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ABSTRACT

Four densities of the Huber oil trap; 15, 20, 25 and 30 traps/ 
ha, were evaluated for 2 years in cotton fields at Marana, Arizona. 
Catch/trap did not differ significantly among these densities for either 
year. In 1978, catch/ha increased significantly from 15-20 traps/ha. 
Catch/ha did not differ significantly among the 3 higher densities. In 
1979, there were significant differences in catch/ha at the 10% confi
dence level for densities differing by 10 and 15 traps/ha. Since catch/ 
ha did not differ between the two higher densities for both years, 25 
traps/ha is probably the more favorable choice, due to the lower cost 

involved.
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CHAPTER 1

INTRODUCTION

The pink bollworm, Pectinophora gossypiella (Saunders), is a 
major pest of cotton in the southwestern United States and many other 
areas of the world. The identification of gossyplure, the true female 
sex pheromone, has been followed by intensive research efforts to sup
press pink bollworm populations using this male attractant. Pheromones 
are attractive as pest management tools because they are species- 
specific and environmentally safe.

Two major uses of pheromones in agricultural systems are. the 
stimulation of an insect to enter a trap or target location and per-, 
meation of the environment with pheromone so that the insect becomes 
overwhelmed and cannot find a mate. However, the latter technique has 

had varying success.
Smith, Flint, and Forey (1978) found that male pink bollworms 

are able to locate females in a pheromone-permeated atmosphere. They 
suggested that removal of males from the population by mass trapping 
might be a more effective suppression technique than mating disruption.

In a high density population, females compete more intensively 
with pheromone-baited traps for males. It is therefore best to use 
traps early in the season when populations are low.

Trap performance is the most important consideration in a mass 
trapping program. Huber and Hoffman (1979) developed an oil trap with



a catch capacity of 2500 moths. This trap proved much more efficient 
than the stickem-coated traps used in previous studies, and it did not 
interfere.with normal grower practices.

Once an efficient trap is developed, it is important to deter
mine the trap density at which the maximum number of moths is caught. 
Theoretically, the total moth catch/ha should increase as trap density 
increases until a point is reached where the length of the pheromone 
plume exceeds the distance between traps. Farkas, Shorey, and Gaston 
(1974) reported that male pink bollworms decrease flight speed and 
alight on vertical objects when in the presence of a high concentration 
of pheromone. Also, sensory adaptation or central nervous system habit
uation in a pheromone-permeated atmosphere may result in failure of a 
male moth's ability to locate a trap when the trap density is too high.
A density above the optimum may cause the moths to land before reaching 

a trap, thus increasing the moth's chance of locating a mate at random.
Hoffmann (1978) compared six densities of the Huber oil trap 

ranging from 2.5 to 15 traps/ha, and found that the total moth catch 
was still increasing at 15 traps/ha. The purpose of this research was 
to compare four densities of the Huber oil trap from 15 to 30 traps/ha, 

and to determine if the optimum density was within this range.



CHAPTER 2

LITERATURE REVIEW

The Pink Bollworm
The pink bollworm was first described in 1843 from specimens 

collected in India, its native country (Pearson, 1958; Noble, 1969).
It now occurs worldwide as a serious cotton pest.

Cotton seed imported from Egypt carried the pink bollworm to 
Mexico in 1911. Six years later, the discovery of a small infestation 

in Hearne, Texas prompted eradication efforts. Despite these efforts, 
small infestations persisted and eventually spread throughout southern 
Texas and west along the Rio Grande Valley (Noble, 1969).

In the winter of 1926-27, the pink bollworm was found in Cochise, 
Greenlee, and Graham counties of Arizona (Wene, Carruth, and Telford, 
1965). Some heavy losses due to this pest have occurred in scattered 
areas of Arizona since 1940 (Anon., 1965). Severe outbreaks in the Gila 
and Salt River Valleys in 1958 impelled growers to a full-scale coopera

tive eradication campaign (Anon., 1965; Wene et al., 1965; Spears, 1967). 
The pink bollworm is now the major cotton pest in the southwestern United 

States (Vail et al., 1977).

Life History
Adult. The adult is a small, mottled, greyish-brown moth with a 

15-20 mm wing span (Noble, 1969). The forewings are slender and fringed 
along the posterior margin (Wene et al., 1965). Adults are rarely seen

3
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in the field because they .are nocturnal, hiding under debris during the 
day (Noble, 1969).

Moths from overwintering larvae begin emerging in March, when 
air temperatures exceed 10°C, and continue through August (Wene et al., 

1965; Gutierrez et al., 1977). Several authors have demonstrated the 
accuracy of using heat units to predict pink bollworm emergence and popu
lation cycles (Larson and Huber, 1975; Gutierrez et al., 1977; Seva- 
cherian et al., 1977; Toscano et al., 1979). With this method, accumu
lated heat units obtained from daily average temperatures minus the 
insectvs lower developmental threshold, can be correlated to the develop
mental rate of this insect, which is a cold-blooded animal.

Most of the moths emerge before squares are available and die 
without contributing to the first summer generation. This is termed 
"suicidal" or "ineffective" emergence (Chapman et al., 1960; Bariola, 
1978). Slosser and Watson (1972) determined that 20 to 30% of the spring 
emergence occurs after first square in Mesa, Arizona. Huber, Moore", , 

and Hoffmann (1979) found a much higher value of 40 to 60% in Safford, 
Arizona.

Adults live for up to 2 weeks in midsummer and longer during 
cooler weather (Noble, 1969). The pink bollworm completes five genera
tions from June to September in Arizona (Slosser and Watson, 1972).

Adult pink bollworms have two peak activity periods during the 

night. The first, from 7:30 to 11:30 PM, involves feeding by both sexes 
and ovipositional activity of the females (Graham, Click, and Martin, 
1964; Van Steenwyk, Ballmer, and Reynolds, 1978). The moths feed on



the nectar from floral and extrafloral nectaries of the cotton plant 
(Butler, et al., 1972). The second peak) from midnight to 3;30 AM, 
Involves"only males searching in response to the female sex

pheromone (Graham et al., 1964; Van Steenwyk, Ballmer, and Reynolds, 
1978). Mating activity usually occurs at this time, requiring a light 
intensity below 3 ft. candles for at least 7 hours (Lukefar and Griffin,

1957).
Moths do not mate until the day after emergence (Ouye et al., 

1964). Both sexes may mate more than once in their lifetimes, although 
most females mate only once (Lukefar and Griffin, 1957; Ouye et al., 

1964).
Egg. A female moth may lay 50 to 300 eggs over an 8 day period 

(Adkisson, Wilkes, and Johnson, 1958). Fecundity depends upon nutrition 
during the larval stage. Females from the overwintering generation have 
lower fecundities than those that have developed during the summer (Noble 

1969).
Before bolls are available, females lay their eggs on the squares 

stems and terminals of the cotton plant (Brazzel and Martin, 1957; Noble, 
1969). The preferred oviposition site is between the calyx and the boll 

carpel (Brazzel and Martin, 1957; Lukefar and Griffin, 1957; Adkisson et 
al.9 1958; Noble, 1969). High temperatures are detrimental to egg sur
vival, especially when humidity is low (Fye and Surber, 1971; Adkisson, 

1959).
Larva. The young larvae are cream colored, acquiring a deeper 

shade of pink with each succeeding instar. By the fourth and final



instar5 the bright pink larvae are 11-13 mm long and 2-5 mm in diameter 
(Noble, 1969).

Mortality of newly hatched larvae is very high; 90% die before 
feeding (Wene et al., 1965). Those that are able to enter a fruiting 
structure feed for 10 days, then during the summer months, drop to the 

ground to pupate (Noble, 1969).
In September and October, the full-grown larvae enter a state 

of developmental arrest called diapause. The most important factors 
influencing the initiation of diapause are fluctuating temperatures and 
a decreasing photophase (Adkisson, 1961a; Lukefar, Noble, and Martin, 

1964; Butler, Hamilton, and Gutierrez, 1978). Increased oil content of 

mature bolls has a secondary effect on diapause induction (Squire, 1940; 
Crowder, Watson, and Langston, 1975; Abdul Nasr, Awadallah, and Mabady 
Omar, 1977). Diapausing larvae may spend the winter in bolls or in 

cocoons in the soil (Wene et al., 1965).
Gutierrez et al. (1977) estimated that only 4% of the diapausing 

larvae survive the winter. Using field emergence cages, Huber et al. 
(1979) found 1.6% and 2.9% survival for 2 different years. Overwinter 
survival is influenced by temperature, soil moisture, and cultural prac

tices such as fall plowing (Wene et al., 1965).
Pupa. The non-diapause larva drops out of the boll to pupate 

in a loose-fitting cocoon in the soil. Pupae are dark brown and 6-8 mm 
long (Noble, 1969). The pupal stage lasts 8-10 days (Adkisson et al,,

1958).
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Host Range

The pink bollworm attacks 70 species of plants, most of these 
in the family Malvacae (Noble, 1969). Although the pink bollworm is 

known primarily as a cotton pest, it will also attack the cultivated 
crop's okra, kenaf, jute, roselle, muskmallow, and castorbeam (Loftin, 
McKinney, and Hanson, 1921; Noble, 1969).

Damage to Cotton
Leaf Damage. Larvae may feed slightly on the leaves while search

ing for a fruiting structure. This feeding results in small surface 
abrasions or holes in the leaf, but this damage does not result in 
economic loss. Larvae that do not reach squares or bolls soon die from 

exposure, predation, or starvation (Loftin et al., 1921).
Square Damage. Early and late in the cotton-growing season, 

when susceptible bolls are scarce, pink bollworms infest squares and 

flowers, consuming the pollen and fleshy parts of the embryonic flower 

(Loftin et al., 1921).
Squares play a significant role in establishing pink bollworm 

populations early in the season (Slosser and Watson, 1972). Late in the 
season, when bolls are no longer susceptible to attack, squares again 
become an important food source for larvae of the overwintering genera

tion (Slosser and Watson, 1972).
Square infestation does not necessarily prevent boll formation. 

Butler and Heneberry (1976) found a 40% decrease in boll set of infested 
versus noninfested squares. However, once bolls are set, fruit



development is independent of previous square infestation (Butler and 
Heneberry, 1976).

Reports on square shed as a result of pink bollworm infestations 
are conflicting. Noble (1969) states that squares less than 10 days old 
will shed if infested. However9 Gutierrez et al. (1977) found that 
squares and bolls shed at the same rate whether or not they are infested, 
primarily due to carbohydrate stress on the cotton plant.

Blooms that develop from infested squares are often malformed 
or "rosetted" due to webbing together of the corolla tips by pink boll
worm larvae. This webbing prevents the bloom from opening properly and 
protects the larva from dessication and natural enemies (Loftin et al., 

1921) .
Boll Damage. Newly hatched larvae bore into the boll carpel 

and feed on the seeds and lint inside the boll. This feeding reduces 
the quantity and quality of the lint, and germanability of the seeds. 

Since lint grows from the cotton seed, infested seeds produce fibers 
that are short and weak. Frass from the larvae discolors the lint, 
further reducing marketability. Severely damaged bolls do not open and 
the lint is not harvestable (Loftin et al., 1921; Wene et al., 1965; 

Adkisson et al., 1958; and Noble, 1969).
Exit holes from emerged pink bollworm larvae predisposes the 

bolls to boll rot organisms, especially in areas of high rainfall 
(Noble, 1969). The most dread of these, Aspergillus flavus Link, 
produces aflotoxins that are known carcinogens (Ashworth et al., 1971). 
Seeds containing aflotoxin cannot be sold as animal feed.



9
Bolls that are 14-21 days old are most susceptible to pink boll- 

worm attack (Van Steenwyk et al„ «, 1976) . The high water content of 

young bolls drowns the larvae, and the carpel wall of older bolls is too 
hard for the larvae to penetrate. Older bolls are able to sustain more 
damage because less seeds are consumed per larva, and less larvae exit 
the older bolls to pupate (Lukefar and Martin, 1963; Noble, 1969).
Equal pink bollworm populations inflict greater damage on Pima cotton 
than on Deltapine, because Pima has smaller bolls with less seeds per 
boll (Fry, Kittock, and Heneberry, 1978),

There has been a great deal of discrepancy in the assessment of 
losses due to pink bollworm infestations. Brazzel and Gaines (1957) 
found that most loss results from lowered lint quality and actual yield 
loss does not occur until infestation reach 100% with more than 10 lar
vae per boll. However, based on a 60% infestation, Lukefar and Martin 
(1963) gave a more conservative estimate of 34% value reduction due to 
both yield and quality losses. Watson and Fullerton (1969) determined 
that control measures are unwarranted until infestations of bolls reach 
a 20% economic threshold. The current infestation level used for spray 
initiation in Arizona is 15%, lowered to 5% in boll rot areas (Moore et 

al., 1978).

Dispersal
Long Range. Man has accidentally transported the pink bollworm 

across continents in infested seed or lint and in vehicles carrying cot
ton freight (Click, 1967; Noble, 1969; Bariola et al., 1973). Pink boll
worm moths cannot regulate their flight at wind velocities greater than



10
5 km/h and wind currents may carry them miles from infested cotton 
fields (Click and Hollingsworth, 1956). Moths have been collected 900 m 
above ground level and new infestations discovered up to 100 km from 
fields known to harbor this pest (McDonald and Loftin, 1935; Noble, 1969; 
Bariola et al., 1973).

Local. Moths emerging in spring disperse randomly in search of 

suitable habitats (Noble, 1969; Kaae et al., 1977; Manley, 1978; Van 
Steenwyk et al., 1978; Stern, 1979). The desert at this time is hot and 
dry and the cotton plants either have not yet emerged, or are too small 
to offer adequate protection from the harsh environment. Flint et al. 
(1976) reported that emerged males congregate in cotton fields regardless 
of where they emerge. Kaae et al. (1977) found males evenly distributed 
in cotton fields, fallow fields, and fields planted to other crops.
Manley reports a 1-2 wk time lag from the time moths are detected in 
fields previously planted to cotton and their subsequent detection in 
traps outside the cotton-growing area. Manley (1978) also found that 
moths favor other crops over fallow fields or the open desert when suit
able cotton is not available.

Within-field Movement. From July through September, more males 
are trapped inside the cotton fields than in other areas (Kaae et al., 

1977; Manley, 1978; Van Steenwyk et al., 1978). At this time, the cot
ton is fruiting and the plants can supply the moths with moisture (from 
irrigation, transpiration), nectar and a dense foliage cover. Popula
tions shift in the field throughout the season in the direction of the 
prevailing wind (Manley, 1978). Lingren et al. (1978) observed moths
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during the night with night vision goggles, and found that major moth 
movement early evening was downwind. From 30 minutes to 1 hour before 

mating, males switched to a crosswind flight pattern in search of females 

releasing sex pheromone. Male flight activity in the cotton field is 
much greater than that of females, indicative of a stationary calling 

behavior on the females! part and an active searching behavior on the 
males’ part (Smith et al., 1978; Van Steenwyk et al., 1978).

From September through November when the cotton plants are 
senescing, moths again disperse out of the cotton fields (Noble, 1969; 
Kaae et al., 1977; Manley, 1978; Van Steenwyk et al., 1978; Stern, 1979).
Van Steenwyk et al. (1978) theorized that the migratory tendencies of
adult males late in the season might be due to the physiological state 
of the cotton plant at the time they fed as larvae. Even though the 
sex ratio of moths emerging from field-picked bolls was 1:1, light traps
from 0.4 to 1.6 km from the test field picked up 3 males : 1 female
(Van Steenwyk et al., 1978), indicating that females do not disperse as 
far as males, or that males are more highly attracted to the light traps.

These authors also found that females disperse from senescing 
cotton 2-3 wk before males. Since females avoid multiple attacks on 

bolls until infestation levels reach 80% (Gutierrez et al., 1977), fe
males may be departing earlier due to overcrowding or a lack of suitable 

oviposition sites.

The Pink Bollworm Sex Pheromone 
Pheromones are ’’substances which are secreted to the outside by 

an individual and received by a second individual of the same species
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in which they release a specific reaction, for example, a definite 
behavior or developmental process11 (Karlson and Luscher, 1959) . The 
response of male pink bollworms to females releasing pheromone was de
scribed as "a state of excitation with rapid wing vibrations and an 
intermittent upcurving of the abdomen" (Ouye and Butt, 1962). Males 
responded in this manner to homogenized methylene chloride extracts of

i

whole mating pairs. This behavior was always specific to males. Male 
moths entered traps baited with the extract, indicating the potential 
this attractant held as a survey or control tool.

The pheromone is limited to the terminal 2-3 abdominal segments 
of female moths (Berger et al., 1964). Attractiveness peaks in 4-5 day 
old females, with no difference in potency between mated and virgin fe
males .

Jones, Jacobson, and Martin (1966) reported successful isolation 
of the pure pheromone, which they called propylure (10-propyl-trans 
5,9-tridecadienyl acetate). However, this compound was found inactive 
in the field (Jones and Jacobson, 1968; Neumark, Jacobson, and Teich, 
1974). Activity was slightly improved in the presence of "deet"
(N,N - diethyl-m-toluamide), itself a moderate attractant to pink boll- 

worm males (Beroza and Green, 1963; Jones and Jacobson, 1968).
Soon afterwards, Green, Jacobson, and Keller (1969) discovered

/

through empirical screening that hexalure (cis-7-hexadecenyl acetate) 

is highly attractive to pink bollworm males. This compound is not pro
duced by the female moths, but is very similar in structure to the 
actual pheromone.
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Hummel et al. (1973) proved that neither deet, propylure nor 

hexalure was the natural female sex pheromone. They identified the 

true peromone, a mixture of ZZ and ZE isomers of 7,11-hexadecadienyl 
acetates and proposed the name "gossyplure" for this compound.

The optimum ratio of isomers ranges from 50% to 60% ZZ in dif
ferent areas of the world (Bierl et al., 1974; Flint et al., 1979;
Marks, 1976)9 but a 1:1 ratio of isomers is used in commercial prepara
tions. The pink bollworm is more specific in its response during the 
spring and fall than it is during mid-season (Flint et al., 1978).

The Pheromone Plume
Transmission of a chemical signal in air depends on the rate of 

diffusion of the chemical and the directional flow of the medium (Farkas 
and Shorey, 1974). In a static environment, molecules become distributed 
in a concentration gradient radiating out from the source. Air movement 
carries the chemical downwind, forming an elongate aerial trail or plume 

(Bossert and Wilson, 1963; Butler, 1970; Farkas and Shorey, 1972, 1974).
Wright (1958) described the aerial trail as a cloud in which the 

odor is concentrated in separate filaments which would "writhe and twist 
as they moved downwind from the source". The insect would perceive this 
cloud as a series of pulses of high and low intensity, whose frequency 
would indicate the proximity of the source.

The amount of disruption of the trail depends on the degree of 

atmospheric disturbance. The diameter of the trail increases and the 
density of molecules decreases with increasing distance from the source
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(Farkas and Shorey, 1974). Bossert and Wilson (1963) coined the term 

"active space" for "that zone downwind from the odor trail that contains 
a density of molecules at or above the behavioral threshold concentra
tion" .

Mating Behavior

Female Calling Behavior
Gossyplure is contained <in a dorsal gland between the eighth and 

ninth abdominal segments of the female moth (Jefferson, Sower, and Rubin, 
1971). Several environmental and physiological factors influence pher- 
omone release (Shorey, 1974).

Leppla (1972) has distinguised two postures of the female pink 
bollworm during pheromone release as "initial" and "overt" calling.
During initial calling, the female extends, elevates and separates her 
wings, resting her antennae on the anterior wing margins. She projects 
the ovipositor and the pheromone gland, curling the ovipositor downward 
and manipulating it against the substrate in short, circular motions.
This behavior serves to mark the substrate and increase the surface area 
for pheromone evaporation (Colwell et al., 1978a). During overt calling 
she elevates her wings 45° and holds her antennae perpendicular to the 
body. She then bends her head forward while moving the ovipositor in a 
rhythmic, circular motion 2 cm above the substrate.

When a male contacts a female, she retracts her pheromone gland, 
lowers her abdomen and folds her wings to a resting position (Colwell 

et al., 1978b).
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Kaae and Shorey (1973) found more mating pairs at the top of 

the cotton canopy on calm nights (0-3 m/sec) and more below the canopy 
on windy nights (8-12 m/sec). They speculated that the females choose 
optimum conditions for pheromone communication by adjusting their eleva

tion in the foliage according to wind velocity.

Male Orientation to the 
Pheromone Source

The sensilla trichoidea is the antennal sensilla most likely 
accountable for sex pheromone perception in male pink bollworms (Cook, 
Smith, and Flint, 1980). When the male perceives the pheromone, he moves 
his antennae from a posterior to an anterolateral position and vibrates 
them (Colwell et al., 1978b). He then/begins to fly upwind in the direc
tion of the source in a characteristic zig-zag manner (Farkas and Shorey, 

1972; Farkas, Shorey, and Gaston, 1974). Farkas and Shorey (1972) specu
lated that this zig-zag flight results from a turning response effected 
when the male moth reaches the lateral border of the plume and detects a 

lower frequency of molecules. By turning, the moth is able to maintain 
its flight in the direction of the source.

Several mechanisms of orientation to an odor-source have been 
reviewed by Shorey (1973). Anemotaxis (positive orientation to air 
currents) was once accepted as the orientation mechanism of the pink 
bollworm. However, Farkas and Shorey (1972) found that male pink boll

worms orient to a pheromone source equally well whether the plume is in 

still or moving air. In this case, air movement serves only to create 

the shape of the plume.
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Farkas et al. (1974) report that the air speed of responding 

males decreases as the pheromone concentration increases, or as they 
get closer to the source. Fraenkel and Gunn (1961) called this type of 
mechanism orthokinesis. Males also showed a tendency to increase lateral 
oscillations and alight more frequently when exposed to increasing amounts 
of pheromone (Farkas et al., 1974).

The male lands several centimeters from the female and walks 

toward her while fluttering his wings and extending his hair pencils 
(Colwell et al.9 1978b). He then moves parallel to her and quickly bends 
the tip of his abdomen toward her and tries to engage her genetalia with 
his claspers. If coupling is successful, he turns around to an end-to- 
end position with the female.

Mating Disruption
Beroza (1960) first discussed the potential of permeating the 

atmosphere with female sex pheromone to confuse males and prevent them 
from finding mates. Although there may be direct competition between a 
synthetic pheromone source and females in the field, failure to locate 
females in a pheromone-permeated atmosphere might also result from 
habituation of the central nervous system or sensory adaptation of the 
olfactory neurons (Shorey, 1975). Therefore, Shorey, Gaston, and Saario 
(1967) suggested that mating inhibition might be a better term than 

"confusion" to describe the loss of ability to locate a pheromone source 
in a pheromone-permeated atmosphere. Mating inhibition is most likely 
to succeed at low population densities when other mate-finding mechanisms,
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such as response to visual cues, are not likely to be effective (Beroza 
and Knipling, 1972; Cameron, 1973; Shorey, 1970).

Tests with Hexalure
McLaughlin et al. (1972) reported successful mating disruption 

of the pink bollworm with hexalure. Using different combinations of 
release rates and evaporator spacings, they found 90% mating disruption 
with combinations resulting in release of more than 10 mg hexalure/ha/ 

night. Percent disruption was calculated by comparing numbers of males 
caught in female-baited traps in the hexalure treated vs the control 
fields. They concluded that the release rate over a given area, and not 
the spacing of evaporators, determines the success of disruption.

In another experiment (McLaughlin et al., 1972), weekly placement 

of 10 yl of hexalure on the cotton foliage at 2 m spacings prevented 
males from locating caged females. However, males mated at least once, 
as evidenced by equal larval infestations in the treated and untreated 

fields.
Shorey, Kaae, and Gaston (1974) reported an 84% reduction in num

bers of larvae per boll in a field treated with hexalure at the release 
rate of 750 mg/ha/night. However, they felt that this release rate was 
much too high to be practical. The following year, they compared "high" 

(200 mg/ha/night) and "low" (20 mg/ha/hight) release rates which resulted 
in 93% and 83% reductions in larval numbers respectively, compared with 
untreated fields. Percent reductions were slightly lower if evaluated 

in terms of infested bolls vs number of larvae.



Tests with Gossyplure

According to Shorey (1970), 99% of the males in a population 
would have to be prevented from finding females for behavioral control 

to be successful. Shorey, Gaston, and Kaae (1976) felt that h.exalure 
had little potential for behavioral control because it did not achieve 
the high level of disruption necessary. Researchers were optimistic for 
better results with gossyplure.

In a large-scale experiment involving the entire Coachella Valley 
of California, gossyplure evaporators were spaced 40m apart in cotton 
fields for a release rate of 5mg/ha/night for 16 wk (Shorey, Gaston, and 
Kaae, 1976). Infestations were comparable to those of the 3 previous 
years of conventional pest-control treatments.

Gaston et al. (1977) reported successful disruption using gossy
plure formulated in thermoplastic fibers. A season's total of 33g/ha 
released in each field resulted in a 98% reduction in gossyplure-baited 
trap catches and a ninefold reduction of insecticide used in the treated 

fields.
Smith et al. (1978) found that moths in gossyplure-permeated con

tainers mated as frequently as those in untreated containers. More 
matings at higher densities indicated that encounter frequency determined 
mating frequency. Males were able to locate females in total darkness, 
but could not find them if their antennae were removed. These authors 
concluded that males could locate females in a pheromone-permeated 
atmosphere with a combination of random encounters and close-range of 

factory cues. Therefore, populations would have to be extremely low for 

disruption to operate.
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Mass Trapping

Another method of insect control using pheromones is mass trap

ping. The principal of mass trapping is to remove enough individuals 
from the population to significantly reduce the number of matings and 
thus suppress the population and delay the buildup of subsequent genera
tions (Graham et al., 1966; Huber et al., 1979). An obvious advantage 
of mass trapping over mating disruption is that individuals are removed 
permanently from the population.

It is generally accepted that mass trapping can work most effec
tively on low-level populations (Campion, 1974; Huber et al., 1979; 
Knipling and McGuire, 1966; Shorey, 1977; Sputhwood, 1966). This is 
because the traps,must compete with females (or males) in the field re

leasing pheromones. Hardee et al. (1969) found that boll weevil wing- 
type traps worked better during low weevil populations when fewer males 

were present to compete with the traps. Hardee (1972) found a decreased 
efficiency of Legget traps during the fruiting of cotton plants, due to 
the presence of large numbers of male weevils, Anthonomous grandis 

Boheman, in the cotton fields.
Howell (1974) reported reduced catches of male codling moths, 

Laspeyresia pomonella (L.), in female-baited traps in the presence of 
free-flying females. He speculated that the number of males caught 

would decrease logarithmically with an increase in population unless 
the release rate of pheromone per trap or the number of traps was in

creased.
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Trap performance is of primary importance in a mass trapping 
program (Wolf, Kishaba, and Toba, 1971). Many factors influence the 
ability of a trap to compete effectively with native females. Traps 
used in high quantity should be inexpensive«, durable, and attractive 
to the target insect for a long period of time. In addition, traps that 

are placed in the crop area should not interfere with the cultural prac

tices involved in crop production (Huber and Hoffmann, 1979). Once a 
practical, efficient trap is developed, it is necessary to determine 

the number of traps required to capture the optimum number of insects.

Trap Densities
In their disruption studies with hexalure, McLaughlin et al. 

(1972) contended that there was an upper limit to the distance between 
evaporators beyond which the area would not be uniformly permeated. In 
contrast, there is an optimum density for pheromone traps above which 
the pheromone plumes may overlap, preventing males from orienting to the 

source (Shorey, 1977). At higher trap densities, catch/trap may de
crease because of overlap of effective trapping radii or because there 
are more traps to divide up the total catch (Wolf et al., 1971). Embody 
(1971) used the term "effective range" to describe the distance between 
traps where they no longer affect each other. The effective range may 

be influenced by such environmental factors as temperature, humidity, 
wind velocity, and wind diffusion patterns. Wind diffusion patterns 

within the field will change with the height and density of the plants.
Sower, Gaston, and Shorey (1971) reported that pheromone com

munication of the cabbage looper, Trichoplusia ni (Hubner), is limited
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by the distance the pheromone can be carried before the female ceases 
emission5 and by the amount of time it takes the male to reach her. 
Artificial pheromone sources that release continuously should be able 

to attract more males over time than a female that only releases pher
omone periodically.

Earstack et al. (1971), McClendon et al. (1976), and Wolf et al. 
(1971) have devised mathematical models to predict optimum trap densities 
to suppress insect population.

A great deal of research has been devoted to boll weevil suppres

sion with pheromone traps. Lloyd et al. (1972) found no significant 
difference in the catch/trap of boll weevils in male-baited traps arranged 

around a cotton field at 2.5, 5, 10 or 20 traps/ha, but did find a sig
nificantly greater catch/ha at the highest density. Taft, Hopkins, and 
Roach (1972) reported complete suppression of overwintered weevils using 
an integrated control program of insecticides and grandlure-baited wing 

traps at 0.4-1.6 traps/ha. Mitchell et al. (1973) used in-field, 
grandlure-baited traps at 25 traps/ha to remove 76% of the estimated 

weevil population.
Bottrell and Rummel (1976) criticized reports of previous authors 

as being overly optimistic due to an inadequate knowledge of how trapping 
success should be measured. They felt that in some cases, the traps 
caused increased infestations by attracting more females into trapped 
fields than would otherwise be present. Taft and Hopkins (1978) used 

grandlure-baited Legget traps at 10, 20, 40 and 80 traps/ha and found 
that the catch/ha increased with increasing densities, but catch/trap
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was significantly higher at 20 traps/ha than the other three densities. 
However„ none of these densities significantly suppressed the weevil 
infestation.

Toba et al. (1970) used screen traps baited with synthetic pher- 
omone of the cabbage looper in groups of four at spacings of 1, 15.2,
61, 122 and 244 meters. Catch/trap for all of these densities differed 
significantly from the catch in a single isolated trap, but there was no 
relationship between catch/trap of the grouped traps at the five densi

ties tested.
Finch and Skinner (1974) found that the catch/trap of cabbage 

root flies, Erioischia brassicae (Bouche) was linearly related to the 
square root of the trap density of water traps baited with attractant. 
Traps without attractant showed no significant difference in catch/trap 

at different densities.
In addition to the mass trapping experiments discussed above, 

there have been encouraging results from attempts to control the grape 
berry moth, Endopiza viteana Clemens, and the redbanded leafroller, 
Argyrotaenia velutinana (Walker) (Taschenberg, Carde, and Roelofs, 1974), 
Spodoptera frugiperda (Smith) (Tingle and Mitchell, 1979), and the 
tomato pinworm, Keifera lycopersicella (Walsingham) (Wyman, 1979), with 

pheromone-baited traps.

Pink Bollworm Mass Trapping

Trap Design
Graham et al. (1966) failed to suppress pink bollworm infesta

tions in artificially infested cages using metal traps baited with female
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extract at a rate of 15 traps/ha. They attributed their failure to a 
lack of field isolation and too few traps. Shorey (1977) remarked that 
inadequate trap design and an improper balance of pheromone emission 
from trap versus wild females may have contributed to this failure.

Guerra and Ouye (1967) compared five trap designs using female 
extracts as bait, and found baited blacklight traps superior to the 
others. Guerra, Garcia, and Leal (1969) compared a modified Frick trap 
arid baited and unbaited blacklight traps in field cages, using propylure 
as attractant. Again, the baited blacklight trap was most efficient, 
reducing the infestation 46% compared with a control cage. They attrib
uted this low level of control to the likelihood that moths had mated 
and females had laid eggs before entering the trap. Blacklight traps 

are large and expensive, and therefore impractical for extensive in

field use.
Sharma et al. (1973) had observed a considerable reduction in 

efficiency of modified Frick traps when moths, scales and dust accumula
ted on the sticky surface. They reasoned that increasing the surface 
area of a trap should increase its efficiency. In a comparison of a 
cyanide trap, a modified Frick trap, and two sizes of Sharma omnidirec
tional traps, all baited with hexalure, they found the larger Sharma 

trap most efficient.
Flint et al. (1976) found the Huber stickem trap more suitable 

for field use than the modified Sharma trap. However, they observed 
that scales were readily shed in the stickem, enabling some moths to 

enter and leave the Huber trap.
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Foster, Staten, and Miller (1977) found the capture efficiency 

of stickem-coated Delta traps superior to that of modified'Sharma traps 
and Huber traps, especially when the surface area was increased by 
adding baffles. They noted that Delta traps lost efficiency in a short 
period of time due to overloading of moths and scales.

Huber and Hoffmann (1979) reported that overloading of Delta 
and Sharma traps occurred when 75-80 moths were captured in the traps. 
Lingren (1978) observed that approximately 28% of the responding moths 
were caught in these two traps. Huber et al. (1979) found that 25 moths 
was the maximum catch for the Huber stickem trap.

Reed et al. (1975) found that an open-pan trap coated with liquid 
paraffin, safflower oil or castor oil was much more efficient than the 
stickem-coated Sharma trap. Neumark and Teich (1973) reported pink boll- 
worm catches greater than 600 moths per night in polystyrene cups filled 

with an aqueous detergent solution. Later, Teich, Neumark, and Jacob
son (1977) replaced the detergent solution with cotton seed oil because 
the oil does not evaporate quickly. Huber and Hoffmann (1979) developed 
an oil trap with a catch capacity of 2500 moths. Traps containing cotton
seed oil were sometimes destroyed by animals attempting to drink the oil, 

so they used machine oil instead. Oil traps provided a solution to the 
surface area problem encountered with stickem traps. Trapped moths 
become soaked with oil and sink to the bottom, leaving the surface area 

free to capture more moths.

r



Pheromone Dispenser
An ideal pheromone dispenser yields maximum attractiveness for 

long periods, and a continuous and fairly constant release rate. Rub
ber sleeve stoppers are a superior substrate for gossyplure in comparison 

with rubber bands, polyethylene stoppers, dental rolls and nylon rug 
(Flint et al., 1974; Maitlen et al., 1976). Doses of 50-109350 pg of 
gossyplure per stopper showed no significant difference in catch/trap 
per night, indicating a uniform release rate of pheromone (Flint et al., 

1974).
Marks (1976) reported that rubber stoppers impregnated with less 

than 1000 yg of gossyplure lost attractiveness after 32 days. Hoffmann 
(1978) found rubber wicks superior in attractancy and longevity to 
Conrel^ hollow fiber wicks. Storage for one year at 6°C did not decrease 
the attractancy of the rubber wicks to male moths. Flint et al. (1974) 

calculated that the half-life of gossyplure in rubber septa was 120 days 
in the field and 159 days at 23°C. They estimated that a release rate 

of 0.2-2 yg/h, requiring 2300 yg per septum, would impart optimum attrac
tiveness to the wicks. Lingren et al. (1978) found 1000 yg of gossyplure 
in a rubber septum equal in attractiveness to 50 virgin females.

Trap Height
Cabbage looper pheromone traps were less efficient when placed 

below, than above, the broccoli canopy because males did not fly below 

the canopy, or because diffusion of the pheromone was impeded by the 
foliage (Saario, Shorey, and Gaston, 1970).
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McLaughlin et al. (1972) found that hexalure evaporators for 
mating disruption operated less effectively when placed below the cotton 
canopy„ They proposed absorption of the pheromone into the foliage, 
temperature inversions, and air mixing near the ground, and a failure of 
pink bollworm males to respond to pheromone released below the canopy as 
possible reasons for this.

Sharma et al. (1971) reported best results when hexalure-baited 
Frick traps were placed at or just above the cotton canopy, They sug
gested that males might be able to fly to the traps more easily, and 
that the attractant could disperse over a larger area. Contrarily,
Marks (1976), and Reed et al. (1977) obtained best results with 
gossyplure-baited traps placed at mid-canopy height.

From their studies with vertical plywood traps coated with 
tanglefoot, Smith et al. (1978) concluded that male moth activity is 
concentrated in a narrow zone near the top of the cotton canopy. Using 

night vision goggles and climbing a television tower, Lingren et al. 
(1978) observed that the major movement of nocturnal cotton insect pests 
occurred at canopy level up to at least 30 m. Since female pink boll
worm moths are likely to adjust their calling position in the canopy 

according to wind velocity (Kaae and Shorey, 1973), the best height for 
traps would be that at which females call most of the time, that is, 

at the top of the cotton canopy.

Trap Density
Embody (1971) studied the effect of hexalure-baited traps at 

five densities ranging from 0.06 to 1 trap/ha, and concluded that
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catch/trap was lower at the higher densities. He estimated that traps 
baited with hexalure should not affect each other at a separation of 
285 m, Toscano et al. (1974) used one hexalure—baited Sharma trap/20 a 
to predict pink hollworm population levels. Basing the need for insec
ticide applications on a catch of 3.5-4 moths/trap/day * they were able 
to maintain the same level of control with four less applications than 
used in untrapped fields.

Reed et al. (1975) compared catches in gossyplure-baited Sharma 
traps in groups of four at 1.5, 5, and 15 m spacings. Both catch/trap 
and total catch were reduced at closer spacings. They ascribed the re
duction in total catch to the fact that closer spacings covered smaller 
areas. These authors found that a gossyplure trap only 1 m away from a 
trap baited with a virgin female did not prevent males from locating the 

female. This finding holds implications for determining the success of 

a mass trapping experiment.
Flint et al. (1976) trapped cotton fields with gossyplure-baited 

Huber stickem traps at 12 traps/ha early season, increasing to 50 traps/ 
ha by midseason. Although insecticide applications were still necessary, 
infestations were delayed and lower in the trapped fields than over the 
previous 3 years. The optimum density of the Huber sticky trap was 
found to vary with population size, leveling off at 12.5 traps/ha when 

catches were greater than 25 moths/ha/wk (H. M. Flint, pers. comm.,

1980).
Huber et al. (1979) trapped 3,000 to 6,300 ha of cotton in 

Arizona with both the Huber stickem trap and the Huber oil trap at 11
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traps/ha. There was a delay in the buildup of larval infestations in 
the 3 years of mass trapping as compared with the previous 3 years.
These authors estimated that 54% of the available male moths were re
moved from the population with the Huber oil trap at this density.

Hoffmann (1978) evaluated the Huber stickem trap and the Huber 
oil trap at respective densities of 7.5-15/ha and 2.5-15/ha. Stickem 
traps showed no significant difference in catch/trap with increasing 
densities and appeared to reach an optimum density at 12.5 traps/ha, 
above which there was no major increase in catch/ha. With increasing 
densities of the Huber oil trap, there was a decrease in catch/trap 
and a general increase in total catch/ha. The difference in catch/trap 
was significant only at 2.5 traps/ha, indicating an effective radius 
greater than 157 m for the Huber oil trap. Catch/ha was still increasing 
at 15 traps/ha, indicating that the optimum density for this trap might 

be higher,
Lingren et al. (1978) used night vision goggles to observe pink 

bollworm response to pheromone traps. They found that in most cases 
during early season, the plume appeared to extend no more than 15 m from 
the source. Later in the season, after canopy formation, the plume . 
appeared to extend less than 3 m from the source; wind and relative 
humidity had a great influence on the size and configuration of the plume. 
They concluded that the pheromone plume is actually rather small and 
that random male searching behavior, not long-range attraction to a 
pheromone source, is the primary mechanism involved in mate location.
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CHAPTER 3 

METHODS AND MATERIALS

The Huber Oil Trap

The Huber oil trap (Huber and Hoffman, 1979) is a 240 ml paper 
cup with four 2.5 cm holes spaced evenly around the upper one-third.
Inside is a 75 ml, plastic souffle cup which reaches the base of the 
holes and contains a light-weight machine oil to trap the moths. A pin 
placed through the center of the lid suspends a wick treated with 
1,000 yg of gossyplure in a 1:1 ratio of isomers (Flint et al., 1974). 
Wicks are made of red gum rubber tubing (ID 6.35 mm) split lengthwise 
and cut to 1.27 cm lengths.

Fall 1978

In August, 1978, four densities of the oil trap (15, 20, 25 and 
30 traps/ha) were placed in a field of short staple cotton (Gossypium 
hirsutum (L.)) in Marana, Arizona. This was a preliminary study to deter
mine whether these densities would be employed on a larger scale the fol
lowing summer.

Each treatment contained four rows of traps with eight traps per 

row. Within-row trap spacing was 38, 33.5, 29 and 27.4 m for 15, 20,
25 and 30 traps/ha, respectively. Distances between trapped rows were 

19.2, 16.4, 15.5 and 13.4 m for the respective densities. Within-row 

distances were measured with a 73 cm standardized pace. Traps were

29
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arranged in a checkerboard pattern so that each trap was equidistant 
from those surrounding it.

Treatments were centered in the field and separated by 77m.
Two rows of border traps 21 m apart were set up on either end of the 
field, 77 m from the first and last treatments.

Female pink bollworms aggregate at the top of the cotton canopy 
when releasing pheromone (Sharma et al., 1971). Therefore, the traps 
were secured to 1,5 m high stakes with thumbtacks to facilitate adjust
ment of the traps to canopy level.

Since traps around the edge of each treatment could draw moths 
from a wider radius than those in the center, only traps 2 through 7 of 
the two middle rows in each treatment were sampled. All other traps 
were serviced as needed. Trap counts were taken once a week for a total 
of 8 wk. Each count was treated as a replication for a total of 8 rep
lications .

Summer 1979
One 18 and two 32 ha fields of long-staple cotton, G. Barba- 

dense (L.), were mass trapped in June, 1979 at Marana, AZ. The fields 
were split into quadrants and each quadrant was trapped with one of four 
densities: 15, 20, 25 or 30 traps/ha, as used in 1978. Traps were 
arranged in a checkerboard pattern over the entire quadrant for each 
treatment. Locations of the four treatments in each field were deter

mined by randomization with compass direction.

Since this was an early season study, traps were stapled to 
58 cm high stakes and hammered into the ground to a height of 38 cm.
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This was to prevent destruction of the traps during cultivation. Row 
spacing was adjusted so that trapped rows would not fall between the 
axles of a cultivator. Trap spacing was 38, 33.5, 30.5, and 26.8 m 
within rows for 15, 20, 25 and 30 traps/ha respectively. Row spacing 
for these densities was 19.2, 16.2, 15.2 and 13.2 m.

Thirty-two center traps in each quadrant were chosen randomly 
and marked with flagging tape. Moths were counted in these traps three 
times from July-November. Other traps were serviced periodically until 

layby.
Effective spring emergence was determined by recording the first 

square date for each field and using the pink bollworm physiological 

time scale (Huber et al., 1979) to determine the percent emergence that 
occurred 10 days previous to first square.

Moth counts were taken every 2-3 days from a monitor trap placed 
in an untrapped long staple field and averaged to obtain an average 

catch/day.
In early November, 20 plants were removed from each trapped and 

check field to determine the percentage of bolls damaged by pink boll- 

worms throughout the season.

Analysis
The catch/trap from each sample was averaged and multiplied by 

the trap density to derive the catch/acre. Catch/acre was converted to 

catch/ha for scientific conformity. For the 1979 data, the averages 
of catch/trap from each of the three samples were added together to 
obtain a cumulative average for each density in each field. Since these



numbers were large9 the square roots were used to lower the variance 
and facilitate analysis. A one-way analysis of variance was used for 

each year’s data. An LSD test was used where significant differences 
occurred.



CHAPTER 4

RESULTS

1978 Mass Trapping
Figures 1 and 2 present results of the 1978 preliminary study. 

Catch/trap was greatest at 20 traps/ha. However, the difference in 
catch/trap was not significant between any two densities (Table 1). 
Catch/ha was significantly lower at 15 traps/ha.

It appeared from these data that 20 or 25 traps/ha was the opti
mum density. Therefore, these densities were employed on a larger scale 
for more extensive study in 19/9.

1979 Mass Trapping
There was considerable variation in the trap catches among the 

three fields (Fig. 3). However, when the data are combined (Fig. 4), 
there is a trend towards decreased catch/trap with increasing densities, 
although this decrease is not significant between any two densities 
(Table 2). There was a significant field effect between Field 1 and 
the other two fields (Table 3). This difference between replications 
is highly significant on a catch/^a basis. Fields 1 and 2 both show 
increased catches/ha with higher densities, but Field 1 shows no con
sistent pattern (Fig. 5). The average of the data from these three 

fields (Fig. 6) shows that catch/ha is still increasing at 30 traps/ha. 
Differences in catch/ha were not significant between densities in
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Fig. 1. Mean male pink bollworm moth catch/trap at four 
oil trap densities, Marana, AZ, 1978.
Counts were taken weekly for 8 weeks.
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Fig. 2. Mean male pink bollworm moth catch/ha at four 
oil trap densities, Marana, AZ, 1978.

Counts were taken weekly for 8 weeks.
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Three counts were taken from July-November, 1979.
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Fig. 4. Combined cumulative average male pink bollworm 
catch/trap at four oil trap densities in three 
fields of long-staple cotton, Marana, AZ, 1979.
Three counts were taken from July-November, 1979.
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Fig. 5. Cumulative mean male pink bollworm moth catch/ha 
at four oil trap densities in three fields of 
long-staple cotton, Marana, AZ, 1979.
Three counts were taken from July-November, 1979.
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Three counts were taken from July-November, 1979.



Table 1. Average male pink bollworm moth catch/oil trap/wk and/ha/wk over an 8 wk period
at densities of 15 to 30 traps/ha5 Marana9 AZ? 1978.

Traps/ha Catch/ trap/wk3’*3 Catch/ha/wka,k

15 40.8 a 623 a

20 49.9 a 998 b

25 46.5 a 1138 b

30 36.9 a 1089 b

^Means followed by the same letter do not differ significantly at the 5% 
confidence level.

^Data based on counts from 14 traps at each reading. Readings were made between 
September and November, 1978.



Table 2. Cumulative average pink bollworm male moth catches/oil trap and/ha at
densities of 15 to 30 oil traps/ha, Marana, AZ, 1979.

Traps/ha Catch/ trap3’*3 ,C Catch/haa,k ,C

15 791 a 11946 a

20 658 a 12431 ah

25 563 a 16273 be

30 620 a 18489 c

^Means followed by the same letter do not differ significantly at the 10% 
confidence level.

^To facilitate analysis, all numbers were transformed to square roots.

CData based on counts from 32 traps/density at each of three readings 
from July-November, 1979.



Table 3. Cumulative average pink bollworm male moth catches/trap and/ha in
three fields of long-staple cotton, Marana, AZ, 1979.

Field Catch/trapa5 C Catch/ha^5 C

Field 1 489.4 a 3838.6 a
Field 2 788.6 b 7078.6 b

Field 3 763.0 b 6824.1 b

^Means followed by the same letter do not differ significantly at the 5% 
confidence level.

^Means followed by the same letter do not differ significantly at the 1% 
confidence level.

CData based on counts from 128 traps/field at each of three readings from 
July-November, 1979.
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sequence,"but were significant at the 10% confidence level between den
sities differing by 10 or 15 traps/ha (Table 2). Average catch/trap 
for each sampling date are given in Appendix A.

Table 4 lists the trapping dates9 first square dates, and the 
percent of effective emergence that occurred prior to trapping each 
field. Figure 7 shows the daily average monitor trap catch from an 

untrapped, long-staple cotton field. Catches were very low for the 

first six weeks of mass trapping.
Infestations were not suppressed in mass trapped fields as com

pared with three check fields. Table 5 shows the percent boll damage 
in trapped versus check fields and the number of insecticide applications 

each field received throughout the season.



Table 4. Dates of mass trapping, first square and percent pink bollworm emergence 
occurring before trapping, Marana, Arizona, 1979.

Percent spring emergence 
completed 10 days before

Field Date trapped Date of first square  first square_______

Field 1 June 8 June 4 20

Field 2 June 19 June 11 35

Field 3 June 12 June 18 84



Table Percent pink bollworm boll infestations and number of insecticide applications 
for three check fields and three fields trapped with the Huber oil trap, 
Marana, Arizona, 1979.

Field Percent damaged bolls # insecticide sprays

Field 1 
Check 1

25.2
21.3

3
3

Field 2 
Check 2

37.6
29.2

4
4

Field 3 
Check 3

27.5
26.0

4
4
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Fig. 7. Daily average monitor trap catch in an untrapped long-staple cotton field. 
Marana, AZ, 1979.
Arrows indicate dates that trapping was completed for each field as 
indicated by field number.



CHAPTER 5

DISCUSSION

The failure of moth catch/trap to decrease at higher trap den

sities during 1978 and 1979 can be attributed to one of two possible 
reasons. Either the effective radius of the trap is actually less than 
the closest trap spacing of 19 m, or males were only responding to the 
traps from close range.

Hoffmann (1978) conducted an evaluation of six densities of the 
Humber oil trap from October-December at Marana9 Arizona. In his studies 

the traps were placed in short-staple cotton fields at canopy height.
He found that increased catch/trap at lower trap densities was signifi

cant only at the lowest density, 2.5 traps/ha. Since trap spacing at 

this density was 157 m, he suggested that the effective range of the 
Huber oil trap was at least this distance. However, Lingren et al.
(1978) concluded from nocturnal observations of pink bollworm moths that 
males usually did not orient to an upwind pheromone source at distances 
greater than 15 m when the cotton canopy was open or 3 m when the canopy 
was closed.

Two factors influencing the size and shape of a pheromone plume 
are the wind velocity and wind diffusion patterns near the source. These 
in turn are influenced by the height and density of the vegetation. 
Experiments revealed decreased efficiencies of pheromone traps and evap
orators when these were placed below the cotton canopy (McLaughlin et al.
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1972; Saario et al. , 1970; Sharma et al., 1971). McLaughlin et al.
(1972) attributed this to temperature inversions and air mixing near 

the ground restricting the diffusion of pheromone.

Although traps were kept at canopy height in 1978, the cotton 
was very tall and dense throughout the study. Diffusion of the pheromone 
at this time was presumably very different than early in the season when 
the cotton is short. Populations during the first six weeks of mass 
trapping in 1979 were too low to allow comparisons between trap densities 
(Appendix A).

Moth counts from the first sample date (July 27) were too low to 
allow comparisons between trap densities. Monitor trap catches in Fig. 7 
show very low catches during the period from mass trapping date until 
the first date trap counts were taken in mass trapped fields. By the 
time moderate populations began to appear in August, the cotton canopy 
had already developed and enveloped the traps.

Hoffmann (1978) postulated that the significant decrease in late- 
season catch/trap at densities higher than 2.5/ha was an indication that 
trapping areas overlapped at these densities. Such an overlap and/or 
high numbers of females late in the season could result in saturation of 
the atmosphere with pheromone. This in turn could alter male searching 
behavior.

Doane (1976) reported that male gypsy moths do not utilize long
distance orientation in pheromone-permeated atmospheres. Rather, they 
adopt a surface-searching technique and orient visually to tree trunks 
where females are likely to be found. Male pink bollworms generally
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restrict their flight to a narrow zone above the cotton canopy to search 
for females "calling" at canopy height (Kaae and Shorey, 1973; Lingren 
et al., 1978, Smith et al., 1978). Pink bollworm males can locate females 
in pheromone-permeated atmospheres with a combination of random encounters 
and close-range olfactory cues (Smith et al., 1978). If males used only 
close-range cues to locate traps, the catch/trap should not differ sig
nificantly over a wide range of trap densities. This is in fact what 
happened for both years of this study (Tables 1 and 2). Apparently, moths 
were only orienting to the traps from a relatively close range.

In a late-season study, Hoffmann (1978) found significant differ
ences in catch/trap among five trap densities ranging from 5-15 traps/ha. 
These traps were just above the cotton canopy. Another replication set 
up after the cotton was picked showed no significant differences in catch 
among the same densities. Although the traps in the second replication 
were 25 cm below plant height, the plants had been defoliated, and it is 
unlikely that wind diffusion was dramatically reduced. The difference 
between the two replications was probably due to behavioral differences 

of the moths in the two environments. Since a defoliated field offers 
little cover, the moths in this field would show a stronger tendency to 

disperse5 which would interfere with the normal response to pheromone.
The relationship between catch/ha and trap density differs for 

the 2y of this study (Figs. 2 and 6). In 1978 there was no significant 
increase in catch/ha for densities greater than 20 traps/ha. This sug
gests that 20 traps/ha is optimum and that the use of a higher density 
would not result in an increase in total moth catch. In 1979, however.
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there was a significant increase at the 10% confidence level when trap 
densities were increased from 20-30 traps/ha. Although not significant, 
catch/ha was still increasing at 30 traps/ha.

Several conditions might have influenced the results for each 
year. In 1978, traps were placed in a short staple field at canopy 
height, 1.5 m, for 8 wk. In 1979, traps were placed in a long-staple 
field at 38 cm above the ground for most of the growing season. Long- 
staple cotton takes longer to develop than short-staple, and therefore 
attracts pink bollworms after the short-staple cotton has cut out.
There is a considerable difference in the total numbers of moths caught 
for the duration of each study.

The same factors affecting catch/trap apply to catch/ha. A high 
density of females can compete with the traps for males or create a 
natural atmospheric permeation. Either way, the capture efficiency of 

the traps is reduced. Also, since the traps in 1979 were beneath the 
cotton canopy, diffusion of the pheromone would be diminished as compared 

with traps at canopy height. If the effective radius of each trap is 
actually very small, the catch/ha should continue to increase until the 
traps are very close together,

Huber et al. (1979) reported success in delaying the buildup of 
pink bollworm infestations for 3y, using the Huber oil trap at 11 traps/ 
ha. Infestations in the three fields mass trapped during 1979 were not 
reduced compared with three check fields (Table 3).

Ideally, traps should be placed in the fields 2 wk before the 
first square develops on the cotton plants (R. T. Huber, pers. comm.,



1980)• Since 93.8% of all eggs produced by a female pink bollworm are 
laid during the first 2 wk of adult life (Adkisson, 1961b), the reason
ing behind the recommended trap date is to prevent males from fertilizing 
females that could survive to the first square date and establish the 
first generation of larvae in the squares. Unfortunately, trapping was 
not completed in any field before effective emergence occurred in 1979 

(Table 4).



CHAPTER 6

CONCLUSIONS

The effective radius of a trap is influenced by such factors 
as wind speed and diffusion patterns, age, height and density of the 
surrounding vegetation, relative humidity, temperature, male behavior, 
and the number of females present to compete with the traps for males. 
Since these factors are constantly changing, it is difficult to deter
mine the optimum density of traps over a long period of time.

The Huber oil trap is intended for early season use to suppress 
pink bollworm populations. At that time, when the cotton is still short, 
wind can travel over a field without much disruption, and carry the 
pheromone plume its maximum distance. In 1978, catch/ha did not differ 

significantly between 20, 25 and 30 traps/ha. In 1979 there was signifi
cance at the 10% confidence level between 20 and 30 traps/ha, but no 
significant difference between 25 and 30 traps/ha. This suggests that 
25 and 30 traps/ha are superior to the two lower densities for use in 
mass trapping. At the cost of one dollar/trap/ha (Huber et al., 1979),
30 traps/ha is not competitive with one insecticide application. Also, 

the slight drop in the curve shown in Fig. 2 at 30 traps/ha could be an 
indication that this density is too high. Therefore, 25 traps/ha appears 
to be the most suitable density for the Huber oil trap.

In any population, a certain number of male moths are not caught 
in the traps. Early season populations were so low in 1979 that the few
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moths removed apparently made little difference in late-season popula
tion buildup.

Since only small areas were mass trapped in 1979, moths were 
probably able to migrate in from untrapped fields, and obscure the ef

fects of trapping on each field's population. Huber et al. (1979) had 
mass trapped an extensive area in Safford, Arizona, to obtain successful 
suppression of pink bollworm infestation.

Finally, to gain the full benefit of mass trapping," all traps 
should be in the fields by the recommended time of 2 wk prior to first 
square to reduce the establishment of first generation larvae in the 
squares.



APPENDIX A 

AVERAGE CATCH PER TRAP

The following is the average catch per trap for three sampling 
periods of oil traps in three fields of long-staple cotton. Marana, 
Arizona, 1979.

Date 

July 27 
September 14 
November 2

Average Catch per trap 
Field 1 Field 2 Field 3

2.7 1.5 3.3
19.1 50.3 65.7

467.6 711.3 747.7

54



LIST OF REFERENCES

Abdul Nasr, S., K. T. Awadallah, and A. H. Mabady Omar. 1977. Oil 
and moisture contents of cotton bolls and seeds as factors 
inducing diapause in the pink bollworm, Pectinophora gossypiella 
Saunders (Lepidpotera: Gelechiidae). Bull. Soc. Entomol.
Egypte. 58:405-413.

Adkisson* P. L. 1959. The-effect of various humidity levels on hatch- 
ability of pink bollworm eggs. J. Kans. Entomol. Soc. 32:189- 
190.

Adkisson, P. L. 1961a. Effect of larval diet on the seasonal occur
rence of diapause in the pink bollworm. J. Econ. Entomol, 
54:1107-1112.

Adkisson, P. L. 1961b. Fecundity and longevity of the adult pink boll
worm reared on natural and synthetic diets. J. Econ. Entomol. 
54:1224-1227.

Adkisson9 P. L., L. H. Wilkes, and S. P. Johnson. 1958. Chemical, 
cultural and mechanical control of the pink bollworm. Tex. 
Agric. Exp. Stn. Bull. 920. 16 pp.

Anonymous, 1965. Controlling the pink bollworm on cotton. USDA Far
mers Bull. 2207. 12 pp.

Ashworth, L. J., R. E. Rice, J. L, McMeans, and C. M. Brown. 1971. The 
relationship of insects to infection of cotton bolls by Asper
gillus flavus. Phytopathology 61:488-493.

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

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

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

Beroza, M. 1960. Insect attractants are taking hold. Agric. Chem. 
15:37-40.

55



56
Beroza, M., and N. Green. 1963. Materials tested as insect attractants. 

USDA ARS Agric. Handbook No. 239. 148 pp.
Beroza, M., and E. F. Knipling. 1972. Gypsy moth control with the sex 

attractant pheromone. Science,177* pp. 19-27
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.

Bossert, W. H., and E . 0. Wilson. 1963. The analysis of olfactory com
munication among animals. J. Theoret. Biol. 5:443-469.

Bottrell, D . G., and D. R. Rummell. 1976. Suppression of boll weevil
populations with pheromone traps. In: Detection and Management
of the Boll Weevil with Pheromone. Tex. Agric. Exp. Stn. Re
search Monograph No. 8.

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.

Brazzel, J. R., and D. F . Martin. 1957. Oviposition sites of the pink
bollworm on the cotton plant. J. Econ. Entomol. 50:112-124.

Butler, C. G. 1970. Chemical communication in insects: Behavioral and
ecological aspects. Advan. Chemoreception 1:35-78.

Butler, G. D., A. G. Hamilton, and A. P. Gutierrez. 1978. Pink boll-
worms: Diapause induction in relation to temperature and photo
phase. Ann. Entomol. Soc. Amer. 71:202-204.

Butler, G. D., and T. J. Heneberry. 1976. Biology, behavior-and effects 
of larvae of pink bollworm in cotton flowers. Environ. Entomol. 
5:970-972.

Butler, G. D., G. M. Loper, S. E. McGregor, J. L. Webster, and H. Mar-
golis. 1972. Amounts and kinds of sugars in the nectars of
cotton (Gossypium spp.) and the time of their secretion. Agron. 
J. 64:364-368.

Cameron, E. A. 1973, Disparlure: A potential tool for gypsy moth
population manipulation. Bull. Entomol. Soc. Amer. 19:15-19.

Campion, D. G. 1974. The use of sex pheromone in the control of
Spodptera littoralis Boisd. European and Mediterranean Plant 
Protection Organization Bull. 4:357-362.



57
Chapman

Colwell

Colwell

Cook, B

Crowder

Doane,

Embody,

Farkas,

Farkas,

Farkas,

Finch,

, A. J., L. W. Noble, 0. T. Robertson, and C. C. Fife. 1960. 
Survival of the pink bollworm under various cultural and 
climatic conditions. USDA Prod. Res. Rep. 34. 21 pp.
, A. E., H. H. Shorey, P. Baumer, and S. E. Van Vorhis Key.
1978a. Sex pheromone scent marking by females of Pectinophora 
gossypiella (Lepidoptera: Gelechiidae). J. Chem. Ecol. 4:717-721.
, A. E., H. H. Shorey, L. K. Gaston, and S. E. Van Vorhis Key. 
1978b. Short-range precopulatory behavior of males of 
Pectinophora gossypiella (Lepidoptera: Gelechiidae. Behav.
Biol. 22:323-335.

, 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.
, L. A., T. F. Watson, and D. T. Langston. 1975. Diapause of 
the pink bollworm as related to crop maturity. J. Econ. .Entomol. 
68:110-112.

% C. 1976. Flight and mating,behavior of the gypsy moth. In: 
Perspectives in Forest Entomology. J. F. Anderson and H. K.
Kaya (eds.) Academic Press, NY. pp 127-136.

D. R. 1971. Possible methods for measuring the effective range 
of the sex lure trap for pink bollworm. USDA ARS Bull. 81-43.
PP 1~5.
S. R., and H. H. Shorey. 1972. Chemical trail following by 
flying insects: A mechanism for orientation to a distant odor 
source. Science. 178:67-68.
S. R., and H. H. Shorey. 1974. Mechanism of orientation to a 
distant odor source. In: M. C. Birch (ed.) Pheromones.
American Elsevier Pub. Co., Inc., NY. pp 81-95.
S. R., H. H. Shorey, and L. K. Gaston. 1974. Sex pheromones 
of Lepidoptera. Influence of pheromone concentration and visual 
cues on aerial odor-trail following by males of Pectinophora 
gossypiella. Ann. Entomol. Soc. Amer. 67:633-638.

and Go Skinner. 1974. Some factors affecting the efficiency 
of water traps for capturing cabbage root flies. Ann. Appl.
Biol. 77:213-216.

Flint, H. M. 1980. Personal communication. Research Entomologist, 
Western Cotton Research Laboratory. Phoenix, Arizona.



58
Flint, H. M .3 M. Balasubramanian, J« Campero, G. R. Strickland, Z Ahmad, 

J. Barral, S. Barbosa, and A. F. Khail. 1979.. Pink bollworm: 
Response of natire 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. Salam. 1974. Early season
trapping of pink bollworm with gossyplure. 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.

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

Fraenkel, G. S., and D. L. Gunn. 1961. The Orientation of Animals.
Dover Publications, NY. 376 pp.

Fry, K. E., D. L. Kittock, and T. J. Heneberry. 1978. Effect of number 
of pink bollworm larvae per boll on yield and quality of Pima 
and Upland cotton. J . Econ. Entomol. 71:499-502.

Fye, R. E., and D. E. Surber. 1971. Effects of several temperature and
humidity regimens on eggs of six species of lepidopterous pests 
of cotton in Arizona. J. Econ. Entomol. 64:1138-1142.

Gaston, L. K., R. S. Kaae, H. H. Shorey, and D. Sellers. 1977. Control
ling the pink bollworm by disrupting sex pheromone communication 
between adult moths. Science 196:904-905.

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

Click, P. A., and J. P. Hollingsworth. 1956. Further studies on the 
attraction of the pink bollworm to ultraviolet and visible 
radiation. J. Econ. Entomol. 49:158-161.

Graham, H. M., P. A. Click, and D. F. Martin. 1964. Nocturnal activity 
of adults of six lepidopterous pests of cotton as indicated by 
light-trap collections. Ann. Entomol. Soc. Amer. 57:328-332.

Graham, H. M. , D. F. Martin, M. T. Ouye, and R. M. Hardman. 1966. Con
trol of pink bollworms by male annihilation. J. Econ. Entomol. 
59:950-953.



59
Green, N., M. Jacobson, and J. C. Keller. 1969. Hexalure, an insect 

sex attractant discovered by empirical screening. Experentia. 
25:682-683.

Guerra, A. A., R. D. Garcia, and M. P. Leal. 1969. Suppression of pop
ulations of pink bollworms in field cages with traps baited with 
sex attractant. J. Econ. Entomol. 62:741-742.

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.

Gutierrez, A. P., G. D. Butler, Y. Wang, and D. Westphal. 1977. The 
interaction of pink bollworm (Lepidoptera:Gelechiidae), cotton 
and weather: A detailed model. Can. Entomol. 109:1457-1468.

Hardee, D. D. 1972. A review of the literature on the pheromone of 
the boll weevil Anthonomous grandis Boheman (Coleoptera: 
Curculionidae). USDA Coop. Plant Pest Rep. 22:200-207.

Hardee, D. D., W. H. Cross, E. B. Mitchell, P. M. Huddleson, H. C.
Mitchell, M. E. Merkl, and T. B. Davich. 1969. Biological 
factors influencing responses of the female boll weevil to the 
male sex pheromone in field and large cage tests. J. Econ. 
Entomol. 62:161-165.

Harstack, A. W., J. P. Hollingsworth, R. L. Ridgway, and H. H. Hunt.
1971. Determination of trap spacings required to control an 
insect population. J. Econ. Entomol. 64:1090-1100.

Hoffmann, 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.

Howell, J. F. 1974. The competitive effect of field populations of
codling moth on sex attractant trap efficiency. Environ. Ento
mol. 3:803-807.

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

Huber, R. T., and M. P. Hoffmann. 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.

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



60
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 
(lepidopterarGelechiidae). 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 on the location of 
pheromone communication 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 in a cotton growing area. Environ. 
Entomol. 6:284-286.

Karlson, P., and M. Luscher. 1959. ’Pheromonesv: A new term for a
class of biologically active substances. Nature 183:55-56.

Knipling, E. F., and J. U. McGuire. 1966. Population models to test 
the theoretical effects of sex attractants used for insect 
control. USDA Inform. Bull, 308. 20 pp.

Larson, D. L., and R. T. Huber. 1975. A simulation of the pink bollworm- 
cotton interaction. Trans, of the ASAE. 19:909-910.

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.

Lloyd, E. P., M. E. Merkl, F. C. Tingle, W. P. Scott, D. D. Hardee, and
T. B. Davich. 1972. Evaluation of male-baited traps for control 
of boll weevils following a reproduction diapause program in 
Monroe County, MS. J. Econ. Entomol. 65:522-525.

Loftin, U. C., K. B. McKinney, and W. K. Hanson. 1921. Report on inves
tigations of the pink bollworm on cotton in Mexico. USDA Bull.
No. 918. 57 pp.



61

Lukefar9 M., and J. Griffin. 1957. Mating and oviposition habits of 
the pink bollworm moth. J. Econ. Entomol. 50:487-490.

Lukefar, M. J.^ and D. ,F. Martin. 1963. Evaluation of damage to lint 
and seed of cotton caused by,the pink bollworm. J. Econ. Ento
mol. 57:710-713.

Lukefar, M. J.9 L. W. Noble, and D. F. Martin. 1964. Factors inducing
diapause in the pink bollworm. USDA Tech. Bull. No. 1304. 17 pp.

Maitlen, J. R., L. M. McDonough, H. R. Moffitt, and D. A. George. 1976.
Codling moth sex pheromone: Baits for mass trapping and popula
tion survey. Environ. Entomol. 5:199-202.

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

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

McClendon, R. W., E. B. Mitchell, J. W. Jones, J. M. McKinton, and
D. D. Hardee. 1976. Computer simulation of pheromone trapping 
systems as applied to boll weevil population suppression. A 
theoretical example. Environ. Entomol. 5:799-806.

McDonald, R. E., and U. C. Loftin. 1935. Dispersal of the pink boll
worm by flight or wind carriage of the moths. J. Econ. Entomol. 
29:535-538.

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.

Mitchell, E. B., E. P. Lloyd, D. D. Hardee, W. H. Cross, and T. B.
Davich. 1976. In-field traps and insecticides for suppression 
and elimination of populations of boll weevils. J. Econ.
Entomol. 67:506-508.

Moore, L., D. T. Langston, T. F. Watson, R. T. Huber, and D. G. Fuller
ton. 1978. 1978 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 boll
worm moths. Environ. Lett. 7:21-30.



62
Neumark9 S., and I. Teich. 1973. Pink bollworm: Constant level liquid

device for use in trapping moths. J. Econ. Entomol. 66:298.
Noble3 L. Wo 1969. Fifty years of research on the pink bollworm in the 

United States. USDA ARS Agric. Handbook No. 357. 62 pp.

Ouye, M. T.s 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. Richmond9 and D. F. Martin. 1964.
Mating studies of the pink bollworm. J. Econ. Entomol 57:222- 
225.

Pearson, E. 0, 1958. Insect pests of cotton in tropical Africa. Lon
don: Emp. Grow Corp. and Commonwealth Inst. Ent.

Reed, W., G. Vedamoorthy, M. Vijaya Raghavan, and M. P. Raj an. 1975.
Pink bollworm moths: Catches in sex attractant traps and noc
turnal behavior in South India. Cotton Growing Rev. 52:350-359.

Saario, C. A., H. H. Shorey, and L. K. Gaston. 1970. Sex pheromones 
of noctuid moths. XIX. Effect of environmental and seasonal 
factors on captures of males of Trichoplusia ni in pheromone 
baited traps. Ann. Entomol. Soc. Amer. 63:667-672.

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., R. E. Rice, H. T. Reynolds, and R. M. Hannibal. 1973.
Effect of trap 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. Ento
mol. Soc. Amer. 64:102-105.

Shorey, H. H. 1970. Sex pheromones of Lepidoptera. In: W. W. Kilgore
and R. L. Doutt (eds.) Pest Control. Academic Press, NY. pp 241- 
261. —  —

Shorey, H. H. 1973. Behavioral responses to insect sex pheromones.
Ann. Rev. Entomol. 18:349-380.

Shorey, H. H. 1974. Environmental and physiological control of insect
sex pheromone behavior. In: M. C. Birch (ed.) Pheromones.Ameri-
can Elsevier Pub. Co., Inc. NY, pp. 62-80.



63
Sho'rey, H. H. 1975. Concepts and methodology involved in pheromone

control of Lepidoptera by disruption of premating communication. 
In: N. R. McFarlane (ed.) Crop Protection Agents - Their Biologi
cal Evaluation. Proceedings on the International Conference on 
the Evaluation of Biological Activity. Academic Press, NY, 
pp. 187-199.

Shorey, H. H. 1977. Manipulation of insect pests of agricultural
crops. In: H. H. Shorey and J. J. McKelvey (eds.) Chemical
Control of Insect Behavior, John Wiley and Sons, NY, pp. 353-367.

Shorey, H. H., L. K. Gaston, and R. S. Kaae. 1976. Air permeation with
gossyplure for control of the pink bollworm. In: M. Beroza (ed.)
Pest Management with Insect Sex Attactants. ACS Symposium Series 
American Chem. Soc., Washington, DC, pp. 67-74.

Shorey, H. H., L. K. Gaston, and C. A. Saario. 1967. Sex pheromones of 
noctuid moths. XIV. Feasibility of behavioral control by dis
rupting pheromone communication in cabbage loopers, J. Econ. 
Entomol. 60:1541-1545.

Shorey, H. H., R. S. Kaae, and L. K. Gaston. 1974. Sex pheromones of 
Lepidoptera. Development of a method for pheromonal control of 
Pectinophora gossypiella in cotton. J. Econ. Entomol. 67:347-350.

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 con
trol of the pink bollworm. J. Econ. Entomol. 71:257-264.

Southwood, T. R. E. 1966. Ecological Methods. Methuen and Co., Ltd., 
London.

Sower, L. L., L. K. Gaston, and H. H. Shorey. 1971. Sex pheromones of 
noctuid moths. XXVI. Female release rate, male response thresh
old, and communication distance of Trichoplusia ni. Ann. Ento
mol. Soc. Amer. 64:1448-1456.

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

Squire, F. A. 1940. Observations on the larval diapause of the pink 
bollworm, Platyedra gossypiella Saund. Bull, Entomol. Res. 
30:475-481.

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



64
Taft, H. M., and A, R. Hopkins. 1978. Boll weevils: Effects of vari

ous numbers of Legget traps on small and large populations.
J. Econ. Entomol. 71:598-600.

Taft, H. M., A. R. Hopkins, and S. H. Roach. 1972. Suppression of
emerging, early season boll weevils using integrated control.
J. Econ. Entomol. 65:1663-1666.

Taschenberg, E. F., R. T. Garde, and W. L. Roelofs. 1974. Sex phero- 
mone mass trapping and mating disruption for control of red- 
banded leafroller and grapeberry moth in vineyards. Environ. 
Entomol. 3:239-242.

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.

Tingle, F. C., and E. R. Mitchell. 1979. Spodoptera frugiterda: Fac
tors affecting pheromone trap catches in corn and peanuts. 
Environ. Entomol. 8:989-992.

Toba, H. H., A. N. Kishaba, W. W. Wolf, and T. Gibson. 1970. Spacing 
of screen traps baited with synthetic sex pheromone of the cab
bage looper. J . Econ. Entomol. 63:197-200.

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 bollworm control. J. Econ. Entomol. 67:522-524.

Toscano, N. C., R. A. Van Steenwyk, V. Sevecherian, and H. T. Reynolds.
1979. Predicting population cycles of the pink bollworm by . 
thermal summation. J. Econ. Entomol. 72:144-147.

Vail, P.V., T. J. Heneberry, L. A. Bariola, R. L. Wilson, F. D. Wilson, 
D. L. Kittock, and H. F. Arle. 1977. Evaluation of several 
techniques as components of an integrated control system for 
pink bollworm in the Southwest. USDA Prod. Res. Rep. 172:1-18.

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. 1976. Rela
tionship of cotton boll age, size and moisture content of pink 
bollworm attack. J. Econ. Entomol. 69:579-582.



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

Watson,

Wene, G 

Wolf, W

Wright, 

Wyman,

T. F., and D. G. Fullerton. 1969. Timing of insecticidal 
applications for control of the pink bollworm. J. Econ. Entomol 
62:682-685.
. P., L. A. Carruth, and A. D . Telford. 1965. Arizona cotton 
insects. Descriptions and habits. USDA Bull. A-23. 61 pp.

. W., A. N. Kishaba, and H. H. Toba. 1971. Proposed method for 
determining density of traps required to reduce an insect popula 
tion. J. Econ. Entomol. 64:872-877.
R. H. 1958. The olfactory guidance of flying insects. Can. 
Entomol. 90:81-89.

J. A. 1979. Effect of trap design and sex attractant release 
rates on tomato pinworm catches. J. Econ. Entomol. 72:865-868.




