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Abstract 
The Mediterranean fruit fly (Medfly), Ceratitis capitata (Wiedemann) is one of the major pests of 
fruit crops in Argentina and it is a phytosanitary barrier to the export of fresh fruits. In the Prov-
ince of San Juan, located in the central-eastern region of Argentina known as Cuyo, control strate-
gies against Medfly in fruit-producing irrigated-valleys have been implemented by the National 
Fruit Fly Control and Eradication Program (ProCEM) jointly with the provincial government and 
the producers. This program uses an area-wide integrated pest management approach that in-
cludes the use of environment-friendly strategies to suppress or eradicate Medfly, such as the use 
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of the sterile insect technique and the application of new-generation bait sprays, and more re-
cently the release of the Indo-Pacific parasitoid Diachasmimorpha longicaudata (Ashmead). This 
exotic larval-prepupal endoparasitoid is being mass-reared on larvae of Vienna 8 TSL C. capitata 
strain at the BioPlanta San Juan facility. In this respect, the objective of this study was to assess the 
effectiveness of laboratory-reared D. longicaudata females in order to find and successfully para-
sitize Medfly larvae in different host fruit species once released under semi-arid environmental 
conditions in ecologically isolated fruit-growing valleys of San Juan. Ground releases were used to 
disperse parasitoids in 6 fruit-producing valleys. In total, 40,000 adult parasitoids were released 
at places with various Medfly host plants bearing fruits and in which no insecticides were regular-
ly applied, such as backyards and small orchards. 119 D. longicaudata adults were recovered from 
6 Medfly-infested fruit species that were collected in 5 release sites (Pocito, Zonda, Santa Lucía, 
Caucete, and Rivadavia). The highest number of parasitoids was recovered from fig, followed by 
grape, rose, orange, tangerine, and persimmon. Data provided from this study open up the possi-
bility of implementing a parasitoid mass-release program in San Juan. 

 
Keywords 
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1. Introduction 
The Mediterranean fruit fly (Medfly), Ceratitis capitata (Wiedemann), and the native South American fruit fly, 
Anastrepha fraterculus (Wiedemann) are among the major pests of fruit crops in Argentina. The occurrence of 
these two tephritid species have depicted a constraint for exporting fresh fruits to countries free of these pests or 
with active fruit fly control programs. Given this background, the National Agri-Food and Animal Health and 
Quality Service of Argentina has made the fight against these two pests a priority through implementing of the 
National Fruit Fly Control and Eradication Program (ProCEM) [1]. 

The presence of tephritid fruit flies of economic importance in Argentina varies in different fruit-growing re-
gions. For example, due to the climatic conditions in the temperate fruit-producing areas of the provinces of 
Mendoza and San Juan, located in the central-eastern region of Argentina known as Cuyo, the only fruit fly spe-
cies that produce phytosanitary damage is C. capitata [1]. In San Juan, the strategies applied against Medfly 
through the ProCEM, jointly with the provincial government and producers, have been based on an integrated 
use of SIT (sterile insect technique), cultural and chemical controls [2]. However, in 2008 biological control was 
incorporated into activities of ProCEM-San Juan by establishing a laboratory colony of the exotic parasitoid 
Diachasmimorpha longicaudata (Ashmead) at BioPlanta San Juan mass-rearing facility [3]. This is the first fa-
cility in Argentina to produce D. longicaudata on a large scale. As a result of this production, currently 200,000 
parasitoid adults are produced weekly in the BioPlanta San Juan facility using C. capitata larvae of a genetic 
sexing strain of a temperature-sensitive lethal (tsl) Vienna 8 strain [4]. 

The Indo-Pacific species D. longicaudata is a larval-prepupal, koinobiont, solitary endoparasitoid of tephritid 
fruit fly species [5]. It was introduced throughout much of Latin American and in southern United States [5]. 
Currently, D. longicaudata is considered as one of the most important biological control agents for augmentative 
releases against pestiferous Anastrepha species and C. capitata in tropical and subtropical America [6]. This 
braconid parasitoid was selected for augmentative biological control programs in San Juan because it has re-
vealed a high adaptability to the different environments into which it has been introduced [7]-[9], good capacity 
for successful development on the larvae of C. capitata [10], and by its host-searching ability at different host- 
densities on a wide variety of fruit species at canopy and ground levels [11]-[13]. In addition, efficient tech-
niques for mass rearing and augmentative releases of D. longicaudata have been developed in Hawaii [7] [9] 
and México [8] [14] [15].  

The objective of this study was to assess the effectiveness of laboratory-reared D. longicaudata females in 
order to find and successfully parasitize Medfly larvae in different host fruit species once released under semi- 
arid conditions in ecologically isolated fruit-growing valleys of San Juan. In such semi-arid central-western 
areas of Argentina, the natural rates of parasitism on C. capitata are either extremely low or nil [4]. This re-



L. Suarez et al. 
 

 
666 

search is part of a new activity of ProCEM-San Juan that includes the use of environment-friendly strategies to 
suppress or eradicate C. capitata in fruit-producing irrigated-valleys, such as releases of D. longicaudata in 
combination with sterile Medfly releases [3]. 

2. Material and Methods 
2.1. Importation of Parasitoid 
The parasitoid D. longicaudata was obtained from a colony that had been maintained on larvae of Anastrepha 
ludens (Loew) at the Biological Control Laboratory of Mexico’s Moscamed-Moscafrut National Program and 
imported to Argentina within parasitized A. ludens pupae in 1999. All pupae were obtained from irradiated A. 
ludens larvae [16]. The shipment was immediately brought to the quarantine facility at the Center of for Re-
search on Population Regulating Harmful Organisms in San Miguel de Tucumán, northwestern Argentina. In-
itially, D. longicaudata was maintained on larvae of a wild C. capitata strain under restricted conditions [10]. 
Several generations later, the parasitoid colony was transferred to the Biological Control Division of the Pilot 
Plant of Industrial Microbiological Processes and Biotechnology (PROIMI) in San Miguel de Tucumán. In the 
PROIMI, D. longicaudata was successfully reared on both late-third instars of C. capitata and A. fraterculus 
[17]. Then, shipments of D. longicaudata were sent to the “BioPlanta San Juan” facility between April and De-
cember 2008 for parasitoid mass rearing [3]. This factory belongs to the Directorate of Plant Health, Animal and 
Food of the government of San Juan province, located in San Juan city, central-western Argentina.  

2.2. General Insect Rearing Conditions 
Diachasmimorpha longicaudata was reared on third-instar larvae of VIENNA 8 TSL C. capitata strain in the 
Parasitoid Rearing Laboratory at “BioPlanta San Juan” facility. Adult parasitoids were kept in rectangular 
iron-framed, mesh-covered cages (0.5 × 0.5 × 0.6 m) holding 2000 pairs per cage at 24˚C ± 1˚C; 65% ± 5% RH 
and a photoperiod of 12:12 (L:D). Parasitoids were daily provided with honey, soaked in paper towels on the top 
of Petri dishes, and with small glasses that held wet cotton. Twice a day, each parasitoid cage was provided with 
eight oviposition units. Each oviposition unit was composed of an organdy screen-covered dish (10 cm diameter 
and 1 cm deep) and it contained about 1000 host larvae. These units were placed on the top of the cage. After 
exposure to the parasitoids, oviposition units were removed from the cages. Parasitized C. capitata larvae were 
then placed in emergence cups (70 cm diameter, 80 cm deep) with mesh-screen covers and containing wheat 
bran as the pupation medium on the bottom. The cups were kept under the above mentioned laboratory condi- 
tions until the emergence of adult parasitoids. The larvae of TSL C. capitata strain were reared in the Medfly 
Rearing Laboratory at “BioPlanta San Juan” facility on wheat-based diet fortified with yeast, poplar shaving, 
sugar, hydrochloric acid, sodium benzoate, nipagin and water [3]. 

2.3. Study Sites 
The province of San Juan is characterized by fruit-producing areas focused on irrigated valleys, commonly 
named Oases. In these valleys climate is continental desert with important annual variation in temperature and 
atmospheric pressure. The annual temperature is 17.2˚C and annual rainfall is 165 mm. Precipitation is relatively 
moderate occurring mostly in summer (December-March). Six of these fruit-producing valleys, where there 
were host fruit plants highly infested by Medfly, were selected for parasitoid releases. Medfly host plants area 
scattered in backyards, small orchards, and also in extensive crops These Oases specialize in producing tempe-
rate fruits, mainly grape, quince, peach, plum, apricot, nectarine, olive, fig, as well as some citrus species are 
grown in small number. Further details on urban characteristics, cropped area, geographical coordinates, and al-
titude of each parasitoid release and collection site are provided in Table 1.  

2.4. Environmental Conditions 
Rainfall and maximum and minimum temperatures recorded in the study region were provided by the local 
weather station in the Pocito locality administered by EEA-INTA (Agricultural Experiment Station - National 
Institute of Agricultural Technology). Maximum temperature was monitored at 1500 hours and minimum tem-
perature at 0600 hours. 
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Table 1. General description of parasitoid release and collection sites in San Juan, Argentina.                           

Release and 
collection sites Description Total area Crops area 

(hectares) 
Altitude 

(m) 
Southern 
latitude 

Western 
longitude 

Sta Lucía Urban area 45 km2 2643 622 31˚32'26" 68˚29'52" 

Zonda Urban and rural 
areas 236 km2 2163 750 31˚32'51" 68˚43'50" 

Pocito Urban and rural 
areas 515 km2 20,653 617 31˚39'17" 68˚34'46" 

Caucete Urban area 7502 km2 10,000 578 31˚39'10" 68˚16'49" 

Rivadavia Urban area 157 km2 2233 710 31˚31'52" 68˚35'42" 

Ullum Urban and rural 
areas 439 km2 3299 750 31˚27'44" 68˚44'09" 

2.5. Parasitoid Releasing 
Releases of D. longicaudata started in February 2009 and ended in June 2009. Between 2 and 4 parasitoid re-
leases were performed at the study sites on different dates covering summer and autumn. Adult parasitoids were 
collected from colony 5 days after emergence, and transferred into paper bags with honey as food, at a capacity 
of 500 pairs per cage. The female:male sex ratio was 1:1. All release bags were placed into plastic containers, 
and these were transported to the release sites in air-conditioned vehicles. The bags were opened at each release 
place and a paper towel soaked in honey was put on a tree branch. Release densities fluctuated between 500 - 
1000 adults per place. The releases were carried out at places with various Medfly host plants bearing fruits and 
in which no insecticides were regularly applied, preferentially in backyards, or in small orchards. Parasitoids 
were released using ground release-systems. The number of releases, release dates, and the number of parasitoid 
released for each study site are presented in Table 2. Figure 1 shows environmental conditions (mean daily 
rainfall and temperature) that encompassed this study during releasing months (February [middle summer], 
March [late summer]), April [early fall], May [middle fall], June [late fall]). 

2.6. Fruit Sampling and Processing Procedures 
Samples of Medfly-infested fruit were collected from all release sites 1 and 8 weeks after each release of D. 
longicaudata in order to monitor parasitoid recovery. Ripe fruits were collected from the ground below of the 
canopy of plants when available in backyard gardens and orchards. The fruit species surveyed were: Citrus re-
ticulata Blanco (tangerine), C. sinensis (L.) Osbeck (sweet orange), C. paradisi Macfadyen (grapefruit) (Ruta-
ceae), Diospyros kaki L. (persimmon) (Ebenaceae), Ficus carica L. (fig) (Moraceae), Malus domestica Borkh 
(Apple), Rosa canina (Bastard) Rapin (Rose) (Rosaceae), and Vitis vinifera L. (grape) (Vitaceae). Based on fruit 
weight, collected fruits were divided into the following categories each time fruits were sampled: small (1 - 8 g), 
medium (20 - 80 g), and large (100 - 250 g). Each medium and large-sized fruit sample contained 10 fruits while 
each small-sized fruit sample included 30 fruits. Three fruit samples per host plant species and per collecting 
date and site were taken to the laboratory. In the laboratory, each fruit was individually weighed and rinsed with 
a 30% solution of sodium benzoate. Fruit samples were placed in plastic crate (40 × 30 × 20 cm) containing 
poplar sawdust in the bottom as a pupation medium and it was tightly covered with an organdie cloth lid. Fruit 
samples were kept inside a dark room at 25˚C ± 1˚C, 65% ± 10% relative humidity during 4 weeks. Pupation 
medium was sifted weekly to collect Medfly pupae. Afterwards, fruits were dissected to determine the presence 
of Medfly larvae or pupae in the pulp. Live larvae were allowed to pupate and were then added to the other pu-
pae collected from the same sample. All pupae were counted and transferred to plastic cups containing sterilized 
poplar sawdust as a pupation medium in the bottom and with an organdie cover in the top. Pupation medium 
was weekly moistened until all samples had been processed. Once a week, all emerged insects (parasitoids and 
flies) inside cups were counted and transferred into vials containing 70% alcohol. 

2.7. Parasitoid and Fly Identification 
Insects (parasitoids and flies) were identified by one of us (LS) using taxonomic keys [18] [19]. 
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Table 2. Releases of Diachasmimorpha longicaudata in San Juan, Argentina, during 2009.                             

Release site Total no. of 
Releases 

Release dates 
(mo and d) No. of parasitoid released 

Sta Lucía 12 

Feb-23 
Mar-25 
Apr-07 
Apr-16 
May-05 
Jun-02 

1000 
2000 
1600 
1500 
1600 
500 

Zonda 16 

Mar-02 
Mar-18 
Mar-25 
Apr-01 
May-05 
May-26 
June-2 

3000 
3000 
1500 
1500 
1500 
700 
500 

Pocito 11 

Feb-25 
Apr-07 
Apr-29 
May-07 
May-27 
Jun-02 

2000 
2000 
2000 
3000 
1000 
1000 

Caucete 8 

Apr-04 
Apr-21 
May-06 
Jun-02 

2300 
1500 
500 
500 

Ullum 7 
Apr-07 
Apr-21 
May-06 

1700 
2100 
500 

 

 
Figure 1. Mean (±SE) daily precipitation and temperature at the study region during parasitoid 
releasing months (February [middle summer], March [late summer]), April [early fall], May 
[middle fall], June [late fall]).                                                        

2.8. Data Analysis 
Parasitism percentage was calculated as the total number of emerged parasitoid progeny divided by the total 
number of recovered Medfly pupae per 100. Even though this measure of parasitism underestimates the mortal-
ity inflicted by parasitoid females because some host larvae die after being stung [20], it allows for comparisons 
between Medfly host fruits, and also as an indirect measure of parasitoid foraging preferences [21]. Fruit infes-
tation values were based on the number of Medfy pupae per number of sampled fruit. The relationship between 
parasitism and larval infestation per fruit sample was analyzed by a Spearman Rank Order Correlation test (P < 
0.05). Sex ratio of parasitoid offspring was calculated as the percentage of emerged females.  
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3. Results 
Of the 144 fruit samples (=2280 fruit harvested), 2504 Medfly pupae were recovered. The Medfly infestation 
rate ranged from 6.1 to 0.1 pupae/fruit. Of total Medfly-infested fruit samples, 23 (16%) were parasitized by D. 
longicaudata. In total, 119 parasitoid adults were recovered from 6 Medfly-host fruit species which accounted 
for 75% of all plant species sampled. The highest number of parasitoids was recovered from fig, followed by 
grape, rose, orange, tangerine, and persimmon (Table 3).  

Relative abundance of D. longicaudata by collecting month is presented in Figure 2. The highest abundance 
of parasitoids was recorded in summer. Over this season, 88% of the total number of adult parasitoids was re-
covered at the study areas. 

The mean numbers of Medfly pupae and adults, parasitoid adults, parasitism percentage, and fruit infestation 
level recorded per collecting site, sample date, and fruit species are detailed in Table 4. Of the 6 sites where re-
leases of D. longicaudata were performed, only in Ullum valley no parasitoids were recovered (Table 4).  

The mean cumulative rate of parasitism by both fruit species and release site is shown in Figure 3. This rate 
of parasitism ranged from 13.4% in fig to 1.0% in Citrus spp. (tangerine and orange). Fruit weighing between 20 
and 80 g (medium-sized fruit) were the most parasitized. Parasitism recorded from that fruit category was 18- 
and 3-fold higher than that obtained from large- and small-sized fruit, respectively (Figure 4). Overall, A strong 
positive correlation was found between parasitism and fruit infestation level (r = 0.73, N = 24, P < 0.0001). 

4. Discussion 
Diachasmimorpha longicaudata adults were successfully recovered from fruit samples belonging to 6 species of 
Medfly-host plants that were collected in 5 study sites a few weeks after beginning the releases. This would 
point out that the laboratory-reared parasitoids were in good condition upon release and were able to overcome 
local climatic conditions, to locate and parasitize Medfly larvae infesting different fruit species, and to develop  
 
Table 3. Total number of D. longicaudata adults recovered from Medfly-infested fruit species collected in fruit-producing 
irrigated-valleys of San Juan, Argentina, through 2009.                                                          

Fruit 
species 

Total no. 
of recovered parasitoids 

Percentage of all recovered 
parasitoid adults 

Ficus carica 85 71.4 

Vitis vinifera 27 22.7 

Rosa canina 3 2.5 

Citrus sinensis 2 1.8 

Citrus reticulata 1 0.8 

Diospyros kaki 1 0.8 

 

 
Figure 2. Relative abundance of D. longicaudata per collection month at the study region.                 
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Figure 3. Mean (±SE) cumulative rate of parasitism by D. longicaudata recorded from Medfly- 
infested fruit species at each release site. N = number of sampled fruit. Data were pooled by fruit 
species independent of sample date.                                                   

 

 
Figure 4. Mean (±SE) parasitism by D. longicaudata recorded from three Medfly-infested fruit 
categories based on individual fruit weight (small-, medium-, and large-sized fruit; see text for 
details). Data were pooled by fruit category independent of fruit species, sample date, and collec-
tion site.                                                                         

 
at least one new generation in the field. No prior evidence of endemic parasitoid species associated with C. ca-
pitata has ever been found in San Juan. Only a cosmopolitan parasitoid species, Pachycrepoideus vindemiae 
(Rondani) (Pteromalidae) was circumstantially recorded from Medfly pupae [22]. This pteromalid species is a 
polyphagous idiobiont pupal parasitoid that is known primarily as parasitoid of synanthropic flies [5]. 

Parasitoids recovered from small-, medium- and large-sized fruit that were collected from different release 
places indicated the wide range of host fruit accepted by D. longicaudata. Particularly medium-sized fruits were 
preferred by parasitoid females. This fruit category showed the greatest parasitoids abundance and the highest 
parasitism rate. This pattern was consistent with data recorded in the field in Veracruz, Mexico [11] [12] [23] 
and Florida, USA [21], wherein D. longicaudata was predominantly common on medium- and large-sized fruits. 
The ability of laboratory-reared D. longicaudata females to attack C. capitata larvae infesting C. sinensis and C. 
reticulata in two release sites is particularly advantageous. This event has an important practical implication for 
the implementation of Medfly biological control in San Juan on two grounds. Firstly, Citrus species are among 
the most common and widespread Medfly host plants in the fruit-growing regions of Argentina and serve as  
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Table 4. Mean (±SE) numbers of C. capitata pupae and adults, D. longicaudata adults, parasitism, and infestation level re-
corded from host fruits collected in fruit-producing irrigated-valleys of San Juan, Argentina, through 2009.                

    Mean No. (± SE, n = 3)b of    

Collection 
sites 

Sample 
Datea 

(mo and d) 

Fruit 
species 

Total no. and 
total weight of 
sampled fruit 

(g) 

Recovered 
Cc pupaec 
(Total No.) 

Recovered 
Cc adults 

(Total No.) 

Recovered Dl 
adultsd 

(Total No.) 

Parasitoid  
sex ratio 

(% females) 
(mean ± SE) 

Parasitism 
percentage 

(mean ± SE) 

Fruit  
infestation  

levele 
(mean ± SE) 

Pocito Feb-26 F. carica 
 

30 
(850) 

60.3 ± 15.4 
(181) 

35.3 ± 5.8 
(106) 

11.7 ± 1.4 
(35) 40.6 ± 7.0 21.2 ± 5.0 6.1 ± 1.5 

 Mar-09 F. carica 30 
(895) 

29.0 ± 10.9 
(87) 

24.4 ± 9.3 
(73) 

2.0 ± 1.2 
(6) 62.5 ± 5.1 5.3 ± 2.4 2.9 ± 1.1 

 Apr-17 R. canina 90 
(279) 

33.0 ± 5.9 
(99) 

19.0 ± 5.6 
(57) 0 0 0 1.1 ± 0.2 

  C. reticulata 30 
(2650) 

46.7 ± 4.0 
(140) 

12.0 ± 3.4 
(36) 0 0 0 4.7 ± 0.7 

 Apr-24 C. sinensis 30 
(4650) 

7.7 ± 0.4 
(23) 

1.7 ± 0.1 
(5) 0 0 0 0.8 ± 0.4 

 May-11 V. vinifera 90 
(342) 

4.0 ± 1.5 
(12) 

1.3 ± 0.6 
(4) 0 0 0 0.1 ± 0.1 

 May-21 C. paradisi 30 
(6100) 

7.4 ± 2.1 
(22) 

3.0 ± 0.3 
(57) 0 0 0 0.7 ± 0.1 

 May-26 C. sinensis 30 
(4750) 

2.0 ± 0.4 
(6) 

0.7 ± 0.1 
(2) 0 0 0 0.2 ± 0.1 

  C. paradisi 30 
(5630) 

11.0 ± 2.5 
(33) 

8.1 ± 1.5 
(24) 0 0 0 1.1 ± 0.3 

  C. reticulata 30 
(2750) 

8.0 ± 2.1 
(24) 

5.3 ± 2.0 
(16) 0 0 0 0.8 ± 0.2 

 Jun-01 C. sinensis 30 
(4550) 

5.0 ± 1.7 
(15) 

2.0 ± 0.7 
(6) 0 0 0 0.5 ± 0.2 

  C. paradisi 30 
(5980) 

5.1 ± 0.3 
(16) 

3.7 ± 0.6 
(11) 0 0 0 0.5 ± 0.1 

 Jun-12 C. sinensis 30 
(5050) 

8.0 ± 1.8 
(24) 

4.0 ± 0.4 
(12) 0 0 0 0.8 ± 0.2 

  C. reticulata 30 
(2700) 

6.0 ± 2.4 
(18) 

2.3 ± 1.5 
(7) 0 0 0 0.6 ± 0.3 

 Jun-19 C. reticulata 30 
(2720) 

21.7 ± 14.1 
(65) 

6.4 ± 3.8 
(19) 

0.3 ± 0.1 
(1) 

100 
 3.7 ± 1.2 2.4 ± 1.4 

 Jun-23 C. paradisi 30 
(6300) 

9.3 ± 1.6 
(28) 

3.0 ± 0.9 
(9) 0 0 0 0.9 ± 0.2 

Zonda Mar-04 F. carica 30 
(965) 

75.0 ± 14.7 
(225) 

36.8 ± 8.4 
(111) 

2.3 ± 0.4 
(7) 16.7 ± 7.3 6.3 ± 1.1 7.5 ± 1.5 

 Mar-18 F. carica 30 
(1005) 

59.3 ± 19.7 
(178) 

41.3 ± 12.9 
(124) 

1.0 ± 0.3 
(3) 25.0 ± 10.1 1.4 ± 0.5 5.9 ± 2.0 

 Mar-23 F. carica 30 
(930) 

46.3 ± 29.2 
(139) 

30.7 ± 22.1 
(92) 

8.3 ± 5.5 
(25) 51.3 ± 5.0 14.3 ± 5.3 4.9 ± 3.0 

  V. vinifera 90 
(339) 

90.0 ± 12.0 
(270) 

63.3 ± 9.1 
(190) 

9.0 ± 2.8 
(27) 57.6 ± 20.1 8.4 ± 2.7 3.0 ± 0.4 

Sta Lucía Apr-16 C. paradisi 30 
(6380) 

2.7 ± 1.2 
(8) 

2.0 ± 0.9 
(6) 0 0 0 0.3 ± 0.1 

 Apr-30 C. paradisi 30 
(6050) 

1.3 ± 0.6 
(4) 

0.7 ± 0.3 
(2) 0 0 0 0.1 ± 0.1 

 May-02 R. canina 90 
(288) 

5.1 ± 1.2 
(15) 

1.7 ± 0.7 
(5) 

0.3 ± 0.3 
(1) 0 16.6 ± 14.7 0.2 ± 0.1 

 May-07 R. canina 90 
(273) 

8.7 ± 2.7 
(26) 

4.0 ± 0.9 
(12) 

0.3 ± 0.1 
(1) 0 4.2 ± 1.4 0.3 ± 0.1 

  C. sinensis 30 
(4550) 

11.0 ± 3.4 
(33) 

4.0 ± 0.6 
(12) 

0.3 ± 0.3 
(1) 0 3.7 ± 3.3 1.1 ± 0.4 



L. Suarez et al. 
 

 
672 

Continued 

 May-11 C. sinensis 30 
(4830) 

7.3 ± 2.1 
(22) 

2.7 ± 1.2 
(8) 0 0 0 0.7 ± 0.2 

 May-18 R. canina 90 
(288) 

12.7 ± 3.1 
(38) 

2.5 ± 1.5 
(21) 

0.3 ± 0.1 
(1) 0 1.7 ± 0.6 0.4 ± 0.1 

  C. sinensis 30 
(4750) 

3.3 ± 0.7 
(10) 

1.3 ± 0.4 
(4) 0 0 0 0.3 ± 0.1 

  C. paradisi 30 
(6170) 

2.0 ± 0.9 
(6) 

0.7 ± 0.3 
(2) 0 0 0 0.2 ± 0.1 

 May-27 R. canina 90 
(297) 

13.7 ± 0.2 
(41) 

4.8 ± 0.0 
(14) 0 0 0 0.5 ± 0.1 

  C. sinensis 30 
(4800) 

11.7 ± 0.4 
(35) 

2.6 ± 3.4 
(8) 

0.3 ± 0.1 
(1) 0 3.0 ± 2.3 1.2 ± 0.1 

  C. paradisi 30 
(6370) 

17.3 ± 6.8 
(52) 

15.3 ± 6.7 
(46) 0 0 0 1.7 ± 0.6 

 Jun-06 R. canina 90 
(270) 

40.1 ± 7.6 
(122) 

28.0 ± 5.1 
(84) 0 0 0 1.4 ± 0.3 

  C. sinensis 30 
(4500) 

13.0 ± 3.5 
(36) 

7.3 ± 1.7 
(22) 0 0 0 1.2 ± 0.3 

  C. paradisi 30 
(6120) 

12.7 ± 5.2 
(38) 

8.3 ± 4.1 
(25) 0 0 0 1.3 ± 0.5 

 Jun-11 R. canina 90 
(321) 

15.3 ± 0.5 
(46) 

4.0 ± 1.3 
(12) 0 0 0 0.5 ± 0.1 

  C. sinensis 30 
(4800) 

24.0 ± 4.0 
(72) 

9.0 ± 2.8 
(27) 0 0 0 2.4 ± 0.4 

 Jun-29 R. canina 90 
(330) 

4.0 ± 1.8 
(12) 

2.0 ± 0.9 
(6) 0 0 0 0.1 ± 0.1 

  C. sinensis 30 
(4600) 

2.3 ± 1.2 
(8) 

0.6 ± 0.3 
(2) 0 0 0 0.3 ± 0.1 

Caucete Apr-17 F. carica 30 
(950) 

36.7 ± 3.1 
(110) 

10.3 ± 1.6 
(31) 

3.0 ± 0.7 
(9) 9.5 ± 3.2 8.1 ± 1.5 3.7 ± 0.4 

 Apr-24 F. carica 30 
(990) 

4.3 ± 1.6 
(13) 

3.3 ± 1.5 
(10) 0 0 0 0.4 ± 0.2 

  M. domestica 30 
(3860) 

9.0 ± 1.8 
(27) 

2.3 ± 0.4 
(10) 0 0 0 0.9 ± 0.2 

 Apr-29 F. carica 30 
(940) 

8.0 ± 0.7 
(24) 

5.0 ± 0.3 
(15) 0 0 0 0.8 ± 0.1 

 May-14 R. canina 90 
(321) 

2.7 ± 0.3 
(8) 

1.0 ± 0.6 
(3) 0 0 0 0.1 ± 0.1 

Rivadavia Apr-17 D. kaki 30 
(1290) 

4.0 ± 0.9 
(12) 

1.3 ± 0.6 
(4) 

0.3 ± 0.1 
(1) 0 11.1 ± 3.7 0.5 ± 0.1 

 Apr-24 R. canina 90 
(273) 

12.0 ± 1.8 
(36) 

8.7 ± 1.2 
(26) 0 0 0 0.4 ± 0.1 

Ullum Apr-16 V. vinifera 90 
(336) 

6.7 ± 1.5 
(20) 

3.0 ± 0.9 
(9) 0 0 0 0.2 ± 0.1 

 May-16 R. canina 90 
(291) 

4.0 ± 0.9 
(12) 

1.7 ± 0.6 
(5) 0 0 0 0.1 ± 0.1 

aThree fruit samples per collecting date. bMean number recorded from 3 fruit samples; each sample was 10 medium or large fruits or 30 small fruits. 
cCc = Ceratitis capitata. dDl. = Diachasmimorpha longicaudata. eMedfly pupae/fruit. 
 
important reservoirs for this exotic pest [24]. Secondly, it is known that tephritid fruit flies can escape parasitism 
if they infest large fruit, like Citrus spp., because the larvae can feed at a greater depth in the fruit pulp [11] [25] 
[26]. Therefore, mass releases of D. longicaudata in small citrus orchards, which are widely dispersed in the 
different irrigated fruit-producing valleys, could contribute to the suppression of Medfly populations. Recent 
field-cage studies have shown that D. longicaudata significantly contributed to C. capitata mortality on infested 
oranges and grapefruits [27]. 
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Interestingly enough, D. longicaudata adults were recovered from fruit samples collected from February to 
June, covering two seasons (summer and autumn). During collecting months mean daily maximum and mini-
mum temperatures and rainfall varied from 24.8˚C to 18.3˚C, from 10.9˚C to 3.8˚C, and from 15.9 to 0.0 mm, 
respectively. This suggests an apparently good climatic adaptation by the parasitoid D. longicaudata in almost 
all release sites. Therefore, this raises our expectation for its establishment in the fruit-producing irrigated-val- 
leys of San Juan. Consequently, a new fruit sampling only in order to monitor establishment in the parasitoid re-
lease places will begin on summer 2014-2015. It should be noted that permanent establishment of D. longicau-
data was recently confirmed in the citrus-growing areas of the north-eastern and north-western regions of Ar-
gentina [28] [29], where climate is characterized as subtropical temperate-warm humid. This exotic parasitoid 
species was recovered approximately 40 years after their first releases in northern Argentina. This is consistent 
with bioclimatic requirements by D. longicaudata because this exotic parasitoid species favors tropical and sub-
tropical climates [7]. It is native to Southeast Asia and has been successfully established in tropical and subtrop-
ical regions of the world [5] [7]. However, its performance in an Argentinean fruit-producing area under tempe-
rate-cold dry climate, e.g. Cuyo region, was unknown until now. Even though several releases of D. longicau-
data were performed under desert climate conditions of Israel from 1955 to 1959 and from 1966 to 1969 [30], 
nobody has been able to recover it in more than 50 year [31]. 

Even though it is yet too early to determine real effect of D. longicaudata on C. capitata populations, all of 
that preliminary information provided from this study opens up the possibility of delineating new area-wide 
control strategies of Medfly in San Juan. For example, the successful establishment of a mass rearing of D. lon-
gicaudata in the BioPlanta San Juan facility [1] allows its use in augmentative release programs during the 
maximum fruiting periods in the fruit-producing irrigated-valleys in semi-arid areas of San Juan. These parasi-
toid releases may be followed by mass releases of sterile Medflies and by the application selective toxic baits [8] 
[32]. Such actions will greatly contribute to the objectives of ProCEM-San Juan: establish both low C. capitata 
prevalence areas and free Medfly areas in fruit-growing valleys of San Juan based on the concept of area-wide 
integrated pest management [1]. Nevertheless, studies on the bioclimatic requirements of D. longicaudata as 
well as assessment of parasitoid efficacy through post mass release monitoring are still needed in these 
fruit-producing semi-arid areas. 

5. Conclusion 
The findings from this study provide clear evidence that D. longicaudata may contributed to Medfly mortality in 
different host fruit species growing in the fruit-producing irrigated-valleys of San Juan. 

Acknowledgments 
We are thankful to Mariana Bilbao, Rita Rosselot (ProCEM-San Juan), Carolina Chiappini, Josefina Buonocore, 
Lorena Escobar, Patricia Albornoz-Medina, Natalia Salinas, Patricia Colombres, Ulises Chaya, Guillermo Bor-
chia, and Liliana Colombres (PROIMI-CONICET) for valuable technical assistance. Financial support was pro-
vided by the San Juan Eradication and Control Medfly Program (ProCEM San Juan, Argentina), and by the 
Agencia Nacional de Promoción Científica y Tecnológica de Argentina (ANPCyT) through Fondo Nacional de 
Ciencia y Tecnología (FONCyT) (grants PICT/2006 No. 2402 and PICT/2010 No. 0393). 

References 
[1] Guillén, D. and Sánchez, R. (2007) Expansion of the National Fruit Fly Control Programme in Argentina. In: Vreysen, 

M.J.B., Robinson, A.S. and Hendrichs, J., Eds., Area-Wide Control of Insects Pests: From Research to Field Imple-
mentation, Springer, Dordrecht, 653-660. http://dx.doi.org/10.1007/978-1-4020-6059-5_60 

[2] Díaz, L.M., Murúa, F.A, Acosta, J.C. and Escobar, J. (2008) Capacidad dispersiva de Ceratitis capitata (Diptera: 
Tephritidae) entre valles agrícolas en San Juan, Argentina. Revista Sociedad Entomológica Argentina, 67, 155-161. 

[3] Suárez, L., Van Nieuwenhove, G.A., Murúa, F.A., Bezdjian, L.P., Schliserman, P., Lara, N., Escobar, J. and Ovruski, 
S.M. (2012) Offspring Production in Response to Host Exposure Times in Diachasmimorpha longicaudata (Hymen-
optera: Braconidae), Reared on the Genetic Sexing Strain Vienna 8 of Ceratitis capitata (Diptera: Tephritidae). Florida 
Entomologist, 95, 991-999. http://dx.doi.org/10.1653/024.095.0426 

[4] Ovruski, S.M. and Schliserman, P. (2012) Biological Control of Tephritid Fruit Flies in Argentina: Historical Review, 
Current Status, and Future Trends for Developing a Parasitoid Mass-Release Program. Insects, 3, 870-888.  

http://dx.doi.org/10.1007/978-1-4020-6059-5_60
http://dx.doi.org/10.1653/024.095.0426


L. Suarez et al. 
 

 
674 

http://dx.doi.org/10.3390/insects3030870 
[5] Ovruski, S.M., Aluja, M., Sivinski, J. and Wharton, R.A. (2000) Hymenopteran Parasitoids on Fruit-Infesting Tephri-

tidae (Diptera) in Latin America and the Southern United States: Diversity, Distribution, Taxonomic Status and Their 
Use in Fruit Fly Biological Control. Integrated Pest Management Reviews, 5, 81-107.  
http://dx.doi.org/10.1023/A:1009652431251 

[6] Montoya, P, Cancino, J. and Ruiz, L. (2012). Packing of Fruit Fly Parasitoids for Augmentative Releases. Insects, 3, 
889-899. http://dx.doi.org/10.3390/insects3030889 

[7] Purcell, M.F. (1998) Contribution of Biological Control to Integrated Pest Management of Tephritid Fruit Flies in the 
Tropics and Subtropics. Integrated Pest Management Reviews, 3, 63-83. http://dx.doi.org/10.1023/A:1009647429498 

[8] Montoya, P., Cancino, J., Zenil, M., Santiago, G. and Gutierrez, J.M. (2007) The Augmentative Biological Control 
Component in the Mexican National Campaign against Anastrepha spp. Fruit Flies. In: Vreysen, M.J.B., Robinson, 
A.S. and Hendrichs, J., Eds., Area-Wide Control of Insects Pests: From Research to Field Implementation, Springer, 
Dordrecht, 661-670. http://dx.doi.org/10.1007/978-1-4020-6059-5_61 

[9] Vargas, R.I., Leblanc, L., Harris, E.J. and Manoukis, N.C. (2012) Regional Suppression of Bactrocera Fruit Flies 
(Diptera: Tephritidae) in the Pacific through Biological Control and Prospects for Future Introductions into Other 
Areas of the World. Insects, 3, 727-742. 

[10] Ovruski, S.M., Colin, C., Soria, A., Oroño, L. and Schliserman, P. (2003) Introducción y establecimiento en laboratorio 
de Diachasmimorpha tryoni y Diachasmimorpha longicaudata (Hymenoptera: Braconidae, Opiinae) para el control 
biológico de Ceratitis capitata (Diptera: Tephritidae, Dacinae) en la Argentina. Revista Sociedad Entomológica Argen- 
tina, 62, 49-59. 

[11] López, M., Aluja, M. and Sivinski, J. (1999). Hymenopterous Larval-Pupal and Pupal Parasitoids of Anastrepha Flies 
(Diptera: Tephritidae) in Mexico. Biological Control, 15, 119-129. http://dx.doi.org/10.1006/bcon.1999.0711 

[12] Sivinski, J., Piñero, J. and Aluja, M. (2000) The Distributions of Parasitoids (Hymenoptera) of Anastrepha Fruit Flies 
(Diptera: Tephritidae) along an Altitudinal Gradient in Veracruz, Mexico. Biological Control, 18, 258-269.  
http://dx.doi.org/10.1006/bcon.2000.0836 

[13] García-Medel, D., Sivinski, J., Díaz-Fleischer, F., Ramirez-Romero, R. and Aluja, M. (2007) Foraging Behavior by Six 
Fruit Fly Parasitoids (Hymenoptera: Braconidae) Released as Single- or Multiple-Species Cohorts in Field Cages: In-
fluence of Fruit Location and Host Density. Biological Control, 43, 12-22.  
http://dx.doi.org/10.1016/j.biocontrol.2007.06.008 

[14] Cancino, J. and Montoya, P. (2004) Desirable Attributes of Mass Reared Parasitoids for Fruit Fly Control: A Comment. 
Vedalia, 11, 53-58.  

[15] Cancino, J., Ruíz, L., Viscarret, M., Sivinski, J. and Hendrichs, J. (2012) Application of Nuclear Techniques to Im-
prove the Mass Production and Management of Fruit Fly Parasitoids. Insects, 3, 1105-1125.  
http://dx.doi.org/10.3390/insects3041105 

[16] Cancino, J.L., Ruiz, L., Gomez, Y. and Toledo, J. (2002) Irradiación de larvas de Anastrepha ludens (Loew) (Diptera: 
Tephritidae) para inhibir la emergencia de moscas en la cría del parasitoide Diachasmimorpha longicaudata (Ashmead) 
(Hymenoptera: Braconidae). Folia Entomológica Mexicana, 41, 195-208. 

[17] Ovruski, S.M., Bezdjian, L.P., Van Nieuwenhove, G.A., Albornoz-Medina, P. and Schliserman, P. (2011) Host Pre- 
ference by Diachasmimorpha longicaudata (Hymneoptera: Braconidae) Reared on Larvae of Anastrepha fraterculus 
and Ceratitis capitata (Diptera: Tephritidae). Florida Entomologist, 94, 195-200. 
http://dx.doi.org/10.1653/024.094.0211 

[18] Wharton, R.A. and Gilstrap, F.E. (1983) Key to and Status of Opiinae braconid (Hymenoptera: Braconidae) Parasito-
ids Used in Biological Control of Ceratitis and Dacus (Diptera: Tephritidae). Annals of Entomological Society of Ame- 
rica, 76, 721-741. 

[19] Zucchi, R.A. (2000) Taxonomia. In: Malavasi, A. and Zucchi, R.A., Eds., Moscas-das-frutas de Importancia Eco- 
nomica no Brasil, Conhecimento Basico e Aplicado, Holos, Editora, Brasil, Riberao Preto, 13-24. 

[20] Van Driesche, R.G. (1983) Meaning of ‘‘Percent Parasitism’’ in Studies of Insect Parasitoids. Environmental Entomo- 
logy, 12, 1611-1622. 

[21] Sivinski, J., Calkins, C.O., Baranowski, R., Harris, D., Brambila, J., Diaz, J., Burns, R.E., Holler, T. and Dodson, G. 
(1996) Suppression of a Caribbean Fruit Fly (Anastrepha suspensa) (Loew) (Diptera: Tephritidae) Population through 
Augmentative Releases of the Parasitoid Diachasmimorpha longicaudata (Ashmead) (Hymenoptera: Braconidae). Bio- 
logical Control, 6, 177-185. http://dx.doi.org/10.1006/bcon.1996.0022 

[22] DeSantis, L. (1967) Catálogo de los himenópteros argentinos de la Serie Parasítica, incluyendo Bethyloidea. Publi- 
cación Comisión Investigación Científica Provincia de Buenos Aires, Buenos Aires. 

[23] Sivinski, J., Vulinec, K. and Aluja, M. (2001) Ovipositor Length in a Guild of Parasitoids (Hymenoptera: Braconidae) 

http://dx.doi.org/10.3390/insects3030870
http://dx.doi.org/10.1023/A:1009652431251
http://dx.doi.org/10.3390/insects3030889
http://dx.doi.org/10.1023/A:1009647429498
http://dx.doi.org/10.1007/978-1-4020-6059-5_61
http://dx.doi.org/10.1006/bcon.1999.0711
http://dx.doi.org/10.1006/bcon.2000.0836
http://dx.doi.org/10.1016/j.biocontrol.2007.06.008
http://dx.doi.org/10.3390/insects3041105
http://dx.doi.org/10.1653/024.094.0211
http://dx.doi.org/10.1006/bcon.1996.0022


L. Suarez et al. 
 

 
675 

Attacking Anastrepha spp. Fruit Flies (Diptera: Tephritidae) in Southern Mexico. Annals of Entomological Society of 
America, 94, 886-895. http://dx.doi.org/10.1603/0013-8746(2001)094[0886:OLIAGO]2.0.CO;2 

[24] Ovruski, S. M., Schliserman, P. and Aluja, M. (2003) Native and Introduced Host Plants of Anastrepha fraterculus and 
Ceratitis capitata (Diptera: Tephritidae) in Northwestern Argentina. Journal of Economic Entomology, 96, 1108-1118. 
http://dx.doi.org/10.1603/0022-0493-96.4.1108 

[25] Wong, T.T.Y. and Ramadan, M.M. (1987) Parasitization of the Mediterranean and Oriental Fruit Flies (Diptera: Teph-
ritidae) in the Kula Area of Maui, Hawaii. Journal of Economic Entomology, 80, 77-80. 

[26] Wang, X.G., Johnson, M.W., Daane, K.M. and Yokoyama, V.Y. (2009) Larger Olive Fruit Size Reduces the Efficiency 
of Psyttalia concolor as a Parasitoid of the Olive Fruit Fly. Biological Control, 49, 45-51. 
http://dx.doi.org/10.1016/j.biocontrol.2009.01.004 

[27] Ovruski, S.M., Van Nieuwenhove, G.A., Bezdjian, L.P., Albornoz-Medina, P. and Schliserman, P. (2012) Evaluation 
of Diachasmimorpha longicaudata (Hymenoptera: Braconidae) as a Mortality Factor of Ceratitis capitata (Diptera: 
Tephritidae) Infesting Citrus Species under Laboratory and Field-Cage Conditions. Biocontrol Science and Technology, 
22, 187-202. http://dx.doi.org/10.1080/09583157.2011.648167 

[28] Schliserman, P., Ovruski, S.M. and De Coll, O.R. (2003) The Establishment of Diachasmimorpha longicaudata (Hy-
menoptera: Braconidae) in Misiones, Northeastern Argentina. Florida Entomologist, 86, 491-492.  
http://dx.doi.org/10.1653/0015-4040(2003)086[0491:TEODLH]2.0.CO;2 

[29] Oroño, L.E. and Ovruski, S.M. (2007) Presence of Diachasmimorpha longicaudata (Hymenoptera: Braconidae) in a 
Guild of Parasitoids Attacking Anastrepha fraterculus (Diptera: Tephritidae) in Northwestern Argentina. Florida Ento- 
mologist, 90, 410-412. http://dx.doi.org/10.1653/0015-4040(2007)90[410:PODLHB]2.0.CO;2 

[30] Argov, Y. and Rössler, Y. (1988) Introduction of Beneficial Insects into Israel for the Control of Insect Pest. Phytopa-
rasitica, 16, 303-315. http://dx.doi.org/10.1007/BF02979506 

[31] Argov, Y. and Gazit, Y. (2008) Biological Control of the Mediterranean Fruit Fly in Israel: Introduction and Establish- 
ment of Natural Enemies. Biological Control, 46, 502-507. http://dx.doi.org/10.1016/j.biocontrol.2008.04.021 

[32] Vargas, R.I., Peck, S.L., McQuate, G.T., Jackson, C.G., Stark, J.D. and Armstrong, J.W. (2001) Potential for Area- 
Wide Integrated Management of Mediterranean Fruit Fly (Diptera: Tephritidae) with a Braconid Parasitoid and a Nov-
el Bait Spray. Journal of Economic Entomology, 94, 817-825. http://dx.doi.org/10.1603/0022-0493-94.4.817 

http://dx.doi.org/10.1603/0022-0493-96.4.1108
http://dx.doi.org/10.1016/j.biocontrol.2009.01.004
http://dx.doi.org/10.1080/09583157.2011.648167
http://dx.doi.org/10.1653/0015-4040(2003)086%5b0491:TEODLH%5d2.0.CO;2
http://dx.doi.org/10.1653/0015-4040(2007)90%5b410:PODLHB%5d2.0.CO;2
http://dx.doi.org/10.1007/BF02979506
http://dx.doi.org/10.1016/j.biocontrol.2008.04.021
http://dx.doi.org/10.1603/0022-0493-94.4.817

	Biological Control of Ceratitis capitata (Diptera: Tephritidae) in Argentina: Releases of Diachasmimorpha longicaudata (Hymenoptera: Braconidae) in Fruit-Producing Semi-Arid Areas of San Juan
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Importation of Parasitoid
	2.2. General Insect Rearing Conditions
	2.3. Study Sites
	2.4. Environmental Conditions
	2.5. Parasitoid Releasing
	2.6. Fruit Sampling and Processing Procedures
	2.7. Parasitoid and Fly Identification
	2.8. Data Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgments
	References

