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A

 

BSTRACT

 

A synthetic food-based attractant, and a painted cylindrical dry trap that protects
the synthetic lures from the environment, were developed to replace liquid protein-
baited traps. This trapping system was tested for capture of the Mediterranean fruit
fly, 

 

Ceratitis capitata

 

 (Wiedemann). The dry trap is constructed of acetate film with a
painted band that provides a visual cue; it contains internally-placed toxicant panels
to kill flies that enter the trap. Field trials conducted in Guatemala suggested that a
solid-colored material could be substituted for the painted trap body. We also evalu-
ated a sticky insert made from commercially produced adhesive paper as a replace-
ment for the toxicant panels. Unlike paintable sticky adhesives, the sticky material on
the adhesive paper insert does not adhere to the skin of personnel who service the
traps. An open-bottom trap made of green opaque plastic with a sticky insert captured
more 

 

C. capitata

 

 than the closed-bottom painted trap with a toxicant panel. When
used in conjunction with sterile insect release technology, the open-bottom dry trap
baited with food-based synthetic attractant often caught wild 

 

C. capitata

 

 in numbers
equal to those caught by trimedlure-baited Jackson traps, but the dry trap caught
many fewer sterile 

 

C. capitata

 

.
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R

 

ESUMEN

 

Para sustituir trampas cebadas con proteina líquida fueron desarrollados un fa-
goatrayente y una trampa seca cilíndrica pintada que protege los cebos sintéticos del
ambiente. Este sistema de trampa fue probado para la captura de la mosca medite-
rránea de las frutas, 

 

Ceratitis capitata

 

 (Wiedemann). La trampa seca está construida
con una película de acetato con una banda pintada que provee una señal visual y con-
tiene paneles internos tóxicos para matar a las moscas que entren. Las pruebas de
campo conducidas en Guatemala sugieren que un material sólidamente coloreado po-
dría ser substituido por el cuerpo pintado de la trampa. También evaluamos un dis-
positivo adhesivo hecho de papel engomado comercial para sustituir los paneles
tóxicos. A diferencia de los adhesivos que pueden pintarse, el material adhesivo en el
dispositivo de papel no se adhiere a la piel del personal que debe trabajar con las
trampas. Una trampa de fondo abierto hecha de plástico opaco verde con un disposi-
tivo adhesivo capturó más 

 

C. capitata

 

 que una trampa pintada de fondo cerrado con
un panel tóxico. Cuando es usada con la tecnología de sueltas de insectos estériles, la
trampa seca de fondo abierto cebada con fagoatrayente sintético a menudo capturó 

 

C.
capitata

 

 salvaje en número igual al capturado por las trampas de Jackson cebadas con

 

trimedlure, pero la trampa seca capturó mucho menos 

 

C. capitata

 

 estériles.
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A number of traps have been developed for detecting or monitoring populations of
adult pest tephritids (reviewed in Cunningham 1989, Economopoulos 1989). Some of
the earliest traps were baited with carbohydrates and fermenting fruit or sugar solu-
tions. Subsequently traps have used hydrolyzed proteins as bait. All of these sub-
stances emit food-based chemical cues. Synthetic chemicals and food-related
chemicals are the primary basis for the baits in traps used currently to monitor pop-
ulations of the Mediterranean fruit fly,

 

 Ceratitis capitata

 

 (Wiedemann). These traps
include trimedlure-baited Jackson traps (Beroza et al. 1961, Harris et al. 1971) for
male 

 

C. capitata

 

 (Nakagawa et al. 1970) and McPhail traps with aqueous protein bait
solutions (Newell 1936) which capture both female and male 

 

C. capitata

 

. Traps baited
with aqueous protein solutions have been the primary tool for capturing female 

 

C.
capitata

 

. These traps are cumbersome and have numerous other operational disad-
vantages as follows. Bait solution may be spilled easily while handling the trap and
spilled bait provides an attractant source outside the trap. Removal of insects trapped
is time consuming and tedious. The contents of the trap must be filtered through a
screen to separate the insects from the bait solution. Trapped fruit flies are often
found severely decomposed with parts missing and thus, when these traps are used in
conjunction with marked flies dispersed in sterile insect release programs, it is often
difficult to determine if a trapped fly is sterile or wild. Additionally deployment of
McPhail traps is difficult because of the size and weight of the trap. Also protein baits
attract a number of non-target insects and considerable time is required to sort the
trapped insects. Due to these difficulties associated with the use of liquid protein
baits, we investigated the development of a synthetic food-based lure (ammonium ac-
etate and putrescine) that could be used in a dry insect trap that would capture both
female and male 

 

C. capitata

 

 (Heath et al. 1995, Epsky et al. 1995).
We report herein a brief description of the original dry trap with food-based syn-

thetic attractant and of subsequent improvements.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Cylindrical Dry Trap with Painted 7.5 cm Band

The original trap is fully described in Heath et al. (1995). Briefly, it consists of a
clear plastic cylinder (9 cm diam by 15 cm long) made from acetate film with a painted
band (7.5 cm wide) in the middle of the trap which provides a visual cue for the fruit
fly (Fig. 1A). The ends of the traps are plastic Petri dishes glued shut that fit snugly
into the cylindrical trap body. A wire hanger that pierces both bottom and top allows
the trap to be hung in the crop canopy. The trap body has three equally-spaced holes
(2.2 cm diam) around the circumference of the cylinder midway between the ends to
allow release of volatile chemicals and access for the responding flies. Flies enter the
trap in response to the attractant and are killed after feeding on toxicant-bait panels
that are placed on the inside surface of the top and bottom of the trap. Captured flies
are removed from the trap by lifting the cylinder from the bottom and dumping the
flies into a small container for transport to the laboratory.

Comparison of Cylindrical Dry Trap and Standard McPhail Trap

Field trials were conducted in an orange and coffee finca (farm) located near Gua-
temala City, Guatemala. Traps were placed in orange trees for all tests, with place-
ment within a tree following standard protocol (Anonymous 1989). Traps tested were
dry traps with green painted bands, dry traps with orange painted bands, and
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McPhail traps baited with five torula yeast-borax pellets. Separate comparisons were
conducted with the dry traps baited with low, medium and high dosages of the syn-
thetic lures (Heath et al. 1995). To obtain the different doses, the release rate from the
ammonium acetate lure (Concep, Bend, OR) was adjusted by reducing the exposed
area of the release membrane. The area of exposed surface of the membrane tested
was 1.0 cm

 

2

 

 (low dose), 1.4 cm

 

2

 

 (medium dose), and a full patch having a membrane
surface of 4.0 cm in diam (high dose). Putrescine was formulated using polypropylene
vials (1 cm internal diam by 2.2 cm) and was tested at 50, 100, or 200 

 

µ

 

l (low, medium
and high doses, respectively). The vials were closed and hung in the trap in an upright
position so that the putrescine was allowed to pool in the bottom of the vial. Flies were
removed from traps every 2-3 d, and numbers of male and female 

 

C. capitata

 

 recorded.
The experiment was replicated over time and there were 18 consecutive replicates for
each dose. The mating status of 

 

C. capitata

 

 females from the different traps was de-
termined by dissecting a subsample of the trapped females and checking for presence
or absence of sperm in the spermathecae.

Dry Trap Visual Cue Modifications

Field trials were conducted in an orange and coffee finca located near Guatemala
City, Guatemala, to determine optimal width of the visual cue band on the dry trap for

Figure 1. Illustration of the three types of cylindrical dry traps (9 cm diam by 15 cm
long) that were used in field studies conducted in Guatemala to test a food-based syn-
thetic attractant for C. capitata. A) Trap body constructed from clear acetate film with
a painted band (7.5 cm). The closed-bottom trap had toxicant panels placed on the top
and bottom to retain responding flies. B) Trap body constructed from clear acetate film
with a painted band (12 cm). The closed-bottom trap had toxicant panels placed on the
top and bottom to retain responding flies. C) Trap body constructed of green opaque
plastic. The open-bottom trap had a sticky paper insert to retain responding flies. Syn-
thetic attractant, which was formulated in membrane-based lures, can be seen in the
painted, closed-bottom traps.
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capture of 

 

C. capitata

 

. All traps were baited with ammonium acetate lure at the me-
dium dose. The putrescine was formulated in a manner similar to the lures used for
Japanese beetle monitoring (Consep, Bend, OR) with a 3 mm diam area of exposed
membrane surface. In all trials, traps were placed in orange trees that were bearing
fruit. Treatments tested were traps with visual cue widths of 3, 7.5, 12 or 15 cm. Sep-
arate tests were conducted for traps with green bands and with orange bands. All four
treatments were placed around the periphery of a tree with approximately one to two
meters between adjacent traps. Initially, treatments were placed randomly within a
given tree, followed by sequential displacement of each trap to the next position
around the tree when the traps were sampled every 2-3 d. On each sample date, flies
were removed from traps, and numbers of male and female 

 

C. capitata

 

 were recorded.
Sets of traps were placed in three trees spaced approximately 20-30 m apart, and the
total number of flies trapped per treatment was the sum of each sex collected that day.
The experiment was replicated over time, and there were 14 consecutive replicates of
tests of traps with each color. Sum totals were converted to percentage trapped per
trap type for analysis to facilitate comparisons among the range of fruit fly population
densities sampled.

Development of Open-Bottom Dry Trap with Sticky Insert

All tests were conducted with dry traps baited with the medium dosage of ammo-
nium acetate and putrescine. Trap bodies were either acetate cylinders 15 cm tall
painted with 12 cm green visual cues (designated “painted”) or green opaque cylinders
15 cm tall (designated “opaque”). Moreover, the cylinders were either closed at both
ends with toxicant panels on the inside of the top and bottom (designated “closed-bot-
tom”), or they lacked a bottom and had a sticky insert (8 by 13 cm rectangle with ad-
hesive on both front and back) hung from the top (designated “open-bottom”). Traps
were tested in a citrus orchard near Guatemala City, Guatemala. There were four
lines of traps with all four trap types placed randomly within each line, one per tree,
according to standard protocol. Traps were checked every 3-7 days depending on pop-
ulation levels, and the numbers of

 

 C. capitata

 

 females and males were recorded. Data
were converted to percentage per trap type per sample date for statistical analysis.
The experiment was replicated over time and there were 6 consecutive replicates of
the test.

Open-Bottom Dry Trap - Jackson Trap Comparison for Wild and Sterile Fly Capture

Green opaque cylindrical traps with sticky inserts were field-tested in Guatemala
to compare performance of the dry trap with that of the trimedlure-baited Jackson
trap. One of the tests was conducted in a coffee finca with a population of wild flies.
This site was at a high elevation (about 1300 m) and was located near Coatepeque,
Guatemala. Five lines of traps were placed at the site, with 50 m between each line.
Jackson traps with standard white inserts and open-bottom dry traps were placed in
each line along with other trap configurations. Traps were placed alternately 30 m
apart along a line. Ten traps of each type were placed following standard protocol. Ap-
proximately 20,000 sterile flies were released weekly distributed evenly over the trap-
ping area. Traps were checked weekly, and numbers of 

 

C. capitata

 

 females and males
were recorded. All flies captured were sent to the Moscamed laboratory in Coatepeque
to be examined to determine if they were sterile or wild, following standard protocol.
Tests were conducted for 8 consecutive weeks.
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Statistical Analysis

Data were analyzed with two sample 

 

t

 

-tests using Proc TTEST or factorial analy-
sis of variance (ANOVA) using Proc GLM (SAS Institute 1985), depending on the
number of test factors in the study. Data were assessed by the Box-Cox procedure (Box
et al. 1978) and were transformed appropriately when necessary to stabilize the vari-
ance prior to ANOVA. Chi-square analysis using Proc FREQ (SAS Institute 1985) of
contingency tables of mating status by trap type within each dosage were made to
compare mating status of females trapped in the dry trap-McPhail trap comparisons.

R

 

ESULTS

 

Dry Trap and McPhail Trap Comparison

The dry traps baited with either the medium or the high dosage of synthetic at-
tractant caught numbers of Mediterranean fruit flies equal to those captured in
McPhail traps (Table 1). Although McPhail traps caught more female Mediterranean
fruit flies than dry traps baited with the low dosage of synthetic blend, more unmated
females were captured in the dry traps (Table 2). Increase in dosage of the synthetic
lure increased the percentage of mated females captured in the dry traps. A green dry
trap baited with a medium dose of synthetic attractant was selected for further eval-
uation because it was equal to a protein-baited McPhail trap in capture of females and
approximately 50% of the females captured were unmated.
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TRIALS
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IN
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ALIN

 

, G

 

UATEMALA

 

 (

 

N

 

 = 18).

 

1

 

Orange Green McPhail

 

F P

 

Low Dose

 

C. capitata

 

 females 13.2 (2.08) 23.6 (3.95) 35.4 (5.46) 8.0 0.0009

 

C. capitata

 

 males 4.8 (0.71) 9.8 (1.44) 14.2 (2.37) 13.0 0.0001

Medium Dose

 

C. capitata

 

 females 10.6 (1.19) 10.9 (2.11) 18.6 (3.89) 1.5 ns

 

C. capitata

 

 males 3.8 (0.62) 3.4 (0.59) 6.6 (1.65) 0.6 ns

High Dose

 

C. capitata

 

 females 12.6 (2.07) 16.9 (4.44) 17.2 (3.15) 0.6 ns

 

C. capitata

 

 males 4.3 (1.18) 6.2 (2.19) 5.4 (1.32) 0.1 ns

 

1

 

Oneway analysis of variance on log [x + 1.0] transformed data, non-transformed means present; ns = not sig-
nificant, 

 

P

 

 > 0.05.
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Dry Trap Visual Cue Modifications

Average (std. dev.) captures of

 

 C. capitata

 

 females and males were 104.9 (69.2) and
49.0 (59.5) respectively. Width of the visual cue affected percentage capture of

 

 C. cap-
itata

 

 females but not of 

 

C. capitata

 

 males (Table 3). More 

 

C. capitata

 

 females were
captured in traps with green visual cues that were 12-15 cm wide than in traps with
3-7.5 cm wide cues. We used a green dry trap with a 12-cm wide visual cue and baited
with the medium dose of synthetic attractant for subsequent tests (Fig. 1B).

Development of Open-Bottom Dry Trap with Sticky Insert

The results of the comparisons among all four trap body/insect retention system
configurations are shown in Fig. 2. Capture of females was significantly higher in the
green opaque open-bottom trap than in the other traps tested (

 

F

 

 = 16.09; df = 3, 20; 

 

P

 

= 0.0001). The green opaque open-bottom trap captured an average of 3.4 times as
many females as the painted traps. Capture of males was also affected by trap type (

 

F

 

= 5.16; df = 3,20; 

 

P

 

 = 0.0084). The female:male ratio in the open-bottom dry trap was
about 6:1 and 82% of the 

 

C. capitata

 

 captured were females. We used a green opaque

T
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 2. T

 

HE
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C

 

ERATITIS

 

 

 

CAPITATA

 

 

 

CAPTURED

 

 

 

IN

 

 

 

CYLINDRI-
CAL

 

 

 

DRY

 

 

 

TRAPS

 

 

 

WITH

 

 

 

PAINTED

 

 7.5 

 

CM

 

 

 

BANDS

 

 

 

AND

 

 

 

BAITED

 

 

 

WITH

 

 

 

FOOD

 

-

 

BASED
SYNTHETIC

 

 

 

ATTRACTANTS

 

 

 

AT

 

 

 

THREE DOSES, AND STANDARD MCPHAIL TRAPS
BAITED WITH FIVE TORULA YEAST-BORAX PELLETS IN AQUEOUS SOLUTION.
FIELD TRIALS WERE CONDUCTED IN PALIN, GUATEMALA, AND MATING STATUS
DETERMINED FROM SUBSAMPLE DISSECTIONS (N = 50).1

Dosage of 
Synthetic 
Blend

Unmated Females Trapped (%)

Chisquare POrange Green McPhail

Low 54.8b 69.0b 22.0a 21.00 0.0001
Medium 45.4b 51.7b 25.0a 7.25 0.027
High 12.6ab 4.0a 21.0b 6.59 0.037

1Chisquare analysis based on 2 by 3 contingency table within each dosage. Means within a row followed by
the same letter are not significantly different (2 by 2 contingency tables of two-at-a-time comparisons within a
dose, P = 0.05).

TABLE 3. AVERAGE PERCENTAGE (SEM) OF CERATITIS CAPITATA CAPTURED IN CHOICE
TESTS OF CYLINDRICAL DRY TRAPS WITH INCREASING SIZE OF THE PAINTED
GREEN VISUAL CUE ON TRAP BODY AND BAITED WITH A MEDIUM DOSE OF FOOD-
BASED SYNTHETIC ATTRACTANT (N = 14).1

3 cm 7.5 cm 12 cm 15 cm F P

Females 18.4 (2.16) 18.5 (1.91) 31.5 (2.46) 31.7 (2.55) 10.36 0.0001
Males 20.8 (4.04) 24.6 (4.29) 32.4 (3.18) 22.2 (3.07) 1.90 ns

1Oneway analysis of variance on square root [x + 0.5] transformed data, non-transformed means presented;
ns = not significant, P > 0.05.
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open-bottom dry trap baited with the medium dose of synthetic attractant for subse-
quent tests (Fig. 1C).

Open-Bottom Dry Trap - Jackson Trap Comparison for Wild and Sterile Fly Capture

Numbers of wild and sterile C. capitata captured over time are shown in Fig. 3.
Capture with the open-bottom dry trap was greater than with the Jackson trap for

Figure 2. Percentage and standard error of C. capitata females (A), males (B) and
total females plus males, C) captured in four configurations of cylindrical dry traps
baited with food-based synthetic attractants in field trials conducted in Palin, Guate-
mala.
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seven of the eight weeks and was approximately equal in the remaining week. The fe-
male to male ratio in the open-bottom dry trap was 4:1. There were 3,875 sterile males
captured in the Jackson traps compared to 235 sterile males captured in the open-bot-
tom dry trap. Thus, approximately 16.5 times more sterile males were captured in the
Jackson trap than in the open-bottom dry trap. The open-bottom dry trap captured
415 sterile females.

Figure 3. Capture of (A) wild male C. capitata in Jackson traps (open circle, dashed
line), wild male plus female C. capitata in open-bottom dry traps (solid diamond, solid
line), (B) wild male C. capitata in Jackson traps (open circle, dashed line), wild male
(solid circle, solid line), and female (star, solid line) C. capitata in open-bottom dry
traps, and (C) sterile males in Jackson traps (open circle, dashed line) and sterile
males plus females (solid diamond, solid line) in open-bottom dry traps in field trials
conducted in Guatemala.
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DISCUSSION

The development of the open-bottom dry trap offers several advantages in addition
to the increase in capture of C. capitata. The panel is easy to insert and to remove from
the trap, and no pesticide is needed. Field personnel in Guatemala reported that they
like this trap because it is similar to the insert system currently used in Jackson traps
containing trimedlure, it is very “user friendly”, and it is even more durable than the
closed-bottom, painted dry trap. It also appears to be more sensitive to low density
populations of C. capitata and could provide an improved detection tool for areas in
which C. capitata populations are not established.

Continued research in the development of facile trapping systems will afford sev-
eral new opportunities in efforts to control and eradicate the Mediterranean fruit fly.
It is envisioned that additional attractants will be identified and further optimization
of visual cues and trap design will occur. Use of the trapping systems described will
enable better utilization of resources related to sterile insect release technology, in-
cluding but not limited to decreased efforts and greater accuracy in sterile/wild insect
identification and minimized capture of sterile males after release. Related research
indicates that the synthetic lure could be used in traps for capture of several of the
Anastrepha spp. that also are economically important pests of fruit.

ACKNOWLEDGMENTS

The authors thank Ara Manukian (USDA/ARS, Gainesville, FL), John Howell,
Sanjay Kulkarni, Yasmin Cardoza, Jennifer Braum (Univ. of Florida, Gainesville, FL)
for technical assistance; Antonio Guzman, (Guatemala City, Guatemala) and Oscar
Castro (Moscamed, Guatemala) for conducting field trials; and Waldemar Klassen, Ri-
chard Baranowski (Univ. of Florida, Homestead, FL), Tim Holler (USDA/APHIS,
Gainesville, FL) and Peter Landolt (USDA/ARS, Gainesville, FL) for critically review-
ing the manuscript. Carlos Lira and the staff at Moscamed, Guatemala, and Gordon
Tween and the staff at the USDA, APHIS-International Services, U.S. Embassy, Gua-
temala provided invaluable support of this research. This research was funded in part
by the California Department of Food and Agriculture (Grants #91-0621, #93-0478).
This article reports the results of research only. Mention of a proprietary product does
not constitute an endorsement or recommendation for its use by the USDA or the Uni-
versity of Florida.

REFERENCES CITED

ANONYMOUS. 1989. Florida fruit fly detection manual. USDA/APHIS, Plant Protec-
tion and Quarantine, and Florida Department of Agriculture and Consumer
Services, Division of Plant Industry, Gainesville, FL.

BEROZA, M., N. GREEN, S. I. GERTLER, L. F. STEINER, AND D. H. MIYASHITA. 1961. In-
sect attractants. New attractants for the Mediterranean fruit fly. J. Agric. Food
Chem. 9: 361-365.

BOX, G. E. P., W. G. HUNTER, AND J. S. HUNTER. 1978. Statistics for Experimenters.
An Introduction to Design, Data Analysis, and Model Building. J. Wiley & Sons,
New York, NY.

CUNNINGHAM, R. T. 1989. Population detection, pp. 169-173 in A. S. Robinson and G.
Hooper [eds.], World Crop Pests, Volume 3B, Fruit flies, their biology, natural
enemies and control. Elsevier Science Publishers B. V., Amsterdam. 447 pp.

ECONOMOPOULOS, A. P. 1989. Use of traps based on color and/or shape, pp. 315-327 in
A. S. Robinson and G. Hooper [eds.], World Crop Pests, Volume 3B, Fruit flies,
their biology, natural enemies and control. Elsevier Science Publishers B. V.,
Amsterdam. 447 pp.



Behavioral Ecology Symposium ‘95: Heath et al. 153

EPSKY, N. D., R. R. HEATH, A. GUZMAN, AND W. L. MEYER. 1995. Visual cue and chem-
ical cue interactions in a dry trap with food-based synthetic attractant for Cer-
atitis capitata and Anastrepha ludens (Diptera: Tephritidae). Environ.
Entomol. 24: 1387-1395.

HARRIS, E. J., S. NAKAGAWA, AND T. URAGO. 1971. Sticky traps for detection and sur-
vey of three tephritids. J. Econ. Entomol. 64: 62-65.

HEATH, R. R., N. D. EPSKY, A. GUZMAN, B. D. DUEBEN, A. MANUKIAN, AND W. L.
MEYER. 1995. Development of a dry plastic insect trap with food-based syn-
thetic attractant for the Mediterranean and Mexican fruit flies (Diptera: Te-
phritidae). J. Econ. Entomol. 88: 1307-1315.

NAKAGAWA, S., G. J. FARIAS, AND L. F. STEINER. 1970. Response of female Mediterra-
nean fruit flies to male lures in the relative absence of males. J. Econ. Entomol.
63: 227-229.

NEWELL, W. 1936. Progress report on the Key West (Florida) fruit fly eradication
project. J. Econ. Entomol. 29: 116-120.

SAS INSTITUTE. 1985. SAS/STAT guide for personal computers, version 6 edition. SAS

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦

Institute, Cary, NC.


