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ABSTRACT 

Adipose accumulation and reproductivity in boll weevils, 

Anthonomus grandis Boheman, overwintering outside of cotton, Gossypium 

spp., bolls in Arizona and their survival in simulated habitats was 

studied. In addition, the egg-laying capacity of overwintered females, 

collected at various times during the spring, was compared. 

More boll weevils which had been obtained from bolls accumu

lated fat and remained nonreproductive (76.7%), after feeding on cotton 

squares and bolls during the winter, than either those collected from a 

cotton field (52.6%) or reared in the laboratory at 30°C (26.7%). More 

boll weevils survived 8 weeks when provided water and cotton fruit 

(94%) or globemallow (50%) than when provided water only (20%) or 

nothing at all (0%). Peak survival occurred in 56% relative humidity. 

Mean temperatures above 14.5°C reduced longevity. No differences were 

found between pre-oviposition periods or numbers of eggs produced for 

overwintered female boll weevils collected from January through May. 
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INTRODUCTION 

Boll weevils, Anthonomus grandis Boheman (Mexican form, after 

Burke 1968), continue to economically damage cultivated cotton, Gossy-

pium spp., in southwestern Arizona even after stub cotton has again 

been banned and 45-day cotton-free periods have been imposed. Stub or 

ratoon cotton is a method of perennial cotton cultivation where stalks, 

from the previous season, are allowed to remain in fields through the 

winter and are chopped ca. 15 cm above the soil surface in the spring. 

Regrowth from root systems, which survived moderate winter temperatures 

in Arizona, produce the new crop which purportedly has greater yields 

and profits than annually planted cotton (Beatty 1977). 

Stub cotton has been grown periodically in Arizona except when 

prohibited by State and/or Federal quarantines imposed due to the 

threat of increasing insect pest populations. Most recently, stub cot

ton was grown from 1978 through 1982. Bergman et al. (1983) reported 

the results of investigations comparing pest and beneficial insect pop

ulations in stub and planted cotton. They, and others, including Wene 

(1965), Watson and Larsen (1968) and Watson et al. (1974), found that 

stub cotton enhances the overwintering survival and establishment of 

early infestations of pink bollworms, Pectinophora gossypieHa 

(Saunders). Nonproductive, late-season bolls remain on stalks or the 

soil surface through the winter in stub cotton fields. Pink bollworm 

larvae diapausing in these bolls or in the surface layer of soil are 
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not as deeply buried as in planted cotton fields which are plowed and, 

therefore, more successfully emerge in the spring. In addition, stub 

cotton, which produces squares 4-6 weeks earlier than planted cotton, 

produces higher and earlier pink bollworm infestations. 

The same factors which result in increased pink bollworm 

infestations in stub cotton also promote boll weevil populations. Boll 

weevil adults successfully overwinter in their developmental cells in 

bolls remaining on stalks or on the soil surface (Fye, Leggett, and 

Bonham 1970; Bariola, Henneberry and Bergman 1984) but fail to emerge 

from dry bolls if they are buried at depths of 10-15 cm. Regrowth 

through the winter sustains free-living boll weevils and cotton squares 

are available in stub cotton early in the season for food and oviposi-

tion (Bergman, Bariola, and Henneberry 1981). Boll weevils had not 

commonly been found infesting cultivated cotton in southwestern Arizona 

since 1965-1966 (Fye 1968), the last time stub cotton was grown prior 

to 1978. 

Boll weevil infestations were found throughout western-Maricopa 

and southeastern-Yuma Counties by 1981 (Bergman, Henneberry, and 

Bariola 1982). In that year, initial infestations in planted cotton 

were found near infested stub cotton fields (Bergman, Henneberry, and 

Bariola 1983). Later that season, additional infestations were found 

in planted cotton fields not associated with stub cotton. Stub cotton 

was grown at only a few locations in 1982. However, approximately 

22,700 ha of cotton, mostly planted, were treated with insecticides to 

control boll weevil infestations during that year (Moore, L. 1983). 
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Stub cotton was again prohibited by state regulation and regional 45-

day cotton-free periods were initiated during the 1983 season. Despite 

this, Bariola et al. (1984) estimated that the boll weevil population 

in one area of Maricopa County had increased more than 10-fold from 

1981 to 1983 based on monthly averages of grandlure-baited trap data 

and Borth (1984) reported that boll weevils were caught in 53% more of 

the areas with traps in Yuma County during 1983 than in 1982. 

Boll weevils now infest or threaten to infest most of the 

cotton-growing areas of Arizona, the desert valleys of southern Cali

fornia and the Mexicali Valley of Mexico (Bariola 1983; Beasley 1984). 

Present cotton-free periods are insufficient to significantly reduce 

the number of boll weevils now successfully overwintering outside of 

their developmental cells in bolls and therefore fail to reduce subse

quent infestations the following spring. The studies reported here 

were initiated to investigate the capacity of boll weevils to overwin

ter outside of bolls. The objectives of these studies were to 

determine 1) the extent of adipose tissue accumulation and reproductive 

atrophy in overwintering boll weevils, 2) the survival of boll weevils 

in simulated overwintering habitats with respect to food and water 

availability, relative humidity and temperature and 3) the egg-laying 

capacity of overwintered female boll weevils. 



LITERATURE REVIEW 

Adipose Accumulation and Reproductivity 

Insects may overwinter or bridge other periods of host inavail-

ability in a physiological state of diapause. Diapause in adult 

insects is characterized by the atrophy of reproductive organs, or 

their failure to develop, and the accumulation of adipose tissue in fat 

bodies (Lees 1955). Brazzel and Newsom (1959) used these criteria to 

describe diapause in adult boll weevil populations in Louisiana during 

the late summer, early fall and winter. Since only portions of the 

population exhibit diapause characteristics, boll weevil adult diapause 

is described as facultative. 

Lambremont (1961) confirmed that boll weevils exhibiting the 

fat and reproductivity characters of diapause proposed by Brazzel and 

Newsom indeed respired less (ca. 2.3x) at the cellular level than non-

diapausing boll weevils. Similarly, boll weevils determined by visual 

estimates of fat content to be in a state of diapause contained more 

fat (18-25% of body weight) than reproductive boll weevils (6-10% of 

body weight; Lambremont, Blum, and Schrader 1964). In addition, boll 

weevil adults in a state of diapause contained fat made up of a higher 

percentage of triglycerides, the principal storage lipid in boll 

weevils (Lambremont and Blum 1963). 

Factors inducing diapause in the boll weevil reflect its tropi

cal origin. Although photoperiods have been adopted as a seasonal 
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indicator in its northward expansion, the ability to recognize changes 

in host suitability, essential for survival in tropical wet- and dry-

season conditions, has been retained (Phillips 1976). Earle and Newsom 

(1964) found that diapause could be induced by rearing larvae and pupae 

in 111:13D photoperiods and suppressed by development in 13L:1ID photo-

periods. The critical photophase appeared to be between 12 and 13 

hours in diel photoperiods. Photoperiodic induction of diapause in 

other insects is strongly influenced by temperature (Beck 1977). Simi

larly, exposure of boll weevil adults to high temperatures (25-32°C) 

after their immature development was completed at lower temperatures 

(21-27°C) in 11L:13D photoperiods, suppressed the incidence of diapause. 

Lloyd, Tingle, and Gast (1967) found that 10°C scotophase 

temperatures (21.1°C photophase temperature) induced diapause in boll 

weevil adults fed either cotton squares or bolls in 10L:14D and 12L:12D 

photoperiods. As the photophase was increased to 14 and 15.5 hours, 

fewer adults that fed on squares entered diapause than those that fed 

on bolls. More adults, whose immature development was completed in 

both temperatures and photoperiods which either did or did not induce 

diapause, entered diapause when the number of squares available for 

feeding was reduced. Additionally, boll weevil adults whose immature 

development was completed in bolls tended to diapause more than those 

whose immature development was completed in synthetic diet. Tingle and 

Lloyd (1969) found that boll weevil adults attained firm diapause 

faster if fed bolls rather than squares and that the time required to 

attain firm diapause was inversely related to temperature. 



6 

Tingle et al. (1971) attributed the differences in diets and 

diapause to the ratio of protein to carbohydrate. Fewer boll weevils 

entered diapause when fed diets with more protein and less sucrose than 

with the reverse ratio in similar temperatures and photoperiods. 

Hilliard and Keeley (1984) found that the percent nitrogen (protein) 

content of squares was ca. 1.7x greater than that of bolls. Nettles, 

Jr. and Betz (1965) confirmed that the carbohydrate content of bolls 

was greater than the same weight of squares. Gossypol, found in bolls, 

also decreases protein levels in boll weevils (Moore, R. F. 1983). 

The seasonal occurrence of diapause has been studied exten

sively in southeastern U. S. and central Texas infested areas. The 

first boll weevils exhibiting characteristics of diapause are found as 

early as August when minimum temperatures below 16°C reduce reproduc

tive activity (Brazzel and Hightower 1960) and only small bolls are 

available for food in mature cotton fields (Mitchell and Mistric, Jr. 

1965). Percentages of boll weevils in diapause decline when late-

season regrowth again provides squares for feeding during September but 

peak again by mid-November (Lloyd and Merkl 1961). Both reproductive 

and diapausing boll weevils disperse during the late-season (Walker, 

Jr. and Bottrell 1970). Rummel , White, and Wade (1975) studied the 

late-season movement of boll weevils into cotton fields and found that 

86% of the immigratory females were reproductive through mid-November. 

However, adults in diapause also migrated into the fields as early as 

mid-October. 
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The occurrence of diapause in boll weevil populations infesting 

cultivated cotton in southwestern U. S. and Mexico is debated. Few 

killing frosts occur in the sub-tropical climate of the Lower Rio 

Grande Valley of Texas, but Graham et al. (1979) reported finding boll 

weevil adults exhibiting diapause characterssties shortly after cotton 

fields were defoliated in August. Wolfenbarger et al. (1976) reported 

that almost all of the female boll weevils caught in grand!ure-baited 

traps from December through March exhibited, at least, characteristics 

of intermediate diapause (nonreproductive but having accumulated less 

fat). In contrast, Guerra and Garcia (1982) attributed the large num

bers of boll weevils caught in traps during warm periods in the fall 

and winter to the lack of firm diapause in boll weevil populations in 

the southwest since Mitchell and Hardee (1974) reported that boll wee

vils in diapause tend not to respond to grandlure-baited traps but to 

remain in overwintering habitats during warm periods in Mississippi. 

Guerra, Garcia, and Tamayo (1982) maintain that quiescence 

better describes the physiological state of boll weevils overwintering 

in the southwestern U. S. and Mexico. Quiescence, as defined by 

Saunders (1976), is a state of dormancy directly imposed by adverse 

conditions which is readibly reversed as soon as those conditions 

improve. In the Lower Rio Grande Valley of Texas, Guerra et al. (1982) 

reported that trapped female boll weevils exhibit fat accumulation but 

remain reproductive and physiologically active all winter similar to 

boll weevils in Chiapas, Mexico which also remain reproductive all year 

but "rest" during the dry season (January-March). All of the females 
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from a Mexican strain of boll weevils remained reproductive at the end 

of November in central Texas compared to only 10% of the indigenous 

boll weevils {Walker, Jr. 1967). Earle and Newsom (1964) reported that 

74% of the boll weevil adults whose immature development was completed 

in 21°C and a 11L:13D photoperiod from parental stock collected in 

Louisiana entered diapause after feeding on squares. Under the same 

conditions, only 11% of the boll weevil adults from Mexican parentage 

entered diapause. 

Few boll weevils infesting cotton fields in Arizona meet 

criteria for firm diapause (Fye et al. 1970). Bergman et al. (1983) 

reported finding boll weevil eggs and new larvae in bolls as late as 

mid-December. In addition, only ca. 50% of the female boll weevils 

caught in grand!ure-baited traps after mid-February exhibited inter

mediate characteristics of diapause. Bariola (1984) stated that from 

88-100% of the female boll weevils caught in traps in Arizona from 

March 21 through April 20 became reproductive in 2-3 days when fed 

cotton squares. 

Survival 

Boll weevils overwinter in ground trash in many infested areas 

of the LI. S. Winter survival has been estimated by comparing the num

ber of live boll weevils in ground trash sampled early in the winter 

with the number found alive later. Woods trash, fallen leaves from 

deciduous trees, provides overwintering habitats in southeastern U. S. 

and central Texas. Fenton and Dunnam (1927) reported that ca. 3% of 

the boll weevils in South Carolina successfully overwintered in woods 
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trash. Boll weevil survival in South Carolina, North Carolina and 

Virginia averaged 48% in woods trash (Fye et al, 1958). Davis, Cowan, 

Jr., and Parencia, Jr. (1975) reported from 14-100% (average of 35%) 

overwintering survival in central Texas woods trash from 1960-1973. In 

shinnery oak, Quercus havardii Rydb., trash in Texas, from 0.1-15% of 

the boll weevils survived the winters of 1979-1983 (Slosser, Price, and 

Jacoby 1984). 

Boll weevils have also been collected during the winter in 

ground trash habitats in xeric biomes of the Lower Rio Grande Valley of 

Texas and southern Arizona. Graham et al. (1978) reported that desert 

grasses provided optimum overwintering habitats in the Lower Rio Grande 

Valley of Texas but boll weevils were also collected in the limited 

ground trash accumulating beneath hackberry, Celtis laevigata Willd., 

mesquite, Prosopis spp., palo verde, Cercidium spp., and salt cedar, 

Tamarix pentandra Pall., trees. In Arizona, Fye et al. (1970) reported 

collecting boll weevils in ironwood tree, Olyneya Tesota Gray, palo 

verde tree and creosote bush, Larrea tridentata (DC.) Coville, trash 

2 but ca. 251 m of ground trash sampled during January and February 

2 yielded only 16 boll weevils and ca. 201 m of ground trash sampled 

during March yielded 1 boll weevil. 

Boll weevils overwinter in suitable ground trash habitats 

adjacent to previously infested cotton fields. Beckman (1957) reported 

that 80% of the boll weevils found in ground trash samples collected in 

Georgia occurred within 15 m of cotton fields. From studies of iso

lated infested fields in Texas, both Rummel and Adkisson (1970) and 
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Bottrell et al. (1972) found that most of the boll weevils collected in 

ground trash samples occurred less than 0.8 km from the fields if 

adequate overwintering habitats were present. 

Several factors influence the survival of boll weevils in 

ground trash habitats. In the southeast, optimum survival occurred in 

ground trash from 1.3-7.6 cm deep (Fye et al. 1959) but most of the 

overwintering boll weevils were found from 1.3-2.5 cm deep (Jones and 

Sterling 1978). Excess moisture in ground trash habitats adversely 

effects survival in South Carolina (Taft and Hopkins 1966). The 

highest survival occurred in ground trash with 38% moisture, the mois

ture content of ground trash with normal amounts of rainfall in South 

Carolina, and boll weevils actively relocated to areas in the ground 

trash where optimal moisture contents occurred (Hopkins et al. 1972). 

Leggett and Fye (1969) found that boll weevils survived ca. 2 times 

longer in artificially moistened ground trash (an average of 4.6 weeks) 

than in dry ground trash (an average of 2.6 weeks) in Arizona. The 

authors also observed a threshold for moisture content of trash above 

which survival was not augmented. 

The longevity of overwintering boll weevils is also affected by 

temperature and relative humidity. The relative humidity required for 

optimum survival increases as temperatures increase (Grossman 1930). 

At 2°C, optimum survival occurred above 9% relative humidity. At 15° 

and 27°C, optimum survival occurred above 21 and 61% relative humidity, 

respectively. In Louisiana, overwintering mortality was not affected 

by winter temperatures, but mortality increased under cold, dry 
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conditions (Smith and Scales 1965). In contrast, Pfrimmer and Merkl 

(1981) reported a positive correlation between percent survival and 

average minimum temperatures, for the winters from 1955-1973 in Missis

sippi, and a negative correlation between percent survival and the num

ber of days per year with minimum temperatures less than 0°C. The 

authors found no correlation between percent survival and total annual 

winter precipitation. 

More boll weevils survived through the winter in the southeast 

and Texas which entered overwintering habitats late and emerged from 

them later in the spring than did boll weevils which entered overwin

tering habitats earlier in the fall (Bondy and Rainwater 1942; Rummel 

and Carroll 1983). Overwintered boll weevils began emerging from 

ground trash, as determined by emergence cages, in early-May in these 

areas and 90% had emerged in the southeast by mid-June (Fye et al. 

1958) and in Texas by early-June (Davis, Cowan, Jr., and Parencia, Jr. 

1967). Warm temperatures and moisture induced boll weevils to leave 

overwintering sites and prolonged cool weather or dry conditions 

induced them to remain in ground trash. Similarly, boll weevils are 

first caught in grandlure-baited traps in the southeast in early-May 

(Roach and Ray 1972). 

Boll weevil emergence from ground trash begins in January in 

the Lower Rio Grande Valley of Texas (Graham et al. 1978). Large num

bers of boll weevils are caught in traps, beginning at this time, 

through mid-April (Wolfenbarger et al. 1976). In Arizona, grandlure-
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baited traps capture more boll weevils from January through mid-April 

than during all the rest of the year (Bariola et al. 1984). 

Boll weevil emergence from overwintering habitats begins long 

before cotton is available and overwintered boll weevils do not enter 

fields until squares appear (Ridgway, Bariola, and Hardee 1971). In 

South Carolina, seedling cotton is present in mid-May but boll weevils 

are not found in fields until early-June, when the first squares appear 

(Roach et al. 1971). Squaring is initiated in central Texas from 

June 2-19 and most overwintering boll weevils enter the fields from 

June 8-21 (Walker, Jr. 1966). White and Rummel (1978) estimated that 

no more than 5-10% of the boll weevils which had successfully emerged 

from overwintering habitats survived to enter squaring cotton and, 

therefore, initiate infestations. 

Regulated planting dates determine when cotton is available for 

overwintered boll weevils in sub-tropical southwestern U. S. areas. 

Cotton squares may occur as early as mid-April in the Lower Rio Grande 

Valley of Texas (Wolfenbarger et al. 1976). Since, as indicated pre

viously, boll weevils are active all winter in the southwest, the 

utilization of alternate food hosts in necessary for survival as is the 

case for boll weevils bridging the dry season in southern Mexico 

(Guerra et al. 1984). Cross et al. (1975) listed many malvaceous 

plants whose pollens were utilized by boll weevils as alternate food 

hosts but successful reproduction occurred only in the fruit of plants 

belonging to the Tribe Gossypieae (Family Malvaceae). Plants other 

than those in the Family Malvaceae, such as yellow wooly white, 
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Hymenopappus flavescens Gray (Family Compositae), in western Texas may 

also be utilized as alternate food hosts (Rummel, White, and Pruitt 

1978). Globemallow, Sphaeralcea spp. (Family Malvaceae) is utilized by 

boll weevils in Arizona as an alternate food host (Stoner 1968). This 

native perennial plant grows prolificly in all southern cotton-growing 

counties in Arizona and blooms through the winter and spring. I have 

observed boll weevils feeding on both the buds and anthers of blooms of 

globemallow adjacent to cotton fields that were infested the previous 

season. Boll weevils caught in grandlure-baited traps in late-January 

survived an average of 22 days with a maximum survival of 42 days when 

placed in containers with globemallow buds in an outdoor insectary 

(Bariola 1984). 

Oviposition 

The reproductive capacity of overwintered female boll weevils 

in South Carolina was studied by Roach (1979). Average pre-oviposition 

periods of 20 days* reproductive periods of 35 days and egg production, 

48 per female, were the same for cohorts of boll weevils collected from 

ground trash from January through May. All were held in a 21-27°C 

variable temperature regime with a 13L:11D photoperiod and provided 

with cotton squares for food. 

In Arizona, overwintered female boll weevils obtained from the 

previous season's bolls from May 20 through July 3, lived an average of 

51 days and produced ca. 33 eggs per female when placed in an insectary 
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and provided with cotton squares (Fye 1969). Maximum temperatures in 

the insectary ranged from 32-40°C and minimum temperatures varied from 

18-24°C. 



METHODS AND MATERIALS 

All investigations were conducted at the Department of 

Entomology Laboratory on the Campus Agricultural Center, Tucson, AZ. A 

shaded and ventilated greenhouse was used as an insectary for studies 

conducted in the winter and early spring. Daily temperatures were 

recorded in the insectary with a hygrothermograph (Belfort Instrument 

Company Model 7410). For comparison, daily maximum and minimum air 

temperatures were obtained from the University of Arizona Yuma Valley 

Agricultural Center in Yuma, AZ from January through April, 1984. 

Cotton plants of the variety Stoneville 213 were reared in additional 

greenhouses to provide squares and bolls. 

Modified freezers, with both constant and fluctuating temper

ature control capacity (Partiow Temperature Control Model RFC52) and 

programmable light switches (York Time Switch Model 7220Z), were used 

in controlled temperature and photoperiod experiments. These temper

ature cabinets were illuminated with 3, 20-watt Daylight (General 

Electric) flourescent lamps. 

A cotton seed flour diet, similar to one reported by Hilliard 

and Keeley (1984) was used to rear boll weevil adults and provide ovi-

positional strata. Boll weevils were reared singly in small plastic 

containers with cardboard tops containing ca. 10 ml of diet. Adult 

boll weevils were provided pellets of ca. 0.7 ml of diet covered with 

equal mixtures of beeswax and paraffin wax for feeding and oviposition. 

15 
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Sex determinations were made using rostrum characteristics reported by 

Pierce (1913). 

Data were analysed on a DEC-100 microcomputer. Single factor 

analysis of variance and simple linear regression programs produced by 

Northwestern Analytical (Statpak) were utilized to compare variation 

within treatments and produce estimates of mean survival over time in 

survival studies, respectively. Treatment means, if indicated by anal

ysis of variance, were separated by Newman-Keuls Sequential Studentized 

Range method (Steel and Torrie 1960). The level of alpha (a) in all 

statistical manipulations was set at .05. 

Adipose Accumulation and Reproductivity 

Adult boll weevils were collected from cotton squares and small 

bolls in a field near Yuma, A2 (Yuma County) on January 10, 1984. The 

following day, 25 boll weevils were randomly placed in each of five 

waxed cardboard containers with perforated clear plastic tops and pro

vided water, in a vial with sponge wick, 5 cotton squares and 3 small 

bolls. Water vials were refilled as necessary and the cotton squares 

and bolls were replaced weekly. The containers were then placed in the 

insectary and the surviving boll weevils in one container were dis

sected at 14 day intervals, thereafter. The dissected boll weevils 

were examined for fat accumulation and reproductivity using criteria 

similar to that used by Brazzel and Newsom (1959). After removing the 

elytra, boll weevils were determined to be fat if yellow adipose tissue 

at least partially obscured tracheae and the alimentary canal as viewed 

through the abdominal terga. If the tracheae and alimentary canal were 
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easily visible, the boll weevil was considered lean. Female boll 

weevils with oocytes in their ovarioles and males with lateral paired 

testes at least one-half the length of the abdomen and/or seminal 

vesicles distended with sperm were considered reproductive. 

Adult boll weevils obtained from their developmental cells in 

cotton bolls on January 24, 1984, which had been collected from the 

same field near Yuma, AZ and held in the insectary, were treated 

similarly. In addition, 10 male and 10 female boll weevils, reared on 

artificial diet at 30°C constant temperature in a 14L:10D photoperiod 

and removed upon adult ecdysis, were examined after feeding on cotton 

squares and bolls for 7, 14, 21, 28 and 35 days in the insectary from 

February 13 through March 19, 1984. 

Survival 

The survival of adult boll weevils with respect to food and 

moisture availability in simulated overwintering environments was 

studied in the insectary. Twenty-five adult boll weevils, either 

caught in grandlure-baited traps (Hardee et al. 1972) near Roll, AZ 

(Yuma County) on December 27, 1983, collected from squares and small 

bolls in the field previously described near Yuma, AZ or obtained from 

bolls collected in the same field, were placed in each of 4 waxed card

board containers with perforated clear plastic tops on January 11, 

1984. Care was taken to place similar numbers of male and female boll 

weevils in each container. Boll weevils in one container from each 

collection (traps, field or bolls) were provided either 1) nothing at 

all (dry), 2) water in a vial with sponge wick, 3) terminals with buds 
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and leaves from globemallow, or 4) 5 cotton squares and 3 small bolls. 

The globemallow was collected periodically near Yuma, AZ and belonged 

predominantly to three species, Sphaeralcea emoryi Torrey, coulteri 

(S. Watson) and ambigua Gray. Water vials were refilled as neces

sary and the globemallow and cotton were replaced weekly when the number 

of surviving boll weevils in each container was recorded. 

Effects of relative humidity and temperature on boll weevil 

survival were studied in the temperature cabinets. Boll weevil adults 

for these studies had completed their immature development in bolls on 

cotton plants in the insectary from July through mid-August, 1984. The 

cotton bolls were infested by inoculation with fertile female boll 

weevils. Approximately 3 weeks after the females had been removed from 

the cotton plants, the bolls were examined and mature larvae (in com

pleted pupal cell) and pupae were removed and placed in small, clear 

containers until adult ecdysis occurred. Approximately one-half of the 

new adults were fed cotton squares for 14 days in a temperature cabinet 

where the temperature fluctuated daily from 6.1-22.8°C (the average 

daily maximum and minimum temperatures for Yuma, AZ from January 1 

through March 31, 1984) with a 10L:14D photoperiod. 

Saturated solutions of zinc chloride, magnesium chloride, 

dextrose, sodium chloride and distilled water were prepared as detailed 

by Winston and Bates (1960) to provide relative humidities in desic

cator jars of ca. 10, 33, 56, 76 and 100%, respectively. Small waxed 

cardboard containers with screened bottoms and perforated tops were 

suspended in each desiccator jar. Twenty-five unfed new adult boll 
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weevils (less than 2 days old) and 25 new adult boll weevils, which had 

been fed for the previous 14 days and marked on their pronotum with a 

single dot of yellow enamel paint, were placed in each of the waxed 

cardboard containers. At least 10 boll weevils of either sex were 

included in each container. The 5 desiccator jars were then placed in 

a temperature cabinet with temperatures fluctuating daily from 6.1-

22.8°C and with a 10L:14D photoperiod. The number of dead and moribund 

(unable to maintain upright posture) boll weevils, either fed or unfed 

before placement in the desiccator jars, was recorded at least every 

2 days. 

Waxed cardboard containers were suspended over distilled water 

in 6 additional desiccator jars to provide conditions of 100% relative 

humidity. Twenty-five new adult boll weevils which had been fed were 

placed in each of 3 desiccator jars. Similarly, 25 unfed new adult 

boll weevils were placed in each of the 3 remaining desiccator jars. 

Then 2 desiccator jars, one containing fed adults and the other con

taining unfed adults, were placed in temperature cabinets with the 

following temperature regimes: 1) 25°C constant temperature (10L:14D 

photoperiod), 2) 20.6-35°C daily fluctuating temperature (14L:10D 

photoperiod), and 3) 30°C constant temperature (14L:10D photoperiod). 

Dead and moribund boll weevils were removed and their sex determined 

at least every 2 days. 

Boll weevil longevity in the insectary and in the 6.1-22.8°C 

temperature cabinet was analysed using the linear regression model to 

estimate percent survival at various times for each of the simulated 



20 

environments. The numbers of live boll weevils on each check date were 

converted to percentages. These percentages were transformed using the 

arcsine equation (sine's/percent as decimal) which is appropriate for 

decreasing the variation inherent in the extreme ranges of proportions 

(Little and Hills, 1978). The arcsine transformations were then 

regressed with the greatest number of days which that percent of the 

sample survived. Confidence intervals (95%) of the transformed percent 

survivals were determined from least squares estimates for pertinent 

times. The transformed percent survival estimates and confidence 

interval boundaries were then retransformed back to percentages. 

Oviposition 

Male and female boll weevils, 47 each, caught in grandlure-

baited traps during mid-February, 1983 near Cotton Center, AZ (Maricopa 

County) were paired and placed in small clear plastic containers. Each 

pair was provided an artificial diet pellet on which to feed and ovi

posit. The boll weevil pairs were then placed in a 30°C constant 

temperature cabinet with a 14L:10D photoperiod. The diet pellets were 

replaced at least every 2 days and examined for eggs. After 30 days, 

nonreproductive pairs were dissected to determine if they were paired 

properly or to assess the reproductive status of the female. 

Twenty-five pairs of boll weevils caught in grandlure-baited 

traps in early April, 1983, at the same location as above, and 40 pairs 

obtained from dry bolls in mid-May, 1983 were treated similarly. The 

dry bolls had been collected the previous December near Avra Valley, AZ 

(Pima County) and held in outdoor cages through the winter and spring. 



The boll weevil pairs obtained from traps were placed in a temperature 

cabinet programmed for 30°C constant temperature and a 14L:10D photo-

period, and those obtained from dry bolls were placed in temperatures 

fluctuating from 25-40°C and a 14L:10D photoperiod. 



RESULTS 

Monthly averages of daily maximum and minimum temperatures 

recorded in the insectary from January through June, 1984 are shown 

in Table 1 and compared to monthly average air temperatures, January 

through April, in Yuma, AZ. Average maximum and minimum temperatures 

in the insectary and Yuma, AZ varied, at most, by 4° and 3°C, 

respectively, between the locations. 

Adipose Accumulation and Reproductivity 

More boll weevil adults, which had been obtained from dry bolls 

and provided with cotton squares and bolls for food in the insectary, 

accumulated fat and remained nonreproductive than became reproductive 

(Table 2). Percentages of adults collected from squares and small 

bolls in the late-season cotton field, either fat and nonreproductive 

or reproductive, were similar after 14-70 days of additional feeding in 

the insectary. More boll weevils, reared at 30°C in a 14L:10D photo-

period and provided with squares and small bolls in the insectary after 

adult eclosion, became reproductive than accumulated fat and remained 

nonreproductive. There were no differences in fat accumulation and 

reproductivity between male and female boll weevils in any of the 

three collections. 

22 
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Table 1. Average monthly maximum and minimum temperatures (°C) in the 
insectary and Yuma, AZ (in parentheses), 1984. 

Average Temperature (°C) 

Month Maximum Minimum 

1/ January- 25.7 (22.I)-/ 2.9 (5.8) 

February 25.6 (24.4) 3.9 (5.2) 

March 30.3 (28.3) 7.1 (8.1) 

April 30.5 (29.7) 12.1 (9.8) 

May 32.3 17.9 

June 32.7 21.2 

January 10-31 only in the insectary. 

—^Air temperature was recorded at the University of Arizona Yuma Valley 
Agricultural Center, Yuma, AZ. 

3/ -Insectary was evaporatively cooled when temperatures went above ca. 
32°C from mid-April through June. 
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Table 2. Number arid percent of female and male boll weevils in each 
category which were reproductive (R) or nonreproductive (NR), 
both fat and lean, after feeding on cotton squares and bolls 
in the insectary, 1984. 

Days Fed 

Female Male 

Days Fed R-7 

NR 

R 

NR 

Days Fed R-7 Fat—^ Lean R Fat Lean 

Field—^ 

14 6 5 0 10 3 0 
28 5 5 0 7 7 0 
42 3 5 0 6 7 0 
56 5 9 0 4 5 0 
70 4 5 0 2 10 3 

Total % 44.2 55.8 0.0 45.3 50.0 4.7 

Bol 1 s- f  

14 0 7 1 1 7 0 
28 3 7 0 2 6 0 
42 1 14 0 1 9 0 
56 2 1 1 0 4 4 
70 2 4 2 1 10 0 

Total % 17.8 73.3 8.9 11.1 80.0 8.9 

Reared—^ 

14 5 3 2 9 1 0 
21 7 3 0 9 0 1 
28 6 4 0 7 3 0 
35 6 0 0 3 6 0 

Total % 66.7 27.8 5.6 71.8 25.6 2.6 

Reproductive females with oocytes in their ovaries and males with 
paired testes on one side at least one-half the length of the abdomen 
and/or seminal vesicles distended with sperm. 

—^Nonreproductive boll weevils with yellow adipose tissue at least 
partially obscuring trachaea and alimentary canal. 
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3/ — Adults collected in a field near Yuma, AZ from squares and small 
bolls on January 10 and placed in the insectary on January 11, 1984. 

4/ — Adults obtained from bolls collected near Yuma, AZ on January 10 and 
held in the insectary until January 24, 1984. 

5/ — Adults whose immature development was completed in artificial diet in 
a 30°C constant temperature cabinet with a 14L:10D photoperiod and 
placed in the insectary after adult ecdysis beginning February 13, 
1984. 
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Survival 

No significant differences were found between the mean survival 

of boll weevil adults either captured in traps, collected from squares 

and small bolls or obtained from bolls when provided water only, water 

and globemallow, and water, cotton squares and bolls (Table 3). How

ever, without water or food (dry), mean survival of boll weevils caught 

in traps was significantly less than that of those either collected 

from fruit in the cotton field or obtained from bolls. 

Linear regression coefficients of transformed (arcsine) 

percentages of survival in each of the four conditions (dry, water 

only, water and globemallow and water and cotton) for all similar col

lections are shown in Table 4. The rate of mortality, as indicated by 

the slope of the linear equation, for boll weevils provided no water 

was almost 2x greater than those provided with water. Mortality rates 

for boll weevils provided with globemallow and cotton were lower. 

Mean boll weevil survival at 56 days (8 weeks) was 94, 50, 20 

and 0%, respectively, when the boll weevils were provided water and 

cotton, water and globemallow, water only and under dry conditions 

(Figure 1). At 140 days (20 weeks), mean survival was 50% for those 

provided with water and cotton compared to only 1% for those provided 

with water and globemallow. 

Linear regression coefficients of transformed percentages of 

survival in 10, 33, 56, 76 and 100% relative humidities at 6.1-22.8°C 

for boll weevils either fed or not fed cotton squares for 14 days after 

adult ecdysis are shown in Table 5. Correlation coefficients (r) of at 
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Table 3. Average number of weeks that boll weevil adults from trap, 
boll and field collections survived in the insectary when 
provided dry conditions, water only, water and globemallow or 
water, cotton squares and bolls, 1984. 

Conditions 
Provided Traps Bolls Field 

Dry 

CO o
 

+i o
 a y 2.1±1.2 b 2.1±1.6 b 

Water Only 2.8±2.4 a 2.8±1.6 a 4.4±3.6 a 

Globemallow 6.0+5.0 a 7.7±5.4 a 7.0±4.3 a 

Cotton 19.1+7.9 a 18.0±5.2 a 19.2±9.3 a 

— ± standard deviation (n=25) and means in each row followed by a 
different letter are significantly different as indicated by analysis 
of variance and mean separation using Newman-Keuls Sequential 
Studentized Range (a=.05). 

Table 4. Linear regression coefficients of arcsine transformed 
percentages of survival for boll weevils in the insectary 
when provided dry conditions, water only, water and globe-
mallow or water, cotton squares and bolls, 1984. 

Conditions 
Provided 

Linear Regression Coefficients—^ 
Conditions 
Provided Intercept Slope Correlation (r) 

Dry 68.0 -8.8 -.86 

Water Only 66.9 -5.1 -.81 

Globemallow 70.1 -3.2 -.88 

Cotton 96.7 -2.6 -.91 

— ?qv percent survival in all collections, traps, field and bolls, when 
provided water only, globemallow and cotton but only field and boll 
collections under dry conditions. 
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Figure 1. Percentages and confidence intervals (95%) of linear 
regression estimates of boll weevils surviving at 28, 56, 84, 
112 and 140 days provided nothing (dry), water only, globe-
mallow or cotton squares and bolls. 
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Table 5. Linear regression coefficients of arcsine transformed 
percentages of survival for boll weevils either fed or not 
fed squares prior to placement in either 10, 33, 56, 76 or 
100% relative humidity at 6.1-22.8°C, 1984. 

Percent Linear Regression Coefficients 
Relative 
Humidity Intercept Slope Correlation (r) 

Fed^ 

10 81.8 -1.3 -.97 

33 87.3 -1.0 -.96 

56 89.2 - .56 -.99 

76 85.7 - .52 -.93 

100 95.8 

Unfed 

- .85 -.93 

10 89.7 -1.7 -.97 

33 94.4 -1.5 -.95 

56 105.2 -1.0 -.98 

76 109.0 -1.4 -.98 

100 106.6 -1.0 -.96 

—^Fed cotton squares for 14 days after adult ecdysis prior to placement 
into each relative humidity at 6.1-22.8°C with 10L:14D photoperiod. 
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least .93 for all regressions indicate that they are good estimates of 

the relationship between time and survival at each of the relative 

humidities. 

Boll weevils, which were fed for 14 days after adult ecdysis, 

survived longer in 56% relative humidity than in any other relative 

humidity (Figure 2). After 60 days, mean survival was 68, 50, 21 and 

0.4% for the boll weevils which had been fed and placed in 56, 100, 33 

and 10% relative humidity, respectively. After 90 days, only those in 

56 and 100% relative humidities remained alive (39 and 11% mean sur

vival, respectively). 

The longevity of boll weevils which were not fed after adult 

ecdysis was similar at 56 and 100% relative humidity (Figure 3). After 

60 days, no unfed boll weevils remained alive at 10% relative humidity 

and less than an average of 1% remained alive at 33% relative humidity. 

Except at 100% relative humidity, survival of unfed boll weevils was 

lower after 60 days than those provided cotton squares for 14 days 

after adult ecdysis (Figure 4). Peak survival occurred at 56% rela

tive humidity and decreased thereafter as the relative humidity 

increased. 

Boll weevil survival was considerably shorter in temperature 

regimes above 6.1-22.8°C. The average number of days which boll wee

vils, both fed or not fed, survived at 25°, 21-35° and 30°C was less 

than one-half the number of days that 50% of the fed and unfed boll 

weevils remained alive in the same relative humidity (100%) at 6.1-

22.8°C. Unfed boll weevils lived significantly longer at 25°C than 
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Figure 2. Percentages and confidence intervals (95%) of linear 
regression estimates of boll weevils surviving at 45, 60, 
75 and 90 days which were fed cotton squares 14 days after 
adult ecdysis at 6.1-22.8°C prior to placement in 4 
relative humidities (RH). 



32 

1001 

80 

60 

C£ 
ZD 
CO 

UJ o 
UJ 
a. 

40 

20 

O -

10% RH 

33% RH 

56% RH 

100% RH 

T 
45 60 

I 
75 

T 
90 

DAY 

Figure 3. Percentages and confidence intervals (95%) of linear 
regression estimates of boll weevils surviving at 45, 60, 
75 and 90 days which were not fed squares prior to placement 
in 4 relative humidities (RH) at 6.1-22.8°C. 
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Figure 4. Percentages and confidence intervals (95%) of linear 
regression estimates of boll weevils surviving at 60 days 
which had been fed or not fed cotton squares prior to place
ment in relative humidities of 10, 33, 56, 76 and 100% under 
temperature conditions of 6,1-22.8°C. 
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either boll weevils in that temperature which had been previously fed 

or fed and unfed boll weevils at 21-35 and 30°C (Table 6). There were 

no differences in longevity between the latter samples. Similarly, 

there were no significant differences between the average longevities 

of male and female boll weevils, either fed or unfed, at 21-35 and 30°C 

(Table 7). However, at 25°C, both unfed male and female, and males 

that were fed survived approximately twice as long as did females which 

had been fed. 

Oviposition 

Higher percentages of female boll weevils, properly paired with 

males, produced eggs in 30 days or less from mid-February and early-

April trap collections (77.5 and 86.4%, respectively) than did those 

obtained from bolls in May (52.6%). When nonreproductive pairs were 

dissected, 7.5, 9.1 and 36.8% of the females, respectively, from the 

mid-February and early-April trap collections, and the May boll 

collection exhibited no development of the ovaries. 

There were no significant differences between the average first 

day of oviposition or the number of eggs produced per female in any of 

the three collections (Table 8). However, females obtained from bolls 

during May produced eggs approximately twice as long as did those 

either caught in traps during February or April. 
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Table 6. Average number of days that boll weevil adults, either fed or 
riot fed cotton squares, survived in 3 temperature regimes at 
100% relative humidity, 1984. 

25 °C 21-35°C 30°C 

Fed-/ Unfed Fed Unfed Fed Unfed 

13.6 a-/ 23.5 b 11.8 a 12,4 a 10 .7 a 12.2 a 

±7.9 S. D. ±6.3 S. D. ±3.2 S. D. ±3.5 S. D. ±3 .9 S. D. ±3.2 S.D. 

—^Fed cotton squares for 14 days after adult ecdysis at 6.1-22.8°C and 
10L:14D photoperiod before placement into temperature regimes. 

2/  — Means in each row followed by a different letter are significantly 
different as indicated by analysis of variance and mean separation 
using Newman-Keuls Sequential Studentized Range (a=.05). 

Table 7. Average number of days that male and female boll weevils, 
either fed or not fed cotton squares, survived in 3 temper
ature regimes at 100% relative humidity, 1984-. 

Male Female 
Temperature , , 

(°C) Fed—' Unfed Fed Unfed 

25 17.9 & 22.3 be 9.7 a 25.3 c 

21-35 12.4 a 13.4 a 11.2 a 11.5 a 

30 11.9 a 12.3 a 9.6 a 12.2 a 

—^Fed cotton squares for 14 days after adult ecdysis at 6.1-22.8°C and 
10L-.14D photoperiod before placement into temperature regimes. 

— Means in each row followed by a different letter are significantly 
different as indicated by analysis of variance and mean separation 
using Newman-Keuls Sequential Studentized Range (a=.05). 
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Table 8. Oviposition averages for reproductive female boll weevils 
from 3 collections after being placed in temperature cabinets 
with 14L:10D photoperiods and provided artificial diet for 
feeding and oviposition, 1983. 

Oviposition Trap Collections-^ From Bolls—^ 

Averages—^ Mid-February Early-April Mid-Ma.y 

Day First Egg 
Produced 12.1±7.4 a 13.7±5.3 a 13.5±4.0 a 

Reproductive Period 
(Days) 57.3±32.9 a 48.1+21.5 a 114.4±39.1 b 

Total Eggs Produced 159.2±105.7 a 156.4±90.0 a 2Q5.7±92.6 a 

Averages of 31, 19 and 20 female boll weevils which produced eggs 
from 40, 22 and 38 properly paired adults in mid-February, early-
April and mid-May collections, respectively. Averages reported ± 
standard deviation and averages in each row followed by a different 
letter are significantly different as indicated by analysis of 
variance and mean separation using Newman-Keuls Sequential Student-
ized Range (a=.05). 

2/  — Placed in constant 30°C temperature cabinets. 

3/ — Bolls collected at the end of the previous cotton season were held in 
outdoor cages until boll weevil adults were removed from them in mid-
May. Boll weevil pairs were placed in a fluctuating 25-40°C 
temperature cabinet. 



DISCUSSION 

Fewer boll weevils, collected from a southwestern Arizona cot

ton field during early winter and provided limited amounts of squares 

and bolls for food in temperatures closely approximating those found in 

southwestern Arizona during the winter, tended to exhibit character

istics of diapause than reported for boll weevils overwintering in 

southeastern U. S. and central Texas. However, the propensity of boll 

weevils in southwestern Arizona to enter diapause, in response to 

winter environments, appears greater than that reported for boll wee

vils infesting cultivated cotton in tropical areas of Mexico. 

An intermediate degree of diapause would be expected if boll 

weevil populations in southwestern Arizona originated in tropical areas 

of Mexico and adapted to sub-tropical conditions in the cotton-growing 

areas of southwestern Arizona. Cross (1982) maintained that present 

infestations in southwestern Arizona, beginning in 1978, originated 

from boll weevils immigrating from boll weevil infestations directly 

south in Mexico. These boll weevil populations in northern Sonora, 

Mexico presumably had already adapted to overwintering or host-free 

periods similar to Arizona and only required stub cotton in order to 

become established. In contrast, Fye and Parencia, Jr. (1972) attri

bute the periodical upsurge of infestations in southwestern Arizona to 

small, undetectable and omnipresent boll weevil populations which 

flourish if provided suitable conditions such as continuous host 

37 
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material, as is the case with stub cotton. However, even these 

populations probably originated from Mexican parentage and would be 

continuously augmented by immigration. 

Diapause appears to be induced in Arizona boll weevil popula

tions by factors similar to those reported for boll weevil populations 

infesting areas of southeastern U. S. and central Texas. Few boll wee

vil adults, whose immature development was completed in a warm temper

ature and long photophase, exhibited characteristics of diapause when 

exposed to winter conditions and limited food sources. Conversely, 

more boll weevils, whose immature development was completed in late-

season bolls, entered diapause when exposed to the same conditions. 

Fat accumulation and reproductive atrophy may not determine the 

capacity of boll weevils to overwinter successfully in Arizona such as 

in central Texas where Sterling (1971) found no correlation between 

overwintering survival and diapause. To bridge cotton-free periods in 

Arizonas boll weevils must survive from the time cotton fields are 

plowed down, presently January 1, until the next season's cotton fields 

begin to produce squares. 

Huber (1981) reported that short-staple cotton begins to 

produce squares after ca. 700 heat units have been accumulated after 

planting. The approximate times when squaring cotton would be avail

able for boll weevils in the insectary were determined for cotton 

planting dates of February 15, March 1 and April 1 from a sine curve 

approximation of degree-day heat accumulations produced by Dr. R. T. 

Huber (Department of Entomology, University of Arizona) with upper and 
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lower thresholds of 30 and 13°C, respectively, and daily maximum and 

minimum temperatures in the insectary. These planting dates, Febru

ary 15, March 1 and April 1, correspond to cotton-free periods, begin

ning January 1, of ca. 45, 60 and 90 days, respectively. It was 

determined that, for temperatures in the insectary, cotton planted on 

February 15, March 1 and April 1 would begin producing squares in ca. 

95, 102 and 124 days, respectively. 

White and Rummel (1978) estimated that fewer than 1% of the 

boll weevils entering overwintering habitats in Texas were required to 

survive until cotton began to produce squares in the spring in order to 

continue economic infestations in these areas. Therefore, based on the 

upper limits of the 95% confidence intervals for mean percent survival, 

enough boll weevils, provided with water only, survived in the insect

ary long enough to initiate infestations in cotton planted on February 

15. Similarly, with globemallow available as an alternate food host 

in southwestern Arizona, planting dates as late as April 1 would not 

preclude reinfestation by overwintered boll weevils. With cotton 

plants remaining in fields, whether for stub cotton or simply abandoned 

or inaccessible to plowing, more than 50% of the overwintering boll 

weevil population may remain alive until late May to infest surrounding 

cotton. 

Boll weevils, overwintering in the insectary without food and 

water, failed to survive long enough to potentially establish infesta

tions the following season. However, significant numbers of boll 

weevils, which had both previously fed or not fed on cotton squares, 
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survived for at least 90 days without food and water under conditions 

of 56% relative humidity and temperatures fluctuating between the 

average maximum and minimum daily temperatures for January through 

March in southwestern Arizona. 

Boll weevils, which were both fed or not fed prior to placement 

into the relative humidity regimes, survived for significantly shorter 

periods of time in conditions of 10 and 33% relative humidity than in 

conditions of 56% relative humidity. The loss of water through insect 

cuticles and tracheal systems by evaporation and transpiration 

increases as relative humidities decrease (Ramsay 1935). Without food 

or drinking water available to replenish water lost through transpira

tion, dehydration ultimately results in death, although the ablility to 

tolerate dehydration varies for different insect species (Edney 1977). 

Dehydration, in dry conditions without food or water, also 

requires insects to remove solutes from their hemolymph in order to 

maintain osmotic pressures suitable for physiological activity (Wall 

1970). Fluids entering the hindgut from the Malpighian tubules are 

isosmotic compared to the hemolymph in many insect species (Stobbart 

and Shaw 1973). In the desert locust, Schistocerca gregaria Forskal, 

water is actively absorbed from these fluids in the lumen of the 

rectum, against an osmotic gradient and in the absence of any movement 

of solutes (Phillips 1964a). Therefore, increasing solute concentra

tions in the hemolymph, due to dehydration, are diluted. The active 

transport of water out of the rectum requires energy and, if boll wee

vils regulate osmotic pressures in the hemolymph similarly to desert 
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locusts, this may explain why boll weevils which were fed prior to 

placement into the relative humidity regimes, and which presumably had 

accumulated greater energy reserves, remained alive significantly 

longer in all relative humidities, except 100%, than those that were 

not fed. 

The utilization of energy to maintain osmotic pressures in the 

hemolymph, as solute concentrations increase during dehydration, may 

also explain the inordinately short longevities of boll weevils which 

were not fed prior to placement into conditions of 76% relative 

humidity. In order to provide this condition, boll weevils were caged 

above a saturated solution of sodium chloride. Sodium concentrations 

in the hemolymph of desert locusts which were fed a saline solution 

increased 40-70% compared to the sodium concentrations in the hemolymph 

of desert locusts which were fed tap water (Phillips 1964b). There

fore, if boll weevils, caged above the sodium chloride solution, 

ingested or absorbed any of the salt, greater demands on energy 

reserves would occur in order to maintain the osmotic pressure of the 

hemolymph. 

The energetic regulation of osmotic gradients in the hemolymph 

may also have reduced the longevity of boll weevils, which were pre

viously fed, in conditions of 100% relative humidity compared to 

similarly treated boll weevils placed in conditions of 56% relative 

humidity. Insect cuticles are more permeable to the inward flow of 

water than the reverse since moisture on the cuticle causes the break

down of lipid layers sealing water channels (Beament 1964). In some 
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insects, as listed by Machin (1979), water vapor is absorbed through 

the cuticle in conditions of high relative humidity. Therefore, in 

conditions of complete saturation at 100% relative humidity, the boll 

weevils may have had to regulate decreasing osmotic pressures in their 

hemolymph due to the influx of water. Wall and Oschman (1970) reported 

that when American cockroaches, Periplaneta americana (Linnaeus), were 

continually fed water, solutes were resorbed in the rectum while water 

was retained and a water fecal material was produced. In the desert 

locust, sodium, potassium and chloride ions are absorbed from the lumen 

of the rectum into the hemolymph against concentration differences of 

up to 100-fold (Phillips 1964b). 

Although boll weevils may survive for extended periods of time, 

without feeding, in cool and moist environments, their longevity was 

significantly reduced by higher temperatures. Since insects are 

poikilothermic, metabolic and other physiological activities increase 

as temperatures in their environment increase. Therefore, fat reserves 

would be depleted faster, without additional feeding, in higher 

temperature regimes. 

No significant differences were found between the longevities 

of either male or female boll weevils, which were either fed of not fed 

before placement into temperature conditions, either fluctuating orcon-

stant, averaging 30°C. Overwintered boll weevils in these temperature 

conditions, initiated reproduction in less than 14 days, when provided 

artificial diet for food and ovipositional strata. Therefore, 

reproductive maturation may be a factor in shortening the longevity of 
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of boll weevils, without food, in higher temperature conditions since 

reproductive maturation would also increase the utilization of stored 

energy reserves. 

Boll weevils, which were not fed cotton squares before being 

placed in temperature conditions of 25°C, remained alive longer than 

either boll weevils which were fed before being placed in temperature 

conditions of 25°C or all the boll weevil cohorts in temperature 

conditions averaging 30°C. Boll weevils which were not fed cotton 

squares, prior to placement into temperature conditions of 25°C, may have 

suspended the maturation of reproductive organs and, therefore, 

increased the time that they remained alive. This assumption is 

reasonable since the atrophy or developmental failure of reproductive 

organs associated with diapause is increased by the inavailability of 

cotton squares (Lloyd and Merkl 1961; Mitchell and Mistric, Jr. 1965). 

Boll weevils, in natural conditions, may not be as adversely 

affected by warm temperatures in overwintering habitats. The survival 

of boll weevils, in warm temperatures, was investigated in conditions 

of 100% relative humidity, which was shown to reduce survival. In 

addition, thresholds for locomotion are the same for seasonal and over

wintering boll weevils (Jones and Sterling 1979). Parencia, Jr., 

Davis, and Cowan, Jr. (1964) found that overwintering boll weevils in 

east Texas actively sought food on days when maximum temperatures 

exceeded 24°C. Therefore, in Arizona, during periods of warmer temp

eratures, boll weevils may seek globemallow and, by feeding on its 

buds and blooms, survive for extended periods of time. 



Overwintered female boll weevils, collected in April and May, 

produced as many eggs as those collected in mid-February. Although 

some of the eggs may have been nonviable, egg production by over

wintered boll weevils averaged more than 150 eggs per female. 

Therefore, delayed planting dates would not decrease the reproductive 

capacity of overwintered females. However, the overwintered female 

boll weevils required ca. 9 more days of feeding, before oviposition 

was initiated, than reported for seasonal boll weevils {Cole and 

Adkisson 1981), under similar temperatures and photoperiods. In 

addition, fewer of the overwintered females collected in May produced 

eggs than those collected in mid-February and April. 

An alternative to increasing cotton-free periods by delaying 

spring planting dates, is the earlier termination and subsequent plow-

down of cotton fields in the fall. Migratory boll weevils, caught in 

grand!ure-baited traps, lived significantly fewer days, without food 

and water, than those collected from cotton fields. However, once food 

and water were provided, there were no differences between the longev

ity of migratory boll weevils and those collected in the cotton field. 

Similarly, boll weevil adults which were fed cotton squares prior to 

placement into the various relative humidity regimes, lived longer 

than those which were not fed in all except the 100« regime. There

fore, if feeding in late-season cotton could be limited, by earlier 

harvest and subsequent stalk destruction, fewer boll weevils may 

successfully overwinter. 



True "host-free" periods would be increased by the earlier 

plowing of cotton fields since globemallow does not bud and bloom pro-

lificly until temperatures begin to increase in the spring. Average 

boll weevil longevity, without globemallow or cotton available for 

food, averaged less than 5 weeks. Plowing cotton fields earlier would 

increase the time period which boll weevils would have to survive with

out food hosts during the fall and early winter, when higher tempera

tures may increase mortality. 

In summary, the survival of overwintering boll weevils in 

southwestern Arizona may be enhanced by portions of the population 

accumulating adipose tissue and suspending reproductivity. Sufficient 

numbers of boll weevils can survive cotton-free periods, of at least 

90 days, to initiate infestations in cotton fields during the follow

ing season under conditions prevalent in southwestern Arizona. The age 

of overwintered female boll weevils did not significantly reduce their 

capacity to produce eggs. 
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