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ABSTRACT 

Research was conducted to evaluate the number and 

location of gossyplure pheromone monitor traps required 

to reflect male pink bollworm (PBW) population fluctuations 

and provide a measure of relative population density in 

three cotton fields (1 short staple and 2 long staple). 

Based on regression against the mean of several traps, it 

was found that a single trap could be used to reflect 

male PBW relative density. The locations with the greatest 

variability in trap catch were found to be on the cotton 

perimeter from first bloom until this study ended in 

late season. It was also found that there was a tendency 

for male PBW moths to move to areas of recent irrigation 

before first bloom. The effect of three insecticides, 

permethrin, methyl parathion and azinphosmethyl on PBW 

trap catches was also examined. It was found that trap 

catches decreased immediately after treatment with 

permethrin but increased with the other two, although in 

all treatments, larval infestation did not increase in the 

weeks following treatment. 
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INTRODUCTION 

With the synthesis of the natural sex pheromone, 

gossyplure, and the development of an efficient monitoring 

trap, an additional tool has become available to help in 

pink bollworm management decisions. By combining pheromone 

monitor trap catch data and phenological models accurate 

and useful information can be provided about population 

fluctuations and relative densities. 

However, to effectively utilize a pheromone trap 

as a monitoring device in a pest management program, the 

number of traps needed per field and the placement of 

those traps to yield the most reliable, least variable 

results must be determined. 
» 

The objectives of this research were: 1) to find 

the optimum density of gossyplure pheromone traps, 2) to 

find the optimum trap placement location within a cotton 

field and 3) to determine the effects of insecticide 

treatments on monitor trap catch dynamics. 

1 



LITERATURE REVIEW 

The Pink Bollworm 

General Description 

The adult pink bollworm, Pectinophora gossypiella 

(Saunders), is a mottled grayish-brown moth 6 to 8 mm in 

length with a wing span of 15 to 20 mm. The forewing 

is long and slender with a fringed posterior margin and 

a pointed tip. The hindwing is more pointed, but is 

broader than the forewing. The palpi are long and curved. 

There are long stiff hairs on the first antennal segment 

(Busck 1917; Noble 1969). 

The pink bollworm (PBW) normally has four larval 

instars (Noble 1969). However, Watson and Johnson (1974) 

have found that 5 instars sometimes occur in Arizona. 

The newly hatched first instar larva is almost colorless 

except for the brown head capsule, but becomes glossy 

white after entering the cotton square or boll. Second 

instars are more cream colored. Third instars acquire 

a pink color that darkens until the fourth instar, which 

is a deep pink. The fully grown larva is about 2.5 mm 

in diameter and 11-13 mm long (Noble 1969). 

2 



3 

Larval Damage 

The PBW larva feeds on both squares and bolls. 

Early in the season, before bolls become available and 

late in the season after most bolls have matured, the 

larvae will feed on squares. However, when susceptible 

bolls (14-21 days old) are available, PBW larvae almost 

exclusively feed on bolls (Van Steenwyk, Ballmer and 

Reynolds 1976). Larval development is faster in squares 

than in bolls (Noble 1969). 

Soon after hatching, the PBW larva enters the square 

or boll (Noble 1969). It is the feeding inside the bolls 

that causes the economic losses associated with this 

insect (Brazzel and Gaines 1956, 1957). While the 

entrance hole is barely discernible on the outside of 

the boll, the mines created as the larvae bore through 

the carpel wall are readily noticeable. After feeding 

on the lint and primarily the seeds, the fourth instar 

cuts a circular exit hole and drops to the ground to 

pupate. Diapausing larvae will also exit the boll and 

spin a cocoon in the soil but usually remain in the 

boll inside one or two seeds spun together (Noble 1969). 

Watson and Fullerton (1969) demonstrated that no 

significant loss in yield occurred until infestations 

reached 20%. The current University of Arizona recommended 

economic threshold is 15% (5% in areas where boll rot is 

a problem) (Moore et al., 1982). 
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Seasonal Population 
Growth and Development 

Slosser and Watson (1972) reported that the PBW 

has 5 generations between June and September in Phoenix, 

Arizona. They also speculate that, depending upon the 

mortality caused by such cultural practices as early 

plowdown dates and winter irrigation, there may be as 

many as 7 or 8 generations by year's end. 

Pink bollworm winter diapause occurs in the larval 

stage. In the spring when soil temperatures begin to 

increase, pupation occurs and adult emergence begins. 

The timing and number of emerging adults in the spring 

is related to soil temperature and moisture (Wene, Carruth 

and Telford 1965). Emergence of PBW before a host is 

available, is termed suicidal and is not effective in 

development of later generations (Wene, Sheets and 

Woodruff 1961). 

Wene et al., (1961) reported an emergence period 

for one season in Phoenix, Arizona. Moths were collected 

after emerging from buried bolls in cages from late March 

to early July, with peak emergence occurring in June. 

Wene et al. (1965) showed a similar pattern for Graham 

County, Arizona. Similar patterns have also been re

ported for the Imperial Valley of California (Rice and 

Reynolds 1971). 
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By using a physiological time scale with upper 

and lower developmental thresholds of 30°C and 13°C, 

respectively, Huber, Moore and Hoffmann (1979) were able 

to determine cummulative heat units required for spring 

emergence of overwintering PBW. Using Huber's scale of 

centigrade heat units (CHU), PBW emergence begins at 

100 CHU, accumulated from January 1st, 50% emergence 

occurs at 650 CHU, and complete emergence occurs after 

1250 CHU have accumulated. This method of heat accumula

tion utilizes a sine curve approximation of the area between 

daily maximum and minimum temperatures to determine the 

temperatures above the lower developmental threshold and 

below the upper developmental threshold. In addition 

to spring emergence, heat unit models of pink bollworm 

generation times were developed by Huber (1981), with 

413 + 28 CHU required for a generation to be completed 

when larvae feed on squares, and 441 + 28 CHU for a 

generation when larvae feed on bolls. 

Slosser and Watson (1972) report a population 

development sequence for two years in Phoenix, Arizona. 

Larvae that hatched from eggs produced by spring 

emergent moths established populations in squares by 

early June. A second larval generation was initiated in 

the squares before susceptible bolls became available. 
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They found a decrease in PBW population in late June and 

early July, and attributed it to harsh conditions and lack 

of food. Once bolls were available, the population increased 

in July and continued through August. The third generation 

peak occurred at the end of July, and the fourth occurred 

in late August. Populations declined early in September. 

The fifth generation peak occurred in late September. 

Dispersal 

Long Distance 

Man has contributed a great deal toward the long 

range dispersal of the pink bollworm by transporting 

infested seed, lint or through vehicles that have 

carried cotton freight (Noble 1969, Bariola et al. 1973). 

Spread throughout the cotton-growing areas of the United 

States and northern Mexico has been mostly through wind 

currents (Spears 1967, Bariola et al. 1973 and Stern 

1979). Glick (1967) reported that at winds greater than 

4.8 km/hr moths fly passively and are carried for miles. 

Bariola et al. (1973) found moths had immigrated to cotton 

that was at least 56 km from any other cotton. Other 

reports indicate infestations of cotton occur at greater 

than 100 km from other infested cotton (Noble 1969). 
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Short Range 

Adult male PBW moths have two distinct periods of 

short range random dispersal. The first occurs in the 

early spring, when overwintering PBW emerge as adults 

and search for suitable habitats. The second occurs 

after the cotton plant has matured in the fall, when 

bolls are scarce (Noble 1969). 

Flint et al. (1976) found that early season male 

(before first square) PBW moth counts from "Huber Stickem 

traps" baited with gossyplure were higher in fields 

planted to cotton regardless of the crop previously planted. 

They also found that trap catches were similar to each 

other for fields planted to small grains or alfalfa 

regardless of whether cotton was planted previously. They 

concluded that male PBW moths migrated to cotton regardless 

of where they emerged. 

Kaae et al. (1977), however, found that a Sharma 

omnidirectional trap and gossyplure pheromone combination 

produced no difference in male PBW captures between 

fields planted to cotton, other crops or fallow fields 

trapped before first bloom. They attributed their 

differences to the smaller distances between fields in 

Flint's research, although their data did not indicate 

that trap catch increased closer to cotton fields. 



8 

A major difference between these two studies 

exists, however. Flint's et al. (1977) research fields 

were intensively monitored with 12 traps/ha, whereas 

Kaae et al. (1977) had only one trap per field at least 

60 m inside from the border. Kaae et al. (1977), using 

only one inefficient trap (Huber and Hoffman 1979) per 

field, probably could not obtain the differences in 

catch that Flint et al. (1977) obtained using 12 traps/ha. 

This conclusion is supported by the standard deviations 

in trap catches for the research for the fields published 

by Flint et al. (1977). They show that some traps in 

non-cotton fields caught as many as some traps in cotton; 

however, the overall mean was much greater in cotton 

fields. Manley (1978), using a more efficient oil trap, 

found that male PBW moths are first detected in areas 

previously planted to cotton and subsequently found in 

non-cotton areas 1-2 weeks later. He also found much 

higher moth catches in cotton or fallow fields previously 

planted to cotton than desert or fallow areas not pre

viously planted to cotton. Manley also found that 

male PBW moths will prefer sugar beets and alfalfa to 

fallow desert if suitable cotton is not available in the 

spring. Sharma et al. (1971) found similar results in 

tests between sorghum, fallow and cotton. 
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These studies, therefore, show that upon spring 

emergence, male PBW moths disperse randomly in search 

of any suitable environmental conditions for survival, 

but will prefer cotton. 

After cotton becomes generally attractive (around 

first bloom), moths remain localized within a field (Kaae 

et al. 1977, Van Steenwyk 1978, Manley 1978). During 

this time of apparent optimum plant attractiveness in 

cotton fields, more male moths are caught in pheromone 

traps inside the cotton fields than in traps or the peri

meter or outside the fields (Van Steenwyk 1978, Manley 1978). 

Van Steenwyk (1978) demonstrated that more male moths were 

caught in pheromone traps placed in the center of the field 

and that corner traps caught more than edge traps. Manley 

(1978) reported a tendency for moths to remain in the center 

of the field during optimum conditions. 

Manley (1978) also reported the populations within 

cotton fields shifted in the direction of the prevailing 

winds. Lingren et al. (1978) also reported a similar 

pattern upon direct observations of nocturnal moth activity. 

However, once the mating period began, male moths were 

observed to fly crosswind in search of the pheromone 

plume. 

As the cotton senesces in the fall, moths tend to 

disperse randomly away from the center. Van Steenwyk 
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et al, (1978) found large numbers of moths leaving the 

field from August to October. He speculated that adult 

dispersal is related to the physiological state of the 

cotton in which the larvae develop. It was also found 

that females depart 2-3 weeks before males, likely due to 

a lack of preferential oviposition sites. Manley (1978) 

reported that border pheromone trap catches increased in 

the fall to equal or exceed that of the center traps, 

further substantiating Van Steenwyk's et al. (1978) 

contention of dispersal away from non-suitable cotton. 

The Pink Bollworm 
Sex Pheromone 

Ouye and Butt (1962) first investigated the PBW 

sex pheromone. When they observed the pre-mating 

behavior of PBW moths, they found that males exhibited 

a state of excitation, with rapid wing vibrations and 

intermittent upturning of the abdomen. Other males in 

the presence of a mating pair exhibited similar behavior. 

These observations indicated an attractive substance 

was present before mating. They later found that extracts 

of whole mating pairs were specific for male PBW. It was 

also found that these extracts were produced by the 

female and that these extracts could compete with other 

females in attractancy. Berger et al. (1964) determined 

that the best source for PBW pheromone was the terminal 
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2-3 segments of the abdomen of 4 to 5 day old females. 

They also demonstrated that this attractant could capture 

males in traps in the laboratory and field. 

Jones et al. (1966) isolated and identified a 

substance they named propylure (10-propyl-trans-5,9-

tridecadienyl acetate). It was purported to be the natural 

PBW sex attractant. Little activity was shown in the field, 

however; Jones and Jacobson (1968) found that the intro

duction of deet (N,N-diethyl~m-toluamide) to propylure 

improved its activity and proposed it was a natural 

activator in females. 

Through empirical screening of attractant compounds, 

Green et al. (1969) discovered that cis-7-hexadecadienyl 

acetate (hexalure) was very attractive to male PBW moths. 

Keller et al. (1969) found, under extensive field testing 

that hexalure was the equivalent or superior to 5 female 

equivalents of the natural lure. 

Hummel et al. (1973) did not find propylure, deet 

or hexalure in gas chromatography studies of female 

PBW extracts. They did find, however, a mixture of the 

Z,Z and Z,E isomers of 7,11-hexadecadienyl acetate and 

named it gossyplure. Bierl et al. (1974) confirmed that 

gossyplure is the natural pheromone and found that a 1:1 

ratio of the isomers was optimum. Other ratios may be 
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optimum in other areas (Flint et al. 1979) or at different 

times during the season (Flint et al. 1977). Commercial 

preparations are 1:1. 

Pink Bollworm Mating Behavior 

Gossyplure is released from an eversible sac located 

between the 8th and 9th abdominal segments (Jefferson 

et al, 1971). The female exhibits two postures of 

pheromone release. During "initial" calling, the wings 

are extended, elevated and separated with the antennae 

resting on the anterior wing margins. The pheromone 

gland and ovipositor are projected and the ovipositor 

is placed against the substrate and moved in short 

circular motions (Leppla 1972). It is believed this 

behavior increases the evaporative plume (Colwell et al. 

1978). During "overt" calling, the wings are elevated 45° 

and the antennae are held perpendicular to the body. The 

head is bent forward and the ovipositor moves in a 

rhythmic circular motion about 2 mm from and parallel to 

the substrate (Leppla 1972). 

Mating occurs during the second of two periods of 

nocturnal activity. The first period begins shortly 

after sunset with feeding by both sexes and oviposition 

by the females. This first period ends just before 

midnight (Van Steenwyk et al. 1978). The second period, 
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occurring shortly after midnight, is characterized by male 

response to the female sex pheromone and subsequent mating. 

This period of activity peaks at about 0330 hrs and con

tinues until 0500 hrs (Sharma et al. 1971, Van Steenwyk et 

al. 1978). 

Kaae and Shorey (1973) found that mating occurs at 

the top of the cotton foliage on calm nights (wind speeds 

of 0-3 m/sec) and below the canopy on windy nights (wind 

speeds of 8-12 m/sec). They speculated that females 

choose the optimum environment in which to release phero

mone . 

Parkas and Shorey (1972) demonstrated that the 

pheromone plume extends down from the female. Males 

perceive the pheromone molecules and begin to fly toward 

its source in a zig-zag pattern, turning back into the 

plume as the molecules become less dense at the edge. 

This behavior occurred in both moving and still air, in

dicating that there is no need for anemotaxis. Males 

decrease in speed and increase their lateral oscillations 

as the pheromone concentration increases closer to the 

source. Landing appears to be initiated both by 

increased pheromone concentration and visual cues. 

Cook, Smith and Flint. (1980) reported that the most 

likely structure for pheromone perception were the 

sensilla trichiodea on the antennae. 
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Floyd and Crowder (1981) found that the survivors 

of permethrin dosed (1.28 - 2.40 g/g) males were unable 

to respond to a distant pheromone source. They speculated 

that field applications of permethrin would disrupt mating 

by preventing males from locating females. 

Development of Male Pink Bollworm 
Pheromone Traps and Dispensers 

Because of their specificity, insect pheromones 

are an invaluable tool for monitoring insect populations. 

Properly utilized, a PBW pheromone dispenser and trap 

can provide important information about an insect popula

tion. Such parameters as size of adult male population, 

dispersal and seasonal cycles can sometimes be estimated. 

Pheromone Dispensers 

Ouye and Butt (1962) used a strip of filter paper 

impregnated with female extracts as the first PBW pheromone 

lure. The lure remained attractive for up to 32 days. 

Berger et al. (1964) found that a similar extract dispenser 

combination was only effective for 1-5 days. Paper wicks 

were also used in tests with hexalure (Keller et al. 1969). 

Bierl et al. (1974) impregnated gossyplure on dental rolls. 

Neumark, Jacobson and Teich (1975) treated 1 cm squares of 

Whatman filter paper. When combined with an antioxidant 

the lures were effective for up to 2 months. 
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Flint et al. (1974) found rubber sleeve stoppers 

with 100 pg of gossyplure to be more effective as a 

dispenser than dental rolls, rubber bands, polyethylene 

stoppers, or nylon rug. Doses of 50 yg to 109,350 yg 

of gossyplure showed no differences in trap catch, indica

ting a uniform release rate. Lingren et al. (1978) reported 

that 1000 yg gossyplure in a rubber septum equaled 50 virgin 

females. Huber et al. (1979) had success in a mass trapping 

and monitoring program using red gum rubber tubing split 

lengthwise, cut into 1.27 cm lengths, and impregnated with 

1000 yg of gossyplure. Hoffmann (1978) found this dispenser 

superior to commercially available dispensers and that it 

would last the entire season. 

Trap Development 

To properly utilize a pheromone monitor trap, it 

must be efficient over a wide range of population densities 

and have a high catch capacity to relate catch data to 

field populations (Huber and Hoffmann 1979), 

Ouye and Butt (1962) used modified gypsy moth 

traps coated with Tanglefoot in their initial tests with 

female extracts. Berger et al. (1964) obtained good 

results with a similar trap. Trap catch was reduced as 

the Tanglefoot hardened or became covered with moths. 

Guerra and Ouye (1967) found that adding a blacklight to 

traps baited with female extracts improved efficiency. 

Blacklights are impractical, however. 
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Sharma et al. (1973) evaluated a modified Frick 

trap, a cyanide trap and two sizes of the plywood, Sharma 

omnidirectional trap, all baited with hexalure. The 

larger omnidirectional trap proved to be the most 

efficient. Bierl et al. (1974) modified the Sharma 

omnidirectional trap by using a 3 gal cardboard ice cream 

container. Sharma et al. (1973) also developed a cone 

trap to avoid the use of sticky surfaces. This trap requires 

that male PBW moths crawl upwards into a glass jar. 

Flint et al. (1976) found the smaller Huber Stickem 

trap better for in-field use, although there was no dif

ference in effectiveness when baited with gossyplure. It 

was observed that some moths escaped capture because their 

scales were readily shed onto the Stickem. Insecticide 

was applied to filter paper placed inside the trap to 

remedy this problem. 

Foster, Staten and Miller (1977) found a modified 

Delta trap significantly better than the modified Frick, 

modified Sharma, or the Huber Stickem trap. The Delta 

trap lost efficiency after a short period of time due to 

the captured moths and scales covering the catch surface. 

Huber and Hoffman (1979) developed an inexpensive 

reservior trap filled with light machine oil. The oil 

trap solved the problem of sticky trap overloading 

because as the moths become oil soaked, they sank, 
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leaving the surface free. The trap has a capacity of over 

2500 moths, and was found to be significantly more 

efficient than the Delta trap at populations greater than 

50 moths per catch period (Huber and Hoffman 1979). 

Monitoring Pink Bollworm Males 
with Pheromone Traps 

Ouye and Butt (1962) and Berger et al. (1964) first 

examined the possibility of using pheromones for monitoring 

PBW. Their preliminary tests were successful and set the 

course for future work. 

Embody (1971) reported on the results of a 1600 ha 

survey program in California, using 1000 modified Frick 

traps baited with hexalure. It was found that the effec

tive monitoring range for the trap was about 8 ha. He 

speculated that this range would increase when the natural 

pheromone is used. 

Toscano et al. (1974) placed 1 hexalure baited 

Sharma trap per 8 ha, a minimum of 2 per field, at least 

50 m inside the cotton perimeter. Daily trap counts were 

correlated to boll infestations. Using these correlations, 

they were able to reduce insecticide spray applications 

based on trap counts. A large part of the success of this 

program may, however, be due to the abandonment of regu

larly shecduled insecticide treatments as described by 

Watson and Fullerton (1969). 
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Huber et al. (1979) monitored PBW populations during 

a mass trapping experiment by taking counts of 20 oil 

traps per field baited with gossyplure per field. Counts 

were taken twice during the season. The data were used 

to estimate seasonal trap catch for all traps in the 

experiment. 

Toscano and Sevacherian (1980) cited current 

California recommendations for a PBW monitoring program 

empirically based on previous work with hexalure baited 

traps. Cone traps baited with either gossyplure or hexalure 

should be placed at 1 per 8 ha at least 50 m inside the 

field, and counts taken daily. 

These studies, with the exception of Huber and 

Hoffmann (1979), have utilized relatively inefficient traps 

with highly variable bait loads to monitor male PBW moths. 

Density and placement are often empirical or merely based 

on the theoretical effective range of the bait. 

Little work has been published determining the optimum 

density and placement of an efficient standard gossyplure 

pheromone monitor trap. 



METHODS AND MATERIALS 

Research Location 

The research was conducted on commercially grown 

cotton fields located on Evco and Apex farms in Rillito, 

Arizona. A single short staple, Gossypium hirstutum (L.) 

(Field 4) and 2 long staple, G. barbadense, Pima S-5 

variety cotton fields (Fields E15 and W15) were used. 

Cotton plant development was monitored approxi

mately weekly by counting mainstem nodes and fruiting 

structures on all plants in 1.03 meters of row cotton 

selected at random. Each field was divided in half and 

four areas (roughly corresponding to each trap location) 

in each half were sampled. A total of 0.0004 ha was 

sampled in each half of the field. 

Pink bollworm larval infestations were sampled by 

examining flowers, susceptible bolls or whole plants. 

Before bolls became available, 25 flowers in each quadrant 

of each field half were collected and examined for live 

larvae. After bolls became available, 25 susceptible 

bolls were collected from each quadrant, dissected and 

examined for larvae and larval damage. On alternate 

sample dates and on all sample dates after August in E15 

19 



20 

and W15, whole plant samples were taken by removing all 

fruiting structures from plants in 1.03 row meters in each 

quadrant in each field half. All fruiting structures were 

examined for larvae and larval damage. However, only the 

susceptible boll counts were used to determine percent 

larval infestation. 

Trap Design and Maintenance 

The monitor trap used was designed by Huber and 

Hoffmann (1979) and is a 240 ml paper hot-cold cup with 

2.5 cm diameter holes evenly spaced near the top. A 75 ml 

plastic souffle cup is inserted inside and filled with 

light machine oil. A plastic lid with a straight pin 

suspends the pheromone dispenser near the openings. 

The pheromone dispenser was obtained from Arizona 

Pest Management, Safford, Arizona. Manufactured after 

Huber and Hoffmann (1979), it is a 1.27 cm length of red 

rubber tubing (l.D. 6,35 mm) cut lengthwise and 

impregnated with 1000 yg of gossyplure (50;50 mixture 

of Z,Z:Z,E-7,11 hexadecadienyl acetate) (Flint et al. 1977). 

The traps were placed in the fields between May 10 

and 12, emptied May 13, and the first count was taken 

May 17. Each trap was checked and counts taken approxi

mately 3 times weekly until the first insecticide 

treatment, when each trap was checked 3 days prior and 
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3 consecutive days after each treatment, depending upon 

re-entry times. This schedule was maintained to provide 

a 3 day mean trap catch before the insecticide application 

to compare with a 3 day mean after application. The final 

trap count for the season was August 19 for Field 4. The 

final count was made October for Fields E15 and W15. 

As each trap was checked, the oil was strained and 

returned to the cup. Fresh oil was added as needed to 

maintain the level. Some traps were destroyed by cultural 

practices, weather, and in a few instances, animals. 

These were replaced with, new traps and the count was 

recorded as missing. 

Traps were initially placed on 0.6 m stakes, to 

avoid damage by cultivators, but as the cotton grew, 

the traps were moved to larger stakes on July 9 for W15, 

July 12 for Field 4 and July 14 for E15, The traps were 

maintained at no more than 30 cm above the cotton canopy 

(Sharma et al. 1971). 

Prevailing wind in the Rillito area is generally 

southeasterly. It is generally strongest in May, June, 

and July. However, at no time did wind in this area 

f 
reach the flight inhibiting threshold described by Kaae 

and Shorey (1973). 
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Monitor Density and Placement 

Field E15 

Field E15 was bordered by wheat to the east, an 

unpaved county road and cotton to the north, long staple 

cotton to the west and directly adjacent to short staple 

cotton to the south (Figure 1). The field was planted 

to a total of 22.7 ha of cotton. A 16.2 ha block in the 

center of the field was chosen for trap placement. 

Eleven traps were placed in a grid fashion 

(Figure 1), for a total density of 1 trap per 1.5 ha. The 

traps were numbered 1 through 11. Traps 1-4 and 8-11 were 

approximately 103 meters from the field edge. Any one 

trap was at least 133 m away from any other trap. 

In addition, 6 traps numbered 21-26, were placed 

in the field borders (Figure 1). All border traps were 

approximately 10 paces (8 m) inside the cotton row edge. 

Traps 21 and 26 were 4 rows in from the north field edge; 

Traps 23 and 24 were 4 rows in from an adjacent short 

staple field. Traps 22 and 25 were approximately centered 

along the east and west border. 

Field W15 

Field W15 was bordered by long staple cotton on 

the east, an unpaved county road and wheat to the north, 

grain sorghum to the west and fallow land to the south 

(Figure 1). It consisted of a total of 20.2 ha of cotton. 
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Traps were placed in the field in a similar 

configuration as E15 (Figure 1). However, because of 

smaller acreage and an unusual field shape there were 

differences in distances of traps 1-11 from the field 

edge. Traps 1-4 were approximately 77 m from the east 

edge; traps 8 and 9 were approximately 106 m from the 

west edge and traps 10 and 11 were about 151 m from the 

west edge. Traps were at least 131 m away from any other 

trap. Border trap configurations were also similar to 

E15, except trap 24 was placed 45 m inside the field to 

avoid the isolated pocket of cotton at the southwest 

corner. Fields E15 and W15 were separated by a dirt 

access road and an irrigation ditch. 

Trap 26 was 31 meters from trap 21 in E15. Traps 

24 and 25 were greater than 50 m from traps 23 and 22, 

respectively, in E15. 

Field 4 

Field 4 was planted to 29 ha of short staple cotton. 

It was bordered by both long and short staple cotton on 

the east, a paved county road and houses to the north 

and a short staple cotton field to the west. To the 

south were approximately 50 rows of newly planted cotton 

interspersed with cotton stubble that had not been plowed 

down the previous season (Figure 2). 
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A 24 ha block was used for placement of a total of 

14 traps numbered 1-14. The density was 1 trap per 

1.7 ha. Traps 1-5 and 10-14 were 122 m inside the east 

and west field edges, respectively. Each trap was at 

least 142 m away from any other trap. Again, there 

were 6 border traps numbered 12-26 placed 10 paces (8m) 

inside the cotton row in a similar configuration as E15. 

To determine optimum monitor trap density, the 

relationship between individual trap catches and the 

mean of all the traps inside the field (traps 1-11) was 

examined through regression analysis. It was assumed 

here, that if a strong relationship existed between a 

single trap catch or a specific group of trap catches and 

the mean trap catch inside the field, then a single trap 

or specific group of traps would reflect male moth popula

tion activity for a whole field. 

To determine optimum monitor trap placement, some 

factors which might influence trap catch at specific 

locations were examined, in addition to the performance 

of each trap based on regression analyses. Moth catches 

in each trap before and after irrigation periods were 

examined to determine if any effects were localized within 

a field. Irrigation generally followed this pattern: 

A tail-water row was started at each end of the field 

approximately a day before irrigation. A third of the 
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field or a set was usually irrigated each day. Generally, 

the southern-most part of the field was irrigated first, 

followed by the center and finally the northern section 

on the third or fourth day. 

Insecticide Treatments 

To determine the effects of insecticide treatments 

on monitor trap catch dynamics, repeated aerial applica

tions were made to Fields E15 and W15 on a standard 6 day 

schedule beginning August 18. The pyrethroid, permethrin 

(Ambush ) was applied to E15 and the organophosphates, 

methyl parathion alternated with azinphosmethyl (Guthion ) 

were applied to W15. A final application of the pyrethroid, 

fenvalerate (Pydrin ) was made area wide on October 2. 

As mentioned previously, counts were taken 3 days prior 

to application and for 3 consecutive days after treatment 

except for methyl parathion, and Guthion treatments 

which require a 48 and 24 hour re-entry period, respectively. 

Application dates, material applied and rates are given 

in Table 1. 

Data Analysis 

The trap catch data for E15 and W15 were analyzed 

as both whole season and subdivided into seasonal periods 

based on cotton plant development and insecticide treat

ments. From May 17, 1982, until the first cotton blossoms 
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occurred around July 12 in E15 and W15 was considered the 

prebloom period. From July 12 to August 18 when the 

first insecticide treatment occurred was called postbloom. 

The period of insecticide treatment was considered sepa

rately by spray dates. Late season was designated as the 

period after the last insecticide applications on October 2 

until the final count was made on October 28. Field 4 

was divided into two seasonal periods; prebloom was from 

May 17 until June 28 and postbloom was from June 28 until 

final count was made on August 18. 

Regression analyses were obtained using a BMD 

statistical software package (BMD Statistical Software, 

1981) on facilities at the University of Arizona Computer 

Center. 



Table 1. Insecticide Spray Schedule for Fields E15, 
W15, and 4 in Rillito, Arizona, 1982. 

Field Date Material Rate 
(lb Al/ha) 

4 8/18 Methyl parathion 1.9 

9/02 Pydrin 0.37 

W15 8/18 Methyl parathion .95 

8/23 Guthion 1.2 

8/30 Methyl parathion 1.9 

9/04 Guthion 1.2 

9/16 Ambush 0.25 

9/23 Ambush 0.25 

10/02 Pydrin 0.06 

E15 8/17 Ambush 0.37 

8/24 Ambush 0.37 

9/04 Ambush 0.25 

9/10 Ambush 0.25 

9/16 Ambush 0.25 

9/23 Ambush 0.25 

10/02 Pydrin 0.06 



RESULTS AND DISCUSSION 

To be an effective monitor, a PBW pheromone trap 

should accurately reflect local adult male population 

fluctuations. The magnitude of fluctuations should also 

be indicated, so that trap catches will provide relative 

population density measures that can be compared over 

time and in different locations. 

Field E15 

Figure 3 presents graphically the mean male PBW 

moth catch/trap/night for the traps within the cotton 

field (1-11) and the traps around the perimeter (21-26) 

of Field E15 (see Figure 1). The cummulative mean percent 

PBW infestation from Table 2 are also presented in 

Figure 3. 

Figure 3 also shows that the mean catch/trap/night 

on the perimeter (21-26) are more variable in reflecting 

population fluctuations. The mean catch/trap/night 

for traps 21-26 also shows greater magnitudes in catch 

compared to traps 1-11. 

30 
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Figure 3. Mean Catch/Trap/Night for Field E15 for Traps 
inside the Field (1-11) and on the Field Edge 
(21-26). Cummulative Mean Percent Larval 
Infestation is Included in Top Figure. 



Table 2. Percent Pink Bollworm Larval Infestation 
of Susceptible Cotton Bolls in Field E15. 
Rillito, Arizona, 1982. 

Date Percent 
Sampled Area Sampled8, Infestation 

7/28 North 0 
South 0 

X 0 

8/4 North 0 
South 0 

X 

8/11 North 0 
South 1 

X 0.5 

8/18 North 1 
South 5 

X 6 

8/26 North 3 
South 3 

X 3 

9/2 North 0 
South 3 

X 1.5 

9/16 North 0 
South 0 

X 0 

10/26 North 0 
South 0 

X 

aSample size is 1.04 meters from 4 quadrants in 
each field half to equal 0.0004 ha/field half. 
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The mean catch/trap/night for the traps within 

the field (1-11) shown in Figure 3 accurately represent 

the seasonal fluctuation of PBW populations. Populations 

and therefore trap catch here were very low in June and 

July due to the suicidal emergence of the spring popula

tion when a host was unavailable. An Fg generation 

became established in squares in late June, This is 

indicated by the increase in trap catches from the second 

generation emergence in late July. 

Infestations of susceptible bolls were established 

by the Fg generation in early August, according to data 

in Table 2, The greatest infestations were found in 

late August. The infestations declined because of the 

insecticide applications throughout late August and 

September. The peak emergence of the Fg generation 

occurred in early September according to Figure 3. 

Field W15 

The mean male PBW moth catch/trap/night for 

Field W15 is graphically presented in Figure 4. The 

larval infestation from Table 3 and the insecticide appli

cation dates from Table 1 are also presented on the graph 

as in Figure 3. 
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Table 3. Percent Pink Bollworm Larval 
of Susceptible Cotton Bolls 
Rillito, Arizona, 1982, 

Infestation 
in Field W15. 

Date 
Sampled Area Sampleda Percent 

Infestation 

7/28 North 0 
South 0 

X 0 

8/4 North 0 
South 6 

X 3 

8/11 North 2 
South 6 

X 4 

8/18 North 3 
South 6 

X 4.5 

8/26 North 0 
South 9 

X 4.5 

9/2 North 4 
South 1 

X 2.5 

9/16 North 0 
South 0 

X 0 

10/26 North 0 
South 0 

X 0 

aSample size is 1.04 meters from 4 quadrants in each 
field half to equal 0.0004 ha/field half. 
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Field W15 had a higher PBW population than did E15 

as evidenced by the greater magnitude in male moth catches 

(Figure 4) and in higher larval infestation (Table 3). 

Another apparent difference between W15 and E15 is 

the greater magnitude in moth catch in traps 1-11 compared 

to traps 21-26 shown at the population peak of September 4 

(Figure 4). In Field E15, traps 21-26 always showed a 

larger catch. Indeed, in Figure 4, on most occasions traps 

21-26 did show a larger catch than traps 1-11. This dis

crepancy may be due to the east perimeter traps competing 

with those of E15, thereby lowering the overall mean. As 

mentioned previously, trap 21 in W15 was only 100 m from 

trap 26 in E15. Lower than expected catches were found 

throughout the season in this trap (Figure 1). Otherwise, 

the perimeter traps (21-26) showed greater variablity in 

catch (Figure 4) as in E15 (Figure 3), although not as 

apparent in Figure 4. 

Plant development in the two fields was similar. 

There did not appear to be many differences in plant growth 

or boll loads (Appendix A). 

Another possible explanation for differences in 

infestation and trap catch magnitude E15 and W15 may be 

that W15 had a larger resident PBW population while E15 

had a larger immigrating PBW population. This is indicated 

by the lower catch magnitude for traps inside E15 (1-11 in 
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Figure 4), and the greater catch magnitude for perimeter 

traps (21-26) in E15 (Figure 3) than in W15 (traps 21-26 

in Figure 4). 

Field 4 

Figure 5 presents the mean male PBW catch/trap/night 

in addition to the PBW larval infestation (Table 4) for the 

short staple field. The mean catch of the perimeter traps 

(21-26) again shows more variability and greater magnitude 

than do the traps within the field (1-11) (Figure 5). 

Although infestation (Table 4) and male PBW catch 

show a general increasing trend, trap catch is much greater 

in relation to infestation than seen in Figures 3 and 4 

for the two long staple fields. Huber (personal communica

tion) has often found this to be the case for short staple 

fields in this area. Short staple cotton fields generally 

have very low PBW larval infestations, although PBW 

pheromone monitor traps often catch a greater number of 

male moths than do those in long staple fields where larval 

infestations are relatively much higher. 

The study in this field was finished too early to 

reach any specific conclusion about PBW monitor traps in 

short staple cotton. However, the results do tend to agree 

with those of the traps in long staple cotton. Specifically, 

PBW gossyplure pheromone oil traps are effective monitors 

providing indications of population fluctuations and rela

tive density. Also, traps placed on the perimeter of a 



Table 4. Percent Pink Bollworm Larval Infestation 
of Susceptible Cotton Bolls in Field 4. 
Rillito , Arizona. 

Date Percent 
Sampled Area Sampled Infestation 

8/2 North 1 
South 2 

X 1.5 

8/9 North 1 
South 1 

X 1 

8/16 North 0 
South 0 

X 0 

aSample size is 1.04 meters from 4 quadrants in 
each field half to equal 0.0004 ha/field half. 
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cotton field are more variable in catch than those placed 

within a cotton field. 

However, because a mean of 11 traps within a field 

would not be practical for any large scale monitoring 

programs, it was necessary to determine an optimum density. 

Optimum Monitor Trap Density Study 

Field E15 

2 
The coefficients of determination (R ) from the 

results of the regression of individual trap catches upon 

the mean of traps 1-11 are presented in Table 5 for 

Field E15, The results indicate that a single pheromone 

trap can accurately reflect the same information about a 

male PBW population as that provided by the mean of several 

traps spaced evenly throughout a cotton field. However, the 

actual use of only one trap per field carries the obvious 

risk of missing data should the trap be lost. Therefore, in 

actual field use, two traps would be the optimum density. As 

indicated in Table 5, the loss of one trap out of two would 

not be critical, because a single trap could provide just 

as accurate information about the field wide PBW population 

fluctuation as two or more traps. 

2 A wide variation in R values for each trap location 

and seasonal subperiod is also seen in Table 5 for Field E15. 

In general, monitor traps on the cotton perimeter (traps 
o 

21—26 do not have as high R values as did the traps 



2 a 
Table 5. Coefficient of Determination (R ) for Gossyplure Pheromone Trap Catches 

Related to Total Mean Catch inside Field E15. Rillito, Arizona, 1982. 

Trapb 

Number 
Whole 

(5/17 -

R2 

Season 
- 10/28) 

NC 

Prebloom 
(5/17 - 7/12) 

R2 N 

Postbloom 
(7/12 - 8/18) 

R2 N 

Spray Period 
(8/18 - 10/2) 

R2 N 

Post 
(10/2 -

R2 

Spray 
10/28) 

N 

1 .902 71 .954 22 .801 15 .884 24 .847 10 
2 .947 69 .926 20 .679 15 .945 24 .949 10 
3 .913 70 .938 21 .694 15 .923 24 .448 10 
4 .845 69 .900 21 .654 14 .823 24 .876 10 
5 .955 78 .844 22 .820 13 .954 23 .958 10 
6 .951 71 .912 22 .839 15 .953 24 .845 10 
7 .933 68 .952 22 .824 13 .927 23 .719 10 
8 .654 67 .899 22 .871 14 .708 21 .930 10 
9 .686 69 .880 22 .819 13 .598 24 .833 10 
10 .963 69 .942 22 .869 15 .963 22 .564 10 
11 .721 68 .972 20 .765 15 .640 23 .778 10 
21 .689 68 .896 21 .513 15 .721 22 .142 10 
22 .786 68 .852 20 .603 14 .785 24 .102 10 
23 .690 68 .915 20 .732 14 .719 24 .282 10 
24 .509 64 .916 24 .145 14 .813 24 .469 9 
25 .403 66 .752 20 .166 13 .322 23 .144 10 
26 .837 63 .805 19 .427 12 .832 22 .922 10 

aRegression equations are of the form: Y=a + bX, where Y=total mean catch inside 
field and X=individual trap catch. 

Traps 1-11 are inside the field and Traps 21-26 are in the field perimeter. 

cN=number of trap catch periods. 
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inside (traps 1-11). The mean R^ for traps 21-26 for the 
o 

whole season was 0.652, whereas the mean R for traps 1-11 

was 0.861 (from Table 5). Throughout the seasonal sub-

2 
periods, few border traps had as high R values as those 

within the field. This again indicates the border traps 

do not accurately reflect male PBW activity within the 

field as well as do monitor traps within the field. This is 

to be expected because, as indicated by Manley (1976) and 

Flint (1976), pheromone traps placed on the perimeter of a 

cotton field are subjected to more variability in catch due 

to male dispersal in and out of the field. 

2 The variability of R values for each seasonal sub-

period is also likely due to male PBW dispersal patterns. 

During the prebloom seasonal subperiod, male PBW moths 

disperse randomly throughout the cotton growing area 

(Manley 1978, Van Steenwyk 1978). This is reflected in the 

2 relatively high R values for all traps during this period. 

2 
As mentioned previously the border traps had lower R values 

(X = .856) than inside traps (X = .919), likely due to uneven 

male PBW movement into the field, but were higher here than 

any other subperiod. 

The coefficients of determination fall dramatically 

during the postbloom seasonal subperiod in Table 5. The 

2 largest drop in R values occurs in the border trap catches. 

This again indicates that monitor traps placed on the 
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perimeter of a cotton field after the first cotton blossoms 

appear, do not accurately reflect the male PBW activity 

inside. For traps inside, the greatest decline in R 

values occurred in traps 1-4 and 11. Traps 1-4 are located 

on the east side of the field. This side of the field was 

bordered by a wheat field (harvested on June 14) that was 

planted to cotton the season before. Perhaps as suitable 

cotton became available more male PBW moths moved from 

this fallow field to the east side. The western side of E15 

was adjacent to W15 (Figure 1) which had similar plant 

development (Appendix A); perhaps both were equally suitable 

to PBW. Manley (1978) found that after suitable cotton 

became available (shortly after first bloom) there was less 

random dispersal of male PBW moths and that they tended to 

remain localized within the field. This, along with the 

normally low adult populations during this time in this area 

2 (Figure 3), may have contributed to the decreased R values 

and local variation seen in Table 5 for this period. These 

results also indicate that after the first bloom in cotton, 

pheromone monitor trap placement within a field becomes much 

more critical. Placement is discussed in the following 

section. 

2 During the insecticide treatment period, R values 

increased (Table 5). Again border traps do not have as 
o 

high R values. During this period, traps 7, 8 and 11 also 
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did not have as high R values (less than 80%). Trap 4 

2 had an R value of only 82 percent, whereas the other traps 

inside all had R2 values above 88% (Table 5). This is the 

period of highest PBW populations (Figure 3), providing a 

large adult male PBW population available for capture. 

This, along with the artificial simultaneous decrease of 

fieldwide adult PBW populations due to applications of an 

2 effective adulticide would likely cause the R values to 

be high because population fluctuation occurred at the same 

rate decreasing trap catch variability. Uneven application 

of insecticide, male PBW dispersal patterns and localization 

of PBW population may have contributed to variability in 

2 catch resulting in lower R values for the border traps 

(21-26) (Table 5) and perhaps in traps 7, 8 and 11. 

During the postspray subperiod, PBW moths tended to 

disperse away from senescing cotton (Van Steenwyk 1978, 

Manley 1978). This likely resulted in large localized 

variations in male PBW populations and dispersal out of the 

2 field, causing the decreased R values seen for this period 

in Table 5. 

Field W15 

2 
The R values from the regression of the individual 

traps upon the mean of traps 1-11 for Field W15 are presented 

in Table 6. These results again indicate that a single trap 

can be used to monitor male PBW in a long staple cotton field. 
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Again, border traps (21-26) do not perform as well 
o 

based on R values as those within a field (Table 6). The 
o 

mean R for traps 21-26 was .687 as opposed to .905 for 

traps 1-11 for the whole season (from Table 6). 

There is general similarity between W15 and E15 in 

that monitor traps on the west inside portion of both fields 

2 have consistently higher R values season long than either 

the middle or east traps (Tables 5 and 6). The prevailing 

wind in this area is southeasterly. Because moth populations 

(Manley 1978) and male flight tends to also occur in the 

direction of prevailing winds (Lingren 1978), increased 

variation in the east side trap catch is likely due to greater 

male moth movement. 

Field 4 

The results of the regression analysis of individual 

trap catch on the mean catch for the inside traps (1-14) is 

presented in Table 7. One immediate indication is that there 

is less variability among trap locations and seasonal sub-

periods in a short staple cotton field as opposed to a long 

staple field. The border traps also perform better, based 

o o 
upon R values, (X R = .741) although not as well as the 

traps (1-14) (X = .906) within the field (Table 7). Very low 

infestations in this field (Table 4) likely contributed to 

these results. 
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Table 6. Coefficient of Determination (R ) for Gossyplure Pheromone Trap Catches 

Related to Total Mean Catch inside Field W15. Rillito, Arizona, 1982. 

U 
Trap Whole Season Prebloom Postbloom Spray Period Post Spray 
Number (5/17 - 10/28) (5/17 - 7/12) (7/12 - 8/18) (8/18 - 10/2) (10/2 -10/28) 

R2 N° R2 N R2 N R2 N R2 N 

1 .957 66 .918 20 .670 15 .976 21 .893 10 
2 .983 65 .838 22 .830 15 .983 19 .832 9 
3 .370 64 .846 20 .869 15 .270 20 .817 9 
4 .963 65 .920 19 .599 15 .960 21 .914 10 
5 .920 64 .951 20 .854 15 .920 19 .278 10 
6 .964 65 .932 22 .341 15 .970 19 .820 9 
7 .962 65 .924 22 .596 15 .980 20 .752 8 
8 .957 64 .686 20 .829 14 .963 20 .561 10 
9 .963 63 .951 18 .864 15 .968 20 .685 10 
10 .967 67 .968 22 .720 15 .962 20 .887 10 
11 .950 64 .931 21 .930 14 .941 20 .942 9 
21 .577 60 .844 21 .776 12 .495 18 .768 9 
22 .821 62 .766 19 .889 14 .793 20 .479 9 
23 .893 66 .915 21 .907 15 .885 21 .552 9 
24 .787 62 .920 20 .327 14 .774 20 .008 8 
25 .778 63 .855 21 .543 14 .760 19 .864 9 
26 .264 59 .918 20 .677 13 .158 17 .647 9 

aRegression equations are of the form: Y=a + bX, where Y=total mean catch inside 
field and X=individual trap catch. 

^Traps 1-11 are inside the field and traps 21-26 are in the field perimeter. 

cN=number of samples (empty dates). 
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Table 7. Coefficient of Determination (R ) for Gossyplure Pheromone Trap Catches 

Related to Total Mean Catch inside Field 4. Rillito, Arizona, 1982. 

Trapb Whole Study Period Prebloom Postbloom 
Number (5/17 - 8/18) (5/17 - 6/30) (6/30 - 8/18) 

R* N R2 N R2 N 

1 .844 38 .897 17 .875 21 
2 .922 36 .850 17 .960 19 
3 .928 36 .976 17 .921 19 
4 .888 37 .947 17 .863 20 
5 .941 36 .920 16 .954 20 
6 .949 36 .852 17 .976 20 
7 .803 37 .959 17 .809 20 
8 .936 36 .955 17 .952 19 
9 .935 36 .941 16 .967 20 
10 .870 35 .908 15 .879 20 
11 .855 36 .868 17 .862 19 
12 .932 37 .960 17 .881 20 
13 .937 34 .961 15 .929 19 
14 .949 37 .962 17 .950 20 
21 .843 37 .831 17 .868 20 
22 .947 34 .954 16 .948 18 
23 .561 37 .867 17 .856 20 
24 .494 34 .852 16 .811 18 
25 .733 36 .770 17 .766 19 
26 .873 36 .868 17 .886 19 

aEquations are of the form: Y=a + bX, where Y=total mean catch inside field and 
X=individual trap catch. 

^Traps 1-14 are inside the field and traps 21-26 are on the field perimeter. 
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Although the study in this field did not cover a 

complete season, and infestation was low, the results do tend 

to confirm that a single trap can monitor a PBW population 

within a field as well as a number of monitor traps within 

the same field. 

The results seen in Tables 5-7, therefore, indicate 

that a single gossyplure pheromone trap could be used to 

monitor the fieldwide male PBW population if its location is 

judiciously chosen. Optimum location of PBW gossyplure traps 

is examined in the following section. 

Optimum PBW Pheromone Monitor 
Trap Placement 

Field E15 

Table 8 presents the total catch/seasonal period for 

each trap in Field E15. These results show a pattern of 

adult male moth distribution through different seasonal 

periods. 

As seen in Figures 3-5 and in Table 8, traps on the 

perimeter of the field caught more moths on the average than 

did traps within the field. Manley (1978) found that more 

moths were caught inside the field after postbloom and that 

catches in border traps were lower until fall dispersal. 

Sharma (1971) also found that more moths were caught in the 

center traps than in border traps after suitable cotton was 

available. The results here show that center traps (5-7) 
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caught the fewest number of moths throughout the season. 

Eastern traps (1-4, 21-23), on the average caught more moths 

than western traps (8-11, 24-26) in both the traps in the 

perimeter and within the field (Table 8). Therefore, in 

Field E15, male moths tended to be distributed away from the 

center and toward the outer portions of the field nearer the 

cotton edge throughout the season, which, as mentioned 

previously, indicates more of an immigrant population. 

As illustrated in Table 8, traps 4, 8, 23 and 24 had 

the highest catches during the pre- and postbloom monitoring 

periods. This is the area of the field first irrigated. It 

can be seen in Table 9 that moth catches increased more in 

these traps than in traps in other areas after irrigation. 

Because this is the first area or set irrigated during a usual 

three day period, it is apparent that the moths tended to move 

into this area first and remain, even though the whole field 

eventually was irrigated. The southern area of the field also 

had higher larval infestations than did the northern area 

(Table 2) indicating perhaps that females also dispersed to 

this area and remained. Manley (1978) also found that once a 

suitable environment was found, PBW male moths tended to remain 

localized within that area. 

The traps within the northern half of E15 (1, 2, 7, 10 

2 11) (see Figure 1) had a mean R value of .947 during prebloom 

and .787 during postbloom, while the southern traps (3, 4, 5, 
o 

8, 9) had mean R values of .892 and ,771 during prebloom and 
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postbloom periods, respectively. This indicates a greater 

variability in trap catch which could be associated with a 

migrating PBW population. 

If the traps are grouped in an east and west pattern, 

a similar result occurs, although not as apparent. During the 

prebloom period both the east (1-4) and the west (8-11) 

2 
traps have essentially the same mean R value of .927 and 

.923, respectively. However, during the postbloom period the 

2 2 eastern mean R value was .707, while the western mean R 

value was .831. 

These results are best explained by examining male PBW 

moth dispersal behavior. Manley (1978) found that male PBW 

moth population tended to shift in the direction of the 

prevailing winds. Lingren (1979) also found that male PBW 

moths move in the direction of the prevailing wind during 

nocturnal flight. The prevailing night wind in Rillito, 

Arizona, is generally southeasterly during the season. This 

fact, combined with the finding of this study that moths tend 

to move toward the area of the cotton field first irrigated 

combined with the unsuitable environment of a fallow field 

on the east would indicate that the southern and eastern 

portions of E15 have a greater traffic of PBW moths into the 

field. This would then increase moth catches as seen in 

Table 8 for east traps (1-4) during prebloom and increase 

2 variability, thereby lowering the R values seen in Table 5. 
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Table 8. Total Catch of Each Gossyplure Pheromone 
Trap for Each Seasonal Period in Field E15. 
Rillito, Arizona. 

Trap Total Catch/Seasonal Period 
No. 

Prebloom Postbloom Spray Period Post Spray 

1 266 260 2405 415 

2 177 162 • 1520 265 

3 182 249 1281 251 

4 301 352 1951 574 

5 187 235 1474 305 

6 92 214 1470 156 

7 142 193 1365 263 

8 305 648 1008 394 

9 92 280 1233 312 

10 99 230 1548 253 

11 214 260 2419 419 

21 397 330 5727 1597 

22 250 159 2125 530 

23 797 913 4341 1542 

24 583 911 2746 506 

25 267 542 2039 283 

26 122 281 2063 514 



Table 9. Mean Male PBW Caught in Gossyplure Pheromone 
Traps per Night before and after the Start 
of Irrigation in Various Parts of Field E15, 
Evco Farms, Rillito, Arizona in 1982. 

Inclusive 
Dates 

X male catch/trap/night Inclusive 
Dates Traps pre-

irrigation 
post-

irrigation 

6/4-6/16 1-3, 6, 

4, 5, 8 

7, 9-11 1.5 

1.9 

3.5 

7.8 

21, 22, 25, 26 1.1 4.7 

23, 24 8.6 17.9 

6/23-7/5 1-3, 6, 

4, 5, 8 

7, 9-11 1.5 

1.9 

0.9 

1.3 

21, 22, 25, 26 3.0 4.4 

23, 24 8.9 5.0 

7/14-7/26 1-3, 6, 

4, 5, 8 

7, 9-11 1.4 

7.0 

4.9 

10.9 

21, 22, 25, 26 2.0 5.7 

23, 24 6.4 16.9 



53 

If the southernmost traps (those affected by the 

first irrigation, traps 4 and 8) are not included in the 

mean catch of the east traps (1-4) and the west traps 

(8-11) during the postbloom period, then the two means are 

essentially very similar, 256.6 and 223.6, respectively. 

However, as mentioned previously, trap catch variability is 

lower on the west side, likely due to less male movement. 

Therefore, an optimum monitor placement in this field would 

be within the western portion of the field. Indeed the 

o 
most consistently high R value was for trap 10 in the 

middle west portion of this field. Because differences in 

variability are not great during the prebloom periods, traps 

could be placed on the west border and moved inside the 

field after the first bloom. This placement has the added 

benefit of avoiding damage due to cultural practices. 

Field W15 

The total catch/seasonal period of each trap in 

Field W15 is presented in Table 10. Again, as in E15, 

perimeter traps caught more male PBW moths throughout the 

season than did the traps within the field. Also, the 

middle traps (5-7) caught an average of fewer moths than 

either the eastern or western traps as found in E15. 

However, in W15 the eastern traps (1-4), including 

the perimeter traps (21-23), captured an average of fewer 

male PBW moths than did the western traps (8-11, 24-26); 
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differing from the results found in E15, although not 

greatly so. This finding may be due to the close proximity 

of the two cotton fields and the absence of cotton on 

either the west side of W15 or the east side of E15. 

Dispersal into the cotton from areas with no cotton would 

increase populations in these areas, while the areas of 

adjacent cotton would tend to have less dispersal away 

from or into either of the fields (Figure 1), especially 

when both cotton fields have similar growth patterns and 

suitability as do these (Appendix A). 

o 
This did not change the similar findings in R 

values between E15 and W15. The western traps (9-11) had 
o 

mean R values for prebloom and of .923 and .836, re-

2 spectively. The eastern (1-4) traps had mean R values 

of .880 and .742, respectively for the two seasonal 

periods. 

Again, as in E15, male moths tended to move toward 

areas of the field first irrigated (Table 11). However, 

the results are not as dramatic as in E15. In fact, they 

are not even conclusive for the second irrigation period, 

although Table 10 shows that traps 14, 8, 23 and 24 

consistently had the highest moth catches. The differences 

between these results may be due .to the fact that Field E15 

was directly adjacent to a short staple field that was 
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Table 10. Total Catch of Each Gossyplure Pheromone 
Trap for Each Seasonal Period in Field W15. 
Rillito, Arizona. 

rprap Total Catch/Seasonal Period 

No. 
Prebloom Postbloom Spray Period Post Spray 

1 184 211 3763 283 

2 82 201 1846 377 

3 140 122 1166 354 

4 317 548 3824 597 

5 143 315 2184 415 

6 99 246 1518 399 

7 141 194 2384 150 

8 295 789 3626 618 

9 184 348 1875 464 

10 176 355 2992 405 

11 279 282 3899 562 

21 188 59 2095 341 

22 157 227 2049 375 

23 522 336 2531 451 

24 843 558 3599 445 

25 421 251 2597 549 

26 633 316 4958 750 



Table 11. Mean Male PBW Caught in Gossyplure Pheromone 
Traps per Night before and after the Start 
of Irrigation in Various Parts of Field W15, 
Rillito, Arizona in 1982. 

Inclusive Traps X male catch/trap/night 
Dates 

Traps 
pre- post-

irrigation irrigation 

6/7-6/18 1-3, 6, 7, 9-11 1.1 2.5 

4, 5, 8 3.3 6.3 

21, 22, 25, 26 2.8 3.8 

23, 24 6.9 12.9 

6/28-7/12 1-3, 6, 7, 9-11 0.6 0.3 

4, 5, 8 1.3 1.0 

21, 22, 25, 26 1.5 2.4 

23, 24 5.0 5.3 
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usually irrigated before E15. Dispersal towards this field 

would have increased the southern trap catches before 

irrigation, and after irrigation in E15 (Table 11). In 

W15, the field was irrigated in 3 sets on 3 consecutive 

days according to the usual procedure. This, then, would 

provide little dramatic difference in moisture over time 

and therefore less dispersal of PBW moths toward that 

moisture. However there was more larval infestation in 

the southern half of the field (Table 3). This would seem 

to indicate female dispersal toward this area of the field. 

Because plant development did not seem to be different 

between the two halves (Table A2), an attraction to moisture 

during the early season establishement period would be a 

likely explanation for this difference in infestation. The 

2 
mean R values for the north traps (1, 2, 7, 10, 11) for the 

prebloom period was .916 and the postbloom period was .749. 

2 
For the southern traps, the mean R values were .871 and 

.803, respectively. 

Again, as in E15, the trap with the most consistently 

2 
high R value throughout the season was in the west area of 

the field (trap 11, Table 6). There is a similar pattern 

of male moth distribution between these two fields which 

indicates the optimum monitor trap placement as being in the 

west inside portion of the field after the first bloom. 
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Field 4 

Table 12 presents the total catch of each pheromone 

trap for the prebloom and postbloom seasonal periods for 

the short staple Field 4. Immediately apparent are the 

very high catches in traps 5, 10, 23 and 24, These 

results can be attributed to the fact that this area of 

the field was adjacent to 1981 cotton stubble that had not 

been plowed down the previous season. This likely resulted 

in lower winter mortality and therefore heavy male moth 

pressure on the pheromone traps. 

Otherwise, the results in Field 4 tended to agree 

with those found in the long staple fields, specifically, 

middle traps (6-9) did not catch as many male PBW moths as 

did the traps on the eastern side (1-5) or on the western 

2 
side (10-14). Again, western traps (10-14) had higher R 

2 
values (X R = .938) during the prebloom period than did the 

eastern traps (10-14) (X R2 = .918), although not signifi

cantly different. During the postbloom period, both the 

2 
western and eastern traps had very similar R values, .900 

and .915, respectively. 

Table 13 confirms that male moths disperse toward 

the portion of the field initially irrigated. However, 

this is seen only during the prebloom period as in W15. 

These results show the need for further study in the area 

of local PBW dispersal. The implication here is that male 

PBW moths and, likely, females migrate initially during 



Table 12. Total Catch of Each Gossyplure Pheromone 
Trap for Each Seasonal Period in Field 4. 
Rillito, Arizona. 

Trap Number Total Catch/Seasonal Period 

Prebloom Postbloom 

1 425 586 

2 505 732 

3 254 336 

4 431 608 

5 702 1081 

6 468 798 

7 272 420 

8 294 574 

9 351 659 

10 656 834 

11 551 745 

12 437 867 

13 429 775 

14 469 929 

21 609 802 

22 533 827 

23 2305 1454 

24 1275 650 

25 973 2344 

26 762 1108 



Table 13. Mean Male PBW Caught in Gossyplure Pheromone 
Traps per Night before and after the Start 
of Irrigation in Various Parts of Field 4, 
Rillito, Arizona in 1982. 

Inclusive 
Dates 

Traps X male catch/trap/night 

pre- post-
irrigation irrigation 

5/31 - 6/11 1-4, 7-9, 11-14 3.5 12.4 

5, 6, 10 6.6 19.2 

21, 22, 25, 26 10.4 21.8 

24, 23 34.4 66.9 

6/7 - 7/2 1-4, 7-9, 11-14 5.8 3.0 

5, 6, 10 8.5 4.7 

21, 22, 25, 26 12.7 5.1 

24, 23 20.5 5.3 

/ 
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early season to areas of highest moisture as indicated 

by increased male moth catches and larval infestations in 

these areas. 

The long staple cotton fields in this study also 

seem to have more of a migrant PBW population than has 

been seen in previous studies in short staple staple cotton 

(Van Steenwyk 1978, Manley 1978). Further study is needed 

to determine if this is so and what factors may be influ

encing this result. 

The specific results of this study show that a single 

trap has the same potential to reflect population fluctu

ations as does the mean of a number of traps as demonstra-

2 ted by the high R values of most traps. The traps with 

2 the highest R values were generally in the west inside 

portion of the field. 

The areas of highest PBW male moth catches were 

also in the west, east and southern portions of the field. 

The east and west sides of the field had similar populations 

while the southern areas had the highest due to the PBW 

adult migration toward moisture. 

From these results, an optimum PBW pheromone trap 

placement scheme emerges. During the period before the 

first cotton bloom, traps may be placed in any location 

inside or outside the field. Outside would be preferable 

to avoid damage. The areas nearest the prevailing wind 
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and within the area first irrigated have the greatest 

variability in trap catch; however, they may also be the 

areas of initial population establishment and so should 

be monitored closely, perhaps with increased sampling. 

After the first cotton blossoms appear, the traps 

should be moved inside the field (more than 100 meters in 

this study). Again it should be considered that the areas 

first irrigated and nearest the prevailing winds will have 

greater variability in trap catch. Further work is needed 

to establish a relationship between trap catch and possible 

population establishment and size in these areas. 

Insecticide Effects on Monitor Traps 

Tables 14 and 15 present the mean catch/trap/night 

for traps 1-11 and 21-26 before and after insecticide 

treatments in E15 and W15, respectively. 

These results show that different insecticides have 

different effects on male PBW moth catch in pheromone 

monitor traps. In the permethrin (Ambush ) treated field 

(E15), CTable 14), male PBW moth catches were much lower 

after treatment than before, with the exception of the 

treatment period of 9/1 - 9/7, when moth catches were 

higher after treatment. Figure 3 shows this period to be 

during a peak in PBW moth population. This is probably 

the peak of the Fg generation causing the heaviest insect 

pressure of the season. 
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Table 14. The Mean Catch per Trap per Night for 
Traps 1-11 and 21-26 before and after 
Treatment with azinphosmethyl, methyl 
parathion or permethrin in Field W15. 

Dates Traps Material 

X catch/trap/night 

Pre-
treatment 

Post-
treatment 

8/15 
8/21 

1-11 methyl parathion 28.1 

21-26 25.0 

57.3 

48.1 

8/21 
8/27 

1-11 azinphosmethyl 

21-26 

73.1 

96.8 

286 .2  

155.4 

8/28 
9/1 

1-11 methyl parathion 311.8 

21-26 204.4 

266.7 

302.6 

9/13 
9/16 

1-11 permethrin 

21-26 

250.4 

299.3 

46.1 

77.8 

9/20 
9/23 

1-11 permethrin 

21-26 

274.0 

550.5 

79.0 

360.1 
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Male PBW moth catches increased after treatment of 

W15 with methyl parathion and azinphosmethyl (Guthion ). 

As seen in Figure 4, male PBW populations were higher, as 

was infestation, than in E15 (Figure 3). However, after 

insecticide applications began, infestation did not increase 

in either field. In addition, after permethrin was applied 

to W15 (Table 15), monitor trap catches decreased as in 

E15. Therefore, these results indicate that, while per

methrin, azinphosmethyl and methyl parathion all prevent 
* 

increases in infestation, only permethrin lowers trap 

catches. 

This may be a result of inhibiting males from re

sponding to the pheromone trap. Floyd and Crowder (1981) 

found that permethrin-dosed PBW males were inhibited in 

responding to gossyplure. 

There should be caution, then, in interpreting monitor 

trap catched during insecticide treatments, especially in 

evaluating a material's effectiveness at supressing a PBW 

infestation or adult population. 



Table 15. The Catch per Trap per Night for Traps 1-11 
and 21-26 before and after Treatment with 
permethrin in Field E15. 

65 

Dates 

X catch/trap/night 

Pre-
treatraent 

Post-
treatment 

8/14 
8/20 

1-11 permethrin 

21-26 

48.9 

6 0 . 6  

9.1 

29.4 

8/21 
8/27 

1-11 permethrin 

21-26 

81.0 

65.1 

30.6 

73.3 

9/1 
9/7 

1-11 permethrin 

21-26 

144.9 

223.2 

235.6 

419.7 

9/7 -
9/13 

1-11 permethrin 

21-26 

247.2 

420.9 

46.4 

98.1 

9/13 
9/19 

1-11 permethrin 

21-26 

130.1 

385.6 

56.5 

117.7 

9/20 
9/26 

1-11 permethrin 

21-26 

265.1 

701.8 

101.5 

408.9 



CONCLUSIONS 

The pheromone trap used in this study was an 

effective efficient monitor of PBW male moth activity. 

When properly placed within the cotton field, it was able 

to provide indications of population fluctuations and of 

relative population density. 

A single trap, if its location is judiciously 

chosen, provided as accurate information as the mean of 

several traps evenly spaced throughout the field, in this 

area. However, for standard monitoring purposes more than 

one trap is recommended to insure against lost data if a trap 

is destroyed. 

Before first bloom, trap catch variability is similar 

within and without the field. This indicates that traps may 

be placed in any location before cotton flowers. Outside 

placement has the added advantage of avoiding cultivator 

damage. After the first bloom variability increases and 

placement becomes more specific. 

This study showed that the area of initial early 

season irrigation, the area nearest the prevailing wind 

and the field edges were the greatest sources of variability 

in trap catch. Traps placed well within the field (at least 

100 meters) had the least variability. More work is needed 

66 
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to determine the relationship of trap catches and population 

development in these areas of higher catch variability. 

Caution must be used when interpreting male PBW moth 

catches during periods of insecticide treatment. Catches 

may be higher or lower, depending on material used and 

population pressure, although the material may still be 

effective against larval infestation or as a female adulti-

cide. These results indicate that the use of PBW pheromone 

monitor traps to evaluate insecticide efficacy is difficult 

and should be carefully considered. 

During the late season (early fall), variability in 

trap catches throughout the field also make interpretations 

difficult. Again, careful consideration must be used in 

interpreting trap catch during this time, if collected at 

all. 

Finally, there are implications found in this study 

of male PBW dispersal patterns not previously reported. 

Male PBW moths and, likely, females as well appear to disperse 

toward the area first irrigated in a cotton field during 

early season. There were also higher populations found 

nearer the borders than the center of the field, indicating 

more of a migrant population in these fields. However, these 

results should be studied further before any firm conclusions 

can be made. 



APPENDIX A 

PER PLANT COTTON DEVELOPMENT 
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Table Al. Per Plant Cotton Development in Rillito, Arizona, 1982. Field E15 
(cultivar=Pima S-5, planted 4/13)a 

Date** 

X 
Number 

X 
Number 

X 
Number 

X 
Number 

X Number Bolls 

Date** Area of 
Plants 

of 
Nodes 

of 
Squares 

of 
Blossoms Young Susc. Old Open 

6/7 North 
South 

7.7 
7.6 

0.2 
0.7 

6/14 North 
South 

9.8 
9.1 

1.7 
2.1 

6/21 North 
South 

11.4 
11.1 

2.9 
4.0 

6/28 North 
South 

14.2 
13.9 

4.2 
5.4 

7/12 North 
South 

8.3 
8.0 

20.0 
19.9 

7.2 
8.1 

0.2 
0.5 

0.4 
0.8 

7/19 North 
South 

10.8 
10.0 

17.2 
17.9 

8.7 
12.7 

0.4 
0.4 

1.2 
1.9 

7/26 North 
South 

8.3 
9.3 

19.1 
20.9 

8.0 
11.0 

0.5 
0.5 

1.3 
2.3 

0.3 
0.4 

8/4 North 
South 

9.3 
8.3 

22.3 
22.2 

11.5 
9.7 

0.7 
0.9 

3.4 
4.7 

1.8 
1.6 0.1 



Table Al, continued. 

X X X X X Number Bolls 
Number Number Number Number 

Date** Area of of of of 
Plants Nodes Squares Blossoms Young Susc. Old Open 

8/18 North 8.0 23.4 8.8 0.6 4.2 2.9 2.4 0.2 8/18 
South 8.3 23.6 9.4 0.8 5.8 2.4 2.3 01. 

8/26 North 10.5 23.4 12.5 0.9 4.6 2.9 0.7 8/26 
South 8.5 22.1 10.3 0.6 3.9 2.2 0.6 

9/2 North 8.8 25.5 5.5 0.8 3.9 2.6 5.5 3.6 9/2 
South 8.0 25.6 4.8 1.3 4.0 1.7 4.9 4.4 

9/16 North 7.0 23.5 0.8 0.3 2.9 3.8 4.3 2.7 
South 9.0 26.0 1.2 0.1 2.7 3.1 6.6 2.1 

10/12 North 8.5 25.7 0.1 0.0 0.5 0.7 5.4 5.7 10/12 
South 9.0 22.0 0.4 0.0 0.2 0.1 4.7 7.3 

aSample unit is 1.03 meters of row cotton. 

^Samples prior to 7/12 were random throughout the field with no designation 
numbers of plants. Samples were taken from only 4 quadrants on 10/12. 



Table A2. Per Plant Cotton Development in Rillito, Arizona, 1982. Field W15 
(cultivar=Pima S-5. planted 4/12)a 

X X X X X Number Bolls 
„ b Number Number Number Number 

Area Qf Qf Qf of 

Plants Nodes Squares Blossoms Young Susc. Old Open 

6/7 North 
South 

7.2 
7.9 

0.5 
0.1 

6/14 North 
South 

8.5 1.2 

6/21 North 
South 

11.3 
10.9 

3.7 
3.6 

6/28 North 
South 

12.8 
12.9 

3.7 
3.1 

7/12 North 
South 

7.3 
6.3 

16.3 
15.4 

7.7 
5.1 

0.1 
0.2 

0.2 
0.2 

7/19 North 
South 

10.0 
9.8 

19.1 
17.0 

8.2 
7.6 

0.5 
0.3 

1.2 
0.7 

7/26 North 
South 

6.5 
6.3 

19.1 
21.0 

6.9 
9.6 

0.5 
0.6 

1.1 
1.9 

0.1 
0.2 

8/4 North 
South 

7.8 
7.0 

22.7 
24.5 

12.1 
6.9 

0.8 
0.9 

3.1 
2.3 

1.8 
0.8 



Table A2, continued. 

X X X  X  N u m b e r  B o l l s  
Number Number Number 

of of of 
Nodes Squares Blossoms Young Susc. Old Open 

8/18 North 7.5 23.3 10.6 0.9 3.9 2.1 2.2 
South 6.3 22.8 16.9 1.6 3.6 1.9 2.2 

8/26 North 8.5 26.6 13.8 3.5 4.5 4.1 2.1 
South 7.5 25.0 18.3 0.8 4.1 1.8 1.0 0.1 

9/2 North 6.5 26.6 8.7 0.6 7.6 2.0 4.4 1.5 
South 7.8 26.1 4.5 1.4 4.9 3.2 4.0 

10/2 North 7.0 23.6 0.2 0.5 1.4 4.4 8.2 2.8 
South 9.0 28.4 0.1 1.6 1.5 3.9 5.7 7.7 

aSample unit is 1.03 meters of row cotton. 

u 
Samples prior to 7/12 were random throughout the field with no designation 
numbers of plants. Samples were taken from only 4 quadrants on 10/12. 

X 

Date" Area Nu^er 

Plants 



Table A3. Per Plant Cotton Development in Rillito, Arizona, 1982. Field 4 
(cultivar=DPL55, planted 4/14).a 

Date Area 

X 
Number 

X 
Number 

X 
Number 

X Number Bolls 
Date Area 

of 
Nodes 

of 
Squares 

of 
Blossoms Young Susc. Old Ooen 

6/2 North 
South 

5.8 
5.6 

6/9 North 
South 

7.5 
8.4 

1.8 
0.5 

6/16 North 
South 

10.0 
9.3 

3.4 
2.5 

6/23 North 
South 

11.8 
10.5 

5.6 
4.3 

6/30 North 
South 

14.8 
15.3 

7.4 
6 .6 

0.1 
0.1 0.1 

7/7 North 
South 

17.4 
15.4 

6.3 
8.7 

0.4 
0.5 

0.6 
0.6 

7/14 North 
South 

16.0 
14.9 

8.4 
7.6 

0.5 
0.7 

0.8 
1.5 

7/21 North 
South 

16.5 
15.8 

10.5 
5.1 

1.1 
1.0 

2.8 
3.6 

0.3 
0.3 



Table A3, continued. 

X X X X X Number Bolls 
Date Area Number Number Number 

of of of 
Nodes Squares Blossoms Young Susc. Old Open 

7/28 North 18.1 7.0 1.1 2.2 2.5 0.6 
South 18.5 3.3 0.9 2.1 1.9 1.2 

8/2 North 19.5 2.8 0.4 2.9 1.3 1.1 8/2 
South 19.5 2.8 0.4 2.9 1.3 1.1 

8/9 North 18.9 3.4 0.5 2.2 2.8 1.7 8/9 
South 19.2 6.4 0.4 2.9 3.7 0.3 

8/16 North 20.3 3.1 0.6 2.6 1.5 3.6 8/16 
South 19.4 2.3 0.3 1.4 0.9 4.3 

aSample unit is 1.03 meters of row cotton. 

o 



REFERENCES 

Bariola, L. A., J. C. Keller, D. L. Turley, and J. R. 
Farris. 1973. Migration and population studies 
of the pink boll worm in the arid West. Environ. 
Entomol. 2:205-208. 

Bariola, L. A. 1978. Suicidal emergence and reproduction 
by overwintered pink bollworm moths. Environ, 
Entomol. 7:189-192. 

Berger, R. S., J. M. McGough, D. F. Martin and L. R. 
Ball. 1964. Some properties and the evaluation 
of the pink bollworm sex attractant. Ann. Entomol. 
Soc. Am. 57:606-609. 

Beroza, M., and N. Green. 1963. Materials tested 
as insect attractants. USDA, ARS Agric. Handbook 
No. 239. 148 pp. 

Bierl, B. A., M. Beroza, R. T. Staten, P. E. Sonnet 
and V. E. Adler. 1974. The pink bollworm sex 
attractant. J. Econ. Entomol. 67:211-216. 

Brazzel, J. R., and J. C. Gaines. 1957. Cotton yield 
and quality losses caused by various levels of 
pink bollworm infestations. J. Econ. Entomol. 
50:609-613, 

Busck, A. 1917. The pink bollworm, Pectinophora 
gossypiella. J. Agric. Res. 9:343-370. 

Colwell, A. E., H. H. Shorey, L. K. Gaston, and S. E. 
Van Vorhis Key. 1978. Short-range precopulatory 
behavior of males of Pectinophora gossypiella 
(Lepidoptera: Gelechiidae.) Behav. Biol. 
22:323-335. 

Cook, B. J., R. L. Smith, and H. M. Flint. 1980. 
Antennal sense organs of the pink bollworm, 
Pectinophora gossypiella (Saunders). Proc. 
Entomol. Soc. Wash. 82:117-123. 

75 



76 

Embody, D. R. 1971. Possible methods for measuring 
the effective range of the sex lure trap for 
pink bollworm. USDA, AHS Bull. 31-43.pp. 1-5, 

Flint, H. M. , M. Balasubramanian, J. Campero, G. R. 
Strickland, Z. Ahmad, J. Barral, S. Barbosa, and 
A. F. Khali. 1979. Pink bollworm: Response 
of the native males to ratios of Z,Z and Z,E 
isomers of gossyplure in several cotton growing 
areas of the world. J. Econ. Entomol. 72:758-
762. 

Flint, H. M., L. Butler, L. M. McDonough, R. L. Smith, 
and D. E. Forey. 1978. Pink bollworm: Response 
to various emission rates of gossyplure in the 
field. Environ. Entomol. 7:57-61. 

Flint, H. M., S. Kuh, B. R. Horn, and H. A. Salara. 1974. 
Early season trapping of pink bollworm with gossy
plure. J. Econ. Entomol. 67:738-740. 

Flint, H. M., R. L. Smith, L. A. Bariola, B. R. Horn, 
D. E. Forey, and S. J. Kuhn. 1976. Pink bollworm 
Trap tests with gossyplure. J. Econ. Entomol. 
69:535-538. 

Floyd, J. P. and L. A, Crowder. 1981. Sublethal effects 
of Permethrin on Pheromone Response and Mating 
of Male Pink Bollworm Moths. J. Econ. Entomol. 
74:634-638. 

Foster, R. N., R. T. Staten, and E. Miller. 1977. 
Evaluation of traps for pink bollworm. J. Econ. 
Entomol. 70:289-291. 

Glick, P. A. 1967. Aerial dispersal of the pink 
bollworm in the United States and Mexico. USDA 
Res. Serv. Prod. Res. Rep. 96. 12 pp. 

Green, N., M. Jacobson and J. C. Keller. 1969. Hexalure 
an insect sex attractant discovered by empirical 
screening. Experientia. 25:682-683. 

Guerra, A. A., and M. T. Ouye. 1967, Catch of male 
pink bollworms in traps baited with sex attractant 
J. Econ. Entomol. 60:1046-1048. 



77 

Hoffman, M. P. 1978. Pink bollworm pheromone trapping: 
Analysis of trap design, pheromone substrate 
and field spacing. M. S. thesis, University 
of Arizona, Tucson, 60 pp. 

R. T. 1980. Personal communication. Professor, 
Department of Entomology, University of Arizona, 
Tucson, AZ. 

R. T., and M. P. Hoffman. 1979. Development and 
evaluation of an oil trap for use in pink bollworm 
pheromone mass trapping and monitoring programs. 
J. Econ. Entomol. 72:695-697. 

R. T., L. Moore, and M. P. Hoffman. 1979. Feasi
bility study of area-wide pheromone trapping of 
male pink bollworm moths in a cotton insect pest 
management program. J. Econ. Entomol. 72:222-227 

R. T. 1981. Heat Unit Research, In Cotton: 
University of Ariz. Coll. of Agric. Rep. p-53, p. 

Hummel, H. E., L. K. Gaston, H. H. Shorey, R. S. Kaae, 
K. J. Byrne, and R. M. Silverstein. 1973. 
Clarification of the chemical status of the pink 
bollworm sex pheromone. Science 181:873-875. 

Jefferson, R. N., L. L. Sower, and R. E. Rubin. 1971. 
The female sex pheromone gland of the pink 
bollworm, Pectinophora gossypiella (Lepidoptera: 
Gelechiidae). Ann. Entomol. Soc. Amer, 64:311-312 

Jones, W. A., and M. Jacobson. 1968. Isolation of N,N 
diethyl-m-tolumide (deet) from female pink 
bollworm moths. Science 159:99-100. 

Jones, W. A., M. Jacobson, and D, F. Martin. 1966. Sex 
attractant of the pink bollworm moth: Isolation, 
identification and synthesis. Science 152: 
1516-1517. 

Kaae, R. S., and H. H. Shorey. 1973. Sex pheromones of 
Lepidoptera. 44. Influence of environmental 
conditions and mating in Pectinophora 
gossypiella. Environ. Entomol. 2:1081-1084. 

Kaae, R. S., H. H. Shorey, L. K. Gaston, and D. Sellers. 
1977. Sex pheromones of Lepidoptera: Seasonal 
distribution of male Pectinophora gossypiella. 

Huber, 

Huber, 

Huber, 

Huber, 



78 

Keller, J. C., L. W. Sheets, N. Green and M. Jacobson. 
1969. Cis-7-hexadecadienyl acetate hexalure, a 
synthetic sex attractant for pink bollworm males. 
J. Econ. Entomol. 62:1520-1521. 

Leppla, N. C. 1972. Calling behavior during pheromone 
release in the female pink bollworm moth. Ann. 
Entomol. Soc. Amer. 65:281-282. 

Lingren, P. D., A. N. Sparks, J. R. Raulston, and W. W. 
Wolf. 1978. Applications for nocturnal 
studies of insects. Bull. Entomol. Soc. Amer. 
24:206-212. 

McLaughlin, J. R., H. H. Shorey, L. K. Gaston, R. S. 
Kaae, and F. D. Stewart. 1972. Sex pheromones 
of Lepidoptera XXXI. Disruption of sex pheromone 
communication in Pectinophora gossypiella with 
hexalure. Environ. Entomol. 1:645-650. 

Marks, R. J. 1976. Field evaluation of gossyplure, the 
synthetic sex pheromone of Pectinophora gossypiella 
(Saund.) (Lepidoptera: Gleechiidae) in Malawi. 
Bull. Entomol. Res. 66:267-278. 

Manley, D. G. 1978. Analysis of short-range pink bollworm 
male moth dispersal. Ph.D. dissertation, 
University of Arizona, Tucson, 78 pp. 

Moore, L., D. T. Langston, T. F. Watson, R. T. Huber, and 
D. G. Fullerton. 1982. 1982 Insect pest management 
for cotton. Coop. Ext. Serv. Bull. Qll. University 
of Arizona, 8 pp. 

Neumark, S., M. Jacobson and I Teich. 1974. Field 
evaluation of propylure, hexalure and their 
formulations with deet, dodecyl acetate, and 
an antioxidant as attractants for male pink 
bollworm moths. Environ. Lett. 7:21-30. 

Neumark, S., and I Teich. 1973. Pink bollworm: 
Constant level liquid device for use in trapping 
moths. J. Econ. Entomol. 66:298. 

Noble, L. W. 1969. Fifty years of research on the pink 
bollworm in the United States. USDA, ARS Agric. 
Handbook No. 357. 62 pp. 



79 

Ouye, M. T. and B. A. Butt. 1962. A natural sex lure 
extracted from female pink bollworms, J. Econ. 
Entomol, 55:419-421. 

Ouye, M. T. , H. M. Graham, C. A. Richmond, and D. P. 
Martin. 1964. Mating studies of the pink 
bollworm. J. Econ. Entomol. 57:222-225. 

Rice, R. E., and H. T. Reynolds. 1971. Seasonal 
emergence and population development of pink 
bollworm in southern California. J. Econ. 
Entomol. 64:1429-1432. 

Sevacherian, V., N. C. Toscano, R. A. Van Steenwyk, 
R. K. Sharma, and R. R. Sanders. 1977. 
Forecasting pink bollworm emergence by thermal 
summation. Environ. Entomol. 6:545-546. 

Sharma, R.* K., A. J. Mueller, H. T. Reynolds and N. 
Toscano. 197.3. Techniques for trapping pink boll
worm males. Calif. Agric. 27(7):14-15. 

Sharma, R. K., R. E. Rice, H. T. Reynolds, and R. M. 
Hannibal. 1973, Effect of design and size of 
hexalure dispensers on catches of pink bollworm 
males. J. Econ. Entomol. 66:377-379. 

Sharma, R. K., R. E. Rice, H. T. Reynolds, and H. H. 
Shorey. 1971. Seasonal influence and effect 
of trap location on catches of pink bollworm 
males in sticky traps baited with hexalure. 
Ann. Entomol. Soc. Amer. 64:102-105. 

Slosser, J. E., and T. F. Watson. 1972. Population 
growth of the pink bollworm. Ariz. Agric. Exp. 
Stn. Bull. No. 195. 32 pp. 

Smith, R. L., H. M. Flint, and D. E. Forey. 1978. Air 
permeation with gossyplure: Feasibility studies 
on chemical confusion for control of the pink 
bollworm. J. Econ. Entomol. 71:257-264. 

Spears, J. F. 1967. The westward movement of the pink 
bollworm. Bull. Entomol. Soc. Amer. 14:118-119. 

Stern, V. M. 1979. Long and short range dispersal of the 
pink bollworm Pectinophora gossypiella over 
southern California. Environ. Entomol. 8: 
524-527. 



80 

Teich, I., S. Neumark, and M. Jacobson. 1977. The 
capture threshold of male pink bollworm moths with 
gossyplure and its effect on boll infestation 
and frequency of insecticidal treatment. J. 
Environ. Sci. Health, A. 12:423-430. 

Toscano, N. C., A. J. Meuller, V. Sevacherian, R. K. 
Sharma, T. Niilus, and H. T. Reynolds. 1974. 
Insecticide applications based on hexalure trap 
catches versus automatic schedule treatments for 
pink bollworrikcontrol. J. Econ. Entomol. 67: 
522-524. 

Toscano, N. C. and V. Sevacherian. 1980. Pink Bollworm 
Monitoring Methods, In: Pinkworm Control in the 
United States. (ed. H. M. Graham). USDA, SEA 
ARM-W-16. 

Van Steenwyk, R. A., G. R. Ballmer, A. L. Page, T. J. Gange, 
and H. T. Reynolds. 1978. Dispersal of Rubidium-
marked pink bollworm. Environ. Entomol. 7:608-613. 

Van Steenwyk, R. A., G. R. Ballmer, and H. T. Reynolds. 
1978. Nocturnal trap catches of the pink bollworm. 
Ann. Entomol. Soc. Amer. 71:354-356. 

Van Steenwyk, R. A., G. R. Ballmer, and H. T. Reynolds. 
1976. Relationship of cotton boll age, size and 
moisture content to pink bollworm attack. J. 
Econ. Entomol. 69:579-582. 

Watson, T. F., and D. G. Fullerton. 1969. Timing of 
insecticidal applications for control of the 
pink bollworm. J. Econ. Entomol. 62:682-685. 

Wene, G. P., L. A. Carruth and A. D. Telford. 1965. 
Descriptions and habits of Arizona Cotton 
Insects. Univ. Ariz. Coop. Ext. Serv. Bull. 
A-23. 61 pp. 

Wene, G. P., L. W. Sheets and H. E. Woodruff. 1961. 
Emergence of overwintered Pink Bollworm in 
Arizona. J. Econ. Entomol. 54:192. 


