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ABSTRACT

A small-scale field trapping experiment using caged Anthonomus eugenii Cano weevil
adults in modified PMS Survey boll weevil traps was performed at the Gulf Coast
Research and Education Center in Bradenton, Fla. A significantly higher percentage
of male-baited traps captured conspecific weevils than did female-baited or unbaited
traps. Males and females were captured in all traps in similar proportions over the
study. PMS traps alone also were somewhat attractive to the weevils. These field results
support earlier laboratory results indicating pepper weevil males produce an aggregation
pheromone.

RESUMEN

Un experimento de campo utilizando trampas modificadas de Anthonomus grandis
(“PMS Survey”) fue realizado para capturar adultos de Anthonomus eugenii Cano. Las
trampas con machos capturaron mas adultos de la misma especie que las trampas con
hembras o el control. La proporcion de machos y hembras capturadas en las trampas
fue similar. Estos resultados coinciden con experimentos de laboratorio que indican que
Anthonomus eugenii produce una feromona de agregacion.

Effective control of the pepper weevil, Anthonomus eugenii Cano, is hindered by
problems in detecting field populations before economic injury (Genung & Ozaki 1972).
Visual sampling currently is used to time pesticide applications on small-scale farms for
this pest in Honduras (Andrews et al. 1984). Sticky traps were found to be superior to
other sampling methods in Puerto Rico (Segarra-Carmona & Pantoja 1986) but the
relationship between population density and trap catch was weak and erratic, particularly
at low densities. Cartwright et al. (1990) found that the percentage of bud clusters
damaged by adults was correlated with adult density and could be used as an action
threshold. Waiting until damage has already occurred before applying an insecticide
may allow an infestation to develop protected in buds and small fruit.

Pheromonal trapping is considered to be an effective and economical method of
detecting pests, particularly in the early part of the season when pest population levels
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are low (Klassen et al. 1982). While it is likely that pheromones play some role in the
behavior of most insects, a necessary step in determining the feasibility of using
pheromones for pest detection is to demonstrate attractancy, especially in the field
(Roelofs 1979). Coudriet & Kishaba (1988) demonstrated in laboratory and field cages
that males produced an airborne female attractant.

The objective of this study was to obtain information on pepper weevil attractancy
and behavior in the field to support further the existence of a pepper weevil-produced
pheromone system. The considerable research on the pheromonal complex and trapping
of the related boll weevil (Hardee 1972) was used as a guide for this investigation.

MATERIALS AND METHODS
Handling of Pepper Weevil in the Laboratory

Adult pepper weevils used in the trapping study were collected as pupae from field-col-
lected pepper fruit weekly between March and August 1984. To obtain cohorts of indi-
viduals of the same age, the pupae first were segregated according to red or white eye
color. Young pupae had white eyes and older pupae had red eyes. These were placed
in individual containers for emergence. All containers were used once or washed with
75% ethanol before holding other adults (Bradley et al. 1968). When the adults began
walking, they were provided with host flowers and/or fruit every 1-2 days. The adults
were held for five days or until they were used as experimental replacements. Initially,
the sex of pepper weevil adults was determined using rostrum characteristics and the
pygidium. Females typically have a more slender and less punctured beak than males,
and the antennae are inserted farther from the mouthparts (Agee 1964). This method
was unsuitable because of overlap in these features among some adults. Therefore, only
specimens with the above features well-defined were used. Later, the sex of pupae was
determined by examining the abdominal sexual characteristics described by Anderson
(1968) for the boll weevil. Sex of adults was checked before individuals were used in
the trapping study to limit errors in sexual determination.

Trap Design

Modified PMS Survey cotton boll weevil traps (Pest Management Specialists, Inc.)
were used. A plastic 100 ml cup housed the bait insects and/or pepper flowers and fruit.
Openings were cut (ca. 4 cm?) in the top and on opposite sides of the cup and were
covered with organdy eloth for ventilation. The cup was inverted over the inspection
dome of the trap. The top one-quarter of the dome was removed and the resulting hole
covered with organdy to facilitate diffusion of volatile materials through the trap into
the environment. To prevent the escape of captured insects, the original aeration holes
in the inspection dome were closed slightly with hot-glue. Four 1-cm diameter holes
were drilled in the top of the trap base to allow for movement of pepper weevil from
beneath the base (Dickerson et al. 1981).

Field Plots

The trapping study was conducted at the University of Florida, Gulf Coast Research
and Education Center (GCREC) in spring and summer of 1984. Peppers (cv. Early
Calwonder) were transplanted on February 20 and 28. Four beds were planted on the
first date and three beds on the second date in anticipation of late frosts and to extend
the fruiting period. The plants were set in single rows (two plants per hole) on raised
black plastic mulched beds at ca. 30.5 cm intervals. The beds were ca. 92 m long and
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0.8 m wide. Fertilizer was incorporated into the EauGallie fine sand beds. Before the
plastic mulech was installed, the beds were fumigated with methyl bromide (67%) and
chloropicrin (33%) for disease, weed, and nematode control. Other pesticides were not
used on the plants during the study period. Water was provided by seepage furrow
irrigation.

Field Setup

Trapping was initiated on March 21 when the plants began to fruit. A completely
randomized design with five replications was used from March 21 to May 23. On May
24, the arrangement of the traps in the field was changed to a randomized complete
block design and the number of replicates reduced to three. The traps were set at ca.
9 m intervals. The height of the traps was adjusted with the growth of the pepper plants
so that the bottom of the yellow base was approximately even with the top of the plants.
Three trap treatments were used: 1) pepper weevil male with food (pepper flowers and
fruit); 2) pepper weevil female and food; and 3) pepper flowers and fruit only. To deter-
mine whether pepper weevils were attracted to the trap alone (i.e., when it did not
contain an adult or food), an empty trap was placed in each block May 31 to June 20.

Five-day-old adults were placed in the trap housings in the field on Wednesday of
each week. The traps were examined at least four times each week, and the flowers
and fruit were changed at each inspection. If a caged adult had died, the trap was
changed and the dead insect was replaced with a similarly aged adult. After May 2,
70% ethanol was used to clean hands following the handling of pepper weevil and traps
to reduce the possibility of contamination. The traps were changed at the end of each
week and washed in 70% ethanol before being used again in the field. After May 17,
the traps were changed and washed after each inspection to reduce the possibility that
field insects were responding to insects previously captured (Van Cleave & Harp 1971).
After each inspection, the traps were rotated within the field (before May 23) or in the
block (after May 23) to reduce positional bias. Captured insects were counted and trans-
ported to the laboratory for sex determination. After May 23, traps in blocks with bait
insect mortality or loss between inspection dates were not counted. Rostrum and
pygidium characteristics were used in sex evaluation if genitalia were not exposed. A
one-way analysis of variance applied to ranks was used to compare the percentage of
traps capturing adults, using SPSS (SPSS Inc.). This test, which is equivalent to the
Kruskel-Wallis non-parametric test (Ray 1982), was used due to the change in experimen-
tal design and the heterogeneous population variances of the season-long data. The
numbers of adults captured after May 23 were analyzed by ANOVA (Ray 1982) combining
captures for each trapping interval and using trapping intervals as blocks.

Visual Sampling of Adults

Visual sampling of adult pepper weevil on pepper terminal leaf clusters was conducted
weekly from March 1 to June 20 (Andrews et al. 1986). The purpose of this sampling
was to compare adult density to counts of trapped pepper weevil adults.

The plants were inspected between 0800 and 1000 hr. Two procedures were used
during the study. Between March 1 and May 18, one set of 40 terminals was sampled
around each of the fifteen traps (i.e., 20 terminals from 20 plants were sampled on the
two rows adjacent to each trap). The sampling program was modified to a systematic
sampling after May 22 because of the change in the trapping experimental design. First,
40 terminals were sampled on pepper plants on beds next to a randomly assigned aisle.
Twenty terminals per 20 plants on each of the beds were inspected. This procedure then
was continued in successive aisles until 15 samples had been taken.
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RESULTS AND DISCUSSION

A significantly higher percentage of male-baited traps captured pepper weevil adults
than did female-baited or control traps between March 21 and June 20 (Table 1, P =
0.0189). There was no significant difference between the percentages of female-baited
and control traps that captured adults. Similar results were obtained considering the
numbers of adults captured during the last four trapping intervals (Table 1). Males and
females were attracted to the male-baited trap in approximately equal numbers (1.9 +
3.4(SD) and 2.5 + 3.8 per trap per week, respectively). Therefore, our data suggest
that the male-produced attractant may have a dual sex attractant and aggregation
function. This is contrary to Coudriet & Kishaba (1988) who found mostly females
responding in laboratory and field cage studies. These authors used callow adults in all
of their studies and didn’t use plant material in combination with the adults in the traps
in their field cage studies. Therefore, there may have been a response of adults to the
pepper flowers and fruit included in the traps in our study. However, a total of 15 adults
in 8 traps (7 males and 8 females) was captured in empty traps from May 31 to June
20. This number is similar to the number of aduits captured in control traps (18) and
female-baited traps (13) during the same period. These results indicate that pepper
flowers and fruits were not attractive but that the boll weevil trap may be inherently
attractive to the pepper weevil, possibly because of the yellow color. Yellow and white
sticky traps were shown to be more attractive to the pepper weevil in the field than
six other colors in Puerto Rico (Segarra-Carmona & Pantoja 1988). Other Anthonomines
(e.g., Anthonomus captivus Clark) also are known to be attracted to some aspects of
boll weevil traps (Clark 1988).

The highest number of trapped adults was recorded in May and June (Table 2). This
coincided with a decline in the number of adults observed on terminal leaves (Fig. 1)
as well as with a decline in the numbers of flowers and fruit on the plants. The relationship
between the percentage of traps capturing adults and counts of adults by visual sampling
is linear and significant (Fig. 2). The increased numbers of pepper weevil adults captured
in late May and in June might be attributed to increased movement of adults in search
of feeding and ovipositional sites, or the change in the trap arrangement.

The low number of pepper weevils captured in the traps precluded detailed observa-
tions of adult movement towards or on the trap. Nevertheless, some observations were
made in the field and in small cage tests in the laboratory. Adults were observed flying
and landing on the yellow base of the trap on several occasions. These adults walked
on the outside of the base. One adult walked into the funnel but after a few minutes

TABLE 1. CAPTURES OF PEPPER WEEVIL ADULTS (ANTHONOMUS EUGENII CANO)
WITH MODIFIED PMS BOLL WEEVIL TRAPS WHEN THE TRAPS WERE
BAITED WITH ONE MALE OR FEMALE PEPPER WEEVIL ADULT PLUS PEP-
PER FLOWERS AND FRUIT OR A CONTROL TRAP BAITED WITH PEPPER
FLOWERS AND FRUIT ONLY.

Percentage of traps Avg. no. per
Treatment capturing A. eugenii® trapping interval®
Male 26.8a° 19.3a
Female 15.8b 4.8b
Control (food only) 17.3b 6.5b

*Percentages ranked for analysis but presented in original scale.

*Data transformed square root of X + 0.5 before analysis but, presented in the original scale.

“Means in columns followed by different letters differ significantly at the P = 0.05 level by Duncan’s multiple
range test.
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TABLE 2. WEEKLY CAPTURES OF ADULT PEPPER WEEVILS, ANTHONOMUS
EUGENII CANO, USING MODIFIED PMS BOLL WEEVIL TRAPS BAITED WITH
ONE ADULT MALE OR FEMALE PEPPER WEEVIL PLUS PEPPER FLOWERS
AND FRUIT OR WHEN BAITED WITH PEPPER FLOWERS AND FRUIT ONLY.
MANATEE COUNTY, FLORIDA. 1984,

Male baited trap Female baited trap Control trap
Date Males Females Males Females Males Females

3/22-3/28
3/29-4/4
4/5-4/11
4/12-4/18
4/19-4/26
4/27-5/2
5/3-5/9
5/10-5/16
5/17-5/22
5/23-5/30
5/31-6/6
6/7-6/13
6/14-6/20
Total
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Fig. 1. The number of pepper weevil adults sampled weekly on terminals of bell
pepper grown in the field. Manatee County, Florida. 1984.
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Fig. 2. The relationship between the number of pepper weevil adults observed per
20 pepper terminals (x) and the percentage (y) of modified PMS boll weevil traps captur-
ing pepper weevil adults.

returned to the trap base. This observation was made on a male-baited trap. In all cases,
the insects flew away after a short period. Adults were seen walking on the inside of
the yellow base as well as on the stick supporting the trap. These observations formed
the basis for drilling the holes in the top part of the yellow base as suggested by Dickerson
et al. (1972). In laboratory cages holding various numbers of adult pepper weevils, adults
were seen moving in and out of the inspection dome. While this behavior was not
observed in the field, it is likely that it did occur to some degree.

The results of this study and that of Coudriet & Kishaba (1988) indicate that the
male pepper weevil produces an aggregation pheromone. The response of wild pepper
weevils to the traps in this study was substantially less than that reported by Coudriet
& Kishaba (1988) who used laboratory-reared weevils in field cages from which all
vegetation had been removed. This difference probably is the result of many factors,
including the larger number of bait weevils used in that study (5 vs. 1), and the openness
of the environment.
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