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Abstract 14 

 15 

BACKGROUND: The control of Ceratitis capitata Wiedemann used to rely on chemical 16 

control with organophosphate insecticides. New European Directives have banned the use 17 

of many substances, so the development of new control methods is essential to manage this 18 

pest. Bait sprays with spinosad, mass trapping and lure-and-kill techniques have been the 19 

basis for new integrated pest management programmes. This study planned two one-year 20 

field trials in two citrus areas to test the efficacy of attract-and-kill devices against mass 21 

trapping and spinosad plus bait treatments. 22 

RESULTS: The Magnet® MED attract-and-kill device, Spintor® treatments and mass 23 

trapping achieved good control of C. capitata populations, confirmed by low percentages of 24 

damaged fruit in the harvest assessments. Conversely, the fly population levels on plots 25 

treated with another attract-and-kill prototype device increased three times more than the 26 

populations recorded in other treated plots. The same was observed for fruit damage, with 27 

from six to eight times less damage with Magnet® MED and spinosad treatments, 28 

respectively, vs. the attract-and-kill prototype devices. 29 

CONCLUSION: With an effective attractant, conventional trapping systems can be 30 

replaced with cheaper, more user-friendly attract-and-kill devices. The efficacy of these 31 

devices and their advantages in relation to conventional mass trapping systems are 32 

discussed. 33 

 34 
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1 INTRODUCTION 37 

Currently, new Ceratitis capitata Wiedemann (Diptera: Tephritidae) control techniques are 38 

being studied and developed to replace traditional organophosphate pesticide applications. 39 

In Spain, fruit fly resistance to malathion has been reported
1
 and insecticides such as 40 

malathion, fenthion or trichlorphon are currently banned in the EU. Replacement of 41 

organophosphates with other more environmentally friendly products, such as spinosad, is 42 

taking place. Spinosad formulations with bait (Spintor®) have proved to be as effective as 43 

malathion,
2
 but some fruit damage problems were described in 2004 and 2005 in citrus and 44 

other crops when Spintor® was applied in spots (Alfaro, personal communication). In fact, 45 

scars appear at the point where the bait spot touches the fruit or the leaves.
3
 46 

The use of attract-and-kill techniques has increased in recent years as these devices attract 47 

insects to a killing agent and avoid having to spray large quantities of insecticides to affect 48 

insects. The attract-and-kill tactic is called lure-and-kill when insects are not retained inside 49 

a device, whereas mass trapping refers to the use of a trap that retains pests.
4
 Bait stations 50 

are defined as discrete containers of attractants and toxins whose insecticide attracts pests
5
 51 

but, in this case, the toxin can kill, sterilise
6
 or infect the target insect. The application of 52 

bait sprays with insecticide should be considered as a lure-and-kill method, but with larger 53 

amounts of insecticide.
7
 54 

In Spain, there are currently more than 50 000 ha of citrus being treated with bait, mass 55 

trapping or a lure-and-kill method because there are no other available environmentally 56 

friendly control methods. Bait stations are a cost-effective way of mass trapping which 57 

could replace current mass trapping methods. We should take into account that mass 58 

trapping costs around 3-4 euros per trap, which includes the trap, the attractant and the 59 
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insecticide. This means a total amount of 200 euros per ha. This cost is not redeemable for 60 

most crops and only public subsidies enable the use of mass trapping. However, this cost 61 

can be cut to 2 euros per trap using bait stations (around 100 euros per ha), which means 62 

that this method can be applied to European crops cost-effectively. 63 

Bait stations have been developed for other tephritids, such as Bactrocera cucurbitae 64 

(Coquillett) or B. dorsalis (Hendel);
8-10

 B. carambolae Drew & Hancock,
11

 Rhagoletis 65 

pomonella (Walsh),
12

 R. mendax Curran,
13

 Anastrepha suspensa Loew.
5
 In most cases 66 

however, the efficacy of these devices has been tested in laboratory or field cages, but not 67 

under real conditions. Devices are designed to remain active in the field for as long as 68 

possible with no maintenance, and to attract flies effectively. 69 

Both mass trapping and bait stations should be applied in isolated or wide areas in order to 70 

reduce fruit fly intrusion. It is intuitively obvious that immigration of pests into a treated 71 

area prevents their effective suppression or eradication.
14

 For C. capitata, this intuitive 72 

affirmation is an even better example of such a case due to fruit flies’ high mobility. In 73 

order to achieve “area-wide integrated pest management”, trials should be carried out over 74 

large or very isolated areas, and should affect the whole population of this treated area 75 

during a long-term planned campaign.
14,15

 For this reason, we planned field trials in plots of 76 

around 1 ha to monitor fruit fly populations and to assess the fruit damage in the centre of 77 

each plot.  78 

This work reports the efficacy of two attract-and-kill devices with two parameters: fruit fly 79 

population reduction and fruit damage obtained with each treatment. The efficacy of these 80 

devices is compared with a standard treatment with insecticides and/or with the mass 81 
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trapping technique. This study will allow the recommendation of alternatives to reduce the 82 

use of insecticides and to cut the cost of mass trapping systems. 83 

 84 

2 MATERIAL AND METHODS 85 

2.1 Field trials 86 

Field trials were carried out in the years 2010 and 2011 in early-clementine orchards 87 

(Citrus reticulata Blanco, variety Marisol). All the traps or lure-and-kill devices (LK 88 

hereafter) were placed at a density of 50 traps ha
-1

 two months before the harvest started.  89 

2.1.1 2010 Trial 90 

Four treatments were assessed from mid-July to October 2010: two types of LK, Magnet® 91 

MED (Suterra LLC, Bend, OR, USA) and a new lure-and-kill device design developed in 92 

our laboratory (L&K Tube hereafter), mass trapping and spinosad spray. A field trial was 93 

carried out in a 20-year-old 7.6-ha orchard located in Sagunto (N 39º 39’ 51’’; W 0º 17’ 94 

31’’, 20 km north of the city of Valencia, Spain). The orchard was divided into 12 plots, 95 

with three plots per treatment, as shown in Figure 1 and in Table 1. The untreated plots 96 

inside the orchard were non-productive plots or non-early varieties which ripen several 97 

weeks after Marisol clementines. 98 

2.1.2 2011 Trial 99 

Two treatments were assessed from mid-July to November 2011: Magnet® MED (Suterra 100 

LLC, Bend, OR, USA) and mass trapping. A field trial was carried out in a 18-year-old 7.3-101 

ha orchard, located in Gandía (N 38º 58’ 7’’; W 0º 15’ 59’’, 60 km south of the city of 102 

Valencia, Spain). The orchard was divided into 8 plots, including three plots per treatment 103 

and two untreated plots, as shown in Figure 2 and in Table 1. 104 
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 105 

2.2 Description of treatments 106 

Magnet® MED, supplied by Suterra Europe (Barcelona, Spain), is a paper envelope attract-107 

and-kill device impregnated with deltamethrin which contains two membrane dispensers, 108 

with trimethylamine and ammonium acetate as attractants (Fig. 3A). 109 

The L&K Tube is a prototype lure-and-kill device consisting of a yellow-coloured cylinder. 110 

There is a protein bait that contains cypermethrin at the bottom of the cylinder, and there 111 

are several small holes around the bait container which allow attractants to be released.  112 

There are two mesoporous dispensers inside the tube containing ammonium acetate, 113 

trimethylamine and methyl-pyrrolidine (Fig. 3B). 114 

Mass trapping was carried out with Tephri-Traps®, baited with a three-component lure 115 

called Biolure® Unipack™ (Suterra LLC, Bend, OR, USA) and with a 500 mg dichlorvos 116 

strip (Suterra Biocontrol España, Barcelona, Spain). 117 

“Spintor® cebo” is a commercial formulation from Dow Agrosciences LLC (Madrid, 118 

Spain) with 0.024 % w/v of spinosad in the protein bait. The product was diluted in three 119 

parts water and was sprayed in spots on the south face of trees with a backpack sprayer, 120 

using 1 L of “Spintor® cebo” per ha. In the 2010 field trials, plots 8, 10 and 12 (Fig. 1) 121 

were treated weekly from 5 weeks before harvesting until the end of the trials (from 2 122 

September to 30 September). 123 

 124 

2.3 Fruit fly population monitoring and fruit damage assessment  125 

Two parameters were used in both the 2010 and 2011 trials to assess the efficacy of each 126 

treatment: fruit fly population and fruit damage assessment per plot.  127 
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In order to follow the fruit fly population, one monitoring trap was placed in each plot in 128 

the second week of July. Mosquisan® fly-traps (SANSAN Prodesing SL, Valencia, Spain) 129 

baited with Biolure® (Suterra LLC, Bend, OR, USA) and a 500 mg dichlorvos strip were 130 

employed for monitoring purposes. Traps were hung in the centre of each plot and were 131 

checked weekly in 2010 and biweekly in 2011, and the number of males and females 132 

caught were recorded. 133 

Fruit damage was assessed for 4 weeks before harvesting when fruit began to ripen until the 134 

harvesting date. Twenty trees per plot and 20 fruits per tree were sampled weekly and 135 

scrutinised with a Linen Tester. The first and last three rows of each plot were discarded to 136 

avoid the influence of the outer population. The location of the trees selected for sampling 137 

was randomised before starting each assessment.  138 

 139 

2.4 Statistical analysis 140 

In order to analyse the fruit fly population data, two periods were established in the 2010 141 

trial; the first from 21 July 2010 to the 7
th

 week of the trial (7 September), when attract-142 

and-kill devices were placed in the field and no Spintor® treatments had yet been applied. 143 

The second period started from the 8
th

 week until the end of the 2010 trial, when fruits were 144 

ripening. Spintor® was applied weekly on the corresponding plots. In the 2011 trial, two 145 

periods were considered: an initial period before treatment application to ensure that all the 146 

plots had the same population; a second period started after traps were placed to assess the 147 

treatments’ efficacy.  148 

A one-way ANOVA was employed to compare the fruit fly populations in each period 149 

(LSD test at P < 0.05). The square-root transformation of the number of catches was used 150 
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to normalise the data.  151 

For fruit damage, a one-way ANOVA with the log-transformed data [log(x+1)] from the 152 

last two assessments was employed to compare the effect of the different treatments. 153 

Statistical analyses were done using the Statgraphics plus 5.1 package (Statpoint 154 

Technologies, Warrenton, VA, USA). 155 

 156 

3 RESULTS 157 

3.1 Fruit fly population 158 

3.1.1  Trial 2010 159 

According to the treatment employed, the fruit fly population dynamics is shown in Figure 160 

4. During the first seven weeks, the medfly population increased in the L&K Tube plots, 161 

with significant differences found between the L&K Tube plots and the Magnet® MED 162 

and mass trapping-treated plots (F = 15.21; df = 3,83; P < 0.001) (Table 2). However, L&K 163 

Tube plots did not significantly differ from the Spintor® plots which, during this period, 164 

had not yet been treated. This means that mass trapping and Magnet® MED significantly 165 

reduced fruit fly populations in comparison to untreated plots. However, the L&K Tubes 166 

did not significantly reduce the fruit fly population if compared with an untreated field.  167 

From the 7
th

 week to the 10
th

 week, corresponding with the ripening period, the Spintor®, 168 

Magnet® MED and mass trapping-treated plots showed no significant differences in 169 

population levels, whereas the population in the L&K Tube plots increased until the 10
th

 170 

week and became significantly higher than in the other plots (F = 10.32; df = 3,32; P < 171 

0.001) (Table 2). 172 

3.1.2  Trial 2011 173 
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At the beginning of the trial, before trap placement, no significant differences in fruit fly 174 

populations were noted between treatments (F = 0.1; df = 2,16; P = 0.90), according to the 175 

population dynamics depicted in Figure 5. In contrast, after placing traps and lure-and-kill 176 

devices, the fruit fly population increased in the untreated plots, with significant differences 177 

found with the Magnet® MED and mass trapping-treated plots (F = 8.28; df = 2,88; P < 178 

0.001) (Table 3). This means that mass trapping and Magnet® MED significantly reduces 179 

fruit fly populations in comparison to untreated plots.  180 

 181 

3.2 Fruit damage 182 

3.2.1 Trial 2010 183 

Fruit damage was assessed weekly from 8
 
September 2010, 4 weeks before harvesting, but 184 

no fruit damage was recorded until 29 September, 1 week before harvesting. Fruit damage 185 

evolution is shown in Figure 6. In the L&K Tube-treated plots, the number of damaged 186 

fruits increased as fruits ripened, whereas the fruit damage for other treatments remained at 187 

acceptable levels.  188 

The fruit damage assessment during the harvest period is shown in Table 4. The L&K Tube 189 

plots displayed significantly more damage than the other treatments (F = 4.66; df = 3,284; 190 

P = 0.0034). Magnet® MED
 
and mass trapping treatments proved to be as effective as 191 

weekly Spintor® sprays from the 5
th

 week before harvesting, with no significant 192 

differences among them. 193 

3.2.2 Trial 2011 194 

Although in this case, the fruit remained unharvested in fields for 1.5 months more than in 195 

the 2010 trials, fruit damage was below 0.05% in all the plots. This fruit damage was 196 
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negligible and did not allow a statistical analysis.  197 

 198 

4 DISCUSSION 199 

This study has compared the efficacy of the mass trapping technique, attract-and-kill 200 

devices and bait sprays. In recent years, the mass trapping technique has proved to be as 201 

effective as insecticide sprays to control C. capitata in citrus orchards.
16,17

 The results of 202 

this work confirm mass trapping efficacy and also show that attract-and-kill devices are 203 

effective enough to reduce C. capitata populations while remaining under the economic 204 

threshold. In fact, these devices had a similar efficacy as mass trapping or the Spinosad® 205 

weekly treatments. However, significant differences were found in the efficacy achieved by 206 

the different tested devices. 207 

Two types of attract-and-kill devices were compared in the 2010 trial versus standard 208 

treatments, but there was no true control plot. The existence of this true control plot without 209 

treatments would provide information about pest pressure in the trial fields; unfortunately 210 

the cost of 3 ha of fruit losses would make the trial economically unfeasible. Nonetheless, 211 

the efficacy of new control methods can be compared with well-known treatments. 212 

Moreover in this trial, one of the treatments (L&K Tube) was significantly less effective 213 

than the others, with high percentages of fruit damage in the three plots where this 214 

treatment had been applied. These plots cannot be considered true control plots, but their 215 

high percentage of fruit damage and their significantly larger fruit fly population allow us 216 

to detect the strong pest pressure in this field and to validate the efficacy of the other 217 

control methods. With the 2011 trial, we could arrange three untreated plots because fruit 218 

damage was very low and no important economic losses were expected. On this occasion, 219 
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we observed that C. capitata populations were 6 times higher in untreated plots than in the 220 

attract-and-kill plots. 221 

A direct relationship between the percentage of fruit damage and the population level 222 

detected in monitoring traps was found for the 2010 data. In these trials, the female 223 

population reached 9.2 females per trap and day (FeTD) and fruit damage was over 1.5%. 224 

In accordance to this correlation, plots with smaller fruit fly populations (below 3 FeTD) 225 

had significantly lower percentages of fruit damage (under 0.3%). However in the 2011 226 

trial, those plots with female populations over 6 FeTD did not present significant fruit 227 

damage, even though the fruit remained in the field and over-ripened for two months more 228 

than in the 2010 trial. The number of flies per trap and day (FTD) is an index that is widely 229 

used to establish Areas of Low Prevalence (ALPP).
18

 With C. capitata, USDA and the 230 

Spanish Government agreed on a limit of 0.5 FTD to consider ALPP. However, there is no 231 

published FTD index to ensure that fruit damage remains below a defined limit. The results 232 

of the present work show that this index cannot be easily obtained. 233 

Previous experiments carried out in 2009 demonstrated the good efficacy of the L&K Tube 234 

prototype in reducing fruit fly populations (unpublished results), with similar fruit damage 235 

reductions to those of insecticidal treatments. However, the efficacy of this device in the 236 

2010 trials was significantly lower than in the chemical and mass trapping treatments. This 237 

difference between 2009 and 2010 could be attributed to the changes made in the devices 238 

tested, as the holes through which attractants are released had a different position. This fact 239 

means that the role of attractants is essential as to how the device performs and, therefore, 240 

any change made in how the device is manufactured must be tested under field conditions.   241 

The mass trapping technique was as effective as the Magnet® MED treatment using a 242 
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similar attractant. This means that, by using an effective attractant, a conventional trapping 243 

system can be replaced with a device that is cheaper and easier to handle. Moreover, the 244 

lifespan of Magnet® MED was 15 weeks, implying a lifespan of over 100 days; however, 245 

this observation should be confirmed in future trials. 246 

The mass trapping technique has been employed for C. capitata control in Spain since the 247 

beginning of the 20
th

 century.
19

 The efficacy of this technique has been assessed in the last 248 

80 years and its economic viability has been discussed in several articles.
17,20,21

 Yet the 249 

most important improvements in this technique have come about through the development 250 

of synthetic female attractants,
22

 and via the use of cheaper, more efficient traps.
23

 251 

Nevertheless, new improvements are required to prolong the lifespan of attractant 252 

dispensers. The dispensers for female attraction currently in use offer a lifespan of 4 253 

months (Suterra LLC, Bend, OR, USA), whereas those for males can last 8 months in the 254 

field.
24

 255 

The main advantages of the attract-and-kill systems over mass trapping techniques are: (1) 256 

less manpower required for their field application, (2) absence of an expensive device that 257 

retains flies, and (3) non-saturation of traps. In these trials, the assembly and hanging of 258 

traps, filled with attractants and insecticide, in mass trapping plots required 1.5 hour per ha, 259 

whereas the attract-and-kill systems needed about 40 min. In this case, the financial savings 260 

are more important for growers than the absence of insecticides.
4
 The cost of the attract-261 

and-kill treatment for 1 ha (50 devices ha
-1

) has been estimated to be between 100 and 150 262 

euros with 40 min manpower, whereas one Spintor® treatment takes 90 min and costs 18 263 

euros per ha. By bearing in mind that the number of Spintor® treatments varies between 264 

three and six per year, the final cost would be between 48 and 96 euros and between 270 265 
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and 540 min manpower per ha. Currently, the cost of manpower in Spain is around 8 euros 266 

per hour; therefore, the mean cost of treatment in Spain would be around 130 euros per ha 267 

with attract-and-kill and 126 euros per ha with Spintor®. Therefore, the cost of the attract-268 

and-kill technique would not prove to be an obstacle for the implementation and success of 269 

this control method. 270 

 271 

ACKNOWLEDGMENTS 272 

This research was funded in part by the AIEA through research contract No 15726, 273 

Ecología y Protección Agrícola SL and by the Conselleria d’Agricultura, Peixca i 274 

Alimentació (GVA). Thanks to Helen Warburton for correcting the English. 275 

 276 

277 



   

14 

 

 278 

REFERENCES 279 

1 Magaña C, Hernández-Crespo P, Ortego F and Castañera P, Resistance to malathion in 280 

field populations of Ceratitis capitata. J Econ Entomol 100:1836-1843 (2007).  281 

2 Peck SL and McQuate GT, Field tests of environmentally friendly malathion 282 

replacements to suppress wild Mediterranean fruit fly (Diptera : Tephritidae) 283 

populations. J Econ Entomol 93:280-289 (2000).  284 

3 DeLury NC, Thistlewood H and Routledge R, Phytotoxicity of GF-120 (R) NF 285 

Naturalyte (R) fruit fly bait carrier on sweet cherry (Prunus avium L.) foliage. Pest 286 

Manag Sci 65:52-59 (2009).  287 

4 El-Sayed AM, Suckling DM, Byers JA, Jang EB and Wearing CH, Potential of "Lure and 288 

Kill" in Long-Term Pest Management and Eradication of Invasive Species. J Econ 289 

Entomol 102:815-835 (2009).  290 

5 Heath RR, Lavallee SG, Schnell E, Midgarden DG and Epsky ND, Laboratory and field 291 

cage studies on female-targeted attract-and-kill bait stations for Anastrepha suspensa 292 

(Diptera: Tephritidae). Pest Manag Sci 65:672-677 (2009).  293 

6 Navarro-Llopis V, Domínguez-Ruiz J, Zarzo M, Alfaro C and Primo J, Mediterranean 294 

fruit fly suppression using chemosterilants for area-wide integrated pest management. 295 

Pest Manag Sci 66:511-519 (2010). 296 

7 Witzgall P, Kirsch P and Cork A, Sex Pheromones and their impact on pest management. 297 

J Chem Ecol 36:80-100 (2010). 298 

8 Piñero JC, Mau RFL, McQuate GT and Vargas RI, Novel bait stations for attract-and-kill 299 

of pestiferous fruit flies. Entomol Exp Appl 133:208-216 (2009).  300 

9 Chuang Y and Hou RF, Effectiveness of attract-and-kill systems using methyl eugenol 301 

incorporated with neonicotinoid insecticides against the oriental fruit fly (Diptera: 302 

Tephritidae). J Econ Entomol 101:352-359 (2008).  303 

10 Vargas RI, Stark JD, Mackey B and Bull R, Weathering trials of Amulet cue-lure and 304 

Amulet methyl eugenol "attract-and-kill" stations with male melon flies and oriental 305 

fruit flies (Diptera: Tephritidae) in Hawaii. J Econ Entomol 98:1551-1559 (2005). 306 

11 Vayssieres JF, Cayol JP, Perrier X and Midgarden D, Impact of methyl eugenol and 307 

malathion bait stations on non-target insect populations in French Guiana during an 308 



   

15 

 

eradication program for Bactrocera carambolae. Entomol Exp Appl 125:55-62 309 

(2007).  310 

12 Bostanian NJ and Racette G. Attract and kill, an effective technique to manage apple 311 

maggot, Rhagoletis pomonella (Diptera: Tephritidae) in high density Quebec apple 312 

orchards. Phytoprotection 82:25-34 (2001).  313 

13 Liburd OE, Finn EM, Pettit KL and Wise JC, Response of blueberry maggot fly 314 

(Diptera: Tephritidae) to imidacloprid-treated spheres and selected insecticides. Can 315 

Entomol 135:427-438 (2003).  316 

14 Klassen W. Area-Wide Integrated Pest Management and SIT, in Sterile Insect 317 

Technique. Principles and Practice in Area-Wide Integrated Pest Management, ed. 318 

by Dyck VA, Hendrichs JH and Robinson AS. Springer, Dordrecht, The Netherlands, 319 

pp. 39-68 (2005).  320 

15 Lindquist DA, Pest management strategies: area-wide and conventional, in FAO/IAEA 321 

International Conference on Area Wide Control of Insect Pests - International 322 

Symposium on Fruit Flies of Economic Importance, ed by Penerbit Univ. Sains 323 

Malaysia, Pulau, Penang, Malaysia (2000).  324 

16 Ben Jemaa JM, Bachrouch O, Allimi E and Dhouibim MH, Field evaluation of 325 

Mediterranean fruit fly mass trapping with Tripack (R) as alternative to malathion 326 

bait-spraying in citrus orchards. Spanish J Agric Res 8:400-408 (2010).  327 

17 Leza MM, Juan A, Capllonch M and Alemany A, Female-biased mass trapping vs. bait 328 

application techniques against the Mediterranean fruit fly, Ceratitis capitata (Diptera: 329 

Tephritidae). J Appl Entomol 132:753-761 (2008).  330 

18 FAO - Food and Agricultural Organization of the United Nations, Sterile fly release 331 

densities, in Guidance for packing, shipping, holding and release of sterile flies in 332 

area-wide fruit fly control programmes vol 190, ed. by FAO/IAEA, Enkerlin, Rome, 333 

pp. 56-63 (2007). 334 

19 Gómez-Clemente F, Experiencias de lucha contra la Ceratitis capitata Wiedemann con 335 

cazamoscas de vidrio. Bol Pat Veg Ent Agr 4:21-38 (1929). 336 

20 Avery JW, Chambers DL, Cunningham RT and Leonhardt BA, Use of ceralure and 337 

trimedlure in Mediterranean fruit fly mass-trapping tests. J Entomol Sci 29:543-556 338 

(1994). 339 



   

16 

 

21 Gómez-Clemente F and Planes S, Experiencias de lucha contra la Ceratitis capitata en 340 

melocotoneros por medio de mosqueros y pulverizaciones con insecticidas orgánico-341 

clorados. Bol Pat Veg Ent Agr 19:107-134 (1952). 342 

22 Heath RR, Epsky ND, Dueben BD, Rizzo J and Jeronimo F, Adding methyl-substituted 343 

ammonia derivatives to a food-based synthetic attractant on capture of the 344 

Mediterranean and Mexican fruit flies (Diptera: Tephritidae). J Econ Entomol 345 

90:1584-1589 (1997).  346 

23 Navarro-Llopis V, Alfaro F, Domínguez J, Sanchis J and Primo J, Evaluation of traps 347 

and lures for mass trapping of Mediterranean fruit fly in citrus groves. J Econ 348 

Entomol 101:126-131(2008).  349 

24 Domínguez-Ruiz J, Sanchis J, Navarro-Llopis V and Primo J. A new long-life 350 

trimedlure dispenser for Mediterranean fruit fly. J Econ Entomol 101: 1325-1330 351 

(2008).  352 

 353 

354 



   

17 

 

 355 

Figures 356 

Fig. 1. Sketch of plot distribution in 2010 field trial. Plots: 1,3,6 Magnet Med; 7,9,11 Mass 357 

trapping; 8,10,12 Spinosad; 2,4,5 L&K tube.  358 

Fig. 2. Sketch of plot distribution in 2011 field trial. Plots: 1,4,8 Magnet MED®; 2,5,7 359 

Mass trapping; 3,6 Untreated 360 

Fig. 3. Magnet MED® (A) and L&K Tube (B) devices 361 

Fig. 4. Dynamics of fruit fly population according to treatment, as number of females 362 

caught per trap and day in 2010 field trial. Arrows point out treatments with spinosad 363 

applied only in Spintor® plots. 364 

Fig. 5. Dynamics of fruit fly population according to treatment, as number of females 365 

caught per trap and day in 2011 field trial. Arrow points out mass trapping and Magnet 366 

MED® device placement. 367 

Fig. 6. Dynamics of fruit damage in the different plots, as percentage of damaged fruit. 368 

Fruit damage assessments carried out on 23 September (1), 30 September (2), 7 October (3) 369 

and 14 October (4). 370 

 371 

 372 

373 
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Tables 374 

Table 1 375 

Plot treatments and characteristics 376 

2010 2011 

Plot # Treatment Size (ha) # devices Plot # Treatment Size (ha) # devices 

1 Magnet® MED 1.1 57 1 Magnet® MED 0.8 46 

2 L&K tube 0.9 49 2 Mass trapping 0.9 48 

3 Magnet® MED 1.3 73 3 Untreated 1.0 0 

4 L&K tube 1.1 63 4 Magnet® MED 1.1 56 

5 L&K tube 0.8 40 5 Mass trapping 0.8 45 

6 Magnet® MED 0.9 46 6 Untreated 0.8 0 

7 Mass trapping 0.3 14 7 Mass trapping 0.9 49 

8 Spintor® 0.2 0 8 Magnet® Med 1.0 51 

9 Mass trapping 0.4 24     

10 Spintor® 0.2 0     

11 Mass trapping 0.3 12     

12 Spintor® 0.3 0     

 377 

378 
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 379 

 380 

Table 2 381 

Mean and standard error (±SE) of female C. capitata population registered in trial 2010.  382 

Treatment 

Females per trap and day (±SE) 

21 July to 1 Sept. 

(weeks 1 to 7) 

2 to 30 Sept. 

(weeks 8 to 10) 

Magnet® MED 0.42 (±0.09)
a
 1.89 (±0.61)ª 

L&K Tube 2.76 (±0.39)
c
 7.94 (±1.29)

b
 

Mass trapping 1.35 (±0.33)
ab

 2.38 (±0.42)ª 

Spintor® 2.73 (±0.74)
bc

 1.81 (±0.34)
a
 

Means within a column followed by different letters are significantly different (LSD 383 

test at P<0.05). 384 

The square root transformation of the number of catches was used to perform the 385 

ANOVA. Untransformed data are presented. 386 

 387 

388 
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Table 3 389 

Mean and standard error (±SE) of female C. capitata population registered in trial 2011.  390 

Treatment 
Females per trap and day (±SE) 

 22 June to 19 July  20 July to 9 Nov. 

Magnet® MED 0.53 (±0.11)
a
 0.43 (±0.07)ª 

Mass trapping 0.58 (±0.18)
a
 0.40 (±0.05)ª 

Untreated 0.30 (±0.11)
a
 2.55 (±0.66)

b
 

Means within a column followed by different letters are significantly different (LSD 391 

test at P<0.05). 392 

The logaritmic transformation of the number of catches was used to perform the 393 

ANOVA. Untransformed data are presented. 394 

395 
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 396 

Table 4 397 

Percentage of fruit damage and standard error (±SE) according to treatment, during the 398 

harvest period, obtained in trial 2010.  399 

Treatment % Fruit damage (±SE) 

Magnet® MED 0.21 (±0.12)ª 

L&K tube 1.18 (±0.47)
b
 

Mass trapping 0.21 (±0.16)ª 

Spintor® 0.14 (±0.10)ª 

Percentages followed by different letters are significantly different (LSD test at P<0.05, 400 

with untransformed data). 401 

The logarithmic transformation of the number of punctured fruits was used to perform 402 

the ANOVA. Untransformed data are presented 403 

 404 

 405 


