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ABSTRACT Psyttalia concolor (Szépligeti) (Hymenoptera: Braconidae) is a koinobiont endopara-
sitoidof several species of tephritid (Díptera) larvae, such as Bactrocera oleae (Gmelin) and Ceratitis 
capitata (Wiedemann). Here, we report on the effects of imidacloprid and fipronil on P. concolor 
females, when different routes of exposure were evaluated: residual contact (cover and bait sprays) 
and via treatment of host species. Moreover, the persistence of the bait formulated compound also 
was studied. For each experiment, lethal (mortality) and sublethal effects (parasitization rate or 
longevity) were studied. Fipronil produced 100% mortality irrespective of exposure route, and it was 
very persistent, because 34-d-old residues still produced this high mortality rate, being as toxic or even 
more toxic than the reference product dimethoate. Toxicity of imidacloprid depends on the mode of 
exposure, although always remained less toxic than dimethoate. Imidacloprid caused high mortality 
or sublethal effect to the progeny in cover sprays and when applied via treated host, being harmless 
in bait sprays application. In conclusion, our results suggest that fipronil should not be used in the field 
when the parasitoid is present. On the contrary, although imidacloprid is physiologically active against 
females of P. concolor, ecological selectivity may result through the use of bait treatment. 
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In recent years, integrated pest management programs 
to control tephritid fruit flies are being implemented. 
It can be mentioned as examples the control of Med
iterranean fruit fly, Ceratitis capitata (Wiedemann), in 
Spain (Urbaneja et al. 2009), several fruit flies in Ha
waii (Vargas et al. 2010), and olive fruit fly, Bactrocera 
oleae (Gmelin), in California (Sime et al. 2006). Bio
logical control with braconid parasitoids is one of the 
most environmentally friendly control strategies, but 
the most efficient method at present remains chemical 
control, which is routinely used worldwide (Liaro-
poulos et al. 2005, Mazor 2009, Urbaneja et al. 2009). 
Consequently, natural enemies must coexist with pes
ticides, and it is necessary to combine selective insec
ticides with natural enemies conservation. 

Psyttalia (Opius) concolor (Szépligeti) (Hymenop
tera: Braconidae) is a koinobiont endoparasitoid of 
several species of tephritid larvae, such as the olive 
fruit fly and the Mediterranean fruit fly. This parasitoid 
has been used in the south of Europe for biological 
control of the olive fruit fly through inundative and 
propagative releases, with variable results (Jiménez et 
al. 1990). At present, this parasitoid is being evaluated 
in California for use as a biological control agent of B. 
oleae (Sime et al. 2006, Wang et al. 2009). 
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The need for new insecticides for fruit fly control 
has increased recently because of several bans and 
restrictions on many organophosphate and carbamate 
insecticides in many regions as the United States and 
Europe. Fipronil and imidacloprid are two modern 
neurotoxic insecticides considered to be less damag
ing to ecosystems than older neurotoxic products, 
such as organophosphates (Stark and Vargas 2005, 
2009). 

Fipronil (a phenyl pyrazole insecticide) is a potent 
blocker of the GABA-regulated chloride channels in 
the neurons of the central nervous system. When this 
function is blocked by fipronil, the result is neural 
excitation and the death of the insect (Cole et al. 
1993). Fipronil kills the insects by contact and inges
tion. It is effective against larval and adult stages of 
both piercing-sucking and chewing insects and can be 
effectively delivered via soil, foliar, bait, or seed ap
plications (Burris et al. 1994), 

Imidacloprid is a chloronicotinyl insecticide that 
acts on the nicotinic acetylcholine receptors of the 
insect nervous system (Elbert et al. 1991). It has good 
systemic activity and is particularly effective against 
homopteran pests (Lowery and Smirle 2003). 

Fipronil and imidacloprid have been tested for use 
in the chemical control of several tephritid species 
(Barry et al. 2004, Ruiz et al. 2004, Vargas et al. 2005, 
Yee and Alston 2006, Ruiz Torres and Montiel Bueno 
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2007, Stark and Vargas 2009), and they have been 
registered for the control of fruit flies in several coun
tries. For example, fipronil is being used in a bait spray 
for the control of tephritid fruit flies in the South 
Pacific and Australia (Allwood et ai. 2002, Stark and 
Vargas 2009), and imidacloprid is currently registered 
in Spain for use in olive, Olea europaea L., groves 
against B. oleae (MARM 2011). However, to our 
knowledge, there is little information available regard
ing the toxicity of fipronil and imidacloprid on the 
braconid parasitoids of tephritid pests, including P. 
concolor. 

Therefore, in this study, with the goal of increasing 
our knowledge on the side effects of these pesticides, 
we evaluated their lethal and sublethal effects on P. 
concolor females in laboratory and semifield assays by 
using cover sprays and localized bait sprays. The or-
ganophosphate dimethoate was used as reference 
product. This insecticide is commonly used in olive 
crops in Spain against olive fruit fly for cover and bait 
sprays. In addition, the route of exposure via treated 
host was assessed. 

Materials and Methods 

insects. The wasps used in these tests came from a 
laboratory colony maintained in a controlled environ
ment cabinet (25 ± 2°C, 75 ± 5% EH, and a photo-
period of 16:8 [L:D] h) and reared in the host C. 
capitata, following standard procedures (jacas and 
Viñuela 1994). The colonies of P. concolor and C. 
capitata have been reared for more than thirty years 
in our laboratory, and renewed periodically with in
dividuals obtained from field or other colonies. 

Chemicals. Commercial formulations of Regente 
(80% fipronil, WG, Basf Española, Spain), Confidor 
(20% imidacloprid, LS, Bayer Crop Science, Spain), 
and Sistematon (40% dimethoate, EC, Agrodán, 
Spain) were tested. 

For cover sprays, fresh solution in distilled water of 
every commercial product were prepared before the 
assays at the highest recommended concentration of 
the active ingredient (AI) for other crops, 150 mg 
(AI) /liter imidacloprid and 40 mg (AI) /liter fipronil, 
because they still not registered in Spain for olive 
crops at the time the experiments were carried out. As 
reference product, dimethoate was tested at the high
est recommended concentration of the active ingre
dient, 600 mg (AI) /liter, for cover sprays in olive crops 
according to Spanish registration (MARM 2011). Con
trols were treated with water alone. 

It is a common technique used against fruit flies in 
general, and B. oleae in particular, to applied some of 
the insecticides registered for its control mixed with a 
protein bait. As a consequence, for bait spray assays, 
Biocebo (proteins hydrolyzed at 30% SL, Bioíbérica, 
Spain) also was used as a different control (it contains 
any insecticide) and was added to the pesticides. 

In this case, insecticides were prepared in distilled 
water by dilution of the corresponding amount of 
insecticide with the protein bait. Concentrations 
tested were as follows: 3,000 + 2,250 mg (AI)/liter, 

according to Spanish registration for dimethoate bait 
sprays in olives; 150 + 2,250 mg (AI)/liter and 40 + 
2,250 mg (AI) /liter of imidacloprid + bait and fipro
nil + bait (insecticides used at the concentrations 
cited here, and bait was prepared at the same con
centration tested with dimethoate for a better com
parison), The concentration 1,500 + 2,250 mg (AI)/ -
liter imidacloprid + bait was chosen taking into 
account that it was the concentration tested at that 
moment in field assays for registration purposes (Ruiz 
et al. 2007). Bait at 4,500 mg (AI) /liter (maximum 
concentration recommended as attractant for fruit 
flies) also was evaluated to discard possible toxicity on 
P. concolor. The control only contained water. 

Experimental Conditions. Unless otherwise stated, 
environmental conditions in experiments were 25 ± 
2°C, 75 ± 5% RH, and a photoperiod of 16:8 (L:D) h. 

Exposure via Residual Contact. All the residual ex
periments were done with <48-h-old mated females. 
According to International Organization for Biological 
and Integrated Control of Noxious Animals and Plants 
(IOBC), adults are the most exposed life stage of the 
endoparasitoids (Hassan 1994). Male P. concolor have 
a shorter life span than females (Ragusa 1974). They 
copulate only once in life, just after the female emer
gence. Females were chosen because sublethal or de
layed effects could be studied by measuring reduction 
in parasitism (Jacas and Viñuela 1994). Young females 
were chosen because older females may die within the 
testing period, thus making it more difficult to obtain 
reliable results from the assay. Water and food (a 
ground mixture of brewer's yeast and sugar [1:4, wt: 
wtj) were always offered ad libitum. 

For each experiment, lethal (mortality) and sub
lethal effects (parasitization rate or longevity in the 
case of cover spray, laboratory test) were studied. 
Mortality was recorded at 24,48, and 72 h. Afterward, 
insects were always moved to different untreated 
cages to follow the evaluation. 

The parasitization rate was scored as the percentage 
of attacked hosts and offspring per female, following 
the methodology described by jacas and Viñuela 
(1994), with slight modifications. To test parasitiza
tion, eight or 10 3-d-old-pesticide-exposed females 
were isolated in untreated plastic cages (12 cm in 
diameter, 5 cm in height), whose floor had a round 
hole (5 cm in diameter) covered by a gauze. Distilled 
water was provided ad libitum in small glass vials (30 
by 35 mm) covered with Parafilm, and with a piece of 
Spontex wiper leaking out of it. Diet was supplied in 
small plastic stoppers (24 by 6 mm), both of them fixed 
to the floor with Plasticine. During the next 4 d, 20 
7-d-old (mature third-instar) C. capitata larvae were 
offered daily to each female for parasitization for 2 h. 
Larvae of the fruit fly were immobilized by sandwich
ing them between the mesh of the cage's floor and a 
piece of Parafilm. Parafilm was placed on the floor of 
a glass pot put upside down and all the structure (the 
cage and the glass pot) was hold together with a 
rubber band. After 2 h of exposure to parasitization, C. 
capitata larvae from each female and day were placed 
onto petri dishes to let them pupate. After 3 wk, the 



number of emerging adults of?, concolor and C. capi-
iata (nonparasitized host larvae) were recorded and 
compared with the number of offered host larvae. The 
percentage of attacked host (percentage of puparia 
i.yithout medfiy emergence) and offspring (percent
age of parasitoids emerged from parasitized puparia). 
The parasitization rate was evaluated only with insec
ticides that caused <50% of mortality after 72 h of 
exposure. 

Cover Spray (Laboratory Test). To evaluate the 
residual contact activity of pesticides, glass plates (12 
by 12 by 0.5 cm thick) were treated with the chemicals 
under a Potter Precision Spray Tower (Burkard Man
ufacturing Co., Rickmans worth, Hertfordshire, United 
Kingdom) with an homogenous deposit of 1.79 ± 0.13 
mg/cm2 (1 ml; 55 kPa) which is within the interval 
recommended by the IOBC validity criteria for run
ning ecotoxicoiogical experiments on beneficial ar
thropods (1.5-2 mg/cm s) (Hassan 1994), As soon as 
the glass plates were dry (2 h after the treatment), 
<48-h-oId mated females were exposed to the insec
ticides by using the test cages designed for P. concolor 
tests developed by Jacas and Viñueía (1994). Test 
units consisted of a round methacrylate frame (10 cm 
in diameter, 3 cm in height) and the two square glass 
plates described above. The plastic frame had seven 
holes (1 cm in diameter): four holes were covered by 
a mesh for ventilation; one hole was used for insect 
manipulation and closed by a cork stopper; one hole 
was connected to a rubber bulb filled with drinking 
water and a piece of Spontex; and the last hole, holding 
an hypodermic needle connected to a rubber tube, 
provided a continuous flow of air produced by an 
aquarium pump to ensure forced ventilation. The 
round frame and the plates were mounted with two 
rubber bands. Diet was placed directly on the glass. 
Four replicates of 10 females were used for each treat
ment. Mortality was recorded at 24, 48, and 72 h. 
Afterward, survivors of each replicate were moved to 
an untreated plastic cage (12 cm in diameter, 5 cm in 
height) with a hole in the lid (5 cm in diameter) 
covered by a gauze to provide ventilation. Food and 
water were supplied as described for parasitization 
cages. Mortality was recorded every day until the last 
insect died. Then, mean longevity was assessed as the 
averaged number of days that insects survived for each 
replicate. No parasitization rate could be recorded. 

Cover Spray (Semifield Test). Small olive trees 
{'Cornicabra') planted in pots (50 cm in diameter, 60 
cm in height) were sprayed with a hand sprayer until 
the point of runoff. These olive trees are kept on the 
field at the facilities of Universidad Politécnica de 
Madrid. 

As soon as trees were dried (2 h later), they were 
covered with a wooden cage designed by González et 
al. (1998), and 30 females (<48 h old) per tree were 
released inside. Each cage consisted of a wooden base 
and a wooden, plastic, and gauze frame. The wooden 
square bases were 25 cm in length. In one side was a 
rectangular hole (13 by 2 cm) to fit to the tree's trunk. 
To prevent insects coming in or out from the cage, 
Plasticine was used to seal the space between the 

trunk and the floor. The frames were 60 cm in height. 
The top and three of the sides were covered with a 
mesh, and the fourth side consisted of a methacrylate 
sheet to easily check the experiment. Water was pro
vided as described in the former experiment. Diet was 
supplied in a V-shaped cardboard. Both water and diet 
containers were hung with a wire to the branches. 

Each tree was considered an experimental unit. 
Three replicates per insecticide and control (water) 
were performed. Mortality was recorded at 24,48, and 
72 h. After 3 d, survivors from each replicate were 
taken to the laboratory to test parasitization rate fol
lowing the methodology described previously. 

Bait Treatment (Extended Laboratory Test). Small 
branches of olive trees with five to six leaves per 
branch were collected. Five droplets of 1 ju.1 each of 
the corresponding bait treatment were randomly dis
tributed on the upper side of the leaves with a mi-
cropipette in the laboratory. Therefore, 5 ¿¿1 of the bait 
treatment in total was applied per branch. Each 
treated branch was placed in an untreated plastic cage 
with food and water as described in cover sprays, 
laboratory test. Ten females per replicate were re
leased and exposed to treated leaves for 3 d. Five 
replicates of each treatment were performed. Mortal
ity and parasitization rate (attacked host and off
spring) were measured as described above. 

Bait Treatment (Persistence Test). To test the per
sistence of the bait-formulated compounds pesticides, 
droplets of 1 ¡x\ each were applied with of micropi-
pette on the leaves of the small olive trees as described 
in the former experiment, but in the field. The same 
olive tree never contained droplets of different com
pounds. Moreover, to identify correctly the treated 
leaves, they were marked with different colored rib
bons, depending on the compound tested. Persistence 
test were carried out in fall (12 October-15 Novem
ber, 2006), and plants were maintained in the field at 
11.2 ± 0.7°C ( t ^ , 6.5°Q tmax, 17.5°C), and the average 
rainfall was 0.14 ± 0.2 mm (mm., 0 mm; max, 2.2 mm). 
P. concolor females were exposed in the laboratory to 
samples of the treated leaves (five treated leaves per 
cage) taken at different time intervals after pesticide 
application: 7,14, 21, and 34 d. The untreated plastic 
cages with food and water as described in the former 
experiment were used. Five replicates of each treat
ment and residue aged, and 10 females per replicate 
were performed. Only those pesticides classified as 
not harmless in the previous experiments were chosen 
to be tested in persistence tests, according to IOBC 
guidelines. As there were no differences among con
trol (water) and bait, only bait was used in this trial as 
control. Mortality at days 1 and 3 was recorded for 
each aged residue. No parasitization rate could be 
recorded. The experiment finished for any insecticide 
tested when mortality at day 3 was <30% or the aged 
residue tested was >30 d. 

Exposure via Treated Host. Groups of 50 neonate C. 
capitata larvae were reared in nonventilated rearing 
cages (9 cm in diameter and 2 cm in height) with 50 g 
of artificial diet. When they were 5 d old, 5 ml of the 
insecticide solutions was added to the diet with a 



Table 1. Laboratory residual contact toxicity (mean percentage of cumulative mortality) to P. concolor females when insecticides wCte 
applied as cover sprays 

Compound 

Control 
Dimethoate 
Imidacloprid 
Fipronil 
F 
df 
P 

Concti 
(mg[AI]/ liter) 

600 
150 
40 

Day 1 

0,0 ± 0.0a 
100 ± 0.0c 

28.3 ± 7.4b 
100 ± 0.0c 
189.67 

3,12 
<0.000i 

% mortality 

Day 2 

0.0 ± 0.0a 
100 ± 0.0c 

65.0 ± 11.7b 
100 ± 0.0c 

73.29 
3,12 

<0,0001 

Day 3 

0.0 ± 0.0a 
100 ± 0.0c 

75.0 ± 9.2b 
100 ± 0.0c 

90.44 
3,12 

<0.0001 

Longevity (d) 

23.8 ± 2.7a 

2.3 ± 0.2b 

279.64 
1,6 

<0.0001 

IOBC 
category 

—, 
4 
3 
4 

Within the same column, data (mean ± SE) values followed by a different letter are significantly different (P < 0.05; ANOVA, LSD test), 
a IOBC toxicity rating for laboratory (inert susbstrate): 1, harmless (<30%); 2, slightly harmful (30-79%); 3, moderately harmful (8 

4, harmful (>99%), Highest value among the two lOBC categories calculated previously (mortality at day 3, longevity). 

pipette and very carefully mixed. Concentrations of 
fipronil (1 mg ¡AI] /liter) and imidacloprid (10 mg 
[AI] /liter) determined to be sublethal for C. capitata 
in former experiments carried out in our laboratory 
(Abdallahi Ould-Abdallahi 2004) were used. After 
48 h in contact with the insecticides, 30 7-d-old (ma
ture third-instar) larvae were randomly chosen and 
were offered for oviposition to five female wasps per 
treatment at the rate 6:1 (host/parasitoid), optimal 
rate of parasitism according to Avilla (1982). The pro
cedure followed to measure the parasitism has been 
previously described in residual contact experiments, 
although in this case, C. capitata larvae were only 
exposed for 1 h to parasitization. Ten replicates of each 
treatment and control were tested. In addition, 10 
replicates of 30 treated larvae of nonparasitized C. 
capitata were followed until adult emergence to test 
the toxicity of the sublethal concentrations of the 
insecticides in the host. Emerged flies, attacked hosts, 
and wasp progeny were evaluated. 

Data Processing and Statistical Analysis. Data 
(mean values and SE) were subjected to one-way 
analysis of variance (ANOVA), and Fisher's lest sig
nificant difference (LSD) test was used to compare 
the responses to different treatments. Statistical anal
yses were performed using STATGRAPHICS version 
5 (Graphic Software System, STSC Inc., Rockville, 
MD). When necessary, data were transformed to the 
arcsine V(x/100), although nontransformed data are 
shown in the tables. When any of the premises of the 
ANOVA was violated after these transformations, the 
nonparametric Kruskal-Wallis test was applied. Me
dian values were considered significantly different if 
the 95% confidence intervals of medians did not over
lap. 

Schneider-Orelli formulae were used to calculate 
corrected mortality or reduction in any other param
eter in comparison with the untreated control. Sub
sequently, pesticides were classified into the four 
IOBC toxicity categories (Hassan 1994), once any of 
the parameter evaluated (mortality at 72 h, longevity, 
attacked host, and offspring) have been corrected. 
IOBC categories shown in tables correspond to the 
worst case, the highest value among the IOBC cate
gories obtained for each parameter within an insec
ticide. Finally, insecticides were ranked as 1, harmless 

(<30% reduction); 2, slightly harmful (31-79% reduc
tion ); 3, moderately harmful (80-99% reduction); and 
4, harmful (>99% reduction) for laboratory test with 
inert substrate and as 1, harmless (<25% reduction); 
2, slightly harmful (25-50% reduction); 3, moderately 
harmful (51-75% reduction); and 4, harmful (>75% 
reduction) for laboratory test with vegetable substrate 
and semifield tests. For the evaluation of persistence, 
the following evaluating categories of the IOBC were 
used (Hassan 1994): A, short lived (<5 d); B, slightly 
persistent (5-15 d); C, moderately persistent (16-30 
d); and D, persistent (>30 d). 

Exposure via Residual Contact (Cover Spray). All 
the three insecticides evaluated were harmful for P, 
concolor females after exposure to fresh residues on 
glass surfaces (Table 1). Fipronil exhibited a direct 
toxicity similar to dimethoate and caused 100% mor
tality at 24 h. For imidacloprid a delayed effect on 
mortality was observed in comparison with dime
thoate and fipronil, but it increased with time and only 
a few females survived (25%) at day 3. This insecticide 
produced a significant reduction in female longevity 
compared with the control (=«90%), and at day 5 all 
the wasps were dead. Consequently, it was not pos
sible to study the parasitization rate. 

Under semifield conditions (Table 2), dimethoate 
and fipronil were very toxic. Both insecticides caused 
100% mortality 3 d after treatment (IOBC toxicity 
rating 4). Females exposed to residues on treated trees 
were more tolerant to imidacloprid. In contrast with 
the laboratory results (75% mortality at day 3), imi
dacloprid did not produce a significant mortality of the 
wasps in this treatment (15.6% mortality at day 3), 
although it did cause some sublethal effects on their 
reproductive capacity. This insecticide reduced sig
nificantly the percentage of attacked hosts by >25% 
compared with the control and also the offspring by 
>55% (IOBC toxicity rating 3). 

Exposure via Residual Contact (Bait Spray). Imi
dacloprid applied as bait spray was harmless to P. 
concolor both concentration tested: 150 and 1,500 mg 
(AI) /liter (Table 3). It produced neither mortality in 
adults nor a reduction of the parasitization rate com-



Table 2. Semifield residual contact toxicity to P. concolor females when insecticides were applied as cover sprays 

Compound 

Control 
pimethoate 
Imidacloprid 
Fipronii 
F 
df 
P 

Concn 
(mg[AI]/liter) 

600 
150 
40 

Day 1 

4.4 ± 4.4a 
52.2 ± 7.3b 

5.5 ± 5.5a 
88.9 ± 6.2c 

46.68 
3,8 

<0.0001 

% mortality 

Day 2 

4.4 ± 4.4a 
92.2 ± 2.9b 
10.0 ± 3.3a 
98.9 ± 1.1b 

256.69 
3,8 

<0.0001 

Day 3 

4.4 ± 4.4a 
100 ± 0.0b 

15.6 ± 8.9a 
100 ± 0.0b 
110.24 

3,8 
<0.0001 

% attacked 
host0 

53.1 ± 1.6a 

38.1 ± 2.7b 

23.17 
1,14 

0.0003 

% 
offspring** 

74.8 ± 7.2a 

32.5 ± 13.1b 

7.98 
1,14 

0.0135 

IOBC 
categoryc 

4 
3 
4 

Within the same column, data (mean ± SE) followed by a different tetter are significantly different (P < 0.05; ANOVÁ, LSD test). 
" Percentage of parasitized pupae from larvae offered. 
h Percentage of parasitoids emerged from parasitized pupae, 
cIOBC categories in semifield tests; 1, harmless (<25%); 2, slightly harmful (25-50%); 3, moderately harmful (51-75%); and 4, harmful 

(>75%). Highest value among the three IOBC categories calculated previously (mortality at day 3, % attacked host and progeny size). 

pared with the water or bait controls. Fipronii and 
dimethoate killed 100% P. concolor females after 72 h 
of exposure (IOBC toxicity rating 4). Bait alone did 
not show any toxic effects on the insects. 

When the persistence of the pesticides was studied 
(Table 4), for residues up to 14 d old, fipronii and 
dimethoate exhibited similar toxicity and caused high 
or total mortality, after 3 d of exposure. On day 21, 
dimethoate toxicity was lower than that of fipronii 
(ÍOBC toxicity ratings of 3 and 4, respectively). The 
largest difference was observed when the wasps were 
exposed to 34-d-old residues because dimethoate was 
harmless (IOBC toxicity rating 1) and fipronii was still 
harmful (IOBC toxicity rating 4). The toxicity of fipro
nii did not decrease with time, irrespective of residue 
age and mortality at 24 h was always >60%. Thus, 
according with these results, fipronii was classified as 
persistent (category D) and dimethoate as moderately 
persistent (category C). 

Exposure via Treated Host, Table 5 shows the bi
ological activity of imidacloprid and fipronii in the 
host-parasitoid complex when fully grown C. capitata 
larvae reared in treated media were offered to females 
of P, concolor for parasitization. 

C. capitata larval development (nonparasitized lar
vae) was unaffected when they were exposed to sub
lethal concentrations of fipronii and imidacloprid, and 
the percentages of adult flies under these treatments 
conditions were similar to those of controls. However, 
negative effects were observed in the parasitoid prog
eny when they developed inside treated C. capitata 
larvae. Fipronii completely inhibited P. concolor emer
gence. Imidacloprid had lower negative effects al
though there was a significant reduction in the off
spring compared with the control (33.8%). Therefore, 
the product was classified as slightly harmful (] 
toxicity raring 2). 

In our assays, we found that fipronii and imidaclo
prid were toxic to P. concolor, but to different degrees, 
Fipronii severely affected the survival of females and 
larvae (via treated host) of P. concolor, irrespective of 
the route of contamination, whereas the effects of 
imidacloprid were lower than that of the standard 
dimethoate. 

Table 3 . Residual eoutact toxicity to P. concolor females when the insecticides were applied as baited sprays to olive plants 

Compound 

Control 
Bait 
Dimethoate + bait 
Imidacloprid + bait 
Imidacloprid + bait 
Fipronii + bait 
F 
df 
V 

Concn 
(mg [AI]/liter) 

4,500 
3,000 + 2,250 

150 + 2,250 
1,500 + 2,250 

40 + 2,250 

D a y l 

2.0 ± 2.0a 
0.0 ± 0.0a 

52.0 ± 19.9b 
2.0 ± 2,0a 
0,0 ± 0.0a 

16,0 ± 6.8a 
15.5063^ 

0.0084 

% mortality 

Day 2 

2.0 ± 2.0a 
2.0 ± 2.0a 

96.0 ± 4,0c 
6.0 ± 4.0a 
0.0 ± 0.0a 

86.0 + 5.1b 
191.13 

5,24 
<0.0001 

Day 3 

4.0 ± 2.5ab 
2.0 ± 2.0a 
100 ± 0.0c 
8.0 ± 3.7b 
0.0 ± 0.0a 
100 ± 0.0c 

622.57 
5,24 

<0,0001 

% attackeda 
hosts" 

81.5 ± 3.2a 
68.5 ± 5.4a 

74.0 ± 5.0a 
72.4 ± 5.4a 

1.27 
3,36 
0,298 

% offspring^ 

75.5 ± 6.1a 
71.8 ± 6.2a 

77.1 ± 4.5a 
74.6 ± 5.5a 

0.16 
3,36 
0.923 

IOBC 
category0 

1 
4 
1 
1 
4 

Five droplets (1 ¡ú each) per replícate. Within the same column, data (mean ± SE) followed by a different letter are significantly different 
(P < 0.05; ANOVA or KruskaJ-Wallis, LSD test). 

° Percentage of parasitized pupae from larvae offered, 
Percentage of parasitoids emerged from parasitized pupae. 

c IOBC categories in laboratory extended assay (vegetable substrate); 1, harmless (<25%); 2, slightly harmful (25-50%); 3, moderately harmful 
(51-75%); and 4, harmful (>75%). Highest value among the three IOBC categories calculated previously (mortality at day 3, % attacked host 
and progeny size). 

d Kruskal-Wallis test. 



Table 4 . Persistence of harmful insecticides to P. concolor females using baited ussecticides applied on olive leaves 

Compound 

Bait 
Dimethoate 4- bait 
Fipronil + bait 

Bait 
Dimethoate + bait 
Fipronil + bait 

Bait 
Dimethoate 4- bait 
Fipronil 4- bait 

Bait 
Dimethoate 4- bait 
Fipronil 4- bait 

Concn (mg 
[AlJ/liter) 

4,500 
3,000 4- 2,250 

40 4- 2,250 

4,500 
3,000 4- 2,250 

40 4- 2,250 

4,300 
3,000 4- 2,250 

40 4- 2,250 

4,500 
3,000 + 2,250 

40 + 2,250 

Age (d) of residue 

7-d-oSd residue 

% mortality 

D a y l ¿ 

0.0 ± 0.0a 
8.0 ± 3.7a 

76,0 ± 8.1b 

14-d-old residue 

D a y l * 
0.0 + 0.0a 

54.0 ± 10,3b 
64.0 ± 9.3b 

21-d-old residue 

Day**" 
4.0 ± 2.4a 
2.0 ± 2.0a 

80.0 ± 12.6b 

34-d-old residue 

Dayl f c 

2.0 ± 2.0a 
8.0 ± 2.0a 

90.0 ± 4.5b 

Day3 c 

1.0 ± l.Oab 
100 ± 0.0c 
100 ± 0.0c 

Day3B 

0.0 ± 0.0a 
82.0 ± 8.6b 
100 ± 0,0b 

D a y 3 e 

8.0 ± 4.9a 
56.0 ± 18.1b 
100 ± 0.0c 

Day 3* 
8.0 ± 5.8a 

10.0 ± 3.2a 
100 ± 0.0b 

~~—-

IOBC 
category3 

4 
4 

4 
4 

3 
4 

1 
4 

Five droplets (1 ¡x\ each) per replicate. Within the same column and age residue, data (mean ± SE) followed by a different letter are-. 
significantly different (P < 0.05; ANOVA or Kinskal-WalÜs; LSD test). 

° IOBC categories in semifield test: 1, harmless (<25%); 2, slightly harmful (25-50%); 3, moderately harmful (51-75%); and 4, harmful (> 75%).. 
IOBC categories were calculated for mortality at day 3. 

bF= 65.4; df = 2, 12; P = 0.0002. 
461.40; df = 2, 12; P < 0.0001. 

= 18,52; df = 2, 12; P = 0.0002. 
12.64; P - 0.0018. 
27,89; df = 2, 12; P < 0,0001. 
17.03; df = 2, 12; P = 0.0003. 

= 259.01; df = 2, 12; P < 0.0001. 
188.27; df * 2, 12; P < 0.0001. 

SF--

*F = 

Dimethoate has been used since 1956 on cultures of 
fruits, vegetables, grain, and fodder (Brunet et al. 
1997). In Spain, it is the insecticide more used against 
olive fruit fly (Ruiz et al. 2004). The potential danger 
of dimethoate to nontarget species has been reported 
in fishes, birds, and mammals {Brunet et al. 1997) as 
well as soil-dwelling beetles (Gyldenkaerne et al. 
2000) and natural enemies such as the predacious mite 
Eusieus tularensis Congdon and the parasitic wasp 
Aphytis melinus DeBach (Phillips et al. 1987). 

Ruiz Torres and Montiel Bueno (2002) studied the: 
effect of dimethoate on insect communities for 3 yr, on 
eight different located olive tree canopies (in Jaén,' 
Spain). The insecticide was applied with terrestrial 
cover sprays against B. oleae and Prays oleae (Bernard}-) 
and aerial bait sprays to control B, oleae. Dimethoate 
reduced the abundance and diversity of entomological 
olive fauna by using both sprays but the terrestrial; 
cover sprays had more impact than the aerial bait; 
sprays. 

Table 5 . Toxicity of pesticides via the food chain: influence on host and parasitoid emergence 

Compound 

Control 
Imidacloprid 
Fipronil 
F 
df 
P 

Concn 
(mg[AI]/liter 

10 
1 

% C. capitata adult 
emergence" 

88.0 ± 2.8a 
95.3 ± 1.9a 
93.0 ± 2.6a 

2.27 
2,27 
0.122 

% attacked 
hosts'* 

85.7 ± 3.2a 
96.4 ± 1.7b 
83.0 + 3.5a 

5.94 
2,27 
0.007 

% 
offspring0 

78,3 ± 4.2a 
51.8 ± 3.0b 

0c 
178.00 

2,27 
<0.0001 

IOBC 
category**-

2 
4 

Within the same column, data (mean ± SE) followed by a different letter are significantly different (P < 0,05; ANOVA, LSD test). 
" From nonparasitized larvae. 
b Percentage of parasitized pupae from larvae offered. 
" Percentage of parasitoids emerged from parasitized pupae. 
d IOBC categories in laboratory test: 1, harmless (<30%); 2, slightly harmful (30-79%); 3, moderately harmful (80-99%); 4, harmful (> 



]v!any studies have shown a negative impact on 
natural enemies when cover sprays of fipronii are 
applied. Balanca and Visscher (1997) observed a neg
ative effect on several families of Coleóptera and Hy
menoptera in the field. In laboratory assays, Elzen et 
al. (2000) and Medina et al. (2004) also observed that 
fipronii killed all the exposed adults of the parasitoid 
Catolaccusgranáis (Burks) (Hymenoptera: Pteromali-
dae) and all the larvae of the predator Chrysoperla 
carnea (Stephens) (Neuroptera: Chrysopidae) in con
tact with to residues of the insecticide. 

When we carried out the laboratory contact exper
iment using cover spray, the effects of imidacloprid on 
females were not particularly strong after 1 d of con
tact (<50%), so the high mortality recorded in the 
following days was probably caused by repeated con
tact with the toxins through tarsal contact due to 
walking in a limited space and by ingestion of the diet 
placed on the treated surface, which is expected to be 
contaminated. Lowery and Smirle (2003) observed 
that imidacloprid was more toxic when the route of 
uptake was ingestion compared with contact. This 
may be the reason explaining the lower damage to 
females of P. concohr in comparison with fipronii and 
dimethoate, when the main mode of exposure was 
contact. 

In the semifield assay, cover sprays of imidacloprid 
caused no mortality due to contact with the treated 
trees. The different toxicity observed for imidacloprid 
in the cover spray assays on an inert substrate (glass 
plate), in the laboratory, compared with the semifield 
experiments, using a plant substrate, might be ex
plained only in part, due to the absorption of the 
insecticide into olive leaves during the three days 
of exposure. Wise et al. (2007) recorded presence of 
imidacloprid residues in surface and subsurface of 
blueberry (Vaccinium spp.) leaves and fruit, after a 
cover spray at different times. Although residues of 
imidacloprid were predominantly in the surface 4 h 
after the application, a little proportion of insecticide 
had been moved to the subsurface at this time. A large 
portion of the imidacloprid residue moved to subsur
face of fruit and leaf tissue within 7 d. Obviously, there 
were larger area for finding refuges in the semifield 
test than in the laboratory test and, in consequence, it 
was easier for the parasitoids avoiding the contact with 
the insecticide, which it can be applied to all the 
insecticides tested. Therefore, the physiological se
lectivity of imidacloprid to P. concohr seems to be 
higher compared with that of fipronii or dimethoate, 
although still very toxic in the semifield test. 

However, imidacloprid survivors in the semifield 
test caused a significant reduction in both parasitiza-
tion parameters evaluated: percentage of attacked 
host and offspring. Similar sublethal effects such as the 
reduction of host foraging ability and fecundity of 
predators and parasitoids as a result of contact with the 
insecticide also has been observed (Gentz et al. 2010). 
These effects were studied in Micropliüs croceipes 
Cresson when exposed to treated cotton, Gossypium 
hirsutum h., plants (Stapel et al. 2000) or in Anagyrw 
pseudococci (Girault) after feeding on nectar from 

buckwheat, Fagopyrwn esculentum Moench, flowers 
treated with label-rate soil applications (Krischik et al. 
2007). Furthermore, contact with imidacloprid dou
bled the amount of time needed to produce the first 
egg in the predator Coleomegilla maculate Timberlake 
(Smith and Krischik 1999). 

Imidacloprid, when applied in a bait treatment at 
the very high concentration of 1,500 mg (Al)/liter, 
was harmless to the parasitoid. In contrast, fipronii, 
used at a concentration 37.5 times lower, had a very 
negative impact on P. concolor, similar to dimethoate. 
To our knowledge, there is no information available 
about the toxicity of fipronii bait spray for other spe
cies of natural enemies. 

Protein bait application techniques have been 
shown to be less harmful to beneficial insects, because 
the surface exposed is much smaller than those when 
cover sprays are applied (Roessler 1989, Ruiz et al. 
2002, Urbaneja et al. 2009); therefore, the higher the 
possibility of avoiding the contact with the insecticide, 
unless the bait was very attractive to the parasitoid. In 
our assays, Psyttalia females were observed feeding on 
honey but not on bait insecticide. Wang et al. (2005) 
observed similar results in Fopius arisanus (Sonan) 
(Hymenoptera: Braconidae) by using a treatment of 
spinosad mixed with GF-120 Fruit Fly Bait (Dow 
AgroSciences LLC, Indianapolis, IN). 

Toxicity of bait sprays in natural enemies has been 
less studied compared with cover sprays. Research 
carried out with similar methodology to that used in 
this work showed that toxicity depends on the insec
ticide as well as the evaluated species. Urbaneja et al. 
(2009) shown that spinosad (the bait formulation 
Spintor Cebo) was the most selective compound to 
Cryptolaemus montrouzieri Mulsant and Neosiulus cali-
fornicus McGregor. However, phosmet and lambda-
cyfialothrin, using as bait sprays, were selective to 
Aphidius cokmani Viereck, whereas spinosad (Spintor 
Cebo) was toxic. However, malathion, an organophos-
phate with a high contact activity, was toxic for the 
three species (Urbaneja et al. 2009). Medina et al. 
(2004) found that C. montrouzieri and Rodolia cardi-
nolis (Mulsant) were unaffected by spinosad bait for
mulated when exposed to 5 droplets of 1 ¡id each but 
killed by malathion. 

In contrast to imidacloprid, fipronii applied as bait 
spray had harmful, long-lasting effects on P. concohr. 
The persistence of this insecticide may be due in part 
to the combined action of the parent compound and 
several metabolites produced in its natural degrada
tion, such as the more persistent and less selective 
sulfone metabolite and desulfinyl photoproduct 
(Hainzl et al. 1998, Chauzat et al. 2006). 

The negative long-term effects of fipronii also have 
been detected using cover sprays by other research
ers. In accord with our results, in a field experiment 
targeted at Schistocerca gregaria (Forskal), Balanca 
and Visscher (1997) observed very poor recoloniza-
tion of species in the hymenopteran families Scelion-
idae and Sphecidae 4 wk after fipronii treatment, caus
ing almost 100% mortality in both groups. Similarly, 
fipronii exhibited high residual activity in adults of 



Anaphes iole Girault (Hymenoptera: Mymaridae) 
when they were exposed to 30-d-old residues on veg
etable surfaces (Williams et al. 2003). 

Both fipronil and imidacloprid reduced the percent
age of parasitoid's offspring after being developed in 
a host treated with sublethal concentrations of the 
pesticides. Although the rate of fly emergence from 
nonparasitized larvae was not reduced, fipronil treat
ment did not allow any parasitoid development to the 
adult stage, whereas imidacloprid treatment resulted 
in the emergence of only half the number of progeny. 

González and Viñuela (1997) also observed a higher 
susceptibility to pesticides in this parasitoid compared 
with their host when C. capitata larvae were treated 
with azadirachtin and tebrrfenozide. This higher sus
ceptibility could be based on the age and time of 
exposure, because although C capitata third instars 
were fed on a contaminated diet for only 2 d, the 
parasitoid had fed on contaminated host tissues since 
the first instar. 

It is generally considered that endoparasitoid lar
vae, inside their host, are more protected from pesti
cides than flying adults, which can be easily contam
inated by contacting residues on plants. However, at 
the sublethal concentration of 10 mg (AI) /liter, imi
dacloprid applied via treated host was more toxic to 
the parasitoid than when females were exposed to 
cover sprays residues under semifield conditions (150 
mg [AI]/liter) or to bait treatment residues in the 
laboratory (1,500 mg [AÍ]/liter). 

In conclusion, our results suggest that the differen
tial mortality of P. concolor parasitoids observed in this 
study due to different routes of exposure to fipronil 
should be considered when using this insecticide in 
field treatments. Although imidacloprid is physiolog
ically active against females of P. concolor, ecological 
selectivity may result through the use of bait treat
ment. However, cover sprays with this insecticide 
should be fully tested in the field to understand their 
impact on parasitoid development and on the repro
ductive capacity of the females. 
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