (either a flat/curve platform-like or 
bucket-like), and either without or with very 
low concentrations of fruit fly attractive com-
pounds. Instead these species have lateral se-
pals that contain high concentrations of fruit 
fly attractant, as well as having their front 
inner edges modified to slippery surfaces to 
compliment the lip mechanism during polli-
nation (Fig. 3C). A fly usually starts licking and 
picking up attractant near the upper part of 
the lateral sepals. It eventually reaches to the 
front apices of the sepals. While in this narrow 
section of the sepals, it is able to cling to the 
edges. But, when it moves slightly downward 
nearer to the base of the lateral sepals i.e. the 
broader slippery edges, it is unable to reach 
across the gap between the sepals, the fly 
then slips and falls on to the opened lip that 
is directly below. The weight of the fly plus the 
force of the fall instantly causes the lip to flip 
into a closed position and, thus, tipping the 
fly abdomen first into the column cavity (Fig 
3C). The dorsal side of the abdomen brushes 
against the sticky viscidium of the pollinari-
um during the fly’s attempt to free itself, as 
such, the whole pollinarium is removed and 
adhered precisely to the upper abdomen. 
This process is repeated when a fly bearing 
a pollinarium visits another flower to deposit 
the pollinia. The whole process of floral fer-
tilization was first observed and reported 
by Ridley in 1890. It should be noted that in 
this combination of floral lip mechanism plus 
slippery edges of sepals, the pollinarium is in-
evitably stuck to the fly’s abdominal dorsum 
when removed, and transported as such.

3.3. Spring loaded and hinged lip. The resupi-
nate flower of Bu. vinaceum has a spring load-
ed and hinged lip. The lip is always held in a 
closed position to protect the floral sexual 
organs, particularly the pollinarium that has 
a stiff hamulus, which protrudes prominently 
from the anther (Fig. 3D), from accidental re-
moval (Tan et al. 2006).

This unique lip mechanism apparently is 
very rare in Orchidaceae. Based on two dif-
ferent methods of calculations performed 
on preserved Bu vinaceum flowers, the ro-
tational force required to catapult the fly to 
the observed velocities was estimated to be 
between 117 and 122 x 10-9 Newton-meter 
(L. T. Tan, unpublished data). Additionally, 
the fact that the highest concentration of 
chemical reward occurs on the adaxial (con-
cave) side of the lip ensures that an attract-
ed fly will eventually end up here. When an 
attracted fly, due to high concentration of 
attractant, eventually climbs onto the lip es-
pecially the area towards the tip, its weight 
is sufficient to pivot the lip into its open po-
sition. This exposes the bulbous swelling of 
the hamulus protruding from the column 
(gynostemium). Due to the location of the 
attractant on the lip and the lip’s architec-
ture – a concave or ‘U’ shaped channel – the 
fly eventually aligns itself along the longitu-
dinal axis on the adaxial side of this ovate lip 
(Fig. 3D). The fly continues to lap up chemi-
cals on the lip with its short proboscis, and 
as this is depleted, the fly moves further to-
wards the base of lip. While moving towards 
the base of the lip, the fly moves past the 
point of instability – at about the mid-point 
of the lip’s length – and the ‘spring loaded’ 
lip then suddenly springs back to its closed 
position (in less than 0.04s). This instanta-
neously pitches the fly head first into the 
column cavity. On its parabolic flight path 
into the cavity, the fly brushes forcefully 
against the sticky bulb of the hamulus. The 
relatively long and stiff hamulus acts like a 
crowbar to forcefully dislodge the pollinia 
from the anther leaving behind just the 
anther cover. Hence, the whole pollinarium 
(hamulus plus pollinia) is detached from the 
anther and, instantaneously, adheres pre-
cisely to the fly’s thoracic dorsum. As the fly 
dismounts or takes off from the lip, the latter 
immediately springs right back to its normal 
closed position (Tan et al. 2006).
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Figure 2. Photographs of Bulbophyllum flowers and fruit fly pest bearing pollinarium. Note: The former 
are non-resupinate flowers, except Bu. vinaceum. Bar (–) = 1 cm.

A - Bulbophyllum patens with Bactrocera dorsalis bearing pollinarium (small arrow) and lip in an opened 
position (broad arrow).

b - Male Bactrocera cucurbitae bearing a pollinarium of Bu. patens.

C - Dark purple variety of Bu. apertum subspecies verrucosum, with B. caudata feeding on lip while stand-
ing on right lateral sepal. This variety releases raspberry ketone.

D - A sympatric variety of Bu. apertum subspecies verrucosum that releases zingerone.

e - Top view of Bu. emiliorum with B. albistragata feeding on the later al sepals.

F - Side view of Bu. emiliorum showing lip in between lateral sepals and B. caudata on left sepal. 

G - Bulbophyllum cheiri with many male B. dorsalis. Note: Fly bearing pollinarium on lateral sepal - at bot-
tom right of flower. 

h - Male B. dorsalis bearing a pollinarium of Bu. cheiri.

I - A resupinate flower of Bulbophyllum vinaceum with spring-loaded and hinged lip in a normal closed 
position (arrow) and a male B. dorsalis fly bearing a pollinarium.
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4. ImPLICATION OF TRUe mUTUALIsm 
beTWeeN FRUIT FLy PesTs AND ORChIDs 

Many fruit fly pest species have been shown 
to be directly involved in pollinarium removal 
of wild Bulbophyllum orchids and transport-
ing the pollinaria, as well as in several cases, 
the actual fertilization of orchid flowers. They 
are the only floral pollinators and visitors 
for many Bulbophyllum orchid species. True 
mutualism between fruit fly pests and some 
species of Bulbophyllum orchids does exist in 
the rain forests – the former get rewarded by 
feeding on the attractants for the production 

of or enhancing their sex pheromone that 
leads to attracting conspecific female flies 
during courtship and, thus, successful mat-
ing; while flowers of the latter get pollinated. 

The true scope of the role played by males 
of many pest fruit fly species in the pollina-
tion of Bulbphyllum orchids is still not fully 
understood and appreciated. In my opinion, 
where both pests and orchids are indigenous, 
any eradication of target species or area wide 
manipulation of fruit fly pest population to a 
very low level may eventually affect the cross 
pollination and, therefore, sexual reproduc-
tion of the wild orchid species. Furthermore, 

B

AA

C

D

Figure 3. See-saw lip of Bu. cheiri and flowers of Bu. pratervisum and Bu. vinaceum. Bar (-) = 1 cm

A & b – Ovary, pedicel, column (gynostemium) and see-saw lip of Bu. cheiri flower (with petals and sepals 
removed), the latter in an opened position (A) and in a closed position (B). 

C – Flower of Bu. praetervisum with a male B. cucurbitae. Note: The fly was tipped abdomen first into the 
column cavity after falling from the slippery and yellow-colored inner edges of the lateral sepals.

D – Flower of Bu. vinaceum with spring-loaded and hinged lip. 
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it has been pointed out that “Reproductive 
mutualisms epitomize the subtle, complex 
web of interactions (between plants and pol-
linators) which, if broken by human actions, 
could cause a cascade of extinctions” (Bond 
1994 and references there in). Currently, there 
is genuine concern among botanists, conser-
vationists and environmentalists that pol-
linators are declining in many habitats. This 
can lead to widespread pollen limitation and 
a global pollination crisis (Knight et al. 2005). 
Therefore, in our enthusiasm to suppress fruit 
fly pest populations in an area-wide program 
or even eradicate a pest species, over a vast 
area/region within a country or trans-bound-
ary between two or more countries, we 
should, first, try to understand and address 
the intricacies and complexities in the repro-
ductive mutualism between fruit fly pests 
and endemic wild orchid species within the 
targeted area and its surroundings. If eradica-
tion is undertaken, perhaps as a supplemen-
tary procedure the continuous release of 
sterile males of the targeted species will be 
required to replace the reduced native males 
and so pollinate the wild orchids. These ef-
forts will avoid a pollination crisis for many 
species of indigenous wild orchids that are 
entirely dependent on Bactrocera fruit flies 
for pollination, and at the same time, prevent 
the possible lost of endangered orchid spe-
cies and sustain the rich biodiversity in our 
planet’s natural forests. 

5. CONCLUsION

True mutualism exists between fruit fly 
pests and many Bulbophyllum orchid spe-
cies whose flowers produce fragrance as an 
attractant and chemical reward. In this close 
inter-relationship, both parties gain direct 
reproductive benefits. The male fruit flies 
are rewarded with an attractant chemical 
that boosts their sex pheromone system to 
attract females for successful mating, while 

the orchid flowers have their respective pol-
linarium transported for cross pollination. 
Several fruit fly pest species are almost cer-
tainly the sole pollinators of some Bulbophyl-
lum species. The management and suppres-
sion of the endemic fruit fly pests especially 
on an area-wide basis, conducted over a vast 
region within a country or between coun-
tries, may have tremendous impact on the 
unique interaction between the pests and 
indigenous orchid species. The latter situa-
tion, if not properly and strictly monitored, 
will inevitably lead to the disruption of sexual 
reproduction in the rare orchid species, and 
consequently and sadly, to possible extinc-
tion and loss in biodiversity. 
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IntroductIon

Anastrepha fraterculus (Wiedemann) (South 
American Fruit Fly) and Ceratitis capitata 
(Wiedemann) (Mediterranean Fruit Fly or 
Medfly) are the only two economically im-
portant fruit fly species found in Argentina 
(Aruani et al. 1996). Ceratitis capitata was in-
troduced to Argentina probably via Buenos 
Aires or through natural dispersal from Brazil 
(Ovruski et al. 2003). Both fly species are seri-
ous pests of a wide range of commercial fruit 
crops, and severely limit the export of fruit 
due to quarantine restrictions (Aruani et al 
1996). Medfly is widely distributed through-
out Argentina, whereas the native A. frater-
culus is mainly restricted to NW Argentina 
(Tucumán, Salta, Jujuy, Catamarca), NE Argen-
tina (Misiones, Corrientes, Entre Ríos) and in 
fruit cultivation areas of La Rioja, San Juan 
and Buenos Aires. In all these provinces A. 
fraterculus and C. capitata apparently coexist 
in wild and commercially grown, native and 
exotic fruits.

Both tephritids are polyphagous species 
that attack several families of fruit species in 

many countries. The number of host plants 
cited for A. fraterculus is approximately 80 
species (Norrbom 2004), whereas for C. capi-
tata the number is higher than 300 species in 
the world (Liquido et al. 1991; Copeland et al. 
2002). Regarding Argentina, several regional 
lists of known or potential host plants for C. 
capitata and A. fraterculus have been made, 
primarily to meet the needs of quarantine 
personnel in the fruit-growing regions (Rust 
1916, 1918; Ogloblin 1937; Hayward 1942, 
1944, 1960; Aczél 1949; Vergani 1952; Turica 
and Mallo 1960, 1961; Blanchard 1961; Ceruso 
1967; Turica et al. 1971, Nasca et al. 1981, 1996; 
Putruele 1996; Vaccaro 2000; Ovruski 2004a, 
2004b). However, several of those reports did 
not follow standard procedures to ascertain 
host plant status unequivocally. According 
to Norrbom and Kim (1988) and Aluja (1999), 
a host record should only be validated if the 
plant and fly species was identified by an ex-
pert taxonomist (the author cites the name 
and affiliation of the person performing the 
identification), if the infestation occurred un-
der natural conditions (i.e., field), and if host 
records were also accompanied by informa-
tion on levels of infestation (i.e., larvae per 
fruit or kg of fruit), fruiting phenology and 
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accurate information on cultivar type. More-
over, some C. capitata/A. fraterculus host plant 
data cited in Lahille (1915), Domato and Ara-
mayo (1947), Ratkovich and Nasca (1953), 
Rosillo (1953), Costilla (1967), Nasca (1970), 
Nasca et al. (1978), Manero et al. (1989), and 
Vattuone et al. (1999) are based on adult 
flies captured in traps placed in trees rather 
than fruit infestation. In the most recent and 
complete studies on ecology of C. capitata/A. 
fraterculus, such as the articles published by 
Ovruski (2002), Ovruski et al. (2003, 2004), 
Schliserman and Ovruski (2004), and Oroño 
et al. (2005) for NW Argentina, Segura et al. 
(2004) for central east Argentina, and Segura 
et al. (2006) for different Argentinean ecolog-
ical regions, host plants are only included on 
the basis of field infestation data. 

As part of a larger project on patterns of 
host utilization by frugivorous Tephritidae in 
NW Argentina, the aim of this study is to draw 
a more complete picture of the host range of 
the two economically important fruit fly spe-
cies in Argentina. A complete, detailed biblio-
graphic review was made in order to provide 
all the relevant information needed for host 
use in natural setting.

MAtErIAl And MEthodS

In order to collect information on host plants 
to C. capitata and/or A. fraterculus registered 
in Argentina and for the areas where the col-
lections were carried out, a thorough analysis 
on all the data available in specialized litera-
ture was made. Once the information was 
gathered, the first step was to make a list of 
species of valid host plants, which were put in 
alphabetical order according to the taxonom-
ic family to which they belonged. This list also 
displays information on the fruit type of each 
plant species, associated tephritid species, 
habitat where the fruit was collected, as well 
as bibliographic references. The latter are in-
dicated by an Arabic number in parentheses, 

which, in turn, is at the end of the respective 
article in the cited literature. The second step 
was to make a list of the reference locations 
according to Argentinean region and prov-
ince. This table also indicates the geographi-
cal coordinates of each fruit collection area 
(latitude, longitude, and altitude) and the 
phytogeographic regions where each area is 
located. A third table includes a general de-
scription of the landscape characteristics of 
those habitats where the fruit samples with 
fly larvae were collected. The data in Table 1 
are complemented by the information in Ta-
bles 2 and 3.

In the making of the three tables, only those 
bibliographic cites on fruit infested with lar-
vae from one or both tephritid species were 
considered. The data from adult specimens 
captured in liquid traps placed on a possible 
host plant were ignored. Those host plants 
unidentified on a species level which were 
named simply as “sp” (e.g. Citrus sp) were also 
omitted. The present article honors Norrbom 
y Kim’s (1988) and Aluja’s (1999) concept of 
host plant, which states that a plant is only 
a natural host plant to a given tephritid spe-
cies if the fruit or some of its tissue allows 
the larva to complete development, and the 
emergence of a healthy adult in nature.

rESultS

All information available on C. capitata/A. 
fraterculus host plants obtained from bib-
liographic review is summarised in Table 1. 
Altogether, 51 fruit species belonging to 19 
botanical families were considered as host 
plants. From all botanical families cited for 
Argentina in Table 1, only eight have native 
fruit species (Cactaceae, Cucurbitaceae, Fa-
baceace, Juglandaceae, Myrtaceae, Olacace-
ae, Palmaceae, and Sapotaceae). The most 
commonly infested families were species 
represented by Rosaceae (21.6% of the total 
number of families), Rutaceae (17.7%), Myrta-
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ceae and Solanaceae (13.7%). Of the 18 plant 
families from which C. capitata was recovered 
(95% of the total botanical families recorded 
in the literature) (Table 1), only five (26%) 
were associated with Medfly (Actinidiaceae, 
Cactaceae, Cucurbitaceae, Olacaceae, Pal-
maceae). Anastrepha fraterculus was present 
in 14 plant families (73%) (Table 1), and from 
one (5%) family (Fabaceae) only this tephritid 
fly was recovered. Of the total host plant spe-
cies listed in Table 1, 29 (57%) were recorded 
for both C. capitata and A. fraterculus, 18 (35%) 
only for C. capitata, and 4 (8%) only for A. fra-
terculus. In those plant families with more 
than three fruit species recorded as host and 
in which only one fruit fly species was recov-
ered from a host, C. capitata was dominant in 
Solanaceae (86% of the total host species), 
Rutaceae (44%), and Rosaceace (18%), while 
A. fraterculus was only dominant in Myrtace-
ae (30%) (Table 1). 

A total of 114 localities of Argentina were re-
corded as collection sites for C. capitata and/

or A. fraterculus (Table 2). Tucumán, Salta, and 
Buenos Aires represented 29.8%, 13.2%, and 
9.6%, respectively, of the all localities where 
infested fruit were collected. Only these three 
provinces together represented 52.6% of the 
114 localities sampled in Argentina. Fruit in-
fested by C. capitata larvae were collected in 
all habitats characterized in Table 3, ranging 
from rainforest to xeric scrub (Table 1). Fruit 
infested by A. fraterculus lavae were collected 
in habitats such as rainforests, rural and ur-
ban garden, commercial and experimental 
fruit orchards (Table 1). Fruit samples were 
most commonly collected from rural gar-
dens (RG) during fruit fly surveys, represent-
ing 67.1% of all collections recorded in Table 
1, while commercial fruit orchards (CO) and 
urban gardens (UG) represented 11.1% and 
7.6%, respectively. Natural habitats, such as 
Yungas and Paranaense secondary forests, 
and dry scrub, only represented 7.3%, 2.8%, 
and 0.6%, respectively. Experimental fruit or-
chards represented 3.5%. 

table 1. Host plant species of Ceratitis capitata and Anastrepha fraterculus reported in the literature for 
Argentina.

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4

Actinidiaceae
Actinidia chinensis 
Planch Kiwi fruit Exotic Berry Cc Buenos Aires EO 14, 15

Anacardiaceae

Mangifera indica L. Mango Exotic Drupe Af Tucumán RG 10, 13

Entre Ríos RG 12

Cc Tucumán RG 2, 10

Entre Ríos RG 12
Spondias mom-
bim L. Jobo Exotic Drupe Af Misiones RG 8

cactaceae

Opuntia ficus-
indica L. Tuna Native Berry Cc Tucumán DS 17

La Rioja DS 7
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caricaceae

Carica papaya L. Papaya Exotic Berry Af Entre Ríos RG 12

Cc Corrientes RG 17

Misiones RG 17

Salta RG 15

Chaco RG 15

cucurbitaceae
Cucurbita  
asperata L. ? Native Barry Cc La Rioja RG 7

Ebenaceae

Diospyrus kaki L. Japanese 
persimmon Exotic Berry Af Buenos Aires RG 15

La Rioja RG 7

Misiones RG 8, 15

Tucumán RG 3, 6, 10

Cc Buenos Aires UG 14, 15, 
17

Córdoba RG 16, 17

La Rioja RG 7

Misiones RG 15

Tucumán RG, UG 6, 10, 
13

Fabaceae
Inga marginata 
Willd. Pacay Native Legum-

bre Af Tucumán YSF 9

Juglandaceae

Juglans australis 
Griseb. Wild walnut Native Drupe Af Tucumán YSF, RG 5, 10, 

14

Cc Tucumán YSF, RG 2, 10

J. regia L. Walnut Exotic Drupe Cc La Rioja RG 7

Moraceae

Ficus carica L. Fig Exotic Syconus Af Entre Ríos RG, UG 12

La Rioja RG 7

Misiones RG, UG 8

Tucumán RG, UG 6, 10

Cc Buenos Aires RG, EO 14, 15

Catamarca RG 15

Entre Ríos RG, UG 12

La Rioja RG, CO 7, 15

Tucumán RG, UG 2, 10, 
17

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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Myrtaceae

Campomanesia 
crenta Berg Native Berry Af Misiones PSF 8

Eugenia retusa 
Berg Native Berry Af Misiones PSF 8

E. uniflora L. Surinam 
cherry Native Berry Af Misiones PSF 8

Tucumán YSF 2, 6, 10

Cc Tucumán RG; YSF 10
Feijoa  
sellowiana L. False guava Native Berry Af Buenos Aires RG, EO 14, 15

Entre Ríos RG 15

Misiones RG, PSF 8, 15

Tucumán RG 6

Cc Buenos Aires RG, EO 14, 15

Entre Ríos RG 15
Hexachlamis edu-
lis (Berg) Kausel et 
Legrand

Ubajay Native Berry Af Corrientes RG 15

Misiones PSF, RG 8

Cc Corrientes RG 15

Myrcianthes pun-
gens (Berg) Mato Native Berry Af Tucumán YSF 6, 13, 

15

Entre Ríos RG 12

Cc Tucumán YSF 6, 13, 
15

P. guajava L. Guava Exotic Berry Af Corrientes RG 15

Entre Ríos RG 12

Jujuy RG 15

Misiones RG, PSF 8, 15

Salta RG, UG, YSF 10, 15

Tucumán RG, UG, YSF 5, 6, 10

Cc Chaco RG 15

Corrientes RG 15

Entre Ríos RG 12, 15

Jujuy RG 15

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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Misiones RG, PSF 15

Salta RG, UG, YSF 10, 15

Tucumán RG, UG, YSF 5, 6, 10

olacaceae

Ximenia ameri-
cana Native Drupe Cc La Rioja RG 15

Palmaceae
Phoenix dactilif-
era L Dátil Native Berry Cc La Rioja RG, CO 7

Passifloraceae
Passiflora caer-
ulea L

Blue Pas-
sion fruit Exotic Berry Af Entre Ríos RG 12

Tucumán RG 6
Cc Entre Ríos RG 12

Tucumán UG, RG 10

Punicaceae
Punica  
granatum L.

Pomegran-
ate Exotic Berry Af Córdoba RG 16, 17

Entre Ríos RG 12

La Rioja RG, CO 7

Cc Entre Ríos RG 19

La Rioja RG, CO 7

rosaceae
Cydonia oblonga 
Mill. Quince Exotic Berry A.f. Entre Rios RG 12

La Rioja RG 7

Tucumán RG 6

Cc Catamarca RG 15

La Rioja RG, UG, CO 7

Eriobotrya 
japonica Lindl. Loquat Exotic Nucule-

nous Af Entre Rios RG 12

Misiones RG, PSF 8, 15

Tucumán RG, YSF 3, 6, 10

Cc Córdoba RG 17

Entre Rios RG 12

La Rioja UG 7

Tucumán RG, YSF 6, 10

Malus domestica 
Mill. Apple Exotic Pome Af Misiones RG 8

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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Salta RG 1, 13
Tucumán RG 3

Cc Buenos Aires EO 14, 15

Entre Ríos RG 12

Tucumán RG 17

Prunus  
armeniaca L. Apricot Exotic Drupe Af Catamarca RG, CO 13, 17

Córdoba RG 17

La Rioja CO 7

Misiones RG 8

Salta RG, CO 13

Tucumán RG 3, 6, 10

Cc Buenos Aires RG 16

Catamarca RG, CO 13

Córdoba RG 17

Entre Ríos RG 12

La Rioja RG, CO 7

Tucumán RG 6, 10, 
17

Prunus  
domestica L.

Cultivated 
Plum Exotic Drupe Af Catamarca RG, CO 13

La Rioja RG, UG, CO 7

Salta RG, CO 13

Tucumán RG, UG, YSF 3, 10

Cc Buenos Aires RG 18

La Rioja RG, CO 7

Tucumán RG, UG, YSF 10

Prunus dulcis L. Almond Exotic Drupe Af - Cc La Rioja RG 7

Prunus insititia L. Plum Exotic Drupe Af Entre Ríos RG 12

La Rioja RG 15

Cc Buenos Aires RG, EO 14, 15

Entre Ríos RG 12

La Rioja RG 15
Prunus persica (L.) 
Batsch Peach Exotic Drupe Af Buenos Aires RG, EO 15

Catamarca RG, CO 13, 15

Córdoba RG 17

Entre Ríos RG 12

Jujuy RG, CO 4, 17

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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La Rioja RG, CO 7

Misiones RG, UG 8, 15

Salta RG, CO 13, 17

San Luis RG 15

Tucumán RG, UG, YSF 10

Cc Buenos Aires RG, CO 14, 15, 
17

Catamarca CO 13, 17

Córdoba RG 17

Corrientes RG 17

Entre Ríos RG 12, 15
Jujuy RG, CO 4, 17

La Rioja RG, CO 7, 15

Misiones RG 15

Salta RG 15

Santa Fé RG 15, 17

Tucumán RG, UG, YSF 5, 10, 
17

Pyrus communis L. Pear Exotic Berry Af La Rioja RG, CO 7

Misiones RG 8

Tucumán RG 6

Cc Buenos Aires RG 15

Entre Ríos RG 12

La Rioja RG, CO 7

Pyrus pyrifolia 
Nakai Asian pear Exotic Berry Cc Buenos Aires EO 14, 15

Rubus idaeus L. Raspberry Exotic Berry Cc Entre Ríos RG 12

rutaceae

Citrus aurantifolia 
Swingle Lime Exotic Espery-

dium Cc La Rioja RG 7

 Tucumán RG 6
Citrus  
aurantium L.

Sour or-
ange Exotic Espery-

dium Af Entre Ríos RG 12

Misiones RG 8

Tucumán YSF 11

Cc Buenos Aires RG 17, 18

Corrientes RG 17

Entre Ríos RG 12

Jujuy RG 15

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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La Rioja RG 7
Salta RG 15

Santa Fé RG 15

San Luis RG 15

Tucumán RG, YSF 10, 11

Citrus deliciosa 
Tenore

Mediter-
ranean 

tangerine
Exotic Espery-

dium Cc Entre Ríos RG 12

Citrus limetta 
Risso

Sweet 
lemon Exotic Espery-

dium Cc La Rioja RG 7

Citrus paradisi 
Macfadyn Grapefruit Exotic Espery-

dium Af Corrientes RG 15

Entre Ríos RG 12

La Rioja RG 7

Misiones RG 8, 15

Tucumán RG, UG, YSF 3, 6, 10

Cc Buenos Aires RG 15, 17

Catamarca RG 15

Chaco RG 15

Córdoba RG 17

Corrientes RG 15

Entre Ríos RG 12

La Rioja RG 7

Misiones RG 17

Salta RG, CO 15, 17

Santa Fé RG 15

Tucumán RG, UG, YSF 2, 10

Citrus reticulata 
Blanco Tangerine Exotic Espery-

dium Af Buenos Aires EO 15

Entre Ríos RG 15, 17

Misiones RG 8, 17

Tucumán RG, CO 6, 13

Cc Buenos Aires RG, EO 14, 15, 
16

Catamarca RG 15

Corrientes RG 15

Entre Ríos RG 12, 15

Jujuy RG 15

La Rioja RG 7

Misiones RG 15

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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San Luis RG 15

Tucumán RG, CO 6, 10

Citrus sinensis (L.) 
Osbeck

Sweet 
orange Exotic Espery-

dium Af Entre Ríos RG, CO 12

Misiones UG, RG 8

Tucumán RG 3

Cc Buenos Aires RG, CO, EO 14, 15, 
17

Catamarca RG 15

Córdoba RG 17

Corrientes RG 15, 17

Entre Ríos RG 12, 15

Jujuy RG 15, 17

La Rioja RG, CO 7, 15

Misiones RG 8

Salta RG 1, 17

San Luis RG 15

Tucumán RG, CO 5, 10, 
17

Citrus unshiu  
Marcovich

Satsuma 
tangerine Exotic Espery-

dium Cc Entre Ríos RG 12

Fortunella japoni-
ca Swingle kumquat Exotic Espery-

dium Af Buenos Aires RG 15

Tucumán RG 13

Cc Catamarca RG 15

Corrientes RG 15

Entre Ríos RG 19

La Rioja RG 7

Vitaceae

Vitis vinifera L. Grape Exotic Berry Af - Cc La Rioja RG 7

Sapotaceae
Chrysophyllum 
gonocarpum 
Engler

Aguay Native Berry Af Salta RG, YSF 9

Cc Salta RG, YSF 9

Solanaceae
Lycopersicon  
esculentum Mill. Tomato Exotic Berry Cc Entre Ríos RG 12

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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Capsicum  
annuum L.

Common 
pepper Exotic Berry Cc La Rioja RG 7

La Rioja RG 7
Salpichroa orig-
anifolia Tell. ? Native Berry Cc Entre Ríos RG 12

La Rioja RG 7

Solanum diflorum 
Vell. ? Native Berry Cc Entre Ríos RG 12

S. elaeagnifolium 
Cav.

Wild pep-
per Native Berry Cc La Rioja RG 7

S. glaucophyllum 
Desf.

White 
peach Native Berry Cc Entre Ríos RG 12

Solanum sisym-
briifolium Lam Tutiá ? Berry Af Tucumán ? 3

Cc Entre Ríos RG Put96

1 Fruit types. Berry: fruit with pulpy endocarp which has one or more seeds; Drupe: indehiscent fruit with pulpy meso-
carp, ligneous endocarp, and only one seed; Nuculenous: pulpy fruit which has several stones; Pome: fruit originated in 
an epigynous flower which has a pulpy clamidocarp; Syconus: pseudos-fruit which consists in a puply goblet-shaped 
receptacle which contains numerous flowers; Esperydium: fruit originated in a syncarpous gyneveum with axillar pla-
centation.
2 Cc = Ceratitis capitata; Af = Anastrepha fraterculus. 
3 Complete descriptions in Table 3
4 See references in Literature Cited.

table 2. Geographical coordinates, and altitudes for each fruit fly host plants collection locality in Ar-
gentina

Province localities

geographic coordinates
Phytogeographical 

regionlatitude (S) longi-
tude (W) Altitude (m)

catamarca Capayan 28º 46’ 66º 03’ 358 Chaqueña

Chumbicha 28º 52’ 66º 18’ 377 Chaqueña
S.F.V. Catama-

rca 28º 28’ 65º 47’ 505 Chaqueña

San Isidro  28’ 65º 44’ 514 Chaqueña

San José 26º 78’ 33º 06’ 984 Chaqueña

Santa María 26º 42’ 66º 02’ 1885 Monte

Santa Rosa 28º 45’ 65º 71’ 512 Chaqueña

Sumalao 28º 28’ 65º 45’ 518 Chaqueña

Villa Dolores 28º 27’ 65º 43’ 530 Chaqueña

table 1. Continuation

Plant Family 
Botanical name

common 
name

Plant 
origin

Fruit 
type1

Fruit Fly 
species

Provinces with cc 
and Af-positive 

samples2

cc and 
Af-positive 

habitat3

refer-
ences4
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Jujuy Calilegua 23º 47’ 64º 46’ 462 Las Yungas

Caimancito 23º 44’ 64º 36’ 367 Las Yungas

Ledesma 23º 50’ 64º 47’ 413 Las Yungas

León 24º 02’ 65º 26’ 1962 Las Yungas

Perico 24º 23’ 65º 07’ 897 Las Yungas

Quebrada de 
Humahuaca 23º 12’ 65º 21’ 2919 Puna

San Pedro 24º 14’ 64º 52’ 582 Chaqueña

Yuto 23º 38’ 64º 28’ 346 Las Yungas

tucumán Alpachiri 27º 20’ 65º 46’ 540 Las Yungas

Concepción 27º 21’ 65º 36’ 405 Chaqueña

El Corte 26º 48’ 65º 20’ 650 Las Yungas

El Siambón 26º 43’ 65º 27’ 1185 Las Yungas

El Timbó 26º 42’ 65º 08’ 590 Las Yungas

Famaillá 27º 03’ 65º 25’ 361 Las Yungas

Horco Molle 26º 91’ 65º 08’ 466 Las Yungas

La Cocha 27º 47’ 65º 34’ 444 Chaqueña

La Florida 27º 14’ 65º 34’ 430 Las Yungas

La Ramada 26º 42’ 64º 57’ 570 Las Yungas

La Reducción 26º 58’ 65º 22’ 550 Las Yungas

La Rinconada 26º 51’ 65º 19’ 510 Las Yungas

Los Nogales 26º 42’ 65º 16’ 600 Chaqueña

Los Pérez 27º 23’ 65º 38’ 510 Chaqueña

Los Sosa 27º 09’ 65º 34’ 420 Las Yungas

Malvinas 26º 55’ 65º 17’ 550 Las Yungas

Potrero las 
Tablas 26º 54’ 65º 25’ 850 Las Yungas

Pueblo Viejo 27º 13’ 65º 35’ 371 Las Yungas

Quebrada de 
Lules 26º 56’ 65º 21’ 545 Las Yungas

Raco 26º 39’ 65º 26’ 1172 Las Yungas

Rumi Punco 28º 01’ 65º 34’ 440 Chaqueña
S.M. de 

Tucumán 26º 50’ 65º 13’ 426 Chaqueña

San Felipe 26º 45’ 65º 16’ 600 Las Yungas

table 2. Continuation

Province localities

geographic coordinates
Phytogeographical 

regionlatitude (S) longi-
tude (W) Altitude (m)
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San Javier 26º 47’ 65º 24’ 950 Las Yungas

San Pablo 26º 53’ 65º 16’ 412 Las Yungas

San Pedro de 
Colalao 26º 14’ 65º 30’ 1080 Las Yungas

Sauce Guascho 26º 59’ 65º 27’ 500 Las Yungas

Tafi Viejo 26º 44’ 65º 16’ 609 Las Yungas

Taxicillo 26º 42’ 65º 17’ 619 Las Yungas

Taruca Pampa 26º 35’ 64º 50’ 548 Las Yungas

Villa Alberdi 27º 36’ 65º 37’ 390 Chaqueña

Villa Carmela 26º 45’ 65º 17’ 609 Las Yungas
Villa Padre 

Monti 26º 30’ 64º 57’ 770 Las Yungas

Villa Quinteros 27º 15’ 65º 33’ 371 Chaqueña

Misiones Caraguatay 26º 36’ 54º 45’ 193 Paranaense

El Dorado 26º 38’ 54º 66’ 227 Paranaense

Itacuruzú 26º 90’ 55º 13’ 96 Paranaense

Loreto 27º 19’ 55º 32’ 114 Paranaense

Montecarlo 23º 33’ 54º 47’ 161 Paranaense

Posadas 27º 22’ 55º 53’ 133 Paranaense

Taruma 26º 70’ 54º 66’ 150 Paranaense

Entre ríos Chajarí 30º 45’ 57º 59’ 55 Espinal

Concordia 31º 24’ 58º 01’ 22 Pampeana

Humaitá 31º 78’ 58º 30’ 44 Pampeana

La Criolla 31º 17’ 58º 06’ 38 Pampeana

Palmar 31º 58 58º 18’ 44 Pampeana

Paraná 31º 44’ 60º 32’ 71 Espinal

Pto. Yeruá 31º 32’ 58º 01’ 35 Pampeana

Villa Adela 31º 10’ 58º 20’ 40 Pampeana

Villa Zorraquín 31º 19’ 58º 01’ 47 Pampeana

la rioja Chilecito 29º 10’ 67º 30’ 1080 Monte

Guandacol 29º 32’ 68º 32’ 1053 Monte

Los Dorados 29º 35’ 67º 47’ 1063 Monte

Los Sarmientos 29º 10’ 67º 29’ 1072 Monte

Salta Aguas Blancas 22º 45’ 64º 22’ 405 Las Yungas

table 2. Continuation

Province localities

geographic coordinates
Phytogeographical 

regionlatitude (S) longi-
tude (W) Altitude (m)
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Cafayate 26º 06’ 65º 57’ 1624 Monte 

Campo Santo 24º 42’ 65º 06’ 580 Chaqueña

Cerrillos 24º 55’ 65º 29’ 1248 Las Yungas
Cnia. Santa 

Rosa 23º 22’ 64º 30’ 322 Las Yungas

Embarcación 23º 13’ 64º 07’ 274 Chaqueña

El Oculto 23º 06’ 64º 24’ 530 Las Yungas

La Caldera 24º 37’ 65º 23’ 1390 Las Yungas

Metán 25º 30’ 64º 58’ 803 Las Yungas

Orán 27º 06’ 65º 01’ 337 Las Yungas

Pichanal 23º 19’ 64º 14’ 303 Las Yungas
Rosario de 

Lerma 24º 59’ 65º 35’ 1329 Las Yungas

San Ramón 
Nueva Orán 23º 08’ 64º 20’ 376 Las Yungas

Tabacal 23º 17’ 64º 15’ 435 Las Yungas

Urundel 23º 33’ 64º 25’ 359 Las Yungas

córdoba Córdoba city 31º 48’ 64º 22’ 425 Chaqueña

Villa Dolores 31º 57’ 65º 12’ --- Chaqueña

Yacanto 32º 03’ 65º 02’ 1141 Chaqueña

corrientes 9 de Julio 28º 50’ 58º 50’ 55 Chaqueña

Bella Vista 28º 31’ 59º 02’ 68 Chaqueña

General Paz 27º 45’ 57º 35’ 75 Paranaense

Ituzaingó 27º 35’ 56º 41’ 63 Paranaense

Monte Caseros 30º 15’ 57º 38’ 35 Espinal

Sombrerito 27º 70’ 58º 70’ 65 Paranaense

Virasoro 28º 50’ 56º 17’ 112 Espinal

Buenos 
Aires Cap. Federal 34º 36’ 58º 25’ 29 Pampeana

Castelar 34º39’ 58º 39’ 30 Pampeana

Doyle 33º 46’ 60º 10’ 20 Pampeana

Gdor. Castro 33º 40’ 59º 53’ 52 Pampeana

Ituzaingó 34º 40’ 58º 40’ 31 Pampeana

José C. Paz 34º 31’ 58º 45’ --- Pampeana

table 2. Continuation

Province localities

geographic coordinates
Phytogeographical 

regionlatitude (S) longi-
tude (W) Altitude (m)
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Mercedes 34º 39’ 59º 26’ 117 Pampeana

Pilar 34º 28’ 58º 55’ 19 Pampeana

San Nicolás 33º 20’ 60º 13’ 21 Pampeana

San Pedro 33º 42’ 59º 41’ 15 Pampeana

Villa Adelina 34º 32’ 58º 33’ 24 Pampeana

chaco Saenz Peña 26º 47’ 60º 26’ 60 Chaqueña

San luis Lujan 32º 22’ 65º 56’ 589 Chaqueña

Merlo 32º 21’ 65º 02’ 808 Chaqueña

Quines 32º 14’ 65º 48’ 482 Chaqueña

Santa Fé Arocena 32º 05’ 60º 58’ 14 Pampeana

Monje 32º 22’ 60º 56’ 15 Pampeana

Reconquista 29º 09’ 59º 40’ 53 Chaqueña

table 3. General Description of collection habitats in Argentina

Abbreviation collection habitats description

ug Urban garden Backyard gardens with mainly exotic fruit 
species inside the city 

rg Rural garden

Backyard gardens and small family  
fruit orchard with exotic and native  

fruit species surrounded by fruit groves  
or wild vegetation 

co Commercial fruit orchard Large extension of land cultivated with fruit 
of commercial value

Eo Experimental fruit orchard Small extension of land cultivated with fruit 
species for agronomic studies

ySF Yungas secondary forest

Perturbed areas of the subtropical rain  
forest of the northwestern Argentina  
(locally known as “Yungas”) covered  

with wild, native and exotic vegetation 

table 2. Continuation

Province localities

geographic coordinates
Phytogeographical 

regionlatitude (S) longi-
tude (W) Altitude (m)
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PSF Paranaense secondary forest

Perturbed areas of the subtropical rain for-
est of the northeastern Argentina (locally 

known as “Selva Paranaense”) covered with 
wild, native and exotic vegetation 

dS Dry scrub Hot and dry areas covered with deciduous 
xerophytic forests

dIScuSSIon

Even though 56 plant species were recorded 
as hosts to A. fraterculus and/or C. capitata in 
Argentina, only 51 fruit species are considered 
here. Some host plant records are anecdotal 
or are based on reports of adult flies captured 
in liquid traps placed in fruiting trees. For ex-
ample, Rust (1918) mentioned Persea america-
na Miller (Avocado; (Lauraceae), Psidium cat-
tleianum Sabine, and P. luridum (Spreng.) Burr. 
(Myrtaceae) as hosts of A. fraterculus in NW Ar-
gentina, but this author provides no evidence 
for confirming the status of these three fruit 
species as host plants to A. fraterculus (Ovruski 
et al. 2003). Other host plant records, such as 
Olea europaea L. (Olive) (Oleaceae) and Celtis 
tala Gill. (Ulmaceae), have not been confirmed 
since their first publication (Nasca et al. 1996) 
despite conducting several fruit collections in 
La Rioja to date (M. Frissolo, personal commu-
nication). The few species belonging to the 
genus Celtis L. in Argentina have only been 
associated with fly species of Rhagoletotryp-
eta genus (Ovruski et al. 2005b). We consider 
that the O. europaea and C. tala records must 
be confirmed before these two fruit species 
appear in a host plant list to C. capitata.

The wide variety of native and exotic host 
fruit species growing in different habitats al-
low both C. capitata and A. fraterculus to make 
use of a wide variety of resources for mainte-
nance and reproduction and increase of their 
natural populations. Anastrepha fraterculus 
and C. capitata can complete their life cycles 

using 33 and 47 fruit species respectively as 
oviposition substrates.

According to bibliographic data, especially 
information obtained from Ovruski et al. 
(2003, 2004, 2005a), and Segura et al. (2006) 
articles, Medfly was mainly abundant in per-
turbed habitats such as backyard gardens in 
urban and rural houses, and in commercial 
and experimental fruit orchards in all sampled 
localities. In contrast, A. fraterculus was found 
mostly in association with native Myrtaceae 
and Juglandaceae species, and exotic “feral” 
fruit species such as Psidium guajava L. and 
Prunus spp., which form part of the wild veg-
etation in Yungas and Paranaense secondary 
forests. Similar observations were made by 
Malavasi et al. (1980), Malavasi and Morgante 
(1981), and Malavasi (2000) in Brazil. Accord-
ing to this information, it is clear that C. capi-
tata appears to adapt well to perturbed envi-
ronments with a predominance of exotic fruit 
species. 

Unfortunately, wild native hosts of A. frater-
culus and C. capitata in Argentina have been 
poorly studied. Only nine (17.6% of the total 
species cited in Table 1) and 13 native fruit 
species (25.5%) were recorded as hosts to A. 
fraterculus and C. capitata, respectively. For 
example, in the case of A. fraterculus, fruit spe-
cies such as Eugenia uniflora L., Myrcianthes 
pungens (Berg.), and Juglans australis Grise-
bach have been reported in Tucumán by Na-
sca (1973), Nasca et al. (1981), Fernández de 
Araoz and Nasca (1984), Nasca et al. (1988), 
and Ovruski et al. (2003); Myrcianthes pun-

Abbreviation collection habitats description
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gens and Hexachlamys edulis (Berg.) Krausel 
and Legrand in Entre Ríos by Vergani (1952), 
and Putruele (1996); H. edulis (cited as Euge-
nia myrcianthes Berg), Campomanesia crenta 
Berg and Eugenia retusa Berg in Misiones by 
Ogloblin (1937) and Turica and Mallo (1961); 
Chrysophyllum gonocarpum (Mart. et Eich.), 
Inga marginata by Engler and Wild in Salta 
and Tucumán, respectively, and by Oroño et 
al. (2005). These data reinforce the importance 
of conducting fruit surveys in environments 
with extensive areas of native vegetation. 
Also, as was suggested by Aluja (1996, 1999), it 
is necessary to carry out fruit collections over 
long periods (several fruiting seasons). Con-
sequently, the information yielded by these 
types of ecological studies can give support 
to the Argentinean National Fruit Fly Control 
and Eradication Program to develop manage-
ment strategies in the fruit-growing regions 
of Argentina, where both tephritid species 
have numerous alternative host plants. 
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ABSTRACT: Coffee is the main host of Medfly (Ceratitis capitata) in Mexico and Guatemala; however the medfly-coffee relationship is not well unders-
tood.  We show that the coffee belt on the slope of the Sierra Madre Mountains exhibits a gradient in the time of fruit maturation and harvest which 
impacts the growth potential of the medfly population.  Information about coffee growth and maturation shows that Medflies could infest the coffee 
berries at low elevations (~400m) in July, and follow the maturing coffee to final harvest at high elevations (~ 2100m) in December.  Generation times 
at the extremes vary from 3 weeks to 3 months due to temperature differences, but the total degree-day accumulation and fruit availability allows 
for an average of 5-6 generations of exponential population increase (based on the average temperature over the last 10 years).  Pupation times after 
coffee harvest in December can exceed 90 days at higher elevations, which would result in the emergence of the highest population of adult flies in 
March-April.  Phenologically, the coffee is in its stress phase at this date and coffee berries are scarce, likely resulting in dispersal of mature adults to 
search for hosts.  Many dispersing flies are captured in detection traps in March-April and can be seen as part of an ecological “shell game”: the Medfly 
population outbreaks appear in one location in March-April (uninfested or host-poor areas west of the leading edge of the eradication program), 
while the growing population was actually present at another location months earlier (e.g., July-December in untreated coffee areas to the East).
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INTRODUCTION

Coffee (Coffea arabica L.) is the main host 

of medfly (Ceratitis capitata Wied.) in Mexico 

and Guatemala. Although commercial and 

backyard production of other host fruit are in-

fested and cause concern regarding quaran-

tine issues, coffee makes up the vast majority 

of host biomass available in this region. The 

highest population densities in the program 

are detected by traps in coffee, as are the vast 

majority of larvae. However, the ecological re-

lationship between coffee and medfly is not 

well understood, nor are the implications for 

program management.

Advancement of the Moscamed eradication 

program through Guatemala has been ob-

structed by the dense belt of coffee produc-

tion in Southwestern Guatemala, along the 

southern slope of the Sierra Madre Mountain 

range. Every year, adult flies are detected in 

traps placed along the border of South-West-

ern Guatemala and South-Eastern Mexico, 

mostly during the months of February to May, 

with a peak in March-April. These detections 

result in costly actions directed to prevent 

the medfly’s colonization and establishment 

in eradicated/low-prevalence areas in the 

Western region of the coffee belt. Despite the 

yearly management efforts, little progress has 

been made in advancing the eradication areas 

through Guatemala. 

This paper compiles information about the 

biology and production of coffee to look for 

patterns to explain the observed medfly pop-

ulation dynamics. A better understanding of 

the prevalence of the resources provided by 

the key host and its relationship to the popu-

lation dynamics of the medfly may provide 

the information to develop new strategies to 

achieve the objectives of the Medfly Program.

MATERIALS AND METHODS

The medfly data presented in this study were 

taken directly from the medfly program’s GIS 

database for the year 2005. The information 

on medfly and coffee was obtained from local 

growers, faculty from local Universities, cof-

fee institutions (e.g., ANACAFE in Guatemala 

and Comcafe from Chiapas, Mexico), peer-

reviewed publications, and the internet. Infor-



 From Basic to Applied Knowledge 
242

mation on air temperatures for degree-day 

analysis was obtained from the Guatemala 

and Mexican weather service. It represents 

the current (2006) understanding of the au-

thors about coffee and medfly biology. Maps 

and GIS analyses were conducted with Arc-

Map software from ESRI.

RESULTS

A. The Annual Coffee Cycle

1. Stress period. Coffee is a perennial crop, 

however the coffee cycle can be said to be-

gin after harvest, during the dry, stress period 

that is required by the plant for flowering. 

Theoretically, the stress needed to instigate 

flowering can be caused by a variety of fac-

tors, but an extended dry period is the only 

real cause reported under natural condi-

tions. 

2. Flowering is caused by a consistent rain-

fall within a short period (1 week-10 days) 

after a stress phase. The flowering is not re-

lated to temperature, degree-day accumula-

tion, or to photoperiod and, for this reason, 

varies from year to year with the onset of 

the rainy season. Short rains in isolated areas 

often provoke some flowering that result in 

berries that are not harvested; but the gen-

eralized “normal” flowering that concludes 

in the annual harvest is evident, widespread, 

and nearly simultaneous throughout a wide 

area over a short period of time regardless of 

elevation. The normal flowering occurs about 

3 days after “substantial rain” (A. Titus and G. 

Pereira).

3. Fruiting occurs soon after pollination 

and the fruit begin to develop, or “fill” soon 

afterward. Flowering and maturation of the 

fruit is temperature-dependent, i.e., the fruit 

develops faster in warmer temperatures. One 

study in Chiapas, Mexico (Barrera-Gaytan, 

1994) reported a difference of 33 days after 

flowering to reach the same stage of matu-

rity between 400 and 1000m in altitude. Alti-

tudes above 1000m result in an even greater 

difference (Figure 1) in maturation.

Once the coffee berries reach a uniformly 

deep red color, they are ready to be harvest-

ed. It should be noted that the ripening of 

the fruit is not uniform, and there is variation 

among plants at the same altitude; indeed, 

among branches within the same plant. How-

ever, any stage of ripeness can be thought of 

as a wave, moving from low elevation to high 

elevation over several months. This relation-

ship between geography, temperature, and 

biology results in a gradient in the availability 

of host material for the Medfly population. 

B. Medfly Life Cycle

The Medfly generation time is determined 

by degree-day accumulation. A total of 328 

C degree days are needed to complete one 

life-cycle from egg to adult (APHIS Mediterra-

nean Fruit Fly Action Plan 2003). The amount 

of time needed to complete this cycle varies 

dramatically with temperature, and therefore 

with altitude (Figure 1). Within the coffee 

belt in Guatemala and Mexico, the number 

of weeks needed to complete one genera-

tion can be as few as 3-4 weeks in the hot 

lowland areas, and more than 16 weeks in 

the highlands (1800-2200 m). Although cof-

fee is the only host fruit present in sufficient 

quantity (2,000-5,000 kg/ha) of fruit to result 

in the high populations detected during the 

yearly surveillance program, the adult Med-

flies are not detected until after the coffee is 

harvested (Figure 2). The peak capture varies 

from year to year but tends to occur in March 

or April, some 3 months after the last coffee is 

harvested in December/January.

C. Degree Day Model

The degree day map layer was developed 

using weather stations located throughout 

Guatemala and the State of Chiapas, Mexico. 

We used regression to determine the linear 

relationship between elevation and the av-

erage temperature recorded by the weather 

stations for each month over a 10 year pe-

riod. The equation from this elevation-tem-
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perature relationship was applied to the 

90m elevation GIS layer (NASA-SRTM), which 

resulted in a map layer of estimated average 

daily temperatures. This layer was then used 

to calculate the average daily degree day 

accumulation (base threshold 12.2 degrees 

C) for each month. Figure 1 shows the aver-

age degree-day accumulation (expressed in 

weeks of generation time) only within the 

coffee area.

D. GIS Detection Database

Over 30,000 traps are checked on a regular 

basis throughout the Medfly Program area 

in Guatemala and Mexico. Each trap is geo-

referenced and entered into a Microsoft Ac-

cess database which for each of the 10 centers 

Figure 1. Generation time (in weeks) based on degree-day accumulation in the coffee belt of Guatemala 

and Mexico. SIT release block for 2004 outlined indicating suppression. 10km grid shows area in which 

trapping was conducted during 2005. Table shows Relationship among altitude, Medfly generation time 

in weeks, harvest date, and estimated date that the coffee fruit is available for oviposition (color break).

throughout the region. The information from 

each center is sent to the regional program in 

Guatemala City for processing and results in 

an integrated file of information that is com-

mon to all of the centers, including, among 

many other parameters, the capture of fertile 

flies per trap per day. The data displayed here 

in Figure 2 include both the posting (location) 

of each trap capture as well as the accumulat-

ed number of flies within a 10 by 10 kilometer 

grid inside a defined area of interest. We select-

ed the area of interest based on the presence 

of traps, fertile detections, and the proximity 

to the coffee along the coastal area. There are 

other coffee regions in Guatemala and Mexico, 

but this paper addresses only the coffee belt 

of South-Western Mexico and South-Eastern 

Guatemala. The area south and east of the 

area of interest did not have traps and can be 

considered to have been highly infested. 
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DISCUSSION

Medfly and the Coffee Cycle

At some point during the coffee maturation 

process, the fruit is sufficiently ripe to serve as 

a host for Medfly oviposition. Detailed studies 

on the exact stage of coffee that is susceptible 

to attack by Medfly in Mexico and Guatemala 

have not been published, though data from 

Hawaii and Kenya (Harris and Carey 1989 and 

Agasa 1971) suggest that coffee berries are 

available for ovipostion at or near color break, 

when the fruit changes from green to orange/

red. Color-break is not of importance to pro-

ducers and so records are not kept about when 

this stage is reached in coffee plantations; how-

ever it seems reasonable to estimate that it is 

approximately 1-1.5 months prior to harvest 

(depending on temperatures).

The coffee fruit matures more rapidly at 

warmer temperatures and therefore the coffee 

berries are available for oviposition earlier in 

the annual cycle at lower altitudes. In infested 

areas (e.g., to the east of the area of interest in 

Figure 3) medflies are able to invade this newly 

available resource from alternate hosts nearby, 

or may already be present in the coffee plan-

tations at low densities supported by the few 

off-season coffee fruit. Once the generalized 

annual cycle of coffee production is available 

for oviposition (up to 3,000 kg of coffee ber-

ries per hectare can be harvested according 

to Anacafe in Guatemala), resources for popu-

lation increase are unlimited and exponential 

population growth can occur. As the popula-

tion increases with each generation, the flies 

can follow the ripening coffee up the elevation/

temperature gradient, potentially continuing 

the exponential increase until the final harvest 

at the highest elevations is complete and the 

last generation pupates. 

The number of eggs produced by an average 

female varies with many factors, but a good 

host and conditions should result in 500-800 

eggs. Papadopoulos et al (2002) found an aver-

age of 562 eggs per female and a 33% survival 

rate of egg to adult in apples. A hypothetical 

population increase based on conservative es-

timates of medfly demographic parameters (50 

eggs, or perhaps only 10%, surviving to adult) 

after the calculated 5.68 generations permitted 

by the temperatures at various elevations from 

June to December is shown in Figure 4. This 

simple figure shows the tremendous poten-

tial of the medfly population to change from 

undetectable to outbreak levels of density in a 

short period of time.

Enormous numbers of Medflies would then 

emerge in the highly infested coffee planta-

tions at high elevations after harvest (pupation 

time of 3 or more months or 249 degree-days), 

the result of potentially more than 5 genera-

tions of exponential population growth. The 

coffee plants are in the stress/rejuvenating 

phase of their cycle at the dates that the mass 

emergence takes place. During this time of the 

year, the vast majority of coffee plants are de-

foliating or regenerating leaves (depending on 

elevation) and coffee berries are infrequent. The 

adult medflies should be able to find protein, 

mature, and mate, but would then be resource-

limited in finding host sites for oviposition. 

Adult Medflies are generally thought to re-

main near to where they emerge and not to 

disperse long distances (Plant & Cunningham 

1991). This generalization, however, assumes 

that the area in which the flies emerge is host 

rich and under conditions similar to those 

present when the eggs were laid. In the situa-

tion described here, the Medflies emerge into 

the coffee plantations at a time in which they 

are resource limited and dispersal would be a 

likely response. Under this assumption, an un-

known proportion (but large number) of flies 

would begin undirected dispersal in search of 

suitable hosts. The adult Medflies would likely 

move in all cardinal directions, or perhaps be 

influenced by the prevailing wind direction or 

other environmental factors. Recent studies 

have shown that Medfly adults do move 50km 

or more under certain conditions (Israely et al. 

2005). Given the enormous densities of source 
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populations emerging from the coffee belt, 

even a very small percentage of flies dispersing 

50 or more km would be a large number of flies, 

some of which would be captured in traps.

Figure 2 shows that, in 2005, the majority of 

flies were captured from March to May, with a 

peak in April. The map of these captures (Figure 

3) demonstrates that the majority of the flies 

were detected near the border of the treated 

(fly release) area and the infested coffee. There 

is a clear gradient of captures (shown in the 

quadrants in Figure 3) from the highest (4,317 

captures) in the border quadrant, with lower 

captures the further away a quadrant is regard-

less of direction. This pattern is consistent with 

adult flies dispersing from the infested cof-

fee areas from the east into the trapping grid. 

Note that flies were captured throughout the 

trapped area regardless of presence of cof-

fee. In the most western captures (the furthest 

from infested areas), an equal number were 

found in coffee as in the host-poor coastal ar-

eas. This pattern is consistent with what would 

be expected from dispersing flies searching for 

hosts. The alternate hypothesis that the cap-

tured flies are due to the resurgence of very 

low populations throughout the area is less 

compelling, given the pattern of captures. In-

consistencies include the presence of fertiles 

at the same time, in such different ecological 

Figure 2. Total number of adult C. capitata cap-

tured per month in 2005 in the ~5,000 traps lo-

cated within the 10km grid shown in Figure 1. 

General phenology of coffee is summarized along 

the top.

Figure 3. Location of fertile captures and the total 

adult captures per 10 km grid cell in 2005. 

Figure 4. This potential C. capitata population 

growth is based on the degree day accumulation 

over the gradient of altitudes and dates of fruit 

availibility oviposition. In this hypothetical exam-

ple, one female begins oviposition in July, with 

50 adults (25 female) surviving to reproduce. The 

December value can represent the number of 

pupae.

areas so distant from one another, and the ap-

parent increase of medfly population density 

in coffee at the same time of year that berries 

are the least frequent.

Another way that coffee could be important 

to the dispersal of the medfly is through the 

movement of infested coffee berries after har-

vest from the infested area to unifested area for 

sale or processing. This would result in the lar-

vae leaving the fruit, pupating, and emerging 

as adults in the uninfested areas. 
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REACTION TO DISPERSING FLIES

Historically, expensive control measures, in-

cluding bait sprays, have been used to prevent 

the establishment of infestations by flies cap-

tured in Feb-May. However, when fertile flies 

are detected again in the same area the follow-

ing year, it appears as if the control measures 

were not effective. This interpretation of failed 

control results in a repeat of the previous year’s 

control measures, often in the same location, 

stagnating the program’s progress. However, 

it may be that expensive control measures ap-

plied over a large area (aerial application of 

insecticide), are not always necessary to pro-

tect coffee at this stage of its cycle (Stress or 

Flowering). If the fertile flies are detected in an 

area under constant release of sterile males, 

then the sparse availability of oviposition sites 

would allow the population to remain at lev-

els that could effectively be controlled by the 

consistent release of sterile male flies: thus 

preventing permanent establishment. This 

scenario could dramatically change the timing 

and locations of management strategies that 

have been in use over the 25 years of the med-

fly eradication program.

Impact of knowledge about Medfly-Coffee 

relationship on program management.

One key change that this information might 

bring to the way the program is managed is 

the way the data is interpreted. For example, 

SIT has been thought to be ineffective in some 

areas of the program due to continued detec-

tions of Medfly adults and larvae on an annual 

basis. The failures in detection have been as-

sumed to be caused by refugia where local-

ized populations might be too high for SIT to 

work, uneven application of SIT or bait spray, or 

other failure in how the technical aspect of the 

program is conducted. If our hypothesis is cor-

rect, it suggests a scenario in which SIT works 

well in areas where it is applied consistently. 

Detections are not caused by a resurgence of 

local populations that were undetected but 

not controlled by SIT, but due to influx of fer-

tile adults (possibly in combination with move-

ment of infested coffee berries) from outside 

the treated area. The sterile release blocks do 

not prevent movement of fertile flies and sub-

sequent oviposition, but they should prevent 

establishment. 

Thus one implication of this hypothesis may 

be that sterile flies should be released pre-

ventively during the emergence and dispersal 

period (Feb-May). The preventive block should 

cover the areas within the dispersal range of the 

flies during this period. Although the detection 

system is weak it appears to be sufficient to see 

the pattern of movement of the fertile flies and 

could be used to guide the design of the pre-

ventive release blocks. The preventive blocks 

could be removed after dispersal has stopped 

and after any outbreaks have been eradicated.

The routine aerial application of expensive in-

secticidal bait to control the dispersing adults 

may not be warranted. If the adults entering 

the SIT blocks are prevented from establishing 

populations by the sterile flies, then the insec-

ticidal treatments, though they may kill many 

of the dispersing flies, are unnecessary as no 

populations will be established either with or 

without sprays. In any case, applying bait spray 

during the emergence may not be the best way 

to break the annual coffee-medfly cycle.

For the program to advance, eradication 

methods need to prevent/reduce the popu-

lation growth from June to Dec in infested 

areas adjacent to controlled areas at the lead-

ing edge of the program (SIT blocks). It might 

be possible that SIT alone could eliminate the 

population growth. If the blocks are moved for-

ward of the leading edge (into infested coffee) 

when the fertile population density is natu-

rally at its lowest and before the coffee ber-

ries are ripe enough for oviposition (say June 

or July), then the control brought by SIT might 

be enough to prevent or drastically reduce the 

population buildup. SIT alone might not be suf-

ficient, however, at least not consistently from 

year to year. The control could be improved by 

applying bait sprays just prior to beginning SIT 
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to eliminate surviving adults. These bait ap-

plications might reduce the fertile population 

density to levels that SIT could effectively pre-

vent population growth.

Although it would seem more efficient to 

concentrate resources to prevent population 

build up forward of the leading edge of the 

program, other tactics could be developed 

from the same basic medfly-coffee relation-

ship. Another possible strategy might be to ap-

ply bait spray to the infested areas adjacent to 

the leading edge later in the year, before the 

population builds up to its highest density (say 

Oct-Nov). This would cut the out the last gen-

eration where exponential growth yields the 

largest increase in population and, if timed cor-

rectly could dramatically reduce the number of 

dispersing adults. However, timing the applica-

tions would be difficult and the rainy season 

is unpredictable and may last too long some 

years to allow timely application.

Uninfested areas (i.e., to the West/NW of SIT 

blocks) that are not protected by SIT are sus-

ceptible to infestation and establishment from 

the dispersing adults. These areas would need 

to be closely monitored by a reliable detec-

tion system. Higher density eradication blocks 

(and/or other control methods) could be im-

plemented when fertile Medflies are detected 

in unprotected areas.

Medfly detections and threat of introduc-

tion by dispersal are to be expected as part 

of the ecological relationship between coffee 

and the pest. If this expectation can be built 

into the program planning, yearly detections 

during the dispersal phase can be treated as 

an expected occurrence with a solution, and 

not an emergency situation that requires that 

planning be changed, funding redirected, and 

advances abandoned.

Note from 2008. Since this paper was written, ex-

periments by Rendon and Villatoro with ground 

release of flies have shown movement of sterile 

medflies up to 60KM. Flies were released in the 

coffee area and detected to the west. The pattern 

of captures was similar to those shown in Figure 

3. Most were found near the release site, but some 

were captured on the coast and others in coffee 

to the west. This shows both that medflies do dis-

perse, and that the trap grid currently in place is 

sensitive enough to capture this movement.

On the other hand, careful analysis of the fly 

emergence over several years shows that, while 

there may be some movement of the flies from 

lower to higher altitudes, the majority of flies 

emerge from between 1000 and 1400 meters in 

altitude. In this paper, we hypothesized that there 

would be a maximum emergence above this alti-

tude (above 1800m), but it does not appear to be 

the case. This data seems to indicate that there is 

an additional generation at this altitude during 

and after harvest (Jan-Feb) from which the maxi-

mum fly population density emerges in March-

April.
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ABStrAct: The melon fly, Bactrocera cucurbitae (Coquillett) is a major pest of cucurbitaceous vegetables and fruits in many parts of the world. Infes-
tation of an another species, the lesser pumpkin fly, Dacus ciliatus Loew is reported on a few cucurbits in the Indian sub-continent and Africa. While 
extensive work on seasonality, infestation percent, host preference, attraction to parapheromone on B. cucurbitae has been reported, little is known 
of D. ciliatus.   Field experiments were carried out at the Indian Institute of Horticultural Research (IIHR), Bangalore (12058’N; 77035’E) from June 2002-
October 2003. Cucumber (Cucumis sativus L), ridge gourd (Luffa acutangula (L.) Roxb), bitter gourd (Momordica charantia L.) and pickling cucumbers 
[C. sativus L (variety. Ijax)] were raised at monthly interval. Cue lure baited bottle traps were hung to monitor B. cucurbitae and other related species. 
Bactrocera cucurbitae was present all through the year and maximum number of adults was trapped during August (14.14/trap/week). Dacus ciliatus 
was trapped only from May to October but in relatively less numbers (~ 1/week). Maximum fruit fly infestation was 77.03 % on bitter gourd (August 
2003), 75.65 % on ridge gourd (Nov. 02), 73.83 % on cucumber (October, 02) and 63.31 % on pickling cucumber (October, 02). Trap catches of B. cucur-
bitae was significantly and positively correlated with relative humidity. Maximum and minimum temperature, RH (%), rainfall (mm), evaporation (mm) 
and wind speed (km/h) collectively determined 44 % of B. cucurbitae trap catches. Maximum fruit fly emergence of 494.64/ kg fruit was on bitter gourd 
(October, 2002) followed by cucumber (431.97, November, 2002), pickling cucumber (307.51, October 2002) and ridge gourd (210.74, October, 2003). 
Dacus ciliatus formed only 4.5% of the total number of fruit flies on bitter gourd and 0.2% on pickling cucumber. Its infestation was not observed 
on cucumber and ridge gourd. Parasitism by the larval-pupal parasitoid, Opius fletcheri was 4.4% and 3.2 % in bitter gourd and pickling cucumber, 
respectively. It could not be determined if the host was D. ciliatus or B. cucurbitae. Fruit flies infesting ridge gourd and cucumber did not yield any 
parasitoid. There was no correlation between percent fruit damage and number of fruit flies that emerged across host plants. The significance of D. 
ciliatus in IPM of fruit fly is discussed. 

IntroductIon

Bactrocera cucurbitae (Coquillett) or melon 
fly is a major pest of cucurbitaceous veg-
etables and fruits in many parts of the world. 
Crop loss is often >60% (Kapoor, 2000). The 
lesser pumpkin fly, Dacus ciliatus Loew a seri-
ous pest of cucurbits in Saudi Arabia (Fischer 
and Petersen, 1989) is distributed in Africa, 
Atlantic Islands, and oriental Asia (White and 
Elson–Harris, 1992). In India, this species gen-
erally infests a large number of melons and 
wild cucurbits to a relatively lesser extent 
though, in patches serious damage is report-
ed (Bhatia 1939, Viraktamath et. al., 2003). Da-
cus ciliatus is relatively smaller than B. cucurbi-
tae, orange in colour, with facial spots. Costal 
band is apically expanded to form a small 
apical spot and a basal oblique spot. Abdo-
men has two black spots especially in females 
(White and Elson-Harris, 1992). Though, there 

are many reports on seasonality, host prefer-
ence, degree of infestation for B. cucurbitae, 
the same are lacking for D. ciliatus. Pest-risk 
analysis and pest-free (fruit fly) areas are vital 
in coming years to ensure sustained import/
export of vegetables and fruits. Hence stud-
ies were carried out to know.
1. Relative incidence of B. cucurbitae and D. 

ciliatus on cucumber (Cucumis sativus), 
ridge gourd (Luffa acutangula), bitter 
gourd (Momordica charantia) and pickling 
cucumber (C. sativus). 

2.  Effect of weather parameters on B. cucurbi-
tae & D. ciliatus trap catches. 

3.  Extent of parasitism 

MAtErIAl And MEthodS: 

Studies were conducted at IIHR, Banga-
lore, South India (120 58’ N; 770 35’ E) from 
June 2002 to October 2003. Cucumber, ridge 
gourd, bitter gourd and pickling cucumber 
were raised once a month in 300 m2.
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Bottle trap: A plywood (3cm x 3cm x 1cm) 
soaked in cue lure 6:1 v. v (cue lure: malathi-
on) was suspended from the top of a plas-
tic water bottle (capacity 1 litre). Each bottle 
had four windows to facilitate pheromone 
dispersion and entry of fruit fly adults.  Two 
such bottle traps were placed above the 
crop canopy. Trap collections were sorted 
out every 24 hours and number of each fruit 
fly species was recorded. For analyzing sea-
sonal incidence, pooled mean of number of 
fruit flies trapped at weekly interval was cor-
related with weekly mean temperature (0C 
maximum and minimum), RH (%), evapora-
tion (mm), wind speed (km/ h) and rainfall 
(mm).

Fruit fly emergence: At each harvest, dam-
aged and healthy cucumber, ridge gourd, 
bitter gourd and pickling cucumber fruits 
were sorted and weighed separately. Dam-
aged fruits were placed in separate cages on 
a thin layer of sand to facilitate pupation and 
adult emergence. B. cucurbitae and D. ciliatus 
adults that emerged were counted.

Parasitoid emergence: Number of Opius 
fletcheri Silv. (Hymenoptera: Braconidae), a 
larval-pupal parasitoid that emerged with B. 
cucurbitae and D. ciliatus were recorded.

Fig1. Cue lure baited bottle trap

rESultS And dIScuSSIon

Bactrocera cucurbitae adults was trapped 
throughout the study period (June 2002 to Oc-
tober 2003) whereas D. ciliatus only from May 
to October (Fig. 2). Kapoor, 1993, reported that 
D. ciliatus attacks ivy gourd (Coccinia indica 
Wight and Arn.), cucumber and long melon 
along with B. cucurbitae during May-June in 
northern parts of India and the infestation on 
ivy gourd continued up to November. In the 
present study, cucumber and ridge gourd were 
not infested by D. ciliatus contrary to observa-
tions of Kapoor, (1993), who reported D. ciliatus 
infestation on ridge gourd and cucumber in 
north India. India is a large country with re-
gional and climatic diversity and it may be in-
appropriate to compare south to the northern 
parts of the country. In our study all the four cu-
curbitaceous vegetables were infested by B. cu-
curbitae and maximum infestation was 73.83 % 
on cucumber (Oct. 02), 75.65 % on ridge gourd 
(Nov. 02), 77.03 % on bitter gourd (Aug. 03), and 
63.31 % on pickling cucumber (Oct. 02). 

Peak catches of B. cucurbitae was recorded 
in August 2002/ September 2003 (14.14 and 
11.14 /trap/week) (Fig. 1). December recorded 
lowest B. cucurbitae catch. Kapoor (1993) attrib-
uted low catch to low temperature during De-
cember in North India. Mean number of D. cil-
iatus trapped from May to October was around 
1/trap/week though Kapoor (1993) noticed D. 
ciliatus all through the year with at least six 
generations in subtropical North India. Further, 
he observed that the number of generations 
reduced with decrease in temperature. Pump-
kin flies become active from April onwards till 
the end of November in northern parts of India. 
During winter the plains of North India expe-
rience a maximum of 12-140C and minimum 
temperature may hover anywhere from 0-50C. 
Bangalore, where the present studies were car-
ried out, enjoys a salubrious weather for most 
parts of the year. Maximum summer tempera-
ture is observed in April-May (370C). Winter is 
mild with a minimum temperature of 10-120C. 
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Annual precipitation is ~800 mm mostly be-
tween July-October. 

In the present study, trap catches of B. cu-
curbitae and D. ciliatus were not significantly 
correlated. However, number of B. cucurbitae 
trapped showed significant, positive cor-
relation with mean weekly RH (r = 0.29). In a 
large geographical area, localized rainfall can 
influence the relative humidity over adjacent 
patch due to air circulation. Further, rainfall 
as measured in this study is a mean of seven 
days. More than the total precipitation, the 
intensity and duration of rainfall influence 
RH. Thus, it is not surprising that rainfall was 
not positively correlated in the present study 
where as RH was significantly positively cor-
related with trap catches. Drew et al., (1983, 
1984) suggested that environmental moisture 
may indirectly affect survival and fecundity 
by affecting food supply. Further, he stated 
that leaf surface bacteria as a source of pro-
tein required for maturation of tropical fruit 
flies is important and the abundance of these 
bacteria is reduced in dry conditions causing 
reduced fecundity, and possibly reduced sur-
vival rates and increased emigration rates. 

Weather parameters collectively determined 
44% of B. cucurbitae trap catches. [Coefficient 
of determination (R2) for B. cucurbitae was 
0.44]. A total of sixty seven harvests were made 
between July 2002-October 2003. (Table 3). 
Maximum fruit fly emergence of 494.64/ kg 
fruit was on bitter gourd (October, 2002) fol-
lowed by cucumber (431.97, November 2002), 
pickling cucumber (307.51, October 2002) and 
ridge gourd (210.74, October 2003). There was 
no significant correlation between percent 
fruit fly damage and the number of fruit flies 
that emerged across host plants. Dacus ciliatus 
formed only 4.5% of the total number of fruit 
flies emerging on bitter gourd and 0.2% on pick-
ling cucumber. Dacus ciliatus infestation was 
not observed on cucumber and ridge gourd 
though reported by Kapoor (1993). White and 
Elson- Harris (1992) reported that D. ciliatus in-
fests fruits that are over ripe. Cropping pattern 
in south India is different from the North, which 
receives only southwest monsoon, unlike parts 
of south which receives both southwest and 
northeast monsoons. As discussed earlier, it 
may be inappropriate to compare south to the 
northern parts of the country. Poor representa-
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tion of D. ciliatus in the emerging population is 
also attributed to competition with its ecologi-
cal homologue, B. cucurbitae. Bactrocera cucur-
bitae termed ‘R’ strategist is large, has great mo-
bility, high fecundity, fertility, long life span and 
a short egg eclosion period. Further, it spends 
more energy than D. ciliatus in effectively us-
ing environmental resources (Vayssieres et. al., 
2002). Contrastingly D. ciliatus termed ‘K’ strate-
gist is smaller and has a lower mobility, fecun-
dity, fertility, a shorter life span and a longer 
egg eclosion period. Such significant differenc-
es in demographic parameters and main biotic 
factors between the two fruit flies explain the 
predominance of B. cucurbitae (Vayssieres et. al. 
2002). This further justifies the distribution and 
potential of B. cucurbitae to colonize new areas 
(Vayssieres, 2000). 

D. ciliatus is not attracted to any paraphero-
mone lures (White and Elson- Harris, 1992). 
However, in the present study D. ciliatus was 
trapped along with B. cucurbitae in cue lure 
traps but in very small numbers. It may be ac-
cidental or a reflection of very low numbers of 
D. ciliatus in nature. This aspect needs further 
investigation.

Parasitism by the larval-pupal parasitoid 
Opius fletcheri was 4.4% and 3.2 % on bitter 
gourd and pickling cucumber, respectively. It 
could not be determined if the host was D. cil-
iatus or B. cucurbitae. Fruit flies infesting ridge 
gourd and cucumber did not yield any parasi-
toid. There is a need for pest-risk analysis, map-
ping regional and host influenced distribution, 
natural enemy complex and orientation to cue 
lure of D. ciliatus. 
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table 1. Correlation between weather parameters and trap catches (weekly mean)

Fruit fly species 1 2 3 4 5 6 7

B. cucurbitae -0.2782* NS 0.2915* 0.2978* -0.2948* NS NS

1-Mean maximum temperature, 2- Mean minimum temperature, 3- Relative humidity 7 AM, 4. Relative humidity 1 
PM, 5 Wind speed (km), 6- Evaporation (mm), 7- Rainfall (mm), NS= Non-significant (p= 0.05)
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1. IntroductIon

The medfly, Ceratitis capitata Wied. is a pest 
of great economic importance in the area of 
Dalmacija region. It has been present in the 
littoral regions for over 50 years (Kovačevć, 
1960.). In some areas, such as southern part 
surrounding the city of Dubrovnik, the pre-
sence of the medfly precludes fresh fruit 
production, even when chemical control 
measures are applied (Bjeliš and Pelicarić, 
2002.).  To date, the medfly is present in the 
whole Dalmacija and in northern part of 
Istria (Pelicarić and Bjeliš 2002.). As it is often 
the case worldwide, optimum conditions for 
medfly are found in backyards where several 
host plants are grown, allowing the medfly to 
be present from late spring until the winter. 
Althow medfly was not managed in the past, 
some observations on possibilities for con-
trol by using attractant were done (Šimunić, 
1960. , Brnetić, 1969.)

The medfly has invaded the Neretva river 
valley, the most important mandarins, Citrus 
reticulata production area of Croatia.  De-
pending on the area considered, the main 
hosts of the medfly in Croatia during the 
fruiting season are loquat, early fig varieties, 
stone fruits, late fig varieties, mandarin and 
kaki.   

Benefits of using SIT for the area-wide sup-
pression of the medfly have been investigat-
ed. The Neretva river valley (Curić, 1994.), as 

well as some islands (Vis, Hvar, Brač and Ela-
phyte archipelago), are geographically iso-
lated or have some isolated areas of interest 
and as such are highly convenient for the use 
of SIT ( Bjeliš and Pelicarić, 2003.). 

The Neretva river valley seems to be to date, 
the best candidate for an area-wide medfly 
suppression programme using the SIT.  The 
whole valley represents 80% of the national 
citrus production.  The valley has been classi-
fied as «international aquatic reserve», where 
more than 300 birds types has been recor-
ded (Rucner, 1993.) and due to the presence 
of some other endangered aquatic species, 
and it is divided between Croatia and Bosnia 
& Herzegovina. For these reasons, the area-
wide and transboundary use of SIT seems 
to be the most suitable solution for medfly 
suppression. Neretva Delta region is an area 
with the largest and most vaulable part of 
old Mediteranean wet-lands in Croatia ( Mar-
kovčić, 2001.) and also one of few such are-
as preserved in Europe. This is a natural unit 
covering approximately total of 20.000 ha of 
land, from the area of the Hutovo Blato Na-
ture Park (7.411 ha) in Bosnia and Herzego-
vina to spacious Neretva estuary (12.000 ha) 
in Croatia. Croatian part of the lower Neretva 
valley contains 7 protected localities cove-
ring 1,624 ha. 

The possibilities for organic farming prac-
tice exsist in small areas near the mountines 
that surround the valley, where water is not 
yet contaminated, such as Desne and Pojezer-
je areas in Croatia, as well as areas bordering 
Hutovo Blato Nature Park in Bosnia and Her-
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Since Neretva river valley is devided between Craotia and Bosnia and Herzegovina, 
regional program of medfly control by useing SIT should give the best control results.

zegovina.The cultures that can be cultivated 
by using principles of ecological agriculture 
in both parts are traditionally grown medi-
terranean and sub-mediterannean cultures 
such as citrus, japanese apple, kiwi, artichoke, 
figs, peaches, almost all represent host plants 
for medfly.

Since the medfly infestation still raise, the 
number of insecticide sprayings will increa-
se and only envinromental friendly methods 
such well developed SIT technique should be 
used together with other organic methods 
witch would not disrupt the present natural 
balance (Bjeliš and Pelicarić 2003.). Baseline 
data collection on medfly biology is currently 
undergoing, and a study is planned with the 
support of the IAEA TC project for the period 
2007-2008. year, to assess the technical and 
economic feasibility of an area-wide SIT-
based medfly suppression program in the 
Neretva Valley.

2. ArEA dEScrIPtIon

All tasks were chosen in the direction of col-
lection main elementary data about medfly 
biology, behavior, host preferable, seasonal 
occurrence etc. All this data are necessary for 
further observations witch will be used for 
the preparing the study of the sterile insect 
program by using sterile males to control 
medfly in the selected area, the Neretva river 
valley, as the most important economic citrus 
and environment endangered area.

Numerous medfly host plants witch grows 
in whole region of Dalmacija shows possi-
bilities that medfly can easily reproduce from 
May when first possible hosts are having 
fruits like loquats – Eryobotria japonica and 
apricots – Prunus armeniaca. Later, more pref-
erable hosts are available, such as peaches – 
Prunus persicae, nectarine – P.p.var nectarine 
and special important and area wide present 
numerous fig – Ficus carica and wild fig – Fi-
cus carica var caprificus. The period starting 

from September gives more preferable hosts 
such as Japanese apple – Dyospiros kaki, manda-
rins – Citrus reticulate etc. 

Trapping data shows that the period of cap-
tureS varies from earliest beginning of July until 
end of December.  

Trapping data from the Neretva river valley are 
shown in figure 2. On this area first captures can 
start from half August like it was in 2002. , or in 
the first decade of September like it was in 2003.  
The location in Metković shows the highest 
captures during both years of observations and 
maximum of 269 flies per trap were recorded in 
end of September / beginning of October. Much 
lower captures were recorded both at Opuzen 
and Modrič locations.

The results shown in figure 3 shows that dur-
ing four years of observation, the highest cap-
ture were recorded at the Metković location, 
while much lower captures were recorded at 
Opuzen and Modrič locations. 

The hottest area has been defined around city 
of Metković, which is located on the border with 
Bosnia and Herzegovina, with numerous culti-
vated and ornamental host plants, with accent 
on loquats – E. japonica at almost all city streets 
and all kind of cultivated stone fruit trees. It 
should be expressed that across the state bor-
der in Bosnia and Hercegovina there are hun-
dreds of ha of peaches – P. persica, nectarines – 
P.p. var nectarine  and plumbs –P. domestica.

At some very infested orchards almost 250 
flies per trap were captured weekly. The lowest 
captures, less than 10 flies per trap weekly, were 
recorded at the lower part of the valley, where 
mostly mandarin orchards are placed. Small 
urban areas with higher number of host plants 
around shows higher captures. 

Generally, two main areas can be defined. 
The lower part of the valley with mostly man-
darin crop and low medfly capture and higher 
part of the valley with numerous host plants 
and very high capture datas. In total, the treat-
ment area in SIT suppression program could 
be estimated to up to 25-30.000 ha of join 
Croatian and BiH sides.
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The hypsometric map of the Croatian part 
of the river Neretva valley, shows great geo-
graphic isolation of whole area. It should be 
expressed that very limited vegetation of 
non-host plants has been recorded over 200-
250 meter high. In lower parts, special in fi rst 
100-150 meter following medfl y host plants 
was recorded: wild fi g – Ficus carica var. caprifi -
cus, wild berry – Prunus mahaleb and wild bri-
er (dog-rose berry) – Punnica spp. Also some 
weeds such as Solanum nigrum were recorded. 
Higher areas of surrounding hills are almost 
only stone. However, hilly areas should be tak-
en into calculation of SIT releasing treatment. 
The temperature data collected for Neterva 
and surrounding areas were collected from 
different sources, but still represent average 
monthly temperature as an minimum one de-
cade data. Data were collected for Dalmatian 
locations Dubrovnik-Čibača, city of Ston, city 
of Split and city of Opuzen.

3. gEnErAl StrAtEgy

2007-2008 (colaboration with IAEA tc 
2006001): 

Feasibility study of Medfl y Suppresion by * 
SIT in the Neretva Valley,
Preparation of an economic feasibility study* 
including the following scenarios:

- full production on site
- shipping of eggs
- shipping of sterile pupae 

Regional grup trained for SIT operati-* 
ons2009-2010: 
Location for facility selected in the Neretva * 
valley
Location and administrative documentation   * 
Rearing/Eclosion facility build* 
Development of release system in aquatic * 
areas

2011>
Start of the SIT suppresion programme          * 

Figure 1: Popuplation dynamic of Ceratitis capitata in the different parts of the delta Neretva valley, dur-
ing period 2002 - 2004 Year
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4. concluSIonS

The results collected during the four years 
observation period shows that medfl y can re-
produce easily due to numerous host plants 
available along the Dalmacija region. Also, 
there are no data about period when fi rst 
adults emerge after winter period. Results 
show that the earliest capture were recorded 
in early July, what can be explained by very 
low medfl y population before July. The results 
show that medfl y reproduce very quickly and 
yearly peak of population is very similar in all 
areas observed, defi ned during September 
and October. Also, no catches were recorded 
after fi rst decade of December. It seems that 
medfl y can create high population through 
the late spring and early summer, and heavily 
attack citrus fruits.

This speculation can be supported through 
the observation data collected in Neretva riv-
er valley. The lower part, planted mostly with 
mandarin monoculture was observed and 
low medfl y population was recorded. Also 

mandarin was not attacked heavily. In other 
side, the upper part of the valley with differ-
ent consist of host plants give to medfl y pos-
sibilities to create high population and create 
high damage on mandarins, witch represents 
small part of total crop in the area. The den-
sity of the medfl y is the highest in the upper 
part, specialy by the border with Bosnia and 
Herzegovina. This indicates to necessity of 
join action program of medfl y suppression in 
this part of the valley. 

The hypsometric data show possibility even 
to divide the valley to two separated sectors 
for treatment. It should be taken in consid-
ering that program of medfl y control by SIT 
technique could be feasible if only lower part, 
from the coastal line up to the city of Opuzen 
can be treated. However, the best solution is 
to treat whole area as geographic isolated 
system. It should be apostrophe that envi-
ronment pollution aspect except only friend-
ly area wide methods such as SIT technique 
and other environmental friendly supportive 
techniques.

Figure 2: Medfl y capture on selected locations with different host availability in neretva river valley dur-
ing september and october
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The feasibility study of medfly suppression 
by means of sterile males released program is 
undergoing. Some information data however 
need to be observed. 

Implementing of the SIT technique will 
specialy benefits the Croatian County of 
the Dubrovačko neretvanska županija and  
BiH County of Hercegovačko neretvanska 
županija, together with their farmers, stake-
holders and local communities.
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ABStrAct : An area-wide National Fruit Fly Control Programme (NFFCP) was initiated in 1994, funded by the European Union until 1999 and now 
fully financed by the Government of Mauritius. The NFFCP targets some 75,000 backyard fruit trees owners mainly. The bait application and male 
annihilation techniques (BAT & MAT) are currently being applied against the fruit flies attacking fleshy fruits and are targeting selected major fruit 
growing areas in the north, north-east, central and western parts of the island. Successful control has been achieved using these two techniques as 
demonstrated by trap catches and fruit samplings. The level of fruit fly damage to fruits has been reduced. Presently, the bait-insecticide mixture is 
being supplied free of charge to the public. The current status of the area-wide suppression programme is such that continuous use of BAT/MAT is a 
never ending process and as such is not viable. In this context, a TC project on ‘Feasibility studies for integrated use of sterile insect technique for area-
wide tephritid fruit fly control’. Studies are also being carried out on mass rearing of the peach fruit fly for small scale trials on SIT so as to eventually 
integrate this control method in our area-wide control programme.

Key Words: Bactrocera zonata, B. cucurbitae, Ceratitis rosa, C. capitata

IntroductIon 

Fruit flies of the Family Tephritidae are some 
of the most destructive and important pests 
of fruits and vegetables worldwide. The two 
species of fruit flies indigenous to the Mas-
carene Islands are Ceratitis catoirii (Guérin-
Méneville) and the Indian Ocean cucumber 
fly Dacus d’emmerezi (Bezzi). The latter is 
still present in Réunion Island, Madagascar 
and Mauritius. While C. catoirii still occurs in 
Réunion, the last record from Mauritius dates 
back to 1960 (Orian and Moutia 1960). Other 
fruit fly species have been introduced in the 
region, mainly from the Asian and African 
Regions. The Mediteranean fruit fly Ceratitis 
capitata (Wiedemann) and the melon fly Bac-
trocera cucurbitae (Coquillett) were probably 
introduced around the end of the 19th cen-
tury and the beginning of the 20th century, re-
spectively (Orian and Moutia 1960). Both the 
natal fly, C. rosa (Karsch) and the tomato fruit 
fly Neoceratitis cyanescens (Bezzi) have been 
introduced in the 1950’s (Orian and Moutia 
1960). Although the peach fruit fly, B. zonata 
(Saunders) was recorded in 1942, it subse-
quently disappeared and was found again 
as an established population in 1987 (Anon, 

1988). As far as Dacus punctatifrons Karsch 
is concerned, one specimen was collected 
in 1977 (Roy, 1977) and no other specimen 
has been collected up to now. The ber fly 
Carpomya vesuviana Costa was first recorded 
in 1986 (Anon, 1987) and is now an estab-
lished pest of jujube (Ziziphus jujube Lam.). 
The Ethiopian fruit fly Dacus ciliatus Loew 
was recorded in 1901. Bactrocera montyanus 
was first recorded in 1922 (Orian and Moutia 
1960). It was believed that this fly had disap-
peared until one specimen was found in 1999 
(Eydatoulah, 1999). The Oriental fruit fly Bac-
trocera dorsalis (Hendel) was recorded for the 
first time on 5th June 1996 and then declared 
eradicated on 1st July 1999 (Seewooruthun et 
al., 2000). 

Fruit flies show rapid reproductive poten-
tial with short and overlapping generations 
and sudden outbreaks (Bateman, 1972). Their 
significance is further increased by a grow-
ing international trade (Drew and Allwood, 
1997). The high fruit fly populations and the 
abundance of both cultivated and wild fruits 
throughout the year combine to maintain the 
status of the fruit flies as the major pests of 
cultivated fruits. Economically important fruit 
flies of fleshy fruits in Mauritius are, in order of 
importance, B. zonata, C. rosa, C. capitata and 
C. vesuviana. Preferred cultivated hosts for 

Fruit Flies of Economic Importance:  From Basic to Applied Knowledge 
Proceedings of the 7th International Symposium on Fruit Flies of Economic Importance 

10-15 September 2006, Salvador, Brazil
pp. 261-269
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the first three species are mango (Mangifera 
indica L.), guava (Psidium guajava L.), peach 
(Prunus persica (L.) Batsch), loquat (Eriobotrya 
japonica (Thunb.) Lindl.), water apple (Syzy-
gium samarangense (Blume Merry and Perry), 
citrus (Citrus spp.) and custard apple (Annona 
reticulata L.) while the most heavily attacked 
wild fruits are Indian almond (Terminalia cat-
appa (L.) Ridley) and Chinese guava. C. vesu-
viana is specific to jujube (Ziziphus jujube 
Lam.). Fruit flies can be controlled effectively 
by regular applications of cover sprays us-
ing insecticides (Anon 1986); however, this 
method of control may be detrimental to 
bees and other beneficial insects. A National 
Fruit Fly Control Programme (NFFCP) has 
been ongoing since 1994. The programme 
aims at controlling fruit fly infestations over 
a large area by the use of Bait Application 
Technique (BAT), followed by Male Annihila-
tion Technique (MAT). The first phase (BAT) 
would bring down the fruit fly populations to 
very low levels and the second phase (MAT) 
would maintain the populations at these 
low levels. The NFFCP was initially funded 
jointly by the European Union and the Gov-
ernment of Mauritius. As from 1999, the lat-
ter is fully supporting the programme. 

control oPErAtIonS 

BAT and MAT are considered to be safe 
and cheap. These two techniques have been 
used for suppression of populations of fruit 
flies in selected regions of the districts of 
Flacq, Pamplemousses and Rivière du Rem-
part (Figure 1) depending on the fruiting 
seasons. Selection of the geographical area 
of application was dependent on several 
factors; the main ones being cost and logis-
tics; this area covers 600 km2 and represents 
about one third of the country’s total area; it 
accounts for 40 % of the National fruit pro-
duction by about 54000 planters, and it has 
a good road network; it also clearly demar-

cates the treated and untreated zones by 
sugar cane plantations which form a natural 
barrier. 

Nine vehicles are attached to the Pro-
gramme and around 80 persons are involved 
full time in its implementation. 

Fig. 1. Map of Mauritius showing fruit fly trap loca-
tions and treated districts.

BAIt APPlIcAtIon tEchnIQuE 

Bait sprays using Malathion 57% Emulsifi-
able Concentrate (EC) provide a high degree 
of fruit fly control and constitute an advan-
tageous substitute for traditional insecti-
cide cover sprays which are rather costly 
and hazardous to the environment (Jenkins 
and Sheldy 1959, Allwood 1989). A mixture 
of water (carrier), protein hydrolysate (a food 
attractant), and Malathion 57 EC (insecti-
cide) in the ratio of 98.6 : 0.7 : 0.7 is used, at 
a rate of less than 2 L mixture per hectare 
(including < 8 gm of Malathion/ hectare). 
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This method is relatively safe to non-target 
insects and is also less polluting to the en-
vironment than cover sprays, as it produces 
very little spray drift and very little chemical 
residue. The solution is applied at the rate of 
40 ml as a coarse spot spray on the under-
sides of foliage at 7 to 10 days intervals. The 
locality to be treated is selected on the basis 
of the fruiting season. 

MAlE AnnIhIlAtIon tEchnIQuE 

After reducing the fly populations to very 
low levels using the area-wide protein 
bait spray, the second phase (MAT), is im-
plemented. MAT uses parapheromones in 
lured blocks to mass-trap males, thereby 
reducing the mating success of females. 
It is expected that MAT, which kills only 
males, as opposed to BAT which kills both 
sexes, will maintain the fly populations at 
these very low levels. In the MAT phase, 
12 mm thick plywood blocks 50 mm x 50 
mm are impregnated with different lures 
namely Methyl eugenol (67 %), Trimedlure 
(62 %), Cuelure (67 %) and Malathion ULV 
and these blocks are nailed on fruit trees. 
Methyl eugenol attracts males of Peach 
fruit fly; Trimedlure targets the Natal fly 
and Medfly while Cuelure attracts the 
Melon fly. These killer blocks are placed 
at 50 m intervals in isolated areas and at 
33 m in built-up areas; this is equivalent 
to 4 blocks per hectare and 9 blocks per 
hectare, respectively. Since no pherom-
ones are known for the ber fly, control is 
achieved solely by BAT which is applied 
during the jujube fruiting season.

MonItorIng 

Fruit fly monitoring is an important ac-
tivity in any area wide fruit fly manage-
ment programme (Hammes 1980; Jang et 

al. 1994). Surveys of host fruits have been 
carried out in the treated and untreated 
areas since the start of the NFFCP. Col-
lected fruits which consist mostly of fallen 
fruits are counted, weighed and incubated 
for two weeks. Pupae are sieved and then 
placed in Petri dishes for adult emergence. 
Adult flies are counted and identified. 

Locally developed traps based on the 
Steiner model, lured with either methyl 
eugenol, trimedlure or cuelure are used 
for detection of adult male flies. Fig-
ure 1 shows the trap locations. Traps are 
checked and relured every fortnight with 
0.1 ml of a lure/malathion 57 EC mixture 
in the ratio of 1:1. There are 732 fruit fly 
traps throughout the island. 

ExtEnSIon 

Extension work is carried out regularly 
to publicise the programme. Letters to 
householders, display boards, talks in 
schools and over the radio, posters, stick-
ers, and a video film, have been used to 
create public awareness. Radio and tele-
vision publicity spots have been largely 
used to sensitise the public on the Na-
tional Control Programme.

QuArAntInE 

Quarantine procedures are necessary 
to ensure that exotic pests do not enter 
a geographic location where they do not 
currently exist. A trap grid, using all avail-
able lures, has been placed at the port 
and airport for the detection of any new 
fruit fly pest entering the island. The Divi-
sion also works in close collaboration with 
the National Plant Protection Office of the 
Ministry to prevent the entry of other new 
pests. Pantry refuses which include raw 
fruits and vegetables are regularly collect-

Book Fruit Flies.indb   263 28/10/2008   08:27:59



From Basic to Applied Knowledge 
264

Integrated use of the bait application and male annihilation techniques

ed and incinerated. Moreover a quarantine 
bin has been placed at the airport to allow 
incoming passengers to discard fresh and 
undeclared fruits and vegetables, follow-
ing an announcement on the plane. 

ErAdIcAtIon oF thE orIEntAl FruIt 
Fly

The Oriental fruit fly, B. dorsalis (Hendel), 
was first detected in Mauritius in June 
1996. This was the first record for the Af-
rican region. The availability of material, 
equipment, trained personnel, as well as 
adequate technical know-how made it 
possible to intervene immediately at the 
site of detection. An area of about 1 km2 
was subjected to the bait application 
technique (BAT) and the male annihilation 
technique (MAT), within 24 hours of de-
tection. Trapping was intensified around 
the detection point. Methyl eugenol traps 
were placed in a radius of 1.5 km from the 
outbreak centre. Following subsequent 
catches in traps about 1 km from the first 
detection point, treatments were gradual-
ly extended till a total area of 300 km2 was 
covered by the eradication programme. 
Treatments comprised of: BAT, using 2% 
protein hydrolysate and 0.7% malathion; 
MAT, using plywood blocks of 50 mm x 50 
mm x 12 mm with 6 g of methyl eugenol 
and 1 g of malathion 57 EC; cover spray of 
trees with ripening fruits; soil drenching 
under trees with ripening and fallen fruits; 
fruit clean-up and disposal. All the mea-
sures together resulted in the eradication 
of the fly from Mauritius (Seewooruthun et 
al., 2000a; 2000b).

StAtIStIcAl AnAlySIS

Trap catches between the treated and 
untreated regions were log transformed 

and then analysed by ANOVA. The number 
of flies per kg fruit between the treated 
and untreated regions were analysed by 
ANOVA. All analyses were done with the 
statistical software GraphPad Prism 4.

rESultS 

The effectiveness of control in the tar-
geted area has been demonstrated by a 
reduction of larval infestation in both wild 
and cultivated fruits, and by a simultaneous 
decrease in fruit fly trap catches. Moreover, 
peach which is highly susceptible to fruit fly 
attack with an infestation of almost 100 % 
if not treated, has been produced in back-
yards after many years and was sold in the 
market.

Fruit infestation figures show that mango 
infestation with B. zonata was significantly 
lower (P=0.0078, F=8.75) in the treated ar-
eas as compared to the untreated areas 
(Figure 2). Similarly, guava infestation with B. 
zonata was significantly reduced (P<0.0001, 
F=26.20) by the BAT and MAT treatments 
(Figure 3). Infestation of the wild fruit, In-
dian almond by B. zonata (Figure 4) and C. 
rosa (Figure 5) was significantly reduced 
by the treatments (P<0.0001, F=36.36 and 
P=0.0018, F=11.11, respectively). 

The control programme has been effec-
tive in maintaining significantly lower fruit 
fly population levels in all treated areas. 
There was a significant decrease (P<0.0001, 
F=157.10) in the captures of B. zonata in 
the treated areas as compared to the un-
treated areas (Figure 6). The BAT and MAT 
treatments significantly reduced (P<0.0001, 
F=49.25) the population of C. rosa (Figure 7). 
However, there was no significant difference 
(P=0.05, F=3.90) in trap captures of C. capita-
ta between the treated and untreated areas 
(Figure 8). A significant decrease (P<0.0001, 
F=28.27) in the population of B. cucurbitae (Fig-
ure 9) was also obtained in the treated areas.
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Figure 2. Mango infestation with B. zonata in treated and untreated 
areas
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Figure 2. Mango infestation with B. zonata in treated and untreated areas

Figure 3. Guava infestation with B. zonata in treated and untreated regions
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3. Guava infestation with B. zonata  in treated and untreated regions
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Figure 4. Indian Almond infestation with B. zonata
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Figure 4. Indian Almond infestation with B. zonata

Figure 5. Indian Almond infestation with C. rosaFigure 5. Indian Almond infestation with C. rosa
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Figure 6. Trap catches of Bactrocera zonata  in treated and untreated zones

0

0,5

1

1,5

2

2,5

3

(19
99

) 1 6 11 16 21 26
(20

00
) 5 10 15 20 25

(20
01

) 4 9 14 19 24
(20

02
) 3 8 13 18 23

(20
03

) 2 7 12 17 22
(20

04
) 1 6 11 16 21 26

(20
05

) 5 10 15 20 25

Fortnight no. (year)

lo
g 

(F
ly

/tr
ap

/d
ay

 +
 1

)

Treated
Untreated

Figure 7. Trap catches of Ceratitis rosa in treated and untreated zones
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Figure 8. Trap captures of Ceratitis capitata  in treated and untreated zones
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Figure 8. Trap captures of Ceratitis capitata in treated and untreated zones

Figure 9. Trap catches of Bactrocera cucurbitae in treated and untreated zones
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dIScuSSIon And concluSIon

The population of Ceratitis capitata and Cera-
titis rosa were already low at the start of treat-
ment. Both species have been displaced by the 
more aggressive peach fruit fly. After the imple-
mentation of the control programme, there was 
no marked difference in the trap catches for 
C. capitata in both the treated and untreated 
zones (Figure 9). However, the trap catch for C. 
rosa decreased significantly.

The population of B. zonata which is the main 
fruit fly of fleshy fruits, showed a significant de-
cline after applying the control measures. How-
ever, despite a reduction in fruit infestation lev-
els in the treated areas, peach fruit fly attack was 
still persistent throughout the year. Hence, the 
control measures were not effective enough to 
further lower down the peach fruit fly popula-
tions. Fallen fruits in backyards act as a reservoir 
of the pest. In most cases, fallen fruits are left on 
the ground and hence contribute in continu-
ously flooding the population of the pest. Fruit 
sanitation is an essential component of the in-
tegrated control programme. For an effective 
control, fruit sanitation is being encouraged in 
backyards.

The accidental introduction of the oriental fruit 
fly, B. dorsalis in June 1996 caused a disruption 
in the programme as the same resources and 
logistics were used to eradicate this new pest. 
Hence, fruit infestation levels and trap catches 
rose slightly during the period November 1996 
and June 1997. After the resumption of normal 
operations, the fruit fly populations in treated 
regions gradually decreased. 
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ABStrAct: Two species of tephritid fruit flies of economic importance, Mediterranean fruit fly (Medfly, Ceratitis capitata [Wiedemann]) and Natal 
fruit fly (C. rosa Karsch) cause economic losses in the South African deciduous fruit industry of approximately US$3 million per annum. A third 
species, marula fruit fly, C. cosyra (Walker), causes damage to citrus and sub-tropical fruits in the north-eastern part of the country. In 1999 a sterile 
insect technique (SIT) programme against Medfly was initiated over 10,000 ha of table grapes with a goal of cost-effective, ecologically compatible 
suppression of Medfly. The SIT programme was extended to two other fruit production areas in 2004. Although results in all three SIT areas have been 
mixed, populations of wild Medflies, as well as associated pesticide usage and control costs, have been reduced since the start of sterile fly releases. 
Reasons for the partial degree of success and the relatively slow expansion of Medfly SIT to other areas include economic, operational and cultural 
factors, as well as certain fruit production practices. Before fruit fly-free areas can be created, deficiencies in the ability to mass-rear Natal fruit fly need 
to be overcome so that an SIT programme against this species can be initiated. Any fruit fly suppression or eradication campaign will be severely 
compromised by any introductions into South Africa of exotic fruit fly species. The risk of such introductions is increasing as trade with and travel 
to the country increases. A Plant Health Early Warning Systems Division has been initiated to formulate fruit fly detection and action plans. Melon 
fly (Bactrocera cucurbitae [Coquillett]), Asian fruit fly (B. invadens Drew, Tsurutu & White) and peach fruit fly (B. zonata [Saunders]), which are all well 
established in parts of Africa and/or Indian Ocean islands, have been identified as presenting the highest risk for entering and becoming established 
in South Africa. An exotic fruit fly surveillance programme has been started, focusing on detection at ports of entry and in fruit production areas. Any 
detection of an exotic fruit fly will trigger a reaction plan involving a delimiting survey, a feasibility study, quarantine measures and control actions. 
These initiatives signal significant progress towards implementing programmes aimed at creating fruit fly-free areas and putting in place exotic fruit 
fly detection and action plans that will protect the valuable South African export fruit industry. 

Key Words:  Mediterranean fruit fly, Natal fruit fly, sterile insect technique, area-wide management, exotic 
fruit fly surveillance 

Corresponding author: 

B.N. Barnes

IntroductIon

South Africa’s main deciduous fruit-produc-
ing area, the Western Cape, is host to two spe-
cies of tephritid fruit flies of economic impor-
tance, Mediterranean fruit fly (Medfly, Ceratitis 
capitata [Wiedemann]) and Natal fruit fly (C. 
rosa Karsch). A third species, marula fruit fly, C. 
cosyra (Walker), causes damage to citrus and 
sub-tropical fruits in the north-eastern part 
of the country. Medfly tends to dominate in 
many fruit production areas, with Natal fruit 
fly more predominant in the milder, coastal 
areas. Between them they attack a wide va-
riety of subtropical, tropical and deciduous 
fruits in this area (Annecke & Moran 1982), 
with crop losses and control costs exceeding 
US$3 million per annum (Mumford & Tween 
1997). Further details of their occurrence, 
behaviour and management in the Western 

Cape is given by Myburgh (1964) and Barnes 
(1994). 

The South African export deciduous fruit in-
dustry is of significant economic importance 
to the country. Nearly 90 million cartons are 
exported annually, with gross export earn-
ings of approximately US$1 billion per an-
num. The Western Cape is the most impor-
tant region for the production of deciduous 
fruit, with about 74,000 ha under cultiva-
tion (Optimal Agricultural Business Systems 
2005). Most fruit is grown in valley systems, 
some of which are in many respects ideal 
for area-wide pest management such as the 
sterile insect technique (SIT) due to their rela-
tive isolation.

In 1999 the Hex River Valley SIT Pilot Project, 
covering approximately 10,000 ha of table 
grapes, was initiated with the goal of cost-
effectively suppressing Medfly in the area. 
Natal fruit fly occurs in very small numbers in 
the Hex River Valley, and in very few localities. 
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Despite the fact that SIT for Natal fruit fly is 
not yet feasible, and that this species is thus 
only controlled by bait applications, there 
has not yet been any indication that this spe-
cies is increasing in numbers in the Hex River 
Valley.

Despite a number of constraints, the Hex 
River Valley Pilot Project achieved its goal. 
Further details are provided by Barnes et al. 
(2004) and Barnes (2007). Aerial releases of 
sterile flies were carried out until 2003, when 
the high cost of hiring the release plane for 
just this one area forced the release strategy 
to be changed to ground releases, primar-
ily in home gardens and backyards on farms 
and in urban areas (Barnes 2007; Barnes et al. 
2006). Also due to economic forces, the pro-
duction and distribution of sterile Medflies 
was commercialized in 2003 through the 
formation of a private company – SIT Africa 
(Pty) Ltd (Barnes et al. 2006). After the Hex 
River Valley Pilot Project became fully com-
mercial in 2003, the sterile fruit fly release 
programme was extended to two additional 
fruit production areas.

The possible introduction of new exotic 
fruit fly pests into the country is a potential 
threat to the export fruit industry. The recent 
introduction and spread of exotic fruit flies 
onto the African continent has emphasized 
the need for South Africa to develop a pre-
vention and reaction programme to improve 
the awareness, detection and control of exot-
ic pests. The exotic fruit fly species that have 
been introduced into Africa are melon fly, 
Bactrocera cucurbitae (Coquillett); peach fruit 
fly, B. zonata (Saunders), and most recently 
the Asian fruit fly, B. invadens Drew, Tsurutu 
& White. B. zonata and B. cucurbitae currently 
cause great economic losses in Africa over a 
wide range of hosts. Although little is known 
about the biology of B. invadens, all indications 
are that it is highly invasive and extending its 
host range (Drew et al. 2005). These species 
constitute the basis of the South African ex-
otic fruit fly action plan. The early detection 

of any pest incursion provides for quicker, 
easier and low cost eradication. Quarantine 
measures are aimed at preventing exotic fruit 
fly introductions, but introductions still take 
place worldwide. The quicker they can be de-
tected, the better eradication programmes 
can be implemented as part of a country’s 
contingency plans.

This article describes the evolution of the 
South African fruit fly SIT programme, the 
challenges facing the programme, and out-
lines the National exotic fruit fly detection 
programme.

StErIlE MEdFly ProductIon, 
dIStrIButIon And VEndIng

The SIT Africa Medfly rearing facility in 
Stellenbosch currently produces 15 million 
sterile male Medflies per week. Production 
procedures, quality parameters and release 
procedures are discussed in detail by Barnes 
et al. (2006). These flies are eclosed at the SIT 
Africa facility and transported weekly to three 
release areas – the Hex River Valley, the Elgin/
Grabouw/Vyeboom/Villiersdorp (EGVV) area, 
and the Riebeek Valley area. They are released 
by hand (‘ground releases’) and almost exclu-
sively in the main fruit fly breeding areas, i.e. 
home gardens and backyards on farms, in 
other neglected host plants such as fruiting 
ornamental plants in natural vegetation, and 
in urban areas – at a density of up to 5,000 
flies per ha (Barnes et al. 2006). The objective 
of these ground releases is to reduce wild 
Medfly populations in the Medfly breeding 
grounds before the flies move to the com-
mercial orchards and vineyards during fruit-
ripening and harvest. 

Buy-in into the SIT programme and pay-
ment mechanisms for sterile flies by the three 
areas differed. In the case of the Hex River Val-
ley, where the SIT pilot project was initiated 
before commercialisation of the programme, 
100% commitment by the approximately 140 
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growers was obtained with the help of the 
Hex Valley Table Grape Growers Association, 
and the funding to finance the programme 
was raised through a levy on cartons of ex-
port grapes from the valley (Barnes et al. 
2004). In the case of the other two release 
areas – the EGVV area and the Riebeek Valley 
area which joined the programme after com-
mercialisation – 100% buy-in by all growers 
was not obtained and as a result an across-
the-board levy in each area was not possible. 
Growers made individual decisions whether 
or not to join the programme, and payment 
for sterile flies was through contracts be-
tween individual participating growers and 
SIT Africa (Barnes 2007).

SIt rElEASE ArEAS

Progress with the Hex River Valley pro-
gramme up to 2002, and the subsequent 
challenges following the privatisation of SIT 
in South Africa in 2003, are fully described by 
Barnes et al. (2004) and Barnes (2007). After 
the privatisation of SIT, two additional fruit 
production areas joined the Medfly SIT pro-
gramme in 2004 – the EGVV area in January 
and the Riebeek Valley area in August. The 
three areas are between 100 and 200 km dis-
tant from one another. The total area of fruit 
protected by SIT in these areas is approxi-
mately 15,000 ha. Each area had an SIT co-
ordinator who was supported by laboratory 
and field staff. 

HEX RIVER VALLEY
The areas treated with sterile Medflies, 

and all procedures except for the release 
technique, have remained as described by 
Barnes et al. (2004). In 2003 aerial releases 
were replaced by ground releases as de-
scribed above for economic reasons. The re-
lease strategy was as follows (I. Sutherland, 
personal communication):

In De Doorns town: 1 bag of sterile males 
(5,000 fliers) in each of 12 strategic hotspot 
localities, distributed over the whole town. 
Extra bags allocated to sites with higher wild 
fly populations. Approximate average release 
rate = 2,000 sterile males/ha.

In rural (e.g. farm) gardens and hotspots: An 
average of 1 bag per average-sized garden/ 
hotspot in each of 340 release sites. Extra 
bags allocated to sites with higher wild fly 
populations. Approximate average release 
rate = 5,000/ha.

Commercial plantings: No sterile flies were 
released in these areas.

Releases continued throughout the year. 
Each week 352 bags of flies were released by 
hand into approximately 500 ha of backyard 
and hotspot areas in the three sub-areas. Re-
leases over these 500 ha therefore ‘protected’ 
commercial fruit plantings of approximately 
7,000 ha in extent.

EGVV AREA
The area comprises three sub-areas, viz. 

Groenland, Vyeboom and Villiersdorp, which 
are approximately 10 km apart. There are 
13,000 ha under fruit cultivation in these ar-
eas, of which 90% comprise apples and pears, 
and the remainder, plums, canning peaches, 
nectarines, apricots, and table and wine 
grapes. Due to economic forces, not every 
farm took part in the sterile fruit fly release 
programme, so there were many non-SIT 
zones within each sub-area. In the Groenland 
area there were 45 farms in the programme, 
comprising 3,205 ha of fruit; in the Vyeboom 
area, 25 farms comprising 860 ha of fruit; and 
in the Villiersdorp area, 35 farms comprising 
1,520 ha (De V. Jooste, personal communica-
tion). The total area of commercial fruit under 
‘protection’ by the SIT programme was there-
fore 5,585 ha.

There are two small towns in the area, 
Grabouw in Groenland, and Villiersdorp in the 
Villiersdorp area. Villiersdorp had significant-
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ly higher fruit fly populations (a mean FTD of 
3.03 over 3 years) than Grabouw (mean FTD 
of 0.31 in 2002) due to the higher number of 
fruit fly host plants in home gardens, more 
commercial stone fruit in the immediate 
area, and higher temperatures. Both Medfly 
and Natal fruit fly occur in the area, but, as in 
the Hex River Valley, Medfly predominates. 
Typical of most fruit production areas in 
the Western Cape, fruit fly populations were 
lowest from June to February, and reached a 
peak from March to May (De V. Jooste, per-
sonal communication). 

 Before SIT. Fruit fly population fluctuations 
were monitored weekly with Chempac Yel-
low Delta Traps baited with trimedlure, at a 
density of 1 trap per 25 ha. This density was 
increased in areas where populations were 
higher, and in the towns was 1 trap per 5 ha. 

Up to December 2003 the only fruit fly con-
trol intervention was the application of a 
protein + malathion bait, weekly in summer, 
and every 2 to 3 weeks during the rest of the 
year. Bait was applied only to commercial or-
chards by the individual growers according 
to their routine programme.

During the SIT programme. Digital maps 
comprising colour ortho photos of the area 
were obtained and the SIT areas were divid-
ed into 50 ha grids. An area SIT Co-ordinator 
and four Sub-area Co-ordinators were ap-
pointed. The Sub-area Co-ordinators distrib-
uted the sterile flies to the release points, 
and conducted the trapping and baiting 
of gardens and backyards, and host plant 
management and sanitation of these areas 
and commercial orchards. The last two ac-
tions were carried out in conjunction with 
the participating growers. Four Assistants 
helped with baiting and host plant manage-
ment. 

Fruit flies were monitored using Multilure 
traps baited with the 3-component lure, at 
a density of 1 trap per 50 ha in commercial 
orchards and 1 trap per 25 ha in urban ar-
eas. Bait was applied to all home gardens 

and backyards on participating farms, and 
to host plants in other fruit fly hotspots such 
as neglected fruit trees and along rivers etc. 
Either a protein + malathion bait or GF-120 
was used, as well as attract-and-kill bait sta-
tions in the town of Villiersdorp.

Sanitation comprised clean-picking all fruit 
from the trees after harvest (i.e. removing all 
fruit left behind on the trees by the pickers), 
and picking up all fallen fruit. This fruit was 
either sealed in large plastic bags and left in 
the sun or taken to a local dumpsite.

The first releases of sterile Medflies took 
place in January 2004. Sterile flies were re-
leased in all gardens and backyards (farm 
and town) in the three areas, and in stone-
fruit orchards on all participating farms due 
to the host suitability of these fruits for fruit 
flies. The release strategy was as follows (De 
V. Jooste, personal communication):

In Villiersdorp town: 1 bag of sterile males 
(5,000 fliers) per every 2nd house in every 
street. Approximate average release rate = 
3,400 sterile males/ha.

In rural (e.g. farm) gardens and hotspots: 1 
bag per average-sized garden. Approximate 
average release rate = 4,190/ha.

In stonefruit orchards: Goal – 2,000 sterile 
flies per ha. In practice, 1 bag per ±2.5 ha; 
flies were hand-released in two ‘bursts’ of 
flies from each bag, each burst about 50 to 
100 m apart in the rows. Approximate aver-
age release rate = 1,870/ha. 

Each week 576 bags of flies were released 
by hand into approximately 980 ha of back-
yard and hotspot areas in the EGVV. In other 
words, releases over these 980 ha protected 
commercial fruit plantings of approximately 
5,585 ha in extent.

As commercial fruit orchards were harvest-
ed, sterile flies for these areas were diverted 
from harvested orchards to hotspots, home 
gardens and backyards in the area. Releases 
were stopped entirely for 3 weeks in June, 
being mid-winter and when field staff took 
leave. When releases were resumed, all ster-

Book Fruit Flies.indb   274 28/10/2008   08:28:03



From Basic to Applied Knowledge  South African Fruit Fly Action Plan
275

ile flies were placed in the hotspot areas; 
releases resumed in commercial orchards in 
November. 

RIEBEEK VALLEY AREA
This area was also divided into three sub-

areas; Riebeek Kasteel, Halfmanshof (about 
20 km from Riebeek Kasteel), and Piketberg 
(about 30 km from Riebeek Kasteel). There 
was 2,183 ha under fruit cultivation in the SIT 
programme, of which 80% consisted of table 
grapes, 17% citrus, and 3% stonefruit. In the 
Riebeek Kasteel sub-area there were 15 farms 
in the SIT programme comprising 312 ha of 
fruit; in the Halfmanshof sub-area, 30 farms 
comprising 1,013 ha of fruit; and in the Piket-
berg sub-area, 15 farms comprising 858 ha of 
fruit. There are two small towns a few kilome-
tres apart in the Riebeek Kasteel sub-area, Rie-
beek Kasteel and Riebeek West which support-
ed large populations of fruit flies. Both Medfly 
and Natal fruit fly occur in the area, but Medfly 
again predominates. Natal fruit fly occurred in 
low populations from about October to Feb-
ruary, and appears to be associated with the 
ripening of loquats and quinces at that time. 
Fruit fly populations were once again lowest 
from June to February, and reached a peak 
from March to May (J. Geldenhuys, personal 
communication). 

Before SIT. From August 2003, when prepa-
rations for the SIT programme were initiated, 
fruit fly population fluctuations were moni-
tored weekly with Chempac Yellow Delta Traps 
baited with trimedlure, at a density of 1 trap 
per 25 ha. This density was increased in areas 
where populations were higher, and in the 
towns was 1 trap per 10 ha. 

Until July 2004 fruit fly control was as for the 
EGVV area – ground applications of a protein 
+ malathion bait to commercial orchards by 
individual growers according to their routine 
programme. In addition, a single aerial applica-
tion of a protein + malathion bait was applied 
in December.

During the SIT programme. As in the case of 
the EGVV area, the SIT areas were divided into 50 
ha grids on colour ortho photos. An area SIT Co-
ordinator, an Assistant Co-ordinator, two sterile 
fly Release Assistants and one Laboratory Assis-
tant were appointed. The Assistant Co-ordinator 
was also responsible for fruit fly monitoring, 
baiting of fruit fly hotspots on farms, sanitation 
and host plant management, data management 
and public relations. The Release Assistants dis-
tributed the sterile flies to the release points, 
and assisted with sanitation and bait applica-
tion in the towns. 

Monitoring, sanitation and bait application 
was as described for the EGVV area. The first re-
leases of sterile Medflies took place in August 
2004, and was carried out in a similar way to 
the EGVV area with the following differences (J. 
Geldenhuys, personal communication):

In the two towns: 1 bag of sterile males (5,000 
fliers) per every 2nd house in every street. Ap-
proximate average release rate = 3,000/ha.

In rural (e.g. farm) gardens and hotspots: 1 to 
2 bags per average-sized garden. Approximate 
average release rate = 5,000/ha.

Commercial orchards: No flies were released in 
these areas.

Each week 500 bags of flies were released by 
hand into approximately 500 ha of backyard and 
hotspot areas in the three sub-areas. Releases 
over these 500 ha therefore ‘protected’ commer-
cial fruit plantings of approximately 2,180 ha.

Releases continued throughout the year. How-
ever, for 2 weeks in June all sterile flies were re-
leased in the two towns only.

rESultS oF StErIlE FruIt Fly rElEASES

HEX RIVER VALLEY 
Figure 1 illustrates the fluctuation in the 

wild Medfly population from 3 years before 
to 7 years after the start of the sterile release 
programme. Before releases Medfly popula-
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tions peaked at between 3.5 and 4.5 flies/
trap/day (FTD). With one exception (2005), the 
populations after sterile releases were always 
smaller than before sterile releases, peaking 
at between 0.5 to 3.5 FTD. The 2005 season 
was an exception, with wild Medfly popula-
tions at least as high as before releases. This 
was an exceptional fruit fly season through-
out all Western Cape fruit production areas 
and is ascribed to an unusually warm and 
dry winter when fruit fly survival would have 
been higher than during the normal cold and 
wet winter.

Wild fly populations in the town of De 
Doorns have been substantially reduced to 
the point that the town is no longer con-
sidered a fruit fly hotspot (data not shown). 
Most wild flies were found in farm gardens 
and backyards in the rural areas (I. Suther-
land, personal communication). 

EGVV AREA
The fluctuation in the wild Medfly popu-

lation from 3 years before to 3 years after 
the start of the sterile release programme is 
given in Figure 2. Before sterile releases wild 
fly populations peaked at between 5 and 
6.5 FTD. After releases, with the exception of 

the first year (2004) there was a marked re-
duction in the wild Medfly populations dur-
ing 2005 and 2006 (peak FTDs of just over 2 
and 0.5 respectively). The high population in 
2004 is ascribed to the fact that releases com-
menced in January 2004, shortly before wild 
fly populations normally peak. The sterile 
males were therefore released into an envi-
ronment which already had substantial pop-
ulations of wild females, and could not have 
been expected to affect the wild fly popula-
tion to any great extent.

RIEBEEK VALLEY AREA
Figure 3 shows the average wild fly popula-

tions one season before and two seasons after 
sterile releases in the Riebeek Kasteel sub-area. 
The 35 farms on which traps were placed were 
divided into two groups – 13 farms in relatively 
close proximity to the towns of Riebeek Kasteel 
and Riebeek West, and 22 farms situated further 
away from these urban areas. This was done to 
illustrate the effect of the proximity of an in-
fested urban area on wild Medfly populations 
in commercial plantings in the area. 

The effect of the very high wild Medfly 
populations in 2005, the first year of sterile 
releases, is clearly evident in Figure 3 – there 

 

 

Figure 1. Average number of wild Medflies per trap per day in the Hex River Valley before and after the 
release of sterile males (2-week moving average).
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Figure 2. Average number of wild Medflies per trap per day in the Elgin, Grabouw, Vyeboom and Vil-
liersdorp area before and after the release of sterile males (2-week moving average).

was no decrease in wild fly numbers in ar-
eas either close to or further away from the 
urban areas; there was in fact a significant 
increase in the area close to the towns, to a 
peak of 30.5 FTD. In 2006, however, the situ-
ation was different. Close to the urban areas 
the population peak was lower than in either 
2004 (before releases) or 2005, but still very 
high at a level of 17.6 FTD. Away from the 
towns the release programme suppressed 
the peak to 5.8 FTD, considerably lower than 
the 15.5 FTD in the year before releases.

A similar pattern was evident from the Half-
manshof sub-area (far from any urban area), 
although in this area the only pre-SIT figures 
were from 2002. Populations peaks were as 
follows: 2002, 14.4 FTD; 2005, 4.8 FTD, 2006, 
2.7 FTD (graph not shown).

conStrAIntS coMProMISIng SuccESS 
oF SIt ProgrAMME

While reductions in wild Medfly popula-
tions did occur following the implementa-
tion of the SIT programme, populations have 
not been reduced to the low levels normally 
associated with a highly successful SIT sup-
pression programme – e.g. below 1 FTD. 

Besides the very high wild fly populations 
throughout the Western Cape fruit produc-
tion areas in 2005, there are a number of eco-
nomic, operational and cultural factors which 
have compromised the success of the SIT 
programme in South Africa. These have been 
discussed at length by Barnes (2007). Other 
factors include:
•	 Poor	compliance	with	good	fruit	fly	man-

agement practices such as host plant 
management, sanitation and baiting.

•	 The	 use	 of	 cross-pollinators	 in	 orchards.	
These trees are interplanted with the com-
mercial varieties and can comprise up to 
10% of the trees in an orchard. The fruits 
ripen early and are generally not removed 
from the orchard, thus serving as ideal fruit 
fly hosts. Examples are Santa Rosa plum, 
Keiffer pear and hillierii crab apple. 

thE FuturE oF SIt In South AFrIcA

Due to financial constraints the current objec-
tive of the SIT programme is the cost-effective 
suppression of Medfly using an ecologically 
compatible technique. However, the ultimate 
goal of the programme is the creation of one 
or more fruit fly-free areas or areas of low fruit 
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fly prevalence, whichever is acceptable and ap-
plicable to importing countries. In order for the 
programme to progress towards this goal it will 
be necessary i) to develop and implement SIT 

for Natal fruit fly, and ii) to extend the area under 
SIT so that there is a sufficiently large area under 
SIT for both species to justify the implementa-
tion of quarantine measures.

SIT FOR NATAL FRUIT FLY
Research is still needed to enable SIT for 

this species to be implemented. An artificial 
larval diet for Natal fruit fly has been devel-
oped (Barnes 1976), but needs to be refined 
to make large-scale mass-rearing of this spe-
cies feasible. Unlike Medfly, Natal fruit fly fe-
males do not oviposit through gauze screens, 
and so a different technique will be needed 
to harvest eggs in large numbers from this 
species. For small-scale rearing Barnes (1976) 
developed an egg collection method for 
this species using plastic funnels, but a more 
cost-effective method will be needed for the 
large-scale rearing necessary for an SIT pro-
gramme. This will be researched in the near 
future.

EXTENSION OF SIT TO OTHER PRODUCTION 
AREAS

Besides the research and development need-
ed to implement SIT for Natal fruit fly, Medfly 
SIT will need to be extended to many more fruit 

production areas in South Africa in order to cre-
ate one or more fruit fly-free areas. A number of 
challenges will have to be met to achieve this, 
including the production of less expensive ster-
ile Medflies and greater buy-in into SIT by grow-
ers. The lack of sustainable funding for SIT is one 
of the greatest deficiencies in the quest for fruit 
fly-free areas. The many factors influencing the 
wider use of SIT in South Africa are discussed in 
greater detail by Barnes (2007).

However, advances in the application of SIT 
must be accompanied by systems to prevent 
exotic fruit fly species entering and becoming 
established in South Africa. The establishment 
of even one such species would severely com-
promise any area-wide fruit fly management 
programme.

thE nAtIonAl ExotIc FruIt Fly ActIon 
PlAn

Pest fruit flies are spreading easily from 
one country to another through accidental 

Figure 3. Average number of wild Medflies per trap per day in the Riebeek Kasteel area before and after 
the release of sterile males, nearby and further away from the urban area. 
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introductions via infested fruit. The risk of 
introducing new fruit fly species into South 
Africa is increasing as trade with and travel 
to the country increases. The implications of 
an exotic fruit fly pest entering and becom-
ing established in South Africa are signifi-
cant. Firstly, there will be a loss in local pro-
duction capacity that will likely affect food 
security in especially rural areas. Secondly, 
the possible introduction of an exotic fruit 
fly pest into the country can potentially ruin 
the export fruit industry which is currently 
worth approximately US$1.2 billion annu-
ally. It would also severely compromise the 
current fruit fly SIT programme, the ultimate 
purpose of which is to establish fruit fly-free 
areas. The recent introduction and spread of 
exotic fruit flies onto the African continent 
has emphasized the urgent need for South 
Africa to develop a fruit fly prevention and 
reaction unit to better the awareness, detec-
tion and control of such exotic pests.

Two Directorates in the National Depart-
ment of Agriculture, viz. the Directorate Plant 
Health (PH) and Agricultural Product Inspec-
tion Services (APIS), jointly form the National 
Plant Protection Organization (NPPO) of 
South Africa. As a signatory member of the 
International Plant Protection Convention 
(IPPC) the NPPO is obligated to have surveil-
lance programmes to detect pests as far as 
its capacity allows. Declaration of pest free 
areas has an added advantage for trade. The 
Division PH Early Warning Systems has been 
initiated to develop detection and contin-
gency plans that will eventually form part of 
the country’s Disaster Management Plans. 

Due to a lack of capacity, the fruit fly action 
plan not only focuses on an integrated ap-
proach for the surveillance of fruit flies, but 
also on generic capacity building and train-
ing. 

The generic focal areas identified are to:
develop standard operating proce-•	
dures
develop surveillance protocols •	

increase diagnostic capacity•	
determine roles and responsibilities •	
within contingency plans
ensure data management•	
develop an alert web-based system•	
ensure that the legislative capacity is in •	
place in terms of the disaster manage-
ment actions, and to ensure funding for 
the expansion of the projects, and to ex-
pand all of this to a regional level 
increase pest awareness. •	

THE EXOTIC FRUIT FLY THREAT
The melon fly (Bactrocera cucurbitae [Co-

quillett]), Asian fruit fly (B. invadens Drew, 
Tsurutu & White) and peach fruit fly (B. zonata 
[Saunders]) have been determined as posing 
the highest risk for entering and becoming 
established in South Africa. These species 
are well established from East Africa to West 
Africa and as far south as Tanzania. B. cucur-
bitae has also become established in Egypt 
and on the Indian Ocean islands of Mauri-
tius, Réunion and Seychelles (CABI 2005). B. 
invadens was first detected only 3 years ago 
and has rapidly spread in and between East 
and West African countries as well as in the 
Comores. It readily attacks domesticated 
fruit such as mango, guava, citrus and toma-
to, as well as wild fruit such as marula and 
monkey orange (Drew et al. 2005). It appears 
that the rapid spread was due to truck traf-
fic between African countries. Roadside fruit 
sellers contributed to the spread when truck 
drivers purchased fruit from these sellers to 
eat along the way and then drove from one 
country to another. 

B. zonata also poses a high risk as it occurs 
in Egypt, the Indian Ocean islands of Mauri-
tius and Reunion. It has a wide host range, 
is economically important, and could be-
come established in the subtropical areas in 
the Eastern parts of South Africa, and in the 
Mediterranean climate of the Western Cape 
(IAEA 2000). 
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The highest risk in South Africa for entry 
of exotic fruit flies is at Johannesburg, Cape 
Town and Durban (all with international 
airports), based on the high international 
traveler frequency, and the Beitbridge and 
Lebombo border posts, based on the high 
frequency of vehicular traffic from other 
African countries. The highest risk areas for 
establishment of exotic fruit flies, based on 
suitable climatic and host plant conditions, 
are Durban (KwaZulu-Natal province) and 
Lebombo, Komatipoort, Malelane and Nel-
spruit (Mpumulanga province), and in the 
fruit-growing areas of the Western Cape 
province. 

SOUTH AFRICAN SURVEILLANCE PROGRAMME 
FOR EXOTIC FRUIT FLIES

The surveillance programme started as 
a new project in April 2006. Trapping pro-
tocols, procedures and training have been 
provided by the Directorate PH Early Warn-
ing Systems. Execution of the programme is 
effected by the Directorate APIS, research 
institutes, universities, fruit industry organi-
sations and provincial departments of agri-
culture. 

The surveillance programme is divided into 
two protocols.

Protocol one: Port of entry (POE) detec-
tion. This protocol covers the possible in-
troduction of exotic fruit flies at and close 
to POEs. It includes the POE itself plus the 
area around it, normally an urban area. A 5 
km grid system is used to establish trap-
ping points in urban areas. The POE itself, 
hotels and refuse dumps are targeted se-
lectively regardless of the grid intercep-
tion points. The number of trapping sites 
is allocated as objectively as possible and 
based on availability of funds and capacity. 
Some of the towns close to border posts 
are also targeted as they often serve as an 
overnight stop and as a dump for excess or 
infested fruit (Table 1). 

table 1. Ports of Entry and nearby areas identified 
and targeted for surveillance of exotic fruit fly spe-
cies using traps with different lures (2006/07).

Port of Entry or 
adjacent town

No. of  
trapping 

sites

Methyl  
eugenol traps

Cuelure 
traps

Trimedlure 
traps

Beitbridge 1 1 1 1

Lebombo 1 1 1 0

Oshoek 1 1 1 0

Groblersbrug 1 1 1 0

Musina 4 4 4 1

Komatipoort 1 1 1 1

Vioolsdrift 1 1 1 1

Nelspruit 7 7 7 1

Durban 25 25 25 2

Cape town 25 25 25 2

Johannesburg 25 25 25 2

Port Elizabeth 12 12 12 1

East London 6 6 6 1

Pretoria 25 25 25 1

Protocol two: Fruit production area and line 
detection. This protocol covers the establish-
ment of exotic fruit flies in fruit production 
areas where the most damage can be caused, 
and covers fruit fly introduction in the pro-
duction areas and nearby national roads. 
The objective is to form a line of surveillance 
traps in production orchards close to nation-
al roads between towns. In certain cases the 
POE also falls inside a production area and a 
joint approach may be implemented.

Trap and lures used. The type of trap(s) 
used is based on the IAEA’s Trapping Guide-
lines (IAEA 2003) and depends on the lures 
available, ease of use, operator expertise, the 
physical environment, and available funding. 
These traps include Tephri traps, modified 
Lynfield traps or Chempac Yellow Delta Traps 
(modified Jackson traps), or a combination of 
these. 

The traps are baited with one of the follow-
ing: methyl eugenol (for B. zonata and B. in-
vadens), and cuelure for B. cucurbitae (White 
& Elson-Harris 1992; Drew et al. 2005). There 
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are no naturally occurring fruit fly species of 
economic importance in South Africa known 
to be attracted to methyl eugenol, but several 
of the commonly occurring Dacus spp. are 
expected to be attracted to the cuelure traps 
(White & Elson-Harris 1992). Ten percent of the 
total number of traps in any area are baited 
with trimedlure to serve as controls to attract 
the three Ceratitis spp. that occur in South Af-
rica (C. capitata, C. rosa and C. cosyra).

Trapping density at ports of entry. The ma-
jor challenge in the surveillance programme 
is to develop a trapping density at POEs that 
is serviceable with the available capacity. 
With the current capacity, at a major POE 
such as Durban, it is possible to handle one 
methyl eugenol trap and one cuelure trap 
per 5 km grid in a 400 km2 block, However, 
the 5 km distance between traps is so large 
that a fairly high infestation will already be 
present in the area if only one fruit fly per 
trap is detected (Meats 1998). The objective 
is to increase the trap density on an annual 
basis until the traps are 1 km apart. The trap-
ping grid is implemented within a 40 km 
radius of the POE, and the traps within each 
grid are rotated to increase the sensitivity of 
the detection system. 

Servicing of traps. Traps are visited once 
to four times a month, and more frequently 
whenever adverse weather conditions such 
as excessive rain occur.

Sampling and Diagnostics. Although South 
Africa does not have an abundance of fruit 
fly taxonomists, a line of taxonomic support 
has been established. All fruit flies collected 
from traps are collected and sent to the na-
tional survey coordinator in Pretoria. Early 
Warning Systems (EWS) personnel docu-
ment the information and the fruit fly speci-
mens are sent to the Biosystematics Division 
of ARC Plant Protection Research Institute in 
Pretoria for identification. Any fruit flies that 
cannot be identified locally will be referred 
to relevant international experts for identifi-
cation (e.g. British Natural History Museum). 

GIS database and spatial analysis. Effective 
data management is essential to the success 
of the surveillance program. A GIS substation 
has been developed within the EWS Divi-
sion and EWS personnel have been trained 
to capture incoming pest information such 
as surveillance programme data. All data are 
captured and stored on a centralized data-
base. 

Future plans allow for increasing the data-
capturing efficiency by providing access to 
the database through a remote internet link 
where data capturers at remote sites can add 
or update invasive pest data such as fruit fly 
surveillance data on a shared web site. This 
will assist Southern African Development 
Community (SADC) members to participate 
in the surveillance. 

Fruit fly awareness. The fruit fly action plan 
has a strong pest awareness component. 
Most of the EWS Division’s awareness sup-
port comes from the Plant Health Curricu-
lum and Promotions Division, which helps 
build relationships with the necessary role-
players to ensure adequate pest awareness. 
EWS personnel are also developing technical 
information such as posters and pamphlets 
for distribution by Plant Health Promotions. 
The EWS Division is expanding its awareness 
potential by developing a Pest Alert website 
where new and high priority invasive pest in-
formation is placed to facilitate quick, trans-
parent and easy notifications of new fruit fly 
pest incursions 

EXOTIC INCURSION REACTION PLAN
As soon as a suspicious fruit fly species is 

detected in a trap or from any other source, 
an emergency fruit fly identification proce-
dure is activated. This identification will take 
preference over any other species identifica-
tion in the process.

A single positively identified quarantine 
species or suspect species can trigger im-
mediate quarantine measures. A delimiting 
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survey of 1 trap per 400 m2 will follow until a 
zero trap catch has been maintained within 
a 5km radius of the last positive catch for 
two life cycles. An area of 5 km around the 
incursion will immediately be quarantined. 
Different quarantine zones (Q zones) around 
the incursion will be enforced. A 5 km broad 
buffer zone will be set up starting 5 km from 
the last positive trap catch determined in 
the delimiting survey.

Notification of all new pests will be con-
ducted through the International Phyto-
sanitary Portal of the IPPC and directly to 
neighbouring countries and trading part-
ners.

Control measures. The control action plan 
will be intiated with a feasibility study imme-
diately after the delimiting survey, to decide 
which control measures to use. The NPPO will 
make the decision between containment, 
eradication or no control measures. Key in-
dicators will be the size of the area infested, 
environmental conditions and the fruit pro-
duction activities in the area. If either eradi-
cation or containment is considered feasible, 
population reduction methods will be imple-
mented. 

Internationally accepted techniques will be 
used in a systems approach. Major actions 
will include male annihilation, the bait appli-
cation technique, collection and destruction 
of fallen fruit, and increased public awareness 
actions. Constant monitoring will take place 
in the areas to determine population reduc-
tion, and the area will be delimited through-
out the period that official control measures 
are active.

The movement of fruit out of the quaran-
tine areas will be controlled. Area-wide con-
trol measures such as SIT, where relevant, 
will also be considered. The possibility of 
building capacity in SIT within the country 
is being investigated. The finer details of 
control procedures are species-specific and 
will also be dependent on the size of the in-
festation. 

concluSIon

Some 10 years ago South Africa had no 
fruit fly SIT programme and therefore no 
demonstrated commitment towards ulti-
mately creating fruit fly-free areas to protect 
its lucrative export fruit industry. Likewise, 
there was no National Exotic Fruit Fly Ac-
tion Plan to prevent exotic fruit fly species 
invading South Africa, thus threatening the 
fruit industries and the SIT programme. De-
spite severe budget restrictions and many 
constraints, significant progress has been 
made towards both these programmes. 
The release of sterile Medflies now protects 
some 18,000 ha of commercial fruit in three 
production areas, and if additional funding 
for the programme can be found, it should 
be extended to additional fruit production 
areas with the ultimate objective of creating 
fruit fly-free areas. Research on mass-rearing 
Natal fruit fly will hopefully enable this spe-
cies to be included in the sterile fruit fly re-
lease programme.

The formation and development of the 
National Exotic Fruit Fly Action Plan over 
the past year has seen a significant increase 
in the country’s capability of detecting and 
eradicating any incursions of exotic pest 
fruit flies before they can harm the fruit 
industries. Although budget and capacity 
constraints are hampering the optimum de-
velopment of this action plan, the objective 
is to systematically improve the action plan. 
The degree of success in sharing costs and 
responsibilities with all entities involved in 
the agricultural sector may influence the 
way South Africa conducts fruit fly surveil-
lance in the future. It is essential for Govern-
ment to build partnerships with the agri-
cultural industry, research institutions and 
universities to jointly address and combat 
exotic fruit fly incursions. This is a sure and 
sustainable way of building capacity so that 
an integrated regional fruit fly action plan 
can be executed.
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ABStrAct: Argentina has quarantine restrictions in some markets due to the presence of two quarantine fruit fly pests: Ceratitis capitata and Anas-
trepha fraterculus. One alternative is the use of cold quarantine treatments during transport of the commodities. Since 1996, the Estación Experimental 
Agroindustrial Obispo Colombres (EEAOC), Tucumán, Argentina, has developed different cold quarantine treatments for citrus. In the present work we 
present all the data the EEAOC generated in the last ten years in order to facilitate the development of such cold treatments. Fruit flies were obtained 
from the colonies reared at EEAOC. Four citrus species were analyzed: lemon, grapefruit, orange and tangerines. Different varieties were analyzed for 
each fruit species. Sensitivity trials aiming at determine the most tolerant stage as well as to asses if there is any influence of varieties on cold tolerance 
were performed. Finally we compared the tolerance to cold between the two species. Sensitivity trials showed that mature larvae (L3) are the most to-
lerant stage for both fruit fly species. There was no effect of the varieties and the two fruit fly species were equally sensible to cold. Our results provide 
strong evidence in favor of concluding that any cold treatment developed for C. capitata is effective for A. fraterculus.

Key Words: Medfly, South American fruit fly, phytosanitary regulatory measures

IntroductIon

Citrus production has grown in the last 
years in NW Argentina, mainly as a result of 
an increase in lemon production (Stein, 2007).  
However, some of the potential markets for 
Argentinean citrus have been closed due to 
phytosanitary restrictions.  The opening of 
the Japanese and other East Asian countries 
markets was limited chiefly by the presence 
of the medfly, Ceratitis capitata, in some re-
gions of Argentina and to a lesser extent by 
the presence of the South American fruit fly, 
Anastrepha fraterculus.  It is worth mentioning 
that the former is considered to be one of the 
most damaging pests in agriculture (Christen-
son and Foote, 1959).  

Different National Plant Protection Organi-
zations have a number of policies to deter-
mine phytosanitary measures for one same 
pest.  The Animal Plant and Inspection Service 
(APHIS), from the United States Department 
of Agriculture (USDA) has standardized cold 
quarantine treatments for various fruit fly 

species, regardless of the fruit type and cul-
tivar.  Recently modified cold treatments es-
tablished by APHIS (2006) include T107-a for 
C. capitata at 1.1ºC, 1.67ºC and 2.2ºC for the 
period of 14, 16 and 18 days respectively and 
T107-a-1 for C. capitata and Anastrepha spp. 
other than A. ludens, which is one day longer 
than the T107-a. 

On the other hand, the Ministry of Agricul-
ture, Forestry and Fisheries (MAFF) from Japan 
requires each country to develop its own treat-
ments for all the varieties proposed for export.  
Japan has authorized various treatments in 
citrus for C. capitata from different countries: 
oranges from Spain at 2ºC for 17 days, from 
Israel at 0.5ºC for 14 days and at 1.5ºC for 16 
days, from Australia at 1ºC for 16 days, from 
South Africa at –0.6ºC for 12 days and for lem-
ons from Spain at 2ºC for 16 days, from Austra-
lia at 1ºC for 14 days and from South Africa the 
same schedule as for oranges (MAFF, 1996).     

The origin of cold treatment research can be 
traced back to the beginning of 20th century 
when Back and Pemberton (1916) studied 
the influence of low temperature on differ-
ent developmental stages of C. capitata on 
peaches and apples, concluding that the third 
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instar larvae was the stage most tolerant to 
cold.  More recently, Hill et al. (1988) working 
with Valencia oranges reached similar conclu-
sions; Jessup et al. (1993) working with lemons 
found no statistical differences between the 
stages for Eureka lemons, but the second in-
star larvae proved to be the most cold tolerant 
for the Lisbon variety. Gould (1996), working 
with carambola fruit infested with eggs and 
larvae of A. suspensa found no differences 
among stages.  No data could be found in cold 
treatments for A. fraterculus.

Since 1996, the Estación Experimental 
Agroindustrial Obispo Colombres (EEAOC), 
Tucumán, Argentina, has developed different 
cold quarantine treatments for citrus for the 
two species of economic importance found in 
Argentina, C. capitata and A. fraterculus in or-
der to open new markets for its citrus produc-
tion.  The present work analyzes all the data 
the EEAOC generated in the last ten years in 
order to facilitate the development of cold 
treatments for citrus. 

oBJEctIVES

The present work had three objectives.  The 
first one was to establish which of the devel-
opmental stage of C. capitata and A. fratercu-
lus was most tolerant to cold in different citrus 
species; the second was to evaluate the influ-
ence of the variety within each citrus species 
on cold sensitivity, and the third was to com-
pare the cold tolerance between C. capitata 
and A. fraterculus. 

MAtErIAlS And MEthodS

Fruit fly species and developmental stag-
es. Biological material used in this work con-
sisted of immature stages of C. capitata and A. 
fraterculus obtained from a colony maintained 
at the EEAOC, Tucumán, Argentina.  The colony 
of C. capitata originated from the collection of 

infested fruit, mainly oranges and grapefruit, 
from NW Argentina and A. fraterculus from 
guavas from Tucumán, Argentina.  Each sum-
mer, field collected flies were introduced in 
the colony on four successive occasions in 
order to maintain wild-like attributes.  Quality 
control was performed for each generation by 
looking at egg viability, egg/pupae recovery, 
pupal weight, adult emergence, male/female 
ratio, flight ability, adult longevity and eggs 
per female (Orozco et al. 1983, FAO/IAEA/
USDA 2003). 

The developmental stages used in the trials 
were: eggs with more than half of their em-
bryonic development complete; immature 
larvae comprising the first and second instars 
(L1+L2) and mature larvae comprising the 
third instar (L3).

citrus species and varieties.  The citrus 
species and varieties used were: lemon (Citrus 
limon) with Eureka, Lisbon, Lisbon Limoneira 
8A, and Genoa varieties; oranges (C. sinensis) 
with Washington Navel and Lanelate in the 
Navel group, Salustiana, Lue Gim Gong, and 
Valencia varieties; grapefruit (C. paradisi) with 
Marsh Seedless, Henninger`s Ruby, Rouge La 
Toma, and Star Ruby varieties; tangerines (C. 
reticulata) and hybrids, with Clemenules, Mari-
sol, and Hernandina in the Clementines group, 
and Nova, Ellendale, and Murcott varieties.  All 
fruits used in the trials met commercial matu-
rity standards.

Experimental procedures.  Fruit was artifi-
cially inoculated with 35 individuals per fruit, 
by cutting an opening at the top of the fruit, 
placing the eggs or larvae on the fruit pulp, 
covering the opening with the fruit skin and 
sealing it with paraffin.  The eggs were inocu-
lated on the same day they were introduced 
in the cold chamber.  The immature and ma-
ture larvae were inoculated and placed in a 
chamber at 25 ºC for 24 hours in order to allow 
them to adapt to the fruit, before introducing 
them into the cold chamber.  The treatment 
temperature was 2 ± 0.5 ºC.  Temperatures 
were automatically recorded every hour with 
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six fruit pulp sensors per treatment.  The treat-
ment began when the readings of at least 
four sensors showed less than 2 ºC.  Between 6 
and 8 days of exposure were used for the dif-
ferent developmental stages.  After exposure, 
the fruit was taken to a 25 ºC chamber and 
checked for mortality.  Fruit containing imma-
ture and mature larvae were checked after 48 
hours, considering that moving larvae were 
alive.  Fruit containing eggs were checked for 
mortality after 5 days at 25 ºC, considering a 
live egg as the one from which a larva had 
hatched.  Each treatment included more than 
200 viable individuals of the developmental 
stages mentioned above and was replicated 
three times.

Sensitivity trials for developmental stag-
es in C. capitata.  In order to establish the 
developmental stage most tolerant to cold in 
C. capitata, sensitivity trials were conducted 
comparing three developmental stages (eggs, 
immature and mature larvae) on four varieties 
of the four citrus species (lemon: Eureka, Lis-
bon, Lisbon Limoneira 8A, and Genoa; oranges: 
Washington Navel, Salustiana, Lue Gim Gong, 
and Valencia; grapefruit: Rouge La Toma, Star 
Ruby, Henninger`s Ruby, and Marsh Seedless; 
tangerines and hybrids: Clemenules, Nova, El-
lendale, and Murcott). 

Sensitivity trials for developmental stag-
es in A. fraterculus.  As regards to A. fratercu-
lus, one variety of lemon, orange and grape-
fruit were evaluated (Eureka, Valencia and 
Henninger`s Ruby respectively) while two va-
rieties of tangerines and hybrids were evalu-
ated (Hernandina and Murcott).  

Influence of varieties on cold sensitivity 
of mature larvae in C. capitata.  To determine 
whether the varieties within each citrus spe-
cies had an influence on the sensitivity to cold 
in C. capitata, data obtained for third instar 
larvae was assessed in four varieties of lemon 
and grapefruit (lemon: Eureka, Lisbon, Lisbon 
Limoneira 8A, and Genoa; grapefruit: Rouge La 
Toma, Star Ruby, Henninger`s Ruby, and Marsh 
Seedless), five varieties of orange (Washington 

Navel, Salustiana, Lue Gim Gong, Lanelate, and 
Valencia), and six tangerine and hybrid variet-
ies (Nova, Ellendale, Murcott, Clemenules, Her-
nandina, and Marisol). 

Influence of varieties on cold sensitivity of 
mature larvae in A. fraterculus.  In A. fratercu-
lus, third instar larvae susceptibility was com-
pared in three varieties of oranges (Valencia, 
Salustiana, and Washington Navel), and three 
tangerine and hybrid varieties (Murcott, Her-
nandina, and Ellendale).

tolerance to cold between C. capitata and 
A. fraterculus.  To compare cold tolerance be-
tween C. capitata and A. fraterculus, the three 
developmental stages of both fruit fly species 
on one variety of each of the four citrus spe-
cies were examined (lemon: Eureka; orange: 
Valencia; grapefruit: Henninger’s Ruby and 
tangerine: Murcott).

Statistical analysis.  In order to achieve a 
minimum number of 200 viable individuals 
per treatment, control fruit was set apart just 
before introduction in the cold chamber.  The 
total number of insects treated resulted from 
deducting the proportion of dead insects in 
the control from the total of insects inoculat-
ed.  Mortality was corrected as described by 
Abbott (1925).  Mortality data was analysed 
using the Probit method (Finney, 1971), com-
paring 95% confidence intervals (CI 95%) of 
the lethal time 50 (LT 50) of the different treat-
ments.  If the CI did not overlap, they were 
considered different. 

rESultS

Probit analysis results for C. capitata devel-
opmental stages are shown in Tables 1 to 4 for 
lemon, orange, grapefruit, and tangerine and 
hybrids respectively.  Probit analysis results for 
A. fraterculus developmental stages are shown 
in Tables 5 to 8 for lemon, orange, grapefruit, 
and tangerine and hybrids respectively.  Pro-
bit analysis to compare third instar larvae 
tolerance to cold between C. capitata and A. 
fraterculus are shown in  Table 9.
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Sensitivity trials for developmental stag-
es in C. capitata.  The results of the sensitivity 
trials for developmental stages for C. capitata 
on lemons showed no differences in LT 50 
confidence intervals between eggs and im-
mature larvae in all varieties, except in Lisbon.  
In all cases, mature larvae had the highest LT 
values, and were statistically different from 
eggs and immature larvae.  

In oranges, the comparison of LT 50 be-
tween eggs and immature larvae showed 
differences in the Valencia and Salustiana 
varieties and no differences in the other 
two varieties.  Immature and mature lar-
vae showed differences in the LT 50 for all 
varieties with the exception of Salustiana.  
In grapefruits, no differences in LT 50 were 
found between eggs and immature larvae 
whereas mature larvae displayed higher LT 
50 than earlier stages.  In tangerines and hy-
brids, there were no differences between LT 
50 for eggs and immature stages in Murcott 
and Clemenule, however, there were differ-
ences LT 50 in Ellendale and Nova.  For all 
varieties except Ellendale immature and ma-
ture larvae had different LT 50’s.  

Sensitivity trials for developmental stag-
es in A. fraterculus.  Results of the sensitiv-
ity trials for three developmental stages of 
A. fraterculus on lemons showed differences 
in LT 50 between eggs and immature larvae, 
and between the latter and mature larvae.  In 
oranges, comparison of LT 50 among eggs, 
immature larvae and mature larvae revealed 
differences in cold tolerance among different 
developmental stages. In grapefruit, there 
were no differences in LT 50 between eggs 
and immature larvae, but there were differ-
ences in LT 50 between those stages and the 
mature larvae.  In contrast, no differences in 
LT 50 were detected among different stages 
in tangerines and hybrids.  

Influence of varieties on the sensitivity 
of mature larvae of C. capitata.  No differ-
ences in LT 50 were found in cold sensitivity 
of C. capitata mature larvae among the four 
varieties of lemon and grapefruit, the six va-
rieties of tangerines and hybrids, nor the five 
orange varieties.

Influence of varieties on the sensitivity of 
mature larvae of A. fraterculus.  No differ-
ences in cold sensitivity of A. fraterculus ma-

table 1.  Cold sensitivity for different developmental stages of C. capitata in lemon varieties.

 

 StAgE Eggs Immature larvae Mature larvae

VArIEty rep. lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

Eureka

I 1.881 1.617 - 2.127 3.080 2.912 - 3.227 6.624 6.095 - 7.114

II 1.929 1.631 - 2.203 1.887 0.631 - 2.733 7.056 6.827 - 7.252

III 1.855 1.616 - 2.078 2.563 1.419 - 3.266 7.178 7.062 - 7.289

lisbon

I 1.471 1.265 - 1.661 3.370 2.579 - 3.948 6.344 5.508 - 7.259

II 1.429 0.842 - 1.892 3.352 2.485 - 3.957 6.455 5.810 - 7.143

III 1.511 1.299 - 1.708 3.201 2.676 - 3.592 6.978 6.218 - 7.615

lisbon 
limoneira 
8 A

I 2.727 2.022 - 3.262 4.551 3.542 - 5.318 6.763 6.024 - 7.345

II 3.416 2.739 - 4.011 4.860 4.135 - 5.455 6.891 6.409 - 7.310

III 3.622 2.265 - 4.617 4.320 3.593 - 4.887 6.496 5.463 - 7.488

genoa

I 2.608 2.145 - 2.942 3.467 2.979 - 3.839 6.075 4.791 - 7.349 

II 2.174 1.778 - 2.486 3.455 2.881 - 3.894 5.782 5.293 - 6.260

III 2.476 1.955 - 2.861 3.309 2.169 - 4.075 5.958 4.391 - 7.366
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table 2.  Cold sensitivity for different developmental stages of C. capitata in orange varieties.

StAgE Eggs Immature larvae Mature larvae

VArIEty rep. lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

Valencia

I 1.205 0.715 - 1.621 3.966 3.659 - 4.229 7.400 6.181 - 8.364

II 2.268 1.180 - 2.693 3.936 3.263 - 4.424 6.400 4.939 - 7.673

III 1.036 0.747 - 1.290 4.162 3.792 - 4.485 6.283 5.371 - 7.122

lue gim 
gong
 

I 1.261 1.036 - 1.463 4.665 4.336 - 4.967 5.829 5.415 - 6.241

II 3.374 2.651 - 4.037 4.765 4.032 - 5.422 5.937 5.745 - 6.126

III 3.839 3.266 - 4.321 4.524 3.892 - 5.067 5.541 5.070 - 5.982

Salustiana
 
 

I 1.425 0.856 - 1.885 3.712 3.373 - 4.054 5.667 4.919 - 6.295

II 1.523 0.999 - 1.961 3.606 3.161 - 4.059 5.735 5.253 - 6.168

III 2.104 1.717 - 2.429 5.348 4.647 - 5.925 5.775 5.333 - 6.172

Washing-
ton navel

I 2.730 2.278 - 3.139 2.945 2.153 - 3.590 5.303 4.853 - 5.712

II 2.647 1.893 - 3.250 2.768 2.007 - 3.377 5.203 4.960 - 5.432

III 2.766 2.247 - 3.189 2.399 1.558 - 3.038 5.641 5.200 - 6.044

lanelate

I   4.817 3.834 - 5.584

II N / D N / D 4.594 3.876 - 5.166

III   4.468 4.195 - 4.719

table 3.  Cold sensitivity for different developmental stages of C. capitata in grapefruit varieties.

StAgE Eggs Immature larvae Mature larvae

VArIEty rep. lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

Marsh
seedless

I 3.751 2.349 - 4.859 4.272 2.715 - 5.056 6.910 5.562 - 7.891

II 4.032 3.480 - 4.796 3.618 3.152 - 3.965 6.765 6.391 - 7.111

III 1.686 1.492 - 1865 3.788 2.710 - 4.441 6.961 6.674 - 7.225

henninger’s
ruby

I 1.117 0.688 - 1.488 4.194 3.838 - 4.491 5.650 4.700 - 6.457

II 1.230 0.666 - 1.704 4.113 3.932 - 4.279 6.133 5.630 - 6.622

III 3.480 2.891 - 4.042 4.204 3.925 - 4.446 5.602 5.384 - 5.819

Star ruby

I 3.701 3.275 - 4.109 3.829 3.043 - 4.187 7.169 6.514 - 7.731

II 3.376 2.622 - 4.056 3.473 2.827 - 3.911 6.724 5.746 - 7.485

III 2.461 1.954 - 2.913 3.494 2.967 - 3.831 6.387 5.288 - 7.340

rouge
la toma 

I 2.036 1.315 - 2.703 3.534 2.881 - 4.004 5.646 5.035 - 6.233

II 2.145 1.781 - 2.451 3.662 2.951 - 4.123 5.231 4.129 - 6.158

III 1.877 1.145 - 2.540 2.888 2.386 - 3.251 5.387 4.379 - 6.267

ture larvae were found among three tanger-
ines and hybrid varieties, nor among three 
orange varieties.

tolerance to cold between C. capitata 
and A. fraterculus.  We failed to find signifi-

cant differences when comparing cold sen-
sitivity between C. capitata and A. fraterculus 
on one variety of each citrus species (Eureka 
lemons, Valencia oranges, Henninger´s Ruby 
grapefruit, and Murcott tangerines).  
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table 4.  Cold sensitivity for different developmental stages of C. capitata in tangerines and hybrid varie-
ties.

StAgE Eggs Immature larvae Mature larvae

VArIEty rep. lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

nova

I 1.690 1.432 - 1.927 3.254 2.381 - 4.022 5.888 5.016 - 6.648

II 1.755 1.651 - 1.857 3.888 3.294 - 4.458 6.495 6.271 - 6.711

III 1.818 1.600 - 2.023 4.702 4.313 - 5.053 5.965 5.115 - 6.695

Ellendale

I 0.915 0.326 - 1.405 3.409 3.040 - 3.757 4.782 4.174 - 5.305

II 1.048 0.384 - 1.581 3.591 3.200 - 3.962 4.614 3.961 - 5.159

III 1.188 0.522 - 1.713 3.234 2.493 - 3.889 5.443 5.021 - 5.823

Murcott

I 1.969 1.740 - 2.173 5.102 4.607 - 5.545 6.340 5.821 - 6.816

II 1.974 1.847 - 2.093 4.965 4.143 - 5.662 6.530 5.732 - 7.234

III 1.974 0.619 - 2.991 3.666 2.781 - 4.422 6.955 5.711 - 7.936

clemenule

I 2.724 1.488 - 3.737 2.033 1.847 - 2.201 5.635 5.325 - 5.923

II 2.323 1.536 - 2.931 2.217 1.588 - 2.724 4.454 3.965 - 4.860

III 2.066 0.780 - 3.167 2.491 2.239 - 2.710 5.330 4.913 - 5.709

hernandina

I   5.607 5.386 - 5.818

II N / D N / D 5.513 5.140 - 5.856

III   5.097 4.613 - 5.528

Marisol 

I   5.282 4.833 - 5.690

II N / D N / D 4.871 4.290 - 5.356

III   5.334 4.903 - 5.716

table 5.  Cold sensitivity for different developmental stages of A. fraterculus in lemon.

StAgE Eggs Immature larvae Mature larvae

VArIEty rep. lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

Eureka

I 1.223 1.017 - 1.411 3.727 3.504 - 3.901 5.658 5.272 - 6.007

II 1.874 1.265 - 2.349 3.366 2.976 - 3.599 5.929 4.943 - 6.727

III 1.910 1.563 - 2.209 3.099 2.711 - 3.355 7.083 6.337 - 7.624
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table 6.  Cold sensitivity for different developmental stages of A. fraterculus in orange varieties.

StAgE Eggs Immature larvae Mature larvae

VArIEty rep. lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

Valencia 

I 1.634 0.871 - 2.212 3.859 3.527 - 4.133 5.866 5.488 - 6.210

II 1.860 1.141 - 2.434 3.671 2.990 - 4.145 6.097 5.250 - 6.827

III 1.775 1.054 - 2.339 3.892 3.513 - 4.201 5.368 4.663 - 5.964

Salustiana 

I   4.382 3.204 - 5.265

II N / D N / D 4.340 3.153 - 5.218

III   4.535 3.369 - 5.410

Washington 

I   5.821 5.317 - 6.267

II N / D N / D 5.762 5.047 - 6.382

III   5.425 4.982 - 5.823

table 7.  Cold sensitivity for different developmental stages of A. fraterculus in grapefruit.

StAgE Eggs Immature larvae Mature larvae

VArIEty rep lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

heninnger’s 
ruby

I 1.803 0.975 - 2.455 4.174 3.243 - 4.761 6.171 5.429 - 6.853

II 2.510 1.531 - 3.250 3.591 2.488 - 4.120 6.279 5.859 - 6.863

III 2.217 0.790 - 3.242 4.109 3.306 - 4.602 6.972 5.707 - 7.949

table 8.  Cold sensitivity for different developmental stages of A. fraterculus in tangerines and hybrid 
varieties.

StAgE Eggs Immature larvae Mature larvae

VArIEty rep. lt 50 cI 95% lt 50 cI 95% lt 50 cI 95%

Murcott
 
 

I 4.902 1.011 - 6.986 3.724 2.787 - 4.598 6.031 4.252 - 7.439

II 2.643 1.634 - 3.724 4.016 3.314 - 4.598 6.245 4.880 - 7.319

III 2.366 1.636 - 2.971 2.993 2.361 - 3.529 5.788 5.220 - 6.290

hernadine
 
 

I 4.957 4.191 - 5.628 4.249 2.008 - 5.721 6.106 3.967 - 7.584

II 5.115 2.836 - 7.358 2.452 1.074 - 3.560 5.341 4.070 - 6.332

III 4.840 3.273 - 6.212 3.120 0.934 - 4.383 5.888 4.890 - 6.722

Ellendale
 
 

I   5.960 4.874 - 6.690

II N / D N / D 5.451 1.135 - 7.704

III   5.166 4.837 - 5.464
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table 9.  Cold sensitivity for third instar larvae of C. capitata and A. fraterculus in four citrus species.

 C. capitata A. fraterculus

Species Variety rep lt 50 cl 95% lt 50 cl 95%

lemon Eureka
I 6.624 6.095 – 7.114 5.658 5.272 – 6.007
II 7.056 6.827 – 7.252 5.929 4.943 – 6.727
III 7.178 7.062 – 7.289 7.083 6.337 – 7.624

orange Valencia
I 7.400 6.181 – 8.364 5.866 5.488 – 6.210
II 6.400 4.939 – 7.673 6.097 5.250 – 6.827
III 6.283 5.371 – 7.122 5.368 4.663 – 5.964

grapefruit
henninger´s

ruby

I 5.650 4.700 – 6.475 6.171 5.429 – 6.853
II 6.133 5.630 – 6.622 6.279 5.859 – 6.863
III 5.602 5.384 – 5.819 6.972 5.707 – 7.949

tangerine Murcott
I 6.340 5.821 - 6.816 6.031 4.252 – 7.439
II 6.530 5.732 - 7.234 6.245 4.880 – 7.319
III 6.955 5.711 - 7.936 5.788 5.220 – 6.290

dIScuSSIon

The present work evaluated the cold sensi-
tivity of two fruit fly species in four citrus spe-
cies covering several varieties.  Unlike Jessup 
et al. (1993) who considered eggs to be the 
most cold tolerant stage, the results of this 
work are consistent with the conclusions of 
previous reports (Back and Pemberton, 1916 
and Hill et al., 1988) which consider third in-
star larvae to be the most cold tolerant stage 
for C. capitata.  

Results for A. fraterculus showed a similar 
pattern for cold tolerance as the one ob-
served for C. capitata.  Our results provide 
evidence in favour of concluding that APHIS 
requirement of m ore time under cold treat-
ment for Anastrepha is unnecessary. 

concluSIonS

Our results allow us to conclude that: a) 
third instar larvae should be used to devel-
op cold quarantine treatments for citrus; b) 
variety shows no influence on the effect of 
cold treatment on immature fly stages and c) 
treatments developed for C. capitata are ef-
fective for A. fraterculus. 
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ABStrAct: Transgenic crops expressing insecticidal toxins derived from Bacillus thuringiensis (Bt) are widely used to control insect pests.  The benefits 
of such crops would be lost if resistance to the toxins spread to a significant proportion of the pest population. The main resistance management 
method, mandatory in the US, is the high-dose/refuge strategy, requiring nearby refuges of toxin-free crops, and the use of toxin doses sufficiently 
high to kill not only wild type insects but also insects heterozygous for a resistance allele, thereby rendering the resistance functionally recessive.  
We propose that mass-release of harmless toxin-sensitive insects could substantially delay or even reverse the spread of resistance. Mass-release 
of such insects is an integral part of RIDL®, a genetics-based method of pest control related to the Sterile Insect Technique.  We used a population 
genetic mathematical model to analyze the effects of releasing male insects homozygous for a female-specific dominant lethal genetic construct, and 
concluded that this RIDL strategy could form an effective component of a resistance management scheme for insecticidal plants and other toxins.
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oVErVIEW ArtIclE

Transgenic crops producing insecticidal 
proteins are now widely used to control in-
sect pests. In 2005, 26 million hectares were 
planted with crops expressing toxins derived 
from Bacillus thuringiensis (Bt) (James, 2005). 
These were principally maize (corn) and cot-
ton. Other Bt plants are available, under devel-
opment or being considered. Such crops can 
reduce the need for insecticide sprays, par-
ticularly broad-spectrum chemicals, and have 
environmental, health and economic benefits 
(Shelton et al., 2002).

The benefits of Bt crops would be lost if re-
sistance to the toxins spread to a significant 
proportion of the insect pest population. Re-
sistance to Bt crops has not yet been docu-
mented in the field (Bates et al., 2005). But 
bearing in mind the history of resistance to 
chemical insecticides, pathogen resistance 
to antimicrobial drugs and similar problems, 
there are concerns that it is a matter of when, 

not if, resistance to Bt crops will develop. In-
deed, resistance to Bt sprays has been found 
in the field in Plutella xylostella (diamondback 
moth) (Ferré and Van Rie, 2002) and in the 
greenhouse in Trichoplusia ni (cabbage loop-
er) (Janmaat and Myers, 2003). It is no surprise, 
therefore, that a lot of effort has been direct-
ed towards finding methods to prevent the 
spread of resistance in wild pest populations, 
or reverse it if it occurs.

The primary resistance management meth-
od currently in use, and mandatory in the US, 
is the high-dose/refuge strategy. Refuges are 
areas of non-Bt host plants which are required 
to be grown near the insecticidal crops. Re-
sistance to Bt is generally thought to be due 
to a mutant (resistance) allele at one genetic 
locus. The high-dose part of the strategy re-
quires the Bt crops to express sufficiently high 
doses of toxin to kill not only wild type insects 
but also insects heterozygous for a resistance 
allele, thereby rendering the resistance func-
tionally recessive so that only homozygous 
resistant insects survive on the Bt crops. In 
the toxin-free refuges, susceptible insects can 
survive; resistant insects mate with them, pro-
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ducing heterozygous offspring that cannot 
survive on Bt crops, which tends to reduce 
the resistance allele frequency. Mathematical 
modeling predicts that the high-dose/refuge 
strategy slows or prevents the spread of resis-
tance (Alstad and Andow, 1995; Carrière and 
Tabashnik, 2001; Gould, 1998; Tabashnik et al., 
2004; Tabashnik et al., 2005; Tabashnik et al., 
2003; Vacher et al., 2003).

Refuges are a crucial component of the high-
dose/refuge strategy. They are areas where re-
sistant insects are expected to be at a selective 
disadvantage (due to fitness costs) and they 
provide a source of susceptible genotypes 
that will mate with resistant insects from tox-
in-treated regions. This tends to reduce the 
frequency of resistance alleles. However, this 
comes at a cost – insect damage in the refug-
es and/or additional control costs to mitigate 
this. Alternative sources of susceptible insects 
could in theory perform the same function as 
refuges, but without sacrificing valuable acre-
age to insect-susceptible crops.

In principle, alleles conferring sensitivity to Bt 
toxins could be provided by mass-rearing sus-
ceptible insects and releasing them into the 
environment. Deliberate release of large num-
bers of the pest insect is unlikely to be viewed 
as a good idea. However, with modification, 
the strategy may have merit.

The release of mass-reared insects is central 
to the Sterile Insect Technique (SIT) but release 
only occurs after the insects have been steril-
ized by irradiation (Dyck et al., 2005; Knipling, 
1955; Krafsur, 1998). Because the released in-
sects are sterile, no viable offspring result from 
matings between the released insects and the 
wild population, so there is no introgression of 
sensitivity alleles into the wild population. The 
toxin-sensitive alleles provided by traditional 
SIT are not inherited and so can play no part in 
the evolution of resistance allele frequency in 
the pest population.

However, we have previously proposed a 
modification to the SIT in which the released 
insects are not irradiated, but instead are ho-

mozygous for one or more dominant lethal 
genes (Release of Insects carrying a Dominant 
Lethal, RIDL) (Alphey, 2002; Alphey and An-
dreasen, 2002; Gong et al., 2005; Thomas et al., 
2000). The lethal genes are repressible, using a 
dietary additive, so that mass-rearing can oc-
cur. One version of this system posits female-
specific dominant lethal constructs and the 
use of male insects homozygous for one or 
more of those (“RIDL males”). When RIDL males 
mate with wild females all of their F1 progeny 
would inherit a dominant female-specific le-
thal, so the female offspring would die but 
the males would live. Like the SIT, the lack of 
viable female offspring would reduce the re-
productive potential of the wild population. 
The male offspring would inherit genes from 
their fathers, including the lethal gene and the 
allele conferring susceptibility to Bt toxins. The 
nature of repressible female-specific lethal 
genes means that a male-only population for 
release can be achieved by withdrawing the 
repressor for the generation intended for re-
lease (male-only release is generally desirable 
for SIT (Marec et al., 2005; Rendon et al., 2004)). 
Release of such RIDL males would therefore 
provide a potential source of sensitivity alleles, 
combined with a pest control mechanism, 
that could be appropriate for managing pest 
resistance to Bt crops.

We explored the question of whether mass-
release of toxin-sensitive RIDL male insects 
could substantially delay or reverse the 
spread of resistance to Bt crops using math-
ematical modeling of population genetics. 
We found that release of RIDL males slows, 
and can reverse, the spread of resistance. A 
significant effect was observed at release 
ratios considerably lower than those typical 
for SIT programs that provide effective sup-
pression of the target population. There is an 
interaction between refuge size and RIDL re-
lease ratio (the ratio of released RIDL males 
to males in the wild); resistance spreads fast-
er with a smaller refuge, RIDL release slows 
or reverses this. A higher initial resistance 
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allele frequency requires more RIDL males 
or a larger refuge. For a range of parameter 
values, we determined the minimum refuge 
size for control of resistance, i.e. the critical 
refuge size at which the resistance allele fre-
quency neither increases nor decreases. We 
showed that RIDL release reduces the mini-
mum refuge size needed to stop the spread 
of resistance. The proportional reductions in 
minimum refuge sizes are not very sensitive 
to differing relative fitness estimates, which is 
reassuring as empirical methods for estimat-
ing these in field populations are problem-
atic and estimated values vary considerably 
(Bourguet et al., 2000; Tabashnik et al., 2004; 
Tabashnik et al., 2005).

This system of release of RIDL males would 
need a smaller refuge to maintain equivalent 
levels of resistance management, thus allow-
ing for more efficient use of valuable land. 
For realistic values of initial resistance allele 
frequency, of the order of 0.001 based on lim-
ited field data (Gould et al., 1997; Stodola et al., 
2006), a release ratio as low as 1:4 (one RIDL 
male per four males in the wild) could ratio-
nally justify a reduction in refuge size to as low 
as 2-3% of the value required without RIDL 
release. In many cases, such a low refuge size 
of perhaps 0.2-0.3% of the crop area would 
automatically be provided by alternative host 
plants or less than universal planting of the in-
secticidal variety. Therefore, the use of Bt crops 
in combination with the release of RIDL males, 
even at a low level, may provide the key resis-
tance management benefits of the high-dose/
refuge strategy without the need deliberately 
to plant valuable land with crops that are vul-
nerable to insect damage.
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new genetic tools for Improving SIt in Ceratitis capitata:  
Embryonic lethality and Sperm Marking
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ABStrAct: Environment friendly sterile insect technique (SIT) is being applied effectively as a component of area-wide integrated pest management 
(AW-IPM) for Ceratitis capitata since 1970s. Nevertheless improved biological strategies are needed to increase the efficacy of AW-IPM. Transgenic 
approaches should increase and widen the applicability of such programmes to different pest species. In this respect two major strategies are followed: 
First an approach to cause sterility was designed without interfering with spermatogenesis to maintain males and their sperm as competitive as 
possible. We followed a strategy, which is based on the expression of a lethal factor under the control of a promoter that is active at early blastoderm 
stages. The system employs the ectopic expression of a hyperactive proapoptotic gene that causes embryo-specific lethality when driven by the 
tetracycline-controlled transactivator tTA under the regulation of a cellularization gene enhancer/promoter. The system has been tested successfully 
in Drosophila melanogaster (Horn & Wimmer 2003). We tried the direct transfer of the Drosophila system to Ceratitis capitata by injecting the respective 
constructs that carry Drosophila-derived promoters. Unfortunately, the cellularization specific promoters from Drosophila seem not functional in 
Ceratitis. Therefore, the corresponding enhancers/promoters from Ceratitis were isolated and subsequently the tTA was brought independently 
under the control of each enhancer/promoter region. These constructs were injected in Ceratitis for further evaluation. Second, we have engineered 
a medfly strain carrying a sperm marking system. This strain carries two fluorescent markers. One (turboGFP) marker is under the control of the 
spermatogenesis specific b2-tubulin promoter from Ceratitis and is therefore sperm specifically expressed. The second (DsRed) is under the control 
of the polyubiquitin promoter of Drosophila. Released males from this strain could be distinguished from wildtype males in the monitoring process. 
In addition, monitoring of the mating success of released sterile and fluorescently sperm-marked males by trapping females and examine their 
spermathecae would be possible. This effective and easily recognizable sperm marking will make novel studies possible on medfly reproductive 
biology and using sperm marked strains could optimize releasing strategies in SIT-based AW-IPM.

Key Words: cellularization, conditional embryonic lethality, insect transgenesis, sperm marker, beta2-
tubulin.

IntroductIon

The Mediterranean fruit fly, Ceratitis capi-
tata (Wiedemann) (Diptera: Tephritidae), is 
one of the most devastating and economi-
cally important insects among 250 pest 
species belonging to the Tephritidae family 
(Khoo et al. 1991). A native of Sub-Saharan 
Africa, medfly has spread into the Mediter-
ranean basin to parts of Central and South 
America, Hawaii and Australia in less than 
200 years. Moreover, in the latter half of the 
last century, it was sporadically detected 
in different areas of the United States like 
California, Florida and Texas. The success of 
C. capitata infestation is partially dependant 
on its highly polyphagous nature (C. capi-
tata attacks more than 250 different fruits, 

vegetables and nuts) and on the ability to 
adapt its multivoltine cycle to different tem-
perate climates to overwinter as larvae in 
different crops.

Biological approaches to insect pest man-
agement offer alternatives to insecticidal 
control. The Sterile Insect Technique (SIT) 
is regarded as an ecologically safe method 
for area-wide control. SIT reduces the pest 
population by mass release of sterilized pest 
organisms (Knipling 1955). The SIT process 
involves mass rearing and release of indi-
vidual flies rendered sterile through gamma 
or X-ray irradiation exposure. SIT has been 
proven in many areas to be effective against 
medfly. An example: Southern Mexico 
(MOSCAMED program), where the eradica-
tion of C. capitata was achieved over a region 
of 15.000 km2 in 1982 (Hendrichs et al. 1983) 
and a barrier was created through Guate-
mala (Villasenor et al. 2000). For many pest 
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species including medfly, SIT proved to be 
most effective by releasing only sterile 
males (Robinson 2002). However, the use 
of radiation for sterilizing insects does have 
some adverse effects on their competitive-
ness which in turn reduces the efficiency of 
the technique (Bushland 1971; Cayol et al. 
1999). Recently a transgene-based embry-
onic sterility system was successfully estab-
lished in Drosophila melanogaster (Meigen) 
(Horn and Wimmer 2003) and this system 
may provide an alternative to the use of ra-
diation in area-wide integrated pest man-
agement programs involving the SIT. 

Another problem in SIT programs is the 
monitoring: up to now in some SIT pro-
grams, mass reared pupae are sterilized and 
dusted with fluorescent powders which 
enable sterilized flies to be distinguished 
from wild flies when recaptured in traps 
in the release area. This monitoring system 
implies some disadvantages: the fluores-
cent dyes are expensive, dangerous for hu-
man health and error prone, because they 
can be transferred from sterilized marked 
flies to wild type ones (Hagler and Jack-
son 2001). Beside dyes, there have been 
genetic based approaches to improve the 
monitoring in various species. A dominant 
mutation has been isolated for C. capi-
tata, which affects the third stripe on the 
abdomen (Niyazi et al. 2005). Field-cage 
studies have shown comparable sexual 
compatibility and mating competitiveness, 
including data on genetic sexing strains 
(GSS). Another system describes a trans-
genic sexing strain in Anopheles stephensi 
(Catteruccia et al. 2005). In this system the 
spermatogenesis specific b2-tubulin (b2t) 
promoter from Anopheles gambiae drives 
enhanced green fluorescent protein (EGFP). 
This system has been proven under small-
scale conditions as a good sexing strain in 
Anopheles stephensi.

Our aim is the development of a sperm 
marking system for C. capitata, which is 

based on the use of the C. capitata sper-
matogenesis-specific b2t promoter driving 
a fluorescent marker (Scolari et al. 2008). 
After thorough strain evaluation and a test 
phase for fitness, accuracy and stability of 
the sexing procedure as well as the stabil-
ity of these strains, they could be used for 
different purposes. A possible application 
might be the use as a transgenic sexing 
strain in combination with the ability for an 
easy monitoring in an operational SIT pro-
gram. The system will also help in providing 
more detailed information on reproductive 
biology of C. capitata. The aim of the stud-
ies reported here was to establish and eval-
uate such embryonic lethality and sperm 
marking systems in C. capitata. Functional 
large-scale SIT activities, like those estab-
lished for C. capitata, are ideal for compar-
ing the effectiveness and usefulness of 
novel transgenic SIT approaches. 

MAtErIAl And MEthodS

In-situ hybridization. The RNA probes were 
made with a DIG-RNA-labeling Kit (Roche, 
Mannheim) and hybridizations were per-
formed as described in Davis et al. (2001).

Plasmid. pB[s1-tTA; PUb-DsRed1] was con-
structed as previously described in Schetelig 
et al. (2007).

rESultS 

1) Evaluation of a transgenic approach to 
sterilize flies with an embryonic lethal trans-
gene combination in C. capitata.

An approach to cause sterility was designed 
without interfering with spermatogenesis to 
maintain males and their sperm as competi-
tive as possible. We followed a strategy based 
on the expression of a lethal factor under the 
control of a promoter that is active at early 
blastoderm stages. When the male is homozy-
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gous for the combination of the necessary 
gene constructs, each fertilization event will 
lead to embryonic lethality (Horn and Wim-
mer 2003). The advantage of this system lies 
in the proposed high competitiveness of 
such males, since their reproductive organs 
will not be affected and matings actually lead 
to sperm transfer. However, it is very impor-
tant that the promoter is active only in early 
stages of development. Then the lethal phase 
can be overcome while developing under 
permissive conditions in the rearing facilities, 
whereas after release non-permissive con-
ditions will not affect the males themselves 
but only their progeny (Wimmer 2005). The 
system employs the ectopic expression of a 
hyperactive proapoptotic gene that causes 
embryo-specific lethality when driven by 
the tetracycline-controlled transactivator 
tTA under the regulation of a cellularization 
gene enhancer/promoter. The system has 
been tested successfully in Drosophila mela-
nogaster (Horn and Wimmer 2003). We want 
to transfer this binary expression system to 
C. capitata to evaluate it in comparison with 
the effective conventional SIT using radia-
tion-induced sterility. 

We first tried the direct transfer of the Droso-
phila-derived system to C. capitata. Therefore 
we injected the driver construct pB[s1-tTA; 
PUb-DsRed1], which contains the tTA gene 
under the control of the Drosophila melano-
gaster serendipity a (srya) promoter region 
(Schetelig et al. 2007), together with the 
phsp-pBac (Handler and Harrell 1999) into 
the germline of C. capitata. We got four inde-
pendent transgenic lines. These lines where 
tested for tTA expression by whole mount in-
situ hybridizations with a RNA probe to tTA. 
None of the four transgenic lines expressed 
the tTA. Representative three of the four lines 
are shown in Figure 1.

Thus, the cellularization specific srya pro-
moter from Drosophila seems not to be func-
tional in C. capitata. In order to get functional 
promoters for use in our system, we searched 

for endogenous promoters of C. capitata. To 
obtain C. capitata genes and their promoters 
which lead to specific expression at the blas-
toderm stage, we first carried out PCR-based 
cDNA subtractions of different embryonic 
stages and identified several cellularization-
specific genes (Schetelig et al. 2007). After 
that we isolated the corresponding enhanc-
ers/promoters by inverse PCR (iPCR) and 
subsequently brought the tTA indepen-
dently under the control of each enhancer/
promoter region. We injected the construct 
carrying the cellularization specific promoter 
of sub1_68 from C. capitata into the germline 
of C. capitata and got transgenics with cel-
lularization specific expression of tTA (Fig-
ure 2). However, the expression as detected 
by whole mount in-situ hybridizations was 
relatively weak.

2) Development of a transgenic sperm 
marking system for Ceratitis capitata. 

To develop a sperm marking system for the 
fruit fly C. capitata, we isolated the spermato-
genesis specific gene b2t from C. capitata by 
degenerate primer PCR. By rapid amplifica-
tion of cDNA ends (RACE), we amplified the 
complete b2t and isolated the upstream 
region by iPCR. The observed upstream re-
gion of b2t was fused to the fluorescent 
marker turboGFP (tGFP). b2t-tGFP was then 
inserted in a piggyBac (pB) transposon vec-
tor carrying a red (DsRed) fluorescent marker 
driven by a polyubiquitin promoter (PUb): 
b2t-tGFP in pB[PUb-DsRed1]. The advantage 
of this transposon vector is that it carries a 
characterized fluorescent marker driven by 
the ubiquitiously expressed polyubiquitin 
promoter from Drosophila melanogaster 
(Handler and Harrell 2001). The construct 
pB[b2-tGFP; PUb-DsRed1] was injected with 
a transposase source into the posterior end 
of C. capitata embryos to cause germline 
transformation. Flies from this transforma-
tion have a red body and males have green 
fluorescent testes (Figure 3). For sperm use 
and remating analyses different fluorescent 
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Fig. 1. Cellularization specific promoter of Drosophila is apparently nonfunctional in C. capitata. Shown are whole 
mount in-situ hybridizations using a tTA RNA probe. The embryogenesis of each strain (columns) is pictured with 
four embryonic stages: first row = blastoderm; second row = cellularization; third row = germ band elongation; 
fourth row = germ band retraction. 
D.m. wildtype (A-D): no expression of tTA at all stages. D.m. #42 (Horn and Wimmer 2003) (E-H): tTA is cellularization 
specifically expressed in this strain, which carries the D.m.s1-tTA.
C.c. wildtype (I-L): no expression of tTA at all stages. C.c. D.m.s1-tTA #1 (M-P), C.c. D.m.s1-tTA #4 (Q-T) and C.c. D.m.s1-
tTA #5 (U-X): no expression of tTA at all stages. 

Fig. 2. Endogenous promoter of a cellularization specific gene of C. capitata causes weak tTA expression. Shown are 
whole mount in-situ hybridizations using a tTA RNA probe. The embryogenesis of each strain (columns) is pictured 
with three embryonic stages: first row = blastoderm; second = cellularization; third = germ band elongation. 
C.c. wildtype control (A-C): no expression of tTA at all stages.
C.c. sub1_68-tTA #F-1 (D-F), C.c. sub1_68-tTA #F-2 (G-I) and C.c. sub1_68-tTA #M-6 (J-L): cellularization specific expres-
sion of tTA driven by the C.c. sub1_68 promoter.
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marked sperms would be helpful. Therefore 
we are developing also a system carrying a 
green body and a red testes marker.

Fig. 3. Transgenic marked C. capitata male carrying two 
different types of molecular markers. The male has a red 
fluorescent body marker (PUb-DsRed) and a testes-
specific green fluorescent marker (b2t-tGFP).

dIScuSSIon

1) Evaluation of a transgenic approach to 
sterilize flies with an embryonic lethal trans-
gene combination in Ceratitis capitata.

A direct transfer of the driver construct carry-
ing the cellularization specific D. melanogaster 
srya promoter to C. capitata showed that this 
promoter is not functional in C. capitata. Thus, 
we can assume that the complex interaction 
between enhancers and promoters of stage-
specifically expressed genes (Blackwood and 
Kadonaga 1998) is different between D. mela-
nogaster and C. capitata. A Drosophila melano-
gaster promoter might not act as an adequate 
alternative to an endogenous C. capitata pro-
moter to enable strong expression rates.

For a highly specific embryonic lethality sys-
tem we need promoters mediating strong 
expression specific to early embryonic stages. 
Therefore we isolated several cellularization 
genes from C. capitata (Schetelig et al. 2007) 

and their promoters. We could show that the 
Ceratitis cellularization specific promoter from 
sub1_68 fused to tTA expressed tTA specifically 
at cellularization stages (Figure 2). So this pro-
moter might be sufficient for using it for our 
embryonic lethality system. But the staining 
time for the color reaction of 24h for the de-
picted whole mount in-situ hybridizations was 
not in an estimated average time window for 
in-situ hybridizations on C. capitata with RNA 
probes (average of staining time to the color 
reaction is completed in C. capitata embryos is 
between 0.5 and 3h). So we suppose that the 
specific, albeit low expression of this construct 
will probably not be sufficient for generating 
a successful and safe lethality system. To bet-
ter promote the tTA expression we wish to 
isolate varying long versions of the sub1_68 
upstream region which might include more 
regulating elements. We will also isolate and 
test upstream regions from other C. capitata 
cellularization specific genes.

2) Development of a transgenic sperm mark-
ing system for Ceratitis capitata. 

After thorough strain evaluation and test 
phase for fitness, accuracy and stability, the 
developed sperm marked strains are a first 
step for improving the following objectives 
(Scolari et al. 2008):

Reproductive biology in •	 Ceratitis capitata. 
Thus far little is known about the mecha-
nisms of remating behavior and the conse-
quential sperm use. With the sperm mark-
ing system it should be possible to widen 
our the knowledge of the reproductive bi-
ology of the medfly. The obtained results 
will also be important to further improve 
strategies of SIT programs.
Monitoring of an area wide SIT program. •	
Because b2t is expressed in the testes, re-
leased males from these strains could be 
distinguished from wildtype males in the 
monitoring process during SIT. Together 
with the information on trapped females 
in the field and dissection of their sperm 
storage organs, this would allow for a bet-
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ter evaluation of the efficiency of SIT pro-
grams.
In principle these strains can also be used •	
as sexing lines that could be sorted au-
tomatically for males and females during 
larval development (presuming gonadal 
fluorescence is detectable). However, 
since Ceratitis capitata has already an ef-
fective sexing strain, this might be more 
important for the development of SIT in 
other Tephritids. 
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the FAo/IAEA Interactive Spreadsheet for design and 
operation of Insect Mass rearing Facilities 
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ABStrAct: An electronic spreadsheet is described which helps users to design, equip and operate facilities for the mass rearing of insects for use 
in insect pest control programmes integrating the Sterile Insect Technique (SIT). The spreadsheet was designed based on experience accumulated 
in the mass rearing of the Mediterranean fruit fly, Ceratitis capitata (Wiedemann), using genetic sexing strains based on a temperature sensitive lethal 
(tsl) mutation. The spreadsheet takes into account the biological, production, and quality control parameters of the species to be mass reared, as well 
as the diets and equipment required. All this information is incorporated into the spreadsheet for user-friendly calculation of the main components 
involved in facility design and operation. Outputs of the spreadsheet include size of the different rearing areas, rearing equipment, volumes of diet 
ingredients, other consumables, as well as personnel requirements. By adding cost factors to these components, the spreadsheet can estimate the 
costs of facility construction, equipment, and operation. All the output parameters can be easily generated by simply entering the target number of 
sterile insects required per week. For other insect species, the biological and production characteristics need to be defined and inputted accordingly 
to obtain outputs relevant to these species. This spreadsheet, available under http://www-naweb.iaea.org/nafa/ipc/index.html, is a powerful tool for 
project and facility managers as it can be used to estimate facility cost, production cost, and production projections under different rearing efficiency 
scenarios.

Key Words: Facility design, insect mass rearing, Ceratitis capitata, Mediterranean fruit fly 

IntroductIon

The Sterile Insect Technique (SIT) as part 
of area-wide integrated pest management 
(AW-IPM) programmes, is a powerful insect 
control method that has a long history of 
success and is now being extended to new 
target species (Klassen and Curtis 2005). 
The SIT is based on the release of large 
numbers of reproductively sterile insects 
into a wild population of same pest species 
so that sterile males mate with, and impede 
the reproduction of, wild females (Knipling 
1955). Therefore, cost effective production 
of insects of high quality is a key compo-
nent for success. In the past, rearing fa-
cilities were often simply modifications of 
laboratories used originally to rear much 
smaller numbers of insects (Leppla and 
Ashley, 1978). However, currently facilities 

are specifically designed, and specific re-
quirements in terms of space, equipment, 
environmental conditions and procedures 
as well as production and quality standards 
(Cohen 2003, Caceres 2002, Cáceres et al 
2004, Opiyo 1999, Harrel and Gantt 1984) 
have been established for several insect 
species. The size of each facility varies with 
use, insect or strain to be reared, and pro-
duction capacity. Final layout also depends 
on required equipment and expected in-
ventory in the production system. 

Currently managers, engineers, and facil-
ity operators are often faced with the chal-
lenging questions of how much land, equip-
ment, labour and investments are required 
to establish a mass-rearing facility, and the 
complexity of these make it difficult to 
provide accurate and timely assessments. 
To address this situation, a user-friendly, 
Excel-based spreadsheet called “FAO/IAEA 
INTERACTIVE SPREADSHEET FOR DESIGN-
ING AND OPERATING INSECT MASS REAR-
ING FACILITIES V.1.0” has been developed. 
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Model for Designing Insect Mass Rearing Facilities 

The objective of this paper is to provide ba-
sic information about this practical model 
that generates information on the design 
and cost of mass rearing facilities. The ini-
tial model is based on data generated for 
the mass rearing of the Mediterranean fruit 
fly using genetic sexing strains based on a 
temperature sensitive lethal (tsl) mutation 
(Cáceres et al. 2004; Franz 2005). However, 
this model can calculate information for 
other insect species through the substi-
tution of basic biological and production 
parameters for those of the desired pest 
species. 

BASIc conSIdErAtIonS

Facility layout inconsistencies could oc-
cur in the design of new facilities and the 
remodelling or redesign of existing ones. 
Careful planning of a facility design can 
have significant long-term benefits for in-
sect production, as well as implications 
in terms of construction costs and future 
maintenance requirements. The following 
is an outline of the items that should be 
included during the planning phases of a 
new facility. First of all, each of the relevant 
biological parameters should be consid-
ered for any given species or strain. Ad-
ditional components may be required, as 
determined by the specific location, facility 
size, or insect species. The main items that 
should be considered for the facility design 
phase, and which were included for the de-
velopment of the spreadsheet model are: 

BIologIcAl PArAMEtErS

Insect species 
Production level required, including colo-

ny stock and number of sterile insects for 
release 

Strain production profile and quality con-
trol specifications 

Life cycle for immature and adult stages 

rEArIng chArActErIStIcS

Specifications of rearing and general •	
type of equipment required to mass 
produce a specific insect species 
Equipment characteristics for each op-•	
eration in the process 
Identification and size dimensions of •	
facility components (filter rearing sys-
tem, diet mixing, marking and bagging, 
irradiation, packing, quality, and pro-
cess control laboratories) 
Flow patterns through the facility •	
Type of insect diets required and speci-•	
fications for nutritional and raw ingre-
dients 
Origin of the diet components (local or •	
imported) 
Schedule and sequence of production •	
operations 
Forecasted volumes for each of the •	
products (egg, larvae, pupae and 
adults) 
Inventory or stock volume for nutri-•	
tional and raw diet ingredients and 
consumables 
Production schedules driven by cus-•	
tomer orders or by inventory levels 
Overall process equipment require-•	
ments 

oPErAtIonAl rEQuIrEMEntS

Auxiliary areas that will be required for •	
the facility production (clerical staff of-
fices, maintenance, utility rooms, work-
shop, warehouses, shipping/receiving 
rooms, cafeteria/coffee break rooms, 
locker rooms, restrooms)
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in the rearing process. To enter and receive 
information from the spreadsheet, the fol-
lowing basic structure has been made avail-
able: 
I.Main Menu 

The main menu contains all the options 
for manipulating the spreadsheet view. It is 
only available when the spreadsheet view is 
the active window (Figure 1). It contains the 
following main menu items.
II. Start-up Parameter

This item refers to the target number of 
sterile insects required per week. All the 
output calculations are easily generated by 
simply entering this information (Figure 2). 

Fig 2. Start-up parameter (target number of sterile 
insects required per week)

III.critical Inputs
Critical inputs are the key parameters such 

as life cycle, production and quality con-
trol parameters of the species, types of diet, 
equipment and environmental conditions 

Preliminary utility requirements, includ-•	
ing electrical loads, compressed air, cold 
and hot water and, heat and A/C loads.
Waste disposal•	
Waste water treatment plant •	

FAcIlIty AdMInIStrAtIon

Number of technicians and operators •	
required 

SPrEAdShEEt StructurE 

The spreadsheet was created using Mi-
crosoft® Office Excel. It uses the workbook/
page- calculation Microsoft® Office Excel 
structure to present a series inputs/out-
puts related to the different aspects of the 
insect mass rearing process. The user of the 
spreadsheet will be able to input informa-
tion at different levels of complexity de-
pending on his/her own needs. Outputs are 
calculated based on simple formulas (Levin 
and Abramovich, 1992) constructed by the 
combination of the critical inputs involved 

Fig 1. Spreadsheet main menu
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required. Depending on the facility location, 
each design variable has interrelated eco-
nomic data to estimate both the required 
start-up capital and operational costs of the 
facility. Users can vary inputs and generate 

many different design scenarios to address 
different insect strains/species, site-specific 
needs, and conditions for a particular pro-
duction requirement. The critical inputs 
are:

a. Production parameters
This option contains information of the pro-

duction profile and quality standards based on 
average data from operational facilities. It also 
contains information of load capacity for rear-
ing equipment or other components. Users can 
modify this information according the char-
acteristics of the strain or species in question 
and according to the characteristics of rearing 
equipment or components (Figure 3).
b. diet formulation

This option allows for the introduction of spe-
cific diet components and their amounts (in 
%). 
c. Environmental conditions

This option requires knowledge of the spe-
cific environmental conditions for each rearing 
area within the mass rearing facility. This infor-
mation does not play a role in the production 
calculations; however, it is indispensable to de-
fine the characteristics of the environmental 
control equipment.
IV. Main outputs

colony production: Calculates the num-
ber of immature and adult stages required to 
maintain the colony. 

Sterile insect production: Calculates the 
number of immatures and adults required to 
produce the target number of sterile insects. 

larval and adult diet ingredient: Calcu-
lates the quantity in weight or volume for 
each specific diet ingredient. 

rearing equipment: Calculates the quan-
tity of each specific type of equipment.

Area calculation: Calculates the space re-
quired for each specific rearing room, consid-
ering equipment characteristics. 

rearing staff: Calculates the number of su-
pervisors, technicians and operatives. Num-
ber of operative staff is calculated on the 
basis of the average of the number of opera-
tives to produce one million sterile insects. 
Automation of some of the steps of the rear-
ing system will affect this initial calculation.
V. Additional Information

These additional inputs are infrastructure 
data and equipment specifications that de-
pend mainly on facility location and the 
strain and species in question.

Air conditioning, heating, and electricity 
load: This should be calculated by a specialist 
for inclusion on the equipment list. This infor-

Fig 1. Spreadsheet main menu
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mation is indispensable in order to calculate 
the cost of the facility and its operation.

Additional equipment: The spreadsheet 
provides the user with a basic list of equip-
ment that is regularly required for rearing 
Mediterranean fruit fly genetic sexing strains 
based on the tsl mutation. However final 
calculation should take into account facility 
size, location and species or strain of insect in 
question. This information is indispensable in 
order to calculate the cost of the facility and 
its operation.
VI. total Investment and rearing cost

This output on investment and rearing cost 
is illustrated in Figure 4. Rearing costs can 
be determined by adding the annual cost of 
equipment and building depreciation, per-

sonnel, diet, electricity, overheads, and other 
consumables and then dividing by the num-
ber of sterile insects produced per year (Fig-
ure 5). 

FInAl conSIdErAtIonS

This spreadsheet is a powerful tool for 
project and facility managers. It provides 
managers with practical information re-
garding the list of items that should be 
considered when planning the establish-
ment of rearing facilities of any insect spe-
cies. Once facilities are established, it can 
also be used to estimate facility and pro-
duction costs, as well as production pro-

Fig 4. Total investment calculation for a given facility size

Fig 5. Rearing and operation facility costs.
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jections under different rearing efficiency 
scenarios.

During the design process, it is very impor-
tant that for the air conditioning (AC), heat 
and, electricity loads assessments a local 
specialist provides the required input, as the 
cost for these important components varies 
according to facility size and location. As a 
reference point, the model uses the produc-
tion of 250 million sterile male Mediterra-
nean fruit fly pupae per week at the “El Pino” 
mass rearing facility in Guatemala. The esti-
mation and preliminary calculations of the 
AC system required for each specific rearing 
environment for fruit fly mass rearing facili-
ties can be found in Oborny (1988). The es-
timation of auxiliary areas and waste water 
treatment plant are also not subject to au-
tomatic calculation since these areas can be 
standard for a given facility size. Neverthe-
less, the spread sheet also includes exam-
ples of sizes for each specific auxiliary area 
for facilities capable of producing between 
100 to 250 million of male only sterile pu-
pae per week. The spreadsheet will continue 
evolving, taking into account user-feedback 
and new technological developments for 
further improvement.
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Sterile Medfly Males of the tSL Vienna 8 genetic Sexing Strain 
display Improved Mating Performance With ginger root oil
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ABStrAct: A key point of the Sterile Insect Technique (SIT) applied to the medfly, Ceratitis capitata, is that the sterile males produced in the laboratory 
should have at least a minimal sexual compatibility with wild females. Among several genetic sexing tsl (Temperature Sensitive Lethal) strains of C. 
capitata mass-reared around the world, the Biofábrica Moscamed Brasil has chosen the most recent mass produced tsl strain, Vienna 8 (V8), which has 
been evaluated in the San Francisco River Valley, Brazil, since April, 2005. The tests were accomplished in field cages, with different treatments for V8 
males, sterile or fertile, exposed to the aroma of ginger root oil (GRO) or not, versus wild males and females. Males of one strain (V8 or wild) were painted 
white on the thorax the day before the mating tests. All the insects were virgin, and early in the morning (7-8 A.M.) males were released inside the field 
cages, 10 min. before females. Mating pairs were collected in glass vials, until early afternoon. From this raw data, both the type of male mating and the 
time in copula were recorded for each pair. Then, the total percentage of mated females, the RSI (Relative Sterility Index), and Fried´s competitiveness 
values (C), were calculated for each field cage. The percentage of females mated was statistically higher to sterile males exposed to GRO than to non 
exposed to GRO. Time in copula was significantly higher for wild flies than for laboratory flies, except for the case of fertile V8 males exposed to GRO 
x wild females. The RSI and C values were significantly higher for V8 males (irradiated and fertile) treated with GRO than for V8 males not treated with 
GRO. The results indicate that there is adequate sexual compatibility between sterile males of the tsl Vienna 8 strain and wild C. capitata females from 
the San Francisco River Valley, Brazil. Also, the radiation dose of 95 Gy, used to sterilize the males, did not affect their sexual activity. Ginger root oil acted 
as a beneficial stimulatory chemical used to boost medfly male mating activity, thereby increasing the efficiency of the SIT.

Key Words: SIT, sexual behavior, semiochemical, aromatherapy, Ceratitis capitata.

 IntroductIon

Each of the steps in a sterile insect technique 
(SIT) program, from mass-rearing to the re-
lease of sterile males in the field, is critical in 
order to obtain successful pest control. Today, 
mass-rearing technology for the medfly, Cera-
titis capitata, has improved significantly to pro-
vide all-male (tsl) flies for production facilities 
around the world. However, through the rear-
ing and release process, sterile males lose qual-
ity, such that many of them do not compete 
adequately with wild males for wild females in 
the field (Hendrichs et al., 2002). Over genera-
tions of rearing in the laboratory, it is known 
that sterile males become less competitive 
(Cayol, 2000 and Lance et al., 2000). Therefore, 
recent research efforts have focused on find-
ing simple but effective means to improve 
the quality of fruit fly adults destined for field 

release in SIT programs worldwide. One en-
couraging effort has been the development 
of aromatherapy with ginger root oil (GRO) as 
a strong booster of sterile male mating per-
formance (Shelly, 2001; McInnis et al., 2002; 
Shelly et al., 2005). This oil contains 0.4% of the 
known male attractant, a-copaene, along with 
other sesquiterpenes of unknown attractancy 
(Shelly & McInnis, 2001). 

The objective of this work was to evaluate 
the GRO aromatherapy on mating compat-
ibility and competitiveness of sterile medfly 
males tsl, Vienna 8, with wild females of Cera-
titis capitata from the San Francisco River Val-
ley, Brazil. 

MAtErIAlS And MEthodS

Experiments were carried out at Embrapa 
Semi-Árido research station, Petrolina-PE, 
Brazil, from April 2005 to July 2006. Five field 
cages were prepared for the mating tests in 
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a well shaded outdoor area. The cages were 
each ca. 3 m on a side and 2 m high covered 
with a fine screen cloth. Two potted plants, 
each ca. 1.5-2 m tall of Ficus benjamina, were 
placed inside each cage. Field cages were 
run to test several treatments or controls 
involving flies of the Vienna 8 tsl genetic 
sexing strain and wild flies collected from 
various medfly host fruits in the São Fran-
cisco River Valley. Virgin wild flies were be-
tween 10-19 days old when tested and were 
maintained in 1.5 L plastic cages with food 
(sugar and protein) and water prior to each 
test. Virgin laboratory flies (Vienna 8 strain) 
were 5-9 days old and, along with wild flies, 
were maintained indoors in a well lit room 
at 25-27ºC and ca. 50% RH. On the day prior 
to a test, either lab or wild male flies were 
marked with a spot of white paint on the 
thorax using a screened bag without anes-
thesia. To obtain sterile males, 24 h before 
emergence, pupae received 95 Gy of gam-
ma radiation from a Co60 source. Also, if the 
treatment involved ginger root oil (GRO), 
50 males of the V-8 strain were exposed to 
40 µl of the aromatic oil on filter paper for 5 
hours in a well ventilated, isolated room. At 
the end of the exposure period, males were 
returned to the holding room with the rest 
of the flies. 

On each test day, at ca. 8 A.M., wild and V-8 
males were released onto the foliage near 
the bottom of the cage. Flies that could not 
fly or were dead were replaced with extra 
flies, such that the normal starting numbers 
were 50 lab males and 50 wild flies of each 
sex in each cage. On rare occasions, less than 
50 males were available per strain; in those 
cases the number of males was balanced 
to make for equal competition. After ca. 15 
min to allow the males to establish territo-
ries, 50 wild females were released and dead 
or non-flying flies were replaced as before. 
Over the next 4-6 hours, mating pairs were 
collected in glass vials from each of the cag-
es. The starting and stopping time of each 

pair was recorded along with the location 
in the cage. The test was stopped when no 
mating pair was observed for a period of 
over 30 minutes. 

To observe the ability of tsl males to trans-
fer sperm, the mated flies collect in the field 
cages, separately from each treatment, were 
taken to the laboratory and placed inside 
small cages for oviposition using seedless 
green grapes as the host fruit. Ten fruits were 
hung from the top of the screened cage. Flies 
were allowed to remate and females allowed 
to oviposit ad libidum for 24-48 hours. Eggs 
were dissected from the grapes and seeded 
on moist filter paper in a Petri dish for 3 days 
prior to being scored for larval eclosion. The 
number of eggs and the hatch rate were re-
corded. 

Prior to complete statistical analysis, the 
data were summarized for the following sta-
tistics: RSI (Relative Sterility Index), which rep-
resents the proportion of matings in a cage 
made by laboratory males (sterile or non-
irradiated) with wild females, percentage of 
females mated in each cage, time in copula, 
number of eggs and percent egg hatch, and 
Fried’s male competitiveness value (C). Data 
of RSI and percent of mated females were 
transformed to arc sine of x root.

 The C-value indicates the competitiveness 
of irradiated males with respect to their abil-
ity to induce sterility compared to wild males, 
where: C=(w/s) x [(Hw – Hc)/(Hc – Hs)], with 
w= number of wild males released in the field 
cage, s= number of sterile males released in 
the field cage, Hw= % of egg hatch from wild 
females following mating with wild males 
exclusively, Hc= % of egg hatch from wild 
females in the test cages, made in laboratory 
conditions, Hs=% of egg hatch from wild fe-
males following mating with sterile males. 
Values around 1 indicate equivalent mating 
performance between laboratories and wild 
males, and less than 0.2 is a reason for con-
cern about the competitiveness of C. capitata 
sterile males (FAO/IAEA/USDA, 2003). 
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rESultS 

There was statistic difference in the RSI 
obtained among treatments with different 
types of males (V-8; V-8 GRO; V-8 irrad and 
V-8 irrad GRO) (P≥0.0054; F= 5.54). The aver-
ages obtained for RSI were statistically differ-
ent between treatments with males exposed 
and not exposed to GRO, but we did not fi nd 
statistic difference between fertile (0.21; n=7) 
and irradiated V-8 strain males (0.22; n=7) no 
treated with GRO and also between fertile 
(0.35; n=5) and irradiated V-8 strain males 
(0.36; n=8) treated with GRO, in competition 
with wild males for wild females (Tukey’s test, 
p= 0.05) (Fig. 1). 

Considering all the fi eld cages carried out 
with V-8 males, % females mating, indepen-
dently of whether males were irradiated or 
fertile, mating frequency was signifi cantly 
higher in treatments where V-8 males were 
exposed to GRO (75.6%, n=14) than in treat-
ments where they were not exposed (61.1%, 

n=15) (P ≥ 0.0177; F= 6.28) (Fig. 2). Aromather-
apy with GRO increased female mating by 
23.7%. 

There was statistic difference in mating dura-
tion among different mating types (P ≥ 0.0001; 
F=17.43). Mating duration, between wild 
males and wild females averaged 2.30 hours 
(n=209). This value was higher and statistically 
similar for matings involving V-8 fertile males 
exposed to GRO (2.03 hours, n=67), while sta-
tistically different from all other mating types 
(Tukey’s test, p= 0.05) (Fig. 3). A shorter mating 
time was found to V-8 irradiated males, but no 
statistical difference was detected with V-8 ir-
radiated exposed to GRO or V-8 fertile males 
(Tukey’s test, p= 0.05) (Fig. 3). 

The competitiveness of V-8 irradiated males 
exposed to GRO (≅1.00, n=7) was signifi cantly 
higher than V-8 irradiated males not exposed 
to GRO (0.21, n=6) in mating with wild females 
(P ≥ 0.014; F= 8.41) (Fig. 4). The results obtained 
with GRO aromatherapy were very close to 
that for wild males.

Figure 1. Relative sterility index (RSI) obtained in fi eld cages among V-8 males, fertile or irradiated, and 
treated or not treated with ginger root oil (GRO), in mating competition with wild males for wild females. 
Bars with same letter do not differ signifi cantly from each other (Tukey’s test, p = 0.05).

Book Fruit Flies.indb   315 28/10/2008   08:28:15



From Basic to Applied Knowledge 
316

Ginger root oil increases the mating index of sterile medfl y tsl males.

Figure 2. Percentage mated females in fi eld cage experiments with V-8 males, exposed and not exposed 
to ginger root oil (GRO), in competition with wild males. Bars with different letters are statistically differ-
ent (Tukey’s test, p= 0.05). 

Figure 3. Mating times between wild females and fi ve male types: irradiated V-8 strain (V-8 Irrad, n= 150), 
irradiated V-8 strain exposed to ginger root oil (GRO) (V-8 Irrad GRO, n= 129), non irradiated V-8 strain 
(V-8, n= 107), non irradiated V-8 strain exposed to ginger root oil (GRO) (V-8 GRO, n= 67), and wild males 
(wild, n= 209). Bars with same letter do not differ signifi cantly from each other (Tukey’s test, p= 0.05).
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dIScuSSIon

The RSI found for the V-8 males strain vs. 
wild females of Ceratitis capitata in San 
Francisco River Valley, Pernambuco-PE, Bra-
zil, was satisfactory according to the qual-
ity control standards for the tsl strain (FAO/
IAEA/USDA, 2003). In contrast to results 
found by Lux et al. (2002) and Kraaijeveld & 
Chapman (2004), the gamma radiation from 
a Co-60 source (95 Gy) used in this experi-
ment did not negatively affect the sexual 
compatibility between V-8 males and wild 
females. The lower irradiation doses used in 
the present study can lead to less damage 
regarding the mating performance of sterile 
males. However, a small egg hatch (2-3% on 
average) from wild females mated by irradi-
ated males, 2-3% on average was found. This 
could pose a problem in any SIT eradication 
program of C. capitata but not in suppres-
sion programs as is the case in Brazil. 

In agreement with Shelly and McInnis 
(2001), McInnis et al. (2002) and Shelly et 
al. (2005), ginger root oil (GRO) signifi cantly 
improved the sexual performance of V-8 
males exposed to GRO in competition with 

wild males for wild females in relation to V-8 
males not exposed to GRO. Additionally, we 
found that GRO aromatherapy can increase 
the average mating time signifi cantly (ca. 
6 to 10 mins) for irradiated and fertile V-8 
males, respectively. There is no support-
ive study indicating how many minutes 
would be necessary for medfl ies to transfer 
a complete quantity of semen and acces-
sory gland fl uid to avoid or decrease the 
possibility of remating. According to Seo et 
al. (1990) and Taylor et al. (2001), mass rear-
ing and irradiated males transfer less sperm 
than wild males, and the transfer success is 
not correlated with time in mating. Besides, 
studies have shown remating cases also in 
wild population of medfl ies (Kraaijeveld et 
al., 2005). Such a result remains to be con-
fi rmed in future studies. The GRO also had 
a positive effect on the C-value, additionally 
decreasing the egg hatch rate from females 
where wild males were competing for mates 
with irradiated males exposed to GRO. Steril-
ity may have been higher partially because 
few more minutes in copula, but also mainly 
because the RSI increased from 0.21 to 0.34, 
a ca. 40% increase with GRO treatment. 

Figure 4. Competitiveness Fried test, C-value, between V-8 irradiated males exposed (V-8 Irrad GRO) and 
not exposed (V-8 Irrad) to ginger root oil (GRO) in mating competition with wild males for wild females. 
Bars with different letters are signifi cantly different from each other (Tukey’s test, p= 0.05). 
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concluSIonS

There is sexual compatibility between ster-
ile, mass-produced Vienna 8- tsl males and 
wild females of Ceratitis capitata present in 
San Francisco River Valley, Brazil.

A dose of 95Gy applied to pupae, 24 h be-
fore emergence, does not affect the sexual 
performance of Vienna 8- tsl males of C. capi-
tata. 

Ginger root oil aromatherapy improves the 
mating competitiveness of Vienna 8- tsl ster-
ile males of C. capitata.
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ABStrAct: The Sterile Insect Technique (SIT) has been used very successfully against range of pest insects, including various tephritid fruit flies, 
several moths and a small number of livestock pests. However, modern genetics could potentially provide several improvements that would 
increase the cost-effectiveness of SIT, and extend the range of suitable species. These include (i) improved identification of released individuals by 
incorporation of a stable, heritable, genetic marker; (ii) built-in sex separation (“genetic sexing”); (iii) reduction of the hazard posed by non-irradiated 
accidental releases from mass-rearing facility (“fail-safe”); (iv) elimination of the need for sterilization by irradiation (“genetic sterilization”). We discuss 
applications of these methods and the state of the art, at the time of this meeting, in developing suitable strains. We have demonstrated, in several 
key pest species, that the required strains can be constructed by introducing a repressible dominant lethal genetic system, a method known as RIDL®. 
Based on field experience with Medfly, incorporation of a genetic sexing system into SIT programs for other tephritids could potentially provide a 
very significant improvement in cost-effectiveness. We have now been able to make efficient female-lethal strains for Medfly. One advantage of our 
approach is that it should be possible rapidly to extend this technology to other fruit fly species; indeed we have recently been able also to make 
genetic sexing strains of Mexfly (Anastrepha ludens).

Key Words: RIDL, genetic sexing, genetic sterilization, genetic marker, genetic containment

The Sterile Insect Technique (SIT) is an ef-
fective, species-specific and environmentally 
friendly method for controlling pest popu-
lations (Dyck et al., 2005; Keng-Hong, 2000; 
Knipling, 1955; Koyama et al., 2004; Lindquist 
et al., 1992). Modern genetic methods hold 
out the prospect of significant operational 
and cost-effectiveness improvements to the 
SIT (Alphey, 2002; Alphey, 2007; Alphey et al., 
2007; Benedict and Robinson, 2003; Gong 
et al., 2005; Gould and Schliekelman, 2004; 
Handler, 2002; Heinrich and Scott, 2000; Horn 
and Wimmer, 2003; Thomas et al., 2000). We 
have proposed several areas where genet-
ics may provide benefits, including markers, 
genetic sexing, genetic sterilization and ge-
netic containment. Each of these is discussed 
below. Recently, we have been able to pro-
duce strains of pest species that have the 

necessary properties. Among tephritids, our 
primary targets are Medfly (Ceratitis capitata 
Wiedemann) and Mexfly (Anastrepha ludens 
Loew); we are also developing equivalent 
strains of various other pest insects, includ-
ing mosquitoes and moths. 

There is potentially a great deal of scope for 
genetic improvements. Fundamentally, SIT 
programs rear and release sterile insects of 
the target species to mate with a wild popu-
lation of the pest. The key property is mating 
compatibility and competitiveness, which 
the insects should naturally possess, though 
this will likely be reduced by genetic or be-
havioral drift during mass-rearing, by damag-
ing treatment of the strain before release, or 
potentially by inappropriate strain selection. 
However, in other respects, wild-type individ-
uals of the target species may be far from ide-
al agents of biological control. For example, 
one would like to be able to distinguish the 
released control agents (sterile insects) from 
the target wild population. This presently re-
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quires physical modification of the control 
agents, for example by applying a dye. Genet-
ics could potentially provide an alternative 
marking system, either by classical genetics, 
e.g. a visible mutation (Niyazi et al., 2005), or 
by recombinant DNA methods (e.g. Alphey, 
2002; Gong et al., 2005; Handler and Harrell, 
2001; Horn et al., 2002; Koukidou et al., 2006). 
Fluorescent proteins, expressed in the sperm, 
may also allow more rapid and accurate clas-
sification of the mating status of trapped 
females than present methods. Such strains 
have been developed for Drosophila melano-
gaster (e.g. Civetta, 1999; Santel et al., 1997) 
and the mosquito Anopheles stephensi (Cat-
teruccia et al., 2005), and significant progress 
towards developing such strains for Medfly 
was reported by Marc-Florian Schetelig and 
Francesca Scolari at this meeting. The use of 
these various genetic markers may improve 
the speed and accuracy with which trap 
catches may be analyzed. In particular, since 
genetic markers can mark all tissues, and un-
certain identifications can be confirmed by 
molecular analysis (e.g. PCR-based methods), 
the incorporation of genetic markers into a 
release strain should reduce the number of 
false positives (sterile insects mis-identified 
as wild type) and consequent quarantine re-
sponses.

More significantly, genetics may be used to 
kill selected classes of individual. For exam-
ple, selective elimination of females would 
allow the release of a substantially male-only 
population, rather than a mixture of approxi-
mately equal numbers of males and females. 
This is highly desirable, as discussed below. 
Such separation of males and females by use 
of genetics is known as genetic sexing, and 
strains that permit it are known as genetic 
sexing strains.

Release of a male-only population is desirable 
for two independent reasons. First, females 
may damage fruit, for example by oviposition 
(so-called sting damage), even if they have 
been sterilized, thus directly causing some of 

the damage that the control program is in-
tended to reduce. Second, if males and females 
are released together, the males may court the 
wild females, and consequently not seek out 
the wild females as effectively as if they had 
been released without sterile females. This 
distraction effect of sterile females on sterile 
males has been shown to have a major impact 
on male effectiveness in the field; in extensive 
field evaluation, males released on their own 
were estimated to be 3-5 times more effective 
than a similar number of males co-released 
with females (Rendón et al., 2004).

The present genetic sexing strains were 
made by classical genetics. In these strains a 
chromosome translocation has moved a se-
lectable marker onto the Y chromosome. In 
most cases this is the wild type (dominant) 
allele of a recessive autosomal marker, with 
a corresponding autosomal mutant or mu-
tant plus deficiency. Such strains have been 
developed for several species of fruit fly us-
ing visible markers such as pupal color (Franz, 
2005; Hendrichs et al., 1995; McCombs and 
Saul, 1995). In the TSL strains developed by 
the IAEA group at Seibersdorf, Austria, both a 
pupal color marker (white pupa) and a closely 
linked conditional lethal mutation (tempera-
ture-sensitive-lethal) are present, with a cover-
ing translocation for both on the Y chromo-
some. Thus the females of the strain show a 
temperature-sensitive phenotype, but the 
males do not, so females can be eliminated 
by a suitable temperature treatment (Franz 
et al., 1997; Hendrichs et al., 1995; Robinson, 
1989; Robinson, 2002; Robinson et al., 1999). 
Unfortunately, the chromosome aberrations 
and mutations that are an integral part of 
these selection systems tend to reduce the 
overall performance of the flies that carry 
them, making them less effective agents for 
biological control. Despite much effort to 
minimize the problem (Franz et al., 1994; Ker-
remans and Franz, 1995), the translocations 
are also unstable; this instability is a signifi-
cant problem when large populations of in-

Book Fruit Flies.indb   320 28/10/2008   08:28:18



From Basic to Applied Knowledge Genetic engineering and SIT
321

sects are reared and rearing methods need to 
be adapted to compensate. These ‘filter rear-
ing systems’ add cost, but do appear to ad-
equately manage the issue of strain instabil-
ity (Caceres, 2002; Franz, 2005). Perhaps most 
significantly of all, sexing strains made by 
classical genetics must be developed anew 
for each new species – genetic tools devel-
oped in one species by classical mutagenesis 
cannot be transferred to another species.

Recombinant DNA methods can provide 
alternative types of genetic sexing strain. We 
have developed such strains for both Medfly 
(Fu et al., 2007) and Mexfly, based on proof-
of-principle work in Drosophila (Heinrich and 
Scott, 2000; Thomas et al., 2000). One design 
goal for these systems was that they should 
be relatively easy to transfer from one pest 
species to another – in contrast to classical 
systems – and this has indeed been our ex-
perience. It should now be possible by such 
methods to develop effective sexing strains 
of any tephritid suitable for SIT in a relatively 
short period of time.

Another area of interest is genetic steriliza-
tion. All current SIT programs use ionizing 
radiation as the sterilizing principle, though 
some early trials and programs used other 
methods such as inter-species hybrid steril-
ity, cytoplasmic incompatibility or mutagenic 
chemical sterilants (Benedict and Robinson, 
2003; Klassen and Curtis, 2005). However, 
all that is required is that the progeny of 
matings between the released individuals 
and the target population either die or are 
themselves sterile. For population control, it 
is sufficient merely that the female progeny 
of such a mating die. In most cases this does 
not have to be 100% effective; in practice ra-
diation doses are usually adjusted to a level 
giving high, but not 100% sterility, to give a 
suitable balance between sterilization and 
decreased performance of the sterilized fly. 
Indeed, SIT using considerably lower levels of 
sterility has been proposed for the mosquito 
Anopheles arabiensis (Helinski et al., 2006).

Genetic systems have the potential to re-
move the need for irradiation. This was at-
tempted by classical genetics some years 
ago, for example in the Australian program 
directed against Lucilia cuprina, but the 
necessary strains are extremely difficult to 
develop, and tend to suffer from reduced 
fitness and competitiveness (Whitten and 
Foster, 1975). Recombinant DNA methods al-
low a wider range of options. Inducible lethal 
systems have been proposed where insects 
die at particular temperatures, for example 
(Fryxell and Miller, 1995; Schliekelman and 
Gould, 2000b). However, we have focused 
on the use of repressible dominant lethal 
genetic systems (Alphey, 2007; Alphey et al., 
2007; Fu et al., 2007; Gong et al., 2005; Thomas 
et al., 2000), in a method we refer to as RIDL®. 
In such a system, the lethal effect would be 
suppressed in the mass-rearing facility by a 
dietary additive, effectively an antidote to the 
genetic system. RIDL insects would then be 
reared and released in the normal way, but 
without irradiation. Progeny of matings be-
tween RIDL insects and wild insects would 
inherit one copy of the RIDL construct. Lack-
ing the antidote, they would die – much as if 
the released insects had been irradiated, but 
without the need to do so. By this approach, 
the financial cost and direct and indirect (e.g. 
handling) damage to the insects caused by 
the irradiation process may be eliminated. 
We have described the production of such 
strains of Medfly (Gong et al., 2005), and have 
equivalent strains for a range of other pest 
insects.

Though the above discussion assumes the 
death of all individuals carrying the RIDL 
system but lacking the antidote, i.e. both 
males and females, this is not necessary, and 
may not even be optimal. Killing females 
only is sufficient, and may in many circum-
stances be significantly more effective than 
killing both sexes (Schliekelman and Gould, 
2000a; Thomas et al., 2000). Furthermore, 
this allows the genetic sexing method and 
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the genetic sterilization to be combined, 
as follows. A female-specific strain of RIDL 
insects (i.e. ones homozygous for a RIDL 
system that, in the absence of the antidote, 
kills females but not males) would be mass-
reared in the presence of the antidote. The 
insects to be released would simply not be 
given the antidote – all the females would 
therefore automatically die, with no fur-
ther action required from the rearing staff. 
This is genetic sexing. The remaining RIDL 
males could be released without irradiation. 
They would mate with wild females; all the 
progeny from such a mating would inherit 
a copy of the RIDL system and so all the fe-
male progeny would die. This is sufficient 
for population control, since the number of 
females essentially determines the repro-
ductive potential of the population. Fur-
thermore, the males survive and can pass 
the RIDL system on to at least some of the 
next generation. This is one of the features 
that make the RIDL system in principle more 
efficient than conventional radiation-based 
methods, even disregarding the cost of irra-
diation. One potential countervailing issue 
is that of time of death. At present, this is 
larval or pupal for published strains. Death 
at this relatively late stage may be advanta-
geous, compared with earlier lethality, for 
some species, e.g. mosquitoes (Atkinson et 
al., 2007; Phuc et al., 2007), however for fruit 
flies embryo or early larval lethality would 
be preferable, both for genetic sexing and 
for radiation replacement. We have recently 
developed strains with earlier lethality; Ernst 
Wimmer’s group demonstrated a RIDL-like 
system giving embryonic lethality in Droso-
phila and are attempting to extend this to 
Medfly (Horn and Wimmer, 2003; Schetelig 
et al., 2007). It has also been suggested that 
a control system might be designed around 
converting females into males, rather than 
killing them (Saccone et al., 2007; Schliekel-
man et al., 2005). The performance of fe-
male-specific RIDL strains can further be im-

proved by increasing the number of copies 
of the RIDL system in the mass-reared strain, 
though here there is a trade-off between 
the improved effectiveness with increasing 
copy number, and the likely increased ge-
netic load (Schliekelman and Gould, 2000a).

The above repressible lethal systems have 
another potential application, in mitigating 
the consequences of unintended release 
of mass-reared insects. This application is 
called genetic containment. At present, 
mass-rearing facilities for SIT rear very large 
numbers of dangerous pest insects, which 
only become beneficial pest control agents 
once they have been sterilized with a suffi-
cient dose of radiation. Large-scale release 
of non-irradiated insects would be harm-
ful at best, and potentially catastrophic. In 
fact no such large-scale releases have yet 
occurred, though there is clearly a risk that 
earthquake, hurricane, fire, sabotage or oth-
er natural or man-made disaster or accident 
could have this outcome. However, smaller 
non-irradiated releases have occasion-
ally happened, for example of New World 
Screwworm in Mexico and Panama in 2003 
(del Valle, 2003). The consequence of such 
an escape could be greatly mitigated by use 
of repressible lethal genetic systems such as 
those described above. Such strains cannot 
persist in the wild, as they or their progeny 
require a specific chemical to be added to 
their diet. As for genetic sterilization, it does 
not matter whether the system kills just 
females, or both males and females; either 
prevents the strain from establishing in the 
wild. It would seem a wise precaution to 
employ such genetic containment in mass-
rearing, particularly where the facility is lo-
cated in a region where escape of the pest 
would be problematic, but also to reduce 
the negative impact of releasing even small 
numbers of inadequately irradiated insects 
in a control program.

The prospective use of recombinant DNA 
methods in SIT programs will bring to the 
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foreground regulatory issues relating to the 
field use of genetically modified organisms 
(GMOs). This does not apply to conventional 
methods, despite their use of radiation, and 
in some cases strains such as TSL, which 
have highly modified genetic properties. 
However, though different countries have 
different regulatory frameworks, often not 
yet well developed with respect to trans-
genic insects, the technical aspects do not 
look insuperable. SIT applications, in which 
the insects are sterilized before release, by 
radiation, genetics or other methods, repre-
sent a particularly safe, unthreatening, “soft” 
application of transgenic methods to pest 
control, and have been advocated as a sen-
sible first application (Alphey, 2002; Bene-
dict and Robinson, 2003). This is in contrast 
to “gene drive” systems, for example, which 
are intended to spread themselves through 
wild populations and therefore raise a num-
ber of issues about containment, spread, 
stability and long-term effectiveness that 
do not relate to SIT-like applications (Bene-
dict and Robinson, 2003; Braig and Yan, 2001; 
Gould and Schliekelman, 2004).

One specific technical issue about the en-
vironmental safety of transgenic insects has 
now been solved. This is the hypothetical 
possibility that the use of non-autonomous 
transposons as gene vectors (Atkinson et 
al., 2001; Handler and James, 2000; Li et al., 
2005; Spradling and Rubin, 1982; Wimmer, 
2003) might somehow destabilize the in-
serted transgenic construct, perhaps even, 
in the most improbable scenario, leading to 
movement of the construct to another spe-
cies, so-called horizontal gene transfer (Al-
phey et al., 2002; Handler, 2004; Hoy, 2000; 
Wimmer, 2003). The basis of this concern is 
that we know that autonomous transpo-
sons (ones that encode their own transpos-
ase) are capable of transferring to new spe-
cies and spreading within them. However, 
we also know that these are extremely rare 
events; individual elements probably do not 

successfully transfer to a new species as of-
ten as once or a few times per million years. 
Such elements are ubiquitous, and they and 
their derivatives are present in thousands 
of copies in every insect cell, making up a 
significant fraction of the entire genome, 
but their diversity between different in-
sects testify to the rarity of inter-species 
transfers. For elements that do not encode 
their own transposase, are present in one 
or a few copies, are in a species that does 
not have other transposons of the same 
type, and where the construct does not 
provide a fitness advantage, such an event 
is spectacularly improbable, many orders of 
magnitude less likely than the transfer and 
invasion of naturally occurring transposons. 
However, recently methods have been de-
veloped that reduce (Handler et al., 2004) 
or eliminate (Dafa’alla et al., 2006) this hy-
pothetical risk by eliminating one or both 
ends of the transposon, respectively. In the 
method of Dafa’alla et al (2006), all transpo-
son sequence can be eliminated, resulting 
in an insertion that is no more sensitive to 
any transposase than is any other gene or 
sequence in the insect’s genome. Perhaps 
more relevant to real, rather than hypothet-
ical issues, these methods should also allow 
stable transgenics to be generated even in 
those insects which do have endogenous 
copies of the transposon used as the gene 
vector. For piggyBac, the most widely used 
gene vector, the Oriental Fruit Fly Bactrocera 
dorsalis (Hendel) and some related species 
are known to have an endogenous version, 
closely related to that used for transforma-
tion (Handler and McCombs, 2000). How-
ever, even here such “stabilization” methods 
may not be necessary – Oriental Fruit Fly 
was successfully transformed with a pig-
gyBac-based gene vector, transformation 
efficiency was not obviously decreased, 
nor was there any evidence of instability in 
the resulting transgenics (Handler and Mc-
Combs, 2000).
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In conclusion, modern genetic methods 
are poised to make a series of significant im-
provements to the SIT. The combined effect 
should be to improve the cost-effectiveness 
of the SIT against a variety of pests of agri-
cultural, veterinary and medical importance. 
This will extend the range of circumstances 
in which SIT is the preferred pest control 
strategy, and improve the economics of 
control for those species, such as several te-
phritids, where SIT is already the dominant 
component of an integrated pest manage-
ment (IPM) strategy.
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ABStrAct: This paper describes a new double-walled container with an internal shelf system for the shipment of medfly eggs.  It allows the eggs to 
be packed in plastic bags for shipment without the addition of any transportation medium. The size of this container can be adapted to the volume 
of eggs required. This container can maintain a constant internal temperature for 72 hours. Simulation of shipping conditions for 72 hours found no 
negative influence on the quality of eggs. The cost of the new container is comparable or even lower than the cost of commonly available commercial 
containers. The main advantages of this egg shipment container are: a) good thermo-insulation properties, b) variable size and c) low cost.
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IntroductIon

The sterile insect technique (SIT) is an area-
wide method to control major insect pests.  
Large numbers (frequently more than 50 mil-
lion/week) of the target insects are produced 
in specially designed mass-rearing facilities. 
These insects are sterilised by gamma radia-
tion and released into the target area.  Mat-
ing between the factory-reared sterile males 
and wild females produce no offspring. Thus, 
if sufficient sterile males are introduced into 
the target area on a regular basis there is high 
probability that fertile wild females will mate 
with sterile males (Hendrichs et al. 1995). 

The genetic sexing tsl strain developed in 
the IAEA laboratories in Seibersdorf and in-
troduced into mass-rearing facilities promot-
ed the further evolution of the SIT against 
Medfly.  Heat-treatment of the eggs kills the 
female offspring early in the mass-produc-
tion process due to the presence of the reces-

sive temperature lethal gene on the X chro-
mosome that exerts its dominance in the 
female. The tsl generates some savings in the 
production process, but the benefits gener-
ated in the field greatly outweigh these gains 
as induced sterility has been shown to be 3-4 
times greater than standard (male-female) 
strain releases (Tween 2002). 

Feasibility studies and small scale trials in 
several countries in the Mediterranean basin 
show that the SIT can be used effectively in 
European fruit production although some 
technical and practical obstacles hinder its 
widespread use in Europe. An effective solu-
tion to this problem can be the development 
of decentralized production technology. The 
production processes in a decentralized sys-
tem include egg production from a “core” egg 
producing facility which will supply several 
pupae facilities producing sterile male pupae 
for a series of eclosion facilities where sterile 
male adults are emerged and prepared for 
release.  To use the decentralised production 
and release system, an effective egg shipping 
container has to be developed. 
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New Container for Shipping Medfly Eggs

In this paper, a new double-walled egg ship-
ment container with an internal shelf to hold 
eggs packed in plastic bags and an effective 
cooling system to maintain the required in-
ternal temperature is described.   

MAtErIAl & MEthodS

In the experiments, the tsl Vienna 7 – Toli-
man strain of Medfly Ceratitis capitata (Wie-
demann) originating from Moscamed El Pino 
mass-rearing facility in Guatemala was used. 
Flies and pupae were maintained at 24±1°C 
and 60-80% RH in a photoperiod of 12/12 
L/D. Larvae were maintained in a separate 
room at 23±1°C and 80% RH in a photope-
riod of 12/12 L/D.  Eggs used for the experi-
ments were 24 hours old eggs and had been 
heat treated at 34°C for 12 hours.

Two types of commercially available con-
tainers were used in this study. A thermo-
insulating container used for transporting of 
deep-frozen samples with dry ice was pur-
chased from TNT (U.K.).  The second container 
was obtained from KULI (Germany). 

To measure the thermo-insulating proper-
ties of tested containers, Temp-tale data log-
gers (U.K.) were used to monitor three ther-
mal parameters: the external temperature, 
temperature of the coolant and the tempera-
ture inside the container.  Temperature was 
recorded every 15 minutes for 72 hours start-
ing immediately after loading the container 
with the coolant and egg samples.  

To evaluate the influence of low tempera-
ture on the quality of eggs, experiments 
simulating the shipment conditions were set 
up.  Samples of 10 ml of eggs sealed in plastic 
bags were placed for 72 hours together with 
coolant in containers. The eggs were loaded 
into the bag either in water or agar solution 
(0.5%) in ratio 1 : 1 or without any medium 
only on wet filter paper. The egg hatchability 
was used to quantify the quality of eggs after 
the shipment simulation experiments.   

rESultS

The concept of double-walled container.  To 
improve thermo-insulating properties, a new 
double walled thermo-box (box in box con-
cept) was designed as a new egg shipment 
container.  This arrangement of space allows 
improved control of the internal tempera-
ture conditions.  Contrary to previously used 
single-walled egg shipment containers, dou-
ble-walled containers offer several advan-
tages: a) better thermo-insulating properties 
than single-walled containers, b) an indirect 
cooling system can be used (eggs are not in 
direct contact with the cooling medium), c) 
improved protection of eggs from mechani-
cal damage and d) a choice of container size 
depending on the volume of eggs to be 
shipped.  Additional requirements for a new 
container were that it a) was made of recy-
clable material, b) be light weight, c) has an 
acceptable cost, d) reduce the demands for 
storage space.

Selection of material.  A broad spectrum of 
materials with good thermo-insulating prop-
erties is commercially available.  The material 
used for the box should fulfil some additional 
parameters such as being of sufficient firm-
ness, be low weight, have the highest possi-
ble incombustibility and have an acceptable 
cost.  Bearing this in mind various materials 
were evaluated and four were selected for 
more detailed testing: a) expanded polysty-
rene, b) extruded polystyrene foam STYRO-
FOAM, c) extruded polystyrene URSA FOAM 
and d) extruded polystyrene STYRODUR.

The evaluation of technical parameters pre-
sented in Table 1 led to the selection of STY-
ROFOAM as the material most suitable for 
the construction of the container prototype.  
The STYROFOAM plates used were supplied 
by DOW Ltd, Germany. 

The design of the egg shipment container.  
Using a double walled container allows the 
creation of a more homogenous internal en-
vironment to house the eggs, and substan-
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table 1. Physical properties of the materials tested for the construction of a double walled egg shipment 
container.

 StyroFoAM Styrodur urSA FoAM ExP PolyStyrEnE

Volumetric
weight (kg/m3)

28 30 35 20

coefficient of 
therm. conductivity
(W/m.k) 

0.035 0.037 0.034 0.039

Firmness in pressure
(Mpa) (10% pressing)

0.25 0.25 0.30 0.10

coefficient of diffusion 100 100 - 160 80

Absorbency (%) 0.2 0.3 0.5 0.4

combustibility (Stn) C1 C1 C1 C1

cost (€/m2) 3.63 3.48 3.48 3.27

tially increase their protection of eggs from 
mechanical injury during shipment. 

The entire container consists of (from the 
outside inward): a) a cardboard external box, 
b) an external thermo-box, c) an internal 
thermo-box and d) a shelf system for storing 
the egg packages.

The cardboard box is the outermost part of 
the whole system, covering external thermo-
box during the shipment.  The prototype 
cardboard box was constructed from a dou-
ble-layer cardboard paper supplied by MTM 
– Packing Ltd, Slovakia.  This cardboard has a 
high firmness level and a low cost.  The size 
of cardboard box can be changed according 
to the size of the external thermo-box.  The 
cardboard box is sealed using plastic adhe-
sive tape as soon as the egg shipment con-
tainer is loaded with eggs and coolant.

The external thermo-box (Figure 1) contains 
the cooling system and internal thermo-box 
with eggs.  The inner edges of the walls of 

both thermo-boxes were folded allowing a 
firm and impermeable structure.  The walls 
were glued together by a ZWALUW silicone 
glue, supplied by Den Braven Sealants Ltd.  
The size of both boxes was designed to trans-
port 1 litre of eggs.  The outer dimensions of 
external thermo-box were 450 x 380 x 370 
mm. 

The internal thermo-box was constructed of 
the same material as the external thermo-box.  
The outer dimensions of internal thermo-box 
of the prototype were 320 x 250 x 240 mm.  
Inside the internal thermo-box, shelf system 
was inserted for the loading of egg packs, 
PCM  (Phase Change Material) coolant and a 
temperature monitoring logger.

Additional insulation.  To increase the insu-
lation capacity of both thermo-boxes, their 
internal sides were covered by insulation 
foil, THERMOREFLEX, consisting of a layer of 
aluminium foil covering 4 mm broad polysty-
rene.  The foil reflects almost 90% of heat and 
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substantially increases the insulative proper-
ties of both thermo-boxes. 

Shelf system for storage of egg packages.  The 
shelf system for transportation of eggs packed 
in plastic bags provides sufficient protection 
of eggs against mechanical damage, increase 
the effectiveness of egg shipment, and allow 
more precise temperature control all at an 
acceptable cost.  The size of completed shelf 
system for storage of egg packages is related 
to the internal size of the inner thermo-box.  
The shelf system is constructed before plac-
ing it into the inner thermo-box.  The base is 
a metal grid plate with four aluminium rods 
plugged into each corner.  The base of each 
rod is closed by a rubber stopped.  More grids 
are added with the distance between indi-
vidual metal grids set by rubber rings on the 

rods.  Packages with Medfly eggs are placed 
between the grid plates.  The lowermost and 
uppermost grids are filled with PCM coolant, 
which help maintain the temperature in the 
internal thermo-box.  The central grids are 
used for placing the data logger measuring 
the temperature during the shipment.  When 
the grid is loaded with the egg packages, PCM 
coolant and the data logger, the whole shelf 
system is secured by a final grid and the end 
of the rods closed with the rubber stoppers.  
The completed shelf system is then loaded 
into internal thermo-box. 

Cooling system. One of the features of the 
double-walled container cooling system is to 
separate the coolants from the egg packages 
by thermo-insulating material (wall of inter-
nal thermo-box) and provide homogenous 

Fig. 1. New double walled egg shipping container with internal shelf system to hold packages of eggs 
with phase change coolant on the top and bottom grids.  The shelf is placed into the smaller box which is 
placed into the larger cooler box.  The gap between the two boxes is filled with cooler blocks.  The inner 
walls of both boxes are lined with aluminium foil. 
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distribution of the coolant around the whole 
surface of the internal box.  As the coolant is 
frozen at -20oC, direct contact with the egg 
packages would have a fatal effect on the 
eggs.  The gap between walls of the internal 
and external thermo-boxes is filled with cool-
ant.  The coolant is then sufficiently insulated 
from the external environment and well sepa-
rated from the egg packages.  The temperature 
of the coolant increases very slowly because of 
the double insulation and the eggs inside the 
internal thermo-box are well protected against 
the negative influence of the coolant.  The ho-
mogenous distribution of the coolant and ef-
fective thermo-insulation maintains the tem-
perature inside the internal thermo-box in the 
optimal range during the entire transportation 
period.  In addition the temperature inside the 
internal thermo-box is buffered during the 
shipment by blocks of PCM coolant.

Coolants. Several materials were tested 
during the development of new egg ship-
ping container; water, glycerol, dioxane, wa-
ter mixtures of both these compounds, PCM 
and some others.  From practical reasons, 
commercially available cooling blocks were 
selected as the external coolants and PCM 
cooling blocks as the internal coolants to 
buffer the temperature inside the internal 
thermo-box. Commercially available cooling 
blocks are commonly used as a cooling mate-
rial for portable thermo-boxes and are easily 
available in different sizes.  Cooling blocks are 
frozen for -15 to 20oC overnight before use.  

The PCM Climacell 7 packs were supplied 
by CLIMATOR Ltd, Sweden.  They were used 
to maintain the temperature in the range 0 
to 15oC. Climacell 7 blocks were loaded to-
gether with egg packages inside the internal 
thermo-boxes.  Monitoring the temperature 
in the internal thermo-box revealed that the 
cooling system maintained the temperature 
in the desired range 10 to 15oC for 72 hours. 

Monitoring the temperature inside the inter-
nal thermo-box during the shipment.  The tem-
perature inside the internal thermo-box was 

monitored by TempTale (U.K.) data loggers. 
The same data loggers were used for record-
ing the external and internal temperature 
during tests of thermal capacity of the new 
container. 

Simulation of egg transport conditions.  The 
shipment simulation experiments showed that 
there was no difference in hatchability of eggs 
that had been stored up to 72 hours at 10oC ei-
ther in water or 0.5% agar solution when com-
pared with the control eggs (Figure 2). 

Fig. 2. Hatchability of eggs exposed to the con-
ditions simulating egg transport.  The eggs were 
loaded into the bag either in water or agar solu-
tion (0.5%) in ratio 1 : 1 or without any medium 
only on wet filter paper. 

dIScuSSIon

Systems currently used for transporting Med-
fly pupae and eggs are described in the IAEA 
document “Guideline for packing, shipping, 
emergence and release of sterile fruit flies in 
area-wide control programmes”.  Two types 
of egg transportation are described depend-
ing on the shipping time.  For short shipping 
times (not exceed 48 hours) polyethylene “Zy-
ploc” bags are recommended for shipping up 
to 1 litre of eggs mixed with the same volume 
of transportation medium.  Bags are placed in 
insulated shipping boxes filled with coolant to 
maintain the temperature between 5 to 15oC.  
For long-distance shipping either sealed in-
sulated metal or plastic thermos-bottles are 
recommended.  Each thermos is filled with 0.5 
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litres of eggs and agar solution (0.1-0.2%) in a 
1:1 ratio.  A number of thermos’ are placed into 
insulated boxes and placed into cardboard 
boxes.  The thermos should be maintained at 
room temperature during shipping and the 
time of shipping should be as short as possi-
ble and should not exceed 72 hours (Enkerlin 
in press).

Several Medfly egg shipment experiments 
completed demonstrated that the shipment 
of Medfly eggs over long distances is feasible.  
Medfly eggs seem to be much less sensitive 
to long term cooling and anoxia than pupae 
and are more suitable for long distance trans-
portation.  Keeping eggs in 10oC for 72 hours 
has no significant influence on their quality, 
hatchability and effectiveness of pupae pro-
duction.  Eggs have also been shipped in a 
0.1% agar solution in thermos flasks, to pro-
vide a homogenous distribution of eggs in 
suspension during the shipment and to avoid 
sedimentation and subsequent damage.

This method of egg shipment is acceptable 
for experimental purposes but for routine 
shipments of large volumes of eggs, a new 
cost effective egg shipping container as well 
as egg shipping technologies had to be devel-
oped.  New egg shipping technology should 
create optimal conditions for Medfly egg 
transportation over long distances, even if the 
transportation time is prolonged for several 
days.  Apart from the development of techni-
cal components such as an egg shipping con-
tainer, coolants and a packing system, more 
information is needed about the thermal biol-
ogy of the egg of the Medfly tsl strain.

To eliminate the shortcomings of the exist-
ing commercially available thermo-boxes, 
a new Medfly egg shipping container was 
designed and a prototype manufactured 
and tested.  The new container consists of a 
double-walled thermo-box (box in box ap-
proach) with an internal shelf system for stor-
ing of egg packages during the shipment.

The new developed double-walled Medfly 
egg container allows transportation of Med-

fly eggs from a  core egg producing facility to 
satellite pupae production facilities.  An opti-
mal environment for eggs can be maintained 
and the temperature monitored during the 
entire period.  The size of the container can 
be tailored to the volume of eggs needing to 
be shipped.  The cost of the new container is 
comparable to or even lower than the cost of 
commercially available containers. 

The new cooling system consists of two 
components.  Firstly, blocks of coolant placed 
in the gap between the external and internal 
thermo-boxes maintaining the temperature 
inside the internal thermo-box between 10 
to 15oC.  Secondly, PCM (Phase Change Mate-
rial) is placed on the bottom and top grid of 
the shelf system inside the internal thermo-
box to help buffer any changes of internal 
temperature.

The temperature during the shipment will 
be continually monitored by a data-logger 
placed inside the internal thermo-box.  These 
records will be evaluated after the delivery of 
the egg shipment to the pupae production 
facility.

The new double-walled container increase 
the chances of the safe delivery of high qual-
ity eggs as a result of a stable internal envi-
ronment due to the high thermo-insulting 
properties and a two-component cooling 
system, all at a cost comparable with com-
mon commercially available containers.  This 
double walled container will become a valu-
able component of the Medfly egg shipment 
system for the purposed of decentralized 
sterile Medfly male pupae production.
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ABStrAct Several studies have suggested that maintaining a line of insects under laboratory conditions reduces their biological attributes. With this 
principle in mind, the mass production of Anastrepha ludens originating from a colony raised under relaxed rearing conditions was evaluated over 
a period of three years. The results of the evaluation indicated that insects kept under these conditions reached their larval maturity in 10 days, and 
attained a greater weight, which has a direct influence on pupal quality. In adult cages having a fly density of 70,000 individuals, there was a lower 
level of stress which favored fecundity. Fertility was apparently not affected by the cage density. These results suggest that keeping a production line 
under relaxed conditions optimizes insect production and promotes higher quality.

Key Words: Anastrepha ludens, Thephritidae, Sterile Insect Technique, mass rearing, colony management.

rESuMEn

Varios estudios han sugerido que el man-
tener una línea de insectos bajo condiciones 
de laboratorio reduce varios de sus atributos 
biológicos. Bajo este principio se evaluó la pro-
ducción masiva de Anastrepha ludens durante 
tres años provenientes de una colonia bajo un 
sistema relajado. Los resultados de la evalu-
ación indicaron que los insectos mantenidos 
bajo estas condiciones, alcanzaron su madur-
ez larvaria a los 10 días, alcanzando un mayor 
peso lo cual influyó directamente en la cali-
dad de la pupa. En las jaulas con densidad de 
70,000 moscas, hubo un nivel de estrés menor, 
favoreciendo la fecundidad. No se encontró 
efecto aparente de la densidad de las jaulas 
en la fertilidad. Estos resultados sugieren que 
el mantener una línea de producción bajo 
condiciones relajadas optimiza la producción 
del insecto y favorece su calidad.

IntroductIon 

The mass rearing of insects as applied to 
the Sterile Insect Technique (SIT) signifies a 
great advance in the struggle for control over 
pest insects (Lance et al. 2000). Considered 
a viable technique for the environment, for 
fruit farming SIT is a fundamental means of 
suppressing infestations of fruit flies, which 
attack a great variety of economically signifi-
cant fruits (Hendrichs et al. 2002).

The SIT implies the production, steriliza-
tion and release of a great quantity of insects 
within wild pest populations (Knipling 1979), 
where it is expected that the sterile males 
will produce pheromones and form aggrega-
tions of males (leks) (Whittier et al. 1992), per-
form courtship rituals (Féron 1962), attract 
wild females (Whittier and Kaneshiro 1995), 
and inseminate these females with the aim 
of reducing or eliminating their reproduction 
and growth. It is hoped that the sterile male’s 
behavior will be similar to that of its wild 
counterpart (Jang et al. 1998). It has often 
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been found, however, that the sterile males 
suffer the accumulated effects of the rearing, 
sterilization, and release procedures, as well 
as the strain’s history in terms of its adap-
tive behavior to living in the wild after being 
mass reared. This is what defines the upper 
limit to its competitiveness in the field (Cayol 
2000). These factors may lead to variations 
in the behavior of the sterile males (McInnis 
et al. 1996, Yuval 1998) such that their com-
petitiveness with wild males may be severely 
reduced (Calkins and Ashley 1989).

Although the SIT is environmentally friend-
ly, there are many factors that affect the fruit 
fly production process. Amongst all the vari-
ables, the most important is colony manage-
ment.

The factors that influence this process are 
the environmental conditions of the produc-
tion areas and an adequate fly density inside 
each production cage, which varies from spe-
cies to species. This has a direct effect on the 
sterile insect’s loss of attributes and is crucial 
to survival and fecundity (Fay 1989). It is gen-
erally known that under mass-rearing condi-
tions there is an optimum population den-
sity per cage, at which the egg production 
per female is maximized. Nonetheless, in the 
demographic models for mass rearing, there 
is little reference made to density when at-
tempting to improve production (Liedo and 
Carey 1994). Another factor to be considered 
in this process is larval development as a fun-
damental reflection of parent quality. In most 
species, adult size and the nutritional reserves 
obtained during larval development provide 
a characteristic reproductive advantage (Van 
Dongen et al. 1999, Stjernholm and Karlsson 
2000). As pointed out in earlier studies in A. 
ludens, a greater pupal weight increases the 
adult’s performance in the field (Meza et al. 
2005).

 Considering these aspects this study evalu-
ates the establishment of a colony under 
relaxed rearing conditions in order to deter-
mine the effect of adult fly density per cage 

on female fecundity and fertility, as well as 
the influence of seeding density and temper-
ature on larval quality and production of the 
Mexican fruit fly, Anastrepha ludens (Loew).

MAtErIAlS And MEthodS

rearing Management and conditions: 
In the Moscafrut plant in Metapa de 
Domínguez, Chiapas, México, the mass 
rearing of Anastrepha ludens, calls for the 
inoculation of eggs into larval diet at a dos-
age of 5.5 larvae/g and separates the lar-
val stage into three sub-stages: Initiation 
(29°C), Larvae I (27°C) and Larvae II (26°C). 
Under the relax the rearing conditions, the 
density was of 4.1 larvae/g was applied 
and the larval stages were kept at a con-
stant temperature of 25° C. The adults ob-
tained under the relaxed conditions were 
tested at densities of 70,000 (providing a 
surface area of 1.444 cm2/fly) and 140,000 
(normal density in mass-rearing, provid-
ing a surface area of 0.722 cm2/fly) flies 
per cage, and their fecundity and fertility 
determined. This procedure was evaluated 
over a three-day period and the results 
were compared.
larval and Pupal Weights: Each colony’s 
larval and pupal weights were determined 
for each generation in accordance with the 
FAO/IAEA Quality Control Manual for the 
process (FAO/IAEA/USDA 2003). The meth-
od is based on taking three 5-g samples. 
Each sample was counted and the average 
from the three repeat samples was mul-
tiplied by 200 to obtain the total number 
per kilogram. The weight was obtained by 
dividing 1,000,000 mg by the total number 
(of larvae and pupae) per kilogram.
Fecundity and Fertility: Egg-harvesting 
was carried out in accordance with the 
rearing procedures established for the 
Moscafrut plant (Hernández et al. 2005). 
From each test cage three samples of 100 
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eggs were taken over an 11-day period. 
The eggs were placed in plastic Petri dishes 
equipped with sponges containing water, 
covered with black satin, which were then 
incubated for seven days to determine the 
number of eggs hatched as a measure of 
fertility. To determine the average number 
of eggs per female per day (fecundity), the 
adult density per cage (number of viable pu-
pae) was multiplied by the percent of adult 
emergence, and the result was divided by 
the proportion of females to males in order 
to obtain the number of females per cage. 
Finally the average number of eggs ovipos-
ited per day in each cage was calculated by 
multiplying the total volume in milliliters of 
oviposited eggs (egg/fusellerone) with the 
seeding density in one milliliter (equivalent 
to 24,200 eggs). Finally, this was divided by 
the number of production cages. This pro-
cedure was carried out in each evaluation 
as a measure of fecundity.
data Analysis: Data were analyzed by com-
paring mean values using Student’s-t test 

for paired data, with StatView software for 
Windows (SAS Institute Inc. Copyright 
1992-1998, Ver. 5).

rESultS

The material kept at 25°C reached larval ma-
turity at 10 days (one day later than in the nor-
mal process) and larval weight (Table 1) was 
greater than in the control group (t=-12.85, 
P<0.0001). The same occur for pupal weight 
(t = -13.98, P<0.0001). The results obtained 
(Table 2) in the production cages indicated 
that those cages having a density of 70,000 
produced a significantly greater number of 
oviposited eggs per female per day than the 
cages with 140,000 flies (t = 14.47, P<0.001).

No significant differences in fertility were 
found; both groups resulted in similar rates 
of egg hatch (t = 1.32, P=0.18). This behavior 
was observed during each of the days when 
oviposition occurred. The daily results are 
show Figure 1.

Figure 1. Average number of eggs/female/day (lines) and percent of egg hatch (bars) in cages of differ-
ent adult density during ovipositions days. 
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dIScuSSIon

The results from the evaluation of the re-
laxed rearing system suggest that the in-
sects during the larval stage have a greater 
increase in weight, which directly influences 
pupal weight. In agreement with previ-
ous studies it is known that a greater pupal 
weight increases adult efficiency. Meza et 
al. (2005) in evaluation of the effect of time 
of pupariation on pupal weight and adult 
sexual competitiveness in mass-reared 
Anastrepha ludens (Loew) males, determine 
that pupas of lesser weight presented mi-
nor sexual performance. This mating ability 
is greatly influenced by male size (Burk and 
Webb 1983, Webb et al. 1984, Taylor and Yu-
val 1999).

Concerning fly density the cage containing 
70,000 flies reduced stress and favored the 
production of eggs, although there was no 
apparent effect on fertility. These findings 
lead us to conclude that keeping a produc-
tion line under relaxed rearing conditions 
optimizes insect production and promotes 
quality.
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