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ABSTRACT 

Investigations were conducted to determine if 

diapause-termination behavior of the pink bollworm, 

Pectinophora qossypiella (Saunders) involves inherited 

characteristics. The influence of this behavior on certain 

biological attributes also was measured. A two-way 

selection was performed on a natural-diapausing population; 

the first larvae to terminate diapause composed an "early 

line" while the last larvae to terminate comprised a "late 

line." After these initial lines were established, further 

generations were selected in the same manner; early 

selections were made from the early line and late selections 

from the late line. Six and five generations were observed 

from the early and late lines, respectively. Comparisons of 

fecundity, longevity, ovipositional period, developmental 

time, and other biological characters were made each suc

cessive generation. 

The diapause-termination time of each line was 

measured by the number of days required for each generation 

to complete pupation. The early line remained unchanged 

until the fifth generation and all generations terminated 

significantly earlier- than those of the late line. The late 

line was progressively later in terminating diapause with 

the longest termination time occurring in the fifth 

xi 
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generation. Reciprocal crosses between the two lines 

indicated no dominance of either termination time. Sex-

linkage was indicated, however, because the early-femaleX 

late-male terminated significantly later than its reciprocal. 

The early and late lines were biologically similar 

except that early terminating individuals demonstrated a 

higher variability. 

It was concluded that diapause termination behavior 

appeared to be under genetic control, in that the time of 

parental diapause termination influenced the time of diapause 

termination in the progeny. Consistency in the time of 

diapause termination in the early-terminating line indi

cated homogeneity of this behavioral characteristic. 

Conversely, the observed diversity in the time of diapause 

termination in the late individuals indicated a heterogeneous 

population. 



INTRODUCTION 

The pink bollworm, Pectinophora qcssypiella 

(Saunders), is one of the most destructive cotton insects 

known and ranks among the half dozen most important insect 

pests of the world (Busck, 1917). It repeatedly reduces the 

yield of lint by 50% or more and materially lessens the 

amount of oil obtained from the seed (Brazzel and Gaines, 

1957). 

The pink bollworm probably originated in India, 

being described as a cotton pest in that country as early as 

1843 (Pearson, 1958). In the early part of this century it 

spread to Egypt and then to the western hemisphere, being 

found in the West Indies in 1911, in Brazil between 1913 and 

1916, in Mexico in 1916, and in Texas in 1918 (Pearson, 

1958). In 1926 infestations were discovered in Arizona 

(Bartlett, 1926) although serious economic infestations did 

not develop statewide until 1966 (Watson and Fullerton, 

1969). This spread of the insect into areas having diverse 

climatic conditions is of special interest to those con

cerned with the ecology and management of the pink bollworm. 

Rapid spread of this insect to practically all 

cotton-producing regions of the world has been enhanced by 

the ability of the last larval instar to enter a state of 

diapause during periods unfavorable for continued development. 

1 
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The diapausing period is often passed inside the mature 

cottonseed. This has allowed the diapausing larvae to 

travel, along with cottonseed, through the normal channels 

of world commerce. The end result has been that man has 

spread the insect throughout the warmer regions of the world 

wherever cotton is grown (Ankersmit and Adkisson, 1967). 

Diapause in the pink bollworm is manifested by a 

cessation of development with no onset of pupation, at the 

end of the feeding period of the last larval instar. 

Initiation of diapause in the cotton fields of western 

Arizona begins in early September and continues into the 

late fall months (Watson, 1973). The insect remains in this 

condition until mid-March when diapause may be terminated by 

the beginning of pupation. A low percentage of the popula

tion emerges in March and April but the peak emergence of 

over-wintering larvae generally does not occur until early 

May (Watson et al., 1970). 

Termination of diapause in the pink bollworm is 

stimulated by photoperiod (Bell and Adkisson, 1964) and is 

highly variable within a population. Generally, moths begin 

emerging in March and continue through June and occasionally . 

July (Watson, Lindsey, and Slosser, 1973). Emergence begins 

in low numbers, climbs to a peak, and the falls again to low 

numbers. This variability within the population poses the 

question as to the cause of diversity in time of diapause 

termination. 
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Barry and Adkisson (1966) indicated that individuals 

not entering diapause in the fall have a genetic character 

for non-diapause. A genetic mechanism also has been 

implicated in the diapause response of the European corn 

borer, Ostrinia nubilalis (Hubner) (=Pyrausta. Beck and 

Apple, 1961); the spruce budworm, Choristoneura fumiferana 

(Clemens) (Harvey, 1957); and certain crickets, Gryllus spp. 

(Bigelow, 1962). House (1967) described a decrease in 

occurrence of diapause in the fly, Pseudosarcophaqa affinis 

(Fall), through successive laboratory-reared generations. 

Since non-diapause has been described as a genetic 

character in the pink bollworm and other insects, the time 

of termination of diapause might also be a genetic character. 

This appeared plausible because of the extreme variation in 

time of diapause termination among individuals within a 

population when subjected to identical diapause-breaking 

conditions. 

The present study was conducted to better understand 

the involvement and influence of genetic factors on diapause 

termination in the pink bollworm. Most of the studies to 

date have been with the presence or absence of diapause 

characters in a population. This study was concerned with 

the differences in genetic characters relating to intensity 

of diapause during and after diapause termination. 

I 



METHODS AND MATERIALS 

This study was conducted at the Entomology Research 

Laboratory of The University of Arizona Agricultural Experi

ment Station at the Campbell Avenue Farm, located approxi

mately 5 miles north of the University at Tucson. A parent 

culture of pink bollworms was collected from a field at 

Yuma, Arizona, and returned to the Tucson laboratory and 

used as a source for all studies. Two bioclimatic cabinets 

were used as rearing facilities. One cabinet was programmed 

for a diapause-breaking environment of 27.5 C and a daily 

photoperiod (L:D) of 15 hours of light and 9 hours of dark

ness (Wellso and Adkisson, 1964).' A second cabinet was 

programmed for a diapause-inducing environment of 20 C and 

L:D photoperiod of 11 and 13 hours, respectively. This 

latter environment, according to Ankersmit and Adkisson 

(1967), will induce diapause in a maximum number of larvae. 

Parent Culture 

The parent culture of pink bollworms was obtained 

from naturally-diapausing individuals in the field. On 

October 21, 1971, several thousand green cotton bolls were 

collected at Yuma, Arizona. These bolls were held in wood-

frame, screen bottom trays measuring 1.8m 27.9cm x 0.6m 

26.7cm. Paper towelling was placed beneath the bolls to 

4 



provide a suitable habitat for exiting larvae to manifest 

diapause. The trays were held on a rack under natural out

door early winter conditions at the laboratory in Tucson. 

On November 4, 1971, 1356 larvae were collected from beneath 

the bolls and placed in 100 x 15mm petri dishes. Ten larvae 

were placed on three squares of paper towelling in each dish. 

These were held under outdoor conditions for an additional 

20 days. At this time all remaining larvae were considered 

to be in diapause. 

This method of using larvae which exited from bolls 

at about the same time insured that all were approximately 

the same age and minimized the effect that differences in 

developmental time might have on time of diapause termina

tion. 

After larval diapause had occurred, petri dishes 

containing the larvae were placed in the diapause-breaking 

cabinet. After a few days to allow for adjustment to the 

new conditions of temperature and photoperiod, a few drops 

of distilled water were added to each dish to moisten the 

paper towelling. According to Wellso and Adkisson (1964) 

moisture is an important factor enchancing the termination 

of diapause in the pink bollworm. The paper towelling was 

kept moist and checked daily for pupation and larval 

mortality. 
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Rearing and Oviposition Conditions 

Following pupation, the pupae were placed in 14.8 ml 

plastic cups and held at 15.5 C and L:D photoperiod of 15 

and 9 hours, respectively, in a separate cabinet. Pre

liminary tests were conducted to determine the best methods 

for storing pupae and the most favorable sequence for 

removing pupae from storage to insure uniform and nearly 

simultaneous moth emergence. It was determined that by 

storing pupae at 15.5 C as they were collected daily and by 

reversing the order (removing the last collections first) at 

time of removal from the storage cabinet, uniform emergence 

of adults could be achieved which insured maximum random 

pairing and mating. 

After adult emergence the moths were maintained in 

oviposition containers and observed for fecundity, longevity, 

and viability of eggs deposited. These containers, described 

by Phillip and Watson (1971), were constructed of paraffin-

lined 236.8 ml squat Dixie containers. The paraffin lining 

prevented oviposition inside the container. A circular 

opening, 3.8 cm in diameter, was cut in the clear plastic 

lid of each container. A piece of wire screen slightly 

larger than the circular opening was permanently placed over 

the opening. For oviposition sites, 3.8 cm diameter circles 

i, of paper towel were held on top of the screen by a weight. 

As adult food, 10% sugar-water was provided in a three-dram 
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vial, with an absorbent cotton stopper, inserted through a 

hole in the lid. 

Biological comparisons of the emerging moths were 

made by randomly selecting 10 males and 10 females from the 

group. One pair was placed in each container. The re

maining moths of the group were all placed in a single 

oviposition container. This facilitated the random mating 

of all individuals which produced the next generation.. All 

oviposition containers were maintained under diapause-

breaking conditions and 60+10% relative humidity. 

The eggs produced by the 10 pairs of moths were 

collected and counted daily and retained in 50mm petri 

dishes until hatching, when duration of egg stage was 

recorded. Eggs produced by randomly-mated moths were 

collected daily and held until hatching. Newly-hatched 

larvae were transferred with a camel's hair brush to 29.6 ml 

plastic cups (3 larvae per cup), filled 3/4 full of lima-

bean diet (Shorey, 1963). Cups were closed with standard-

fitting lids, dated, and placed in the diapause-inducing 

cabinet. 

Larvae were held under these conditions until the 

feeding period was completed and the hibernaculum had been 

spun. After exposure to these diapause conditions, any 

pupae which developed in the cups were removed and the 

remaining larvae, assumed to be in diapause, were subjected 

to the same diapause-breaking conditions as the parent 



culture. One exception was made with these diapause--

induced larvae, in that they were observed for 15 days 

before distilled water was added to the paper towelling. 

Pupation after this point was considered to be termination 

of diapause. 

Selection of Termination Characters 

Parent Culture 

The parent culture of pink bollworms contained 1056 

individuals when introduced into diapause-breaking condi

tions. During diapause termination this culture was 

selected in two directions relative to time of pupation. 

Twelve per cent of the first larvae to pupate were retained 

as an early-pupating line (EPL) and 8% of the last larvae 

formed a late-pupating line (LPL) (Fig. 1, p. 34). Selection 

percentages were established on two criteria. First, the 

percentages of individuals chosen had to be small enough to 

insure a maximum number of days separating the two lines; 

second, the number of individuals chosen had to be large 

enough to provide an adequate gene pool for each line. 

Equal percentages could not be obtained for each 

line because the number of pupating individuals varied from 

day to day. From this point the EPL and LPL groups were 

maintained separately, but subjected to identical rearing 

and ovipositional conditions described in the previous 

section. The selection procedure employed here was 
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patterned after a genetics study by MacArthur (1949) which 

presented a two-way selection for large and small weight in 

mice. 

Early-Pupating Line (EPL) 

The F^ generation of this line was subjected to 

diapause-breaking conditions and observed for rate of pupa

tion. Twenty per cent of the first larvae to pupate were 

selected as parents of the generation. This procedure 

was continued for six generations with one exception. The 

percentage of individuals selected as parents was not 

constant each generation as this was dependent on total 

number of individuals comprising the generation. It was 

necessary, when the numbers were low, to select a larger 

percentage to maintain an adequate gene pool. The most 

drastic change in the per cent selected, or selection 

intensity, occurred in the F3 generation. 

During diapause termination of the F3 generation an 

extremely high pupal mortality was observed. This, in con

junction with a reduced fecundity in the surviving adults, 

was considered symptomatic of a cytoplasmic-polyhedrosis 

virus known to infect the pink bollworm (Bullock, Martinez, 

and Stuermer, 1970). Treatment with a formaldehyde solution 

(Bullock, Mangum, and Guerra, 1969) was started immediately 

on the eggs produced by the surviving adults. The number of 

progency was believed to be too small to undergo selection, 
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so these were reared under non-diapause conditions. Thus, a 

non-diapause generation was reared to increase numbers to a 

sufficiently high level to permit a continuation of the 

selection process in the subsequent generations. This non-

diapause generation was between the F^ and generations 

and was not considered in the termination results. 

Late-Pupating Line (LPL) 

The F^ generation of this line was subjected to 

diapause-breaking conditions and observed for rate of 

pupation. Fifteen per cent of the last larvae to pupate 

were selected as parents of the F2 generation. This pro

cedure was continued each successive generation and, as with 

the EPL, the selection percentage depended on the number of 

individuals in the generation. Only five generations from 

this line were observed for diapause termination behavior 

because of the time differential between the start of the 

late and early lines. 

Reciprocal Crosses 

After 5 and 4 generations of EPL and LPL, respec

tively, diapause termination behaviors of the 2 lines 

differed significantly enough to permit reciprocal crosses. 

The F(. generation of EPL contained 121 larvae and 

the first 65% to pupate were selected as parents. Fifteen 

males and 15 females were randomly picked for the crosses. 
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The remaining pupae were retained as parents for the Fg 

generation. 

The F^ generation of LPL contained 374 larvae and 

the last 25% to pupate were selected as parents. Fifteen 

males and 15 females were randomly picked for crosses from 

this line. All remaining pupae were used as parents for the 

Fg generation. 

Reciprocal crosses were made by placing the 15 EPL 

females with the 15 LPL males in a single oviposition con

tainer; likewise, the 15 LPL females were placed with the 

15 EPL males in another container. The individuals to be 

crossed were placed in a single container to insure random 

mating within each group. The progeny from these crosses 

were maintained separately under rearing conditions similar 

to those for previous generations. 

After the larval development of these progeny, the 

two reciprocally crossed groups were observed for differences 

in rate of pupation. These data were then compared with 

previous generations for indication of sex-linkage and the 

dominance of the observed termination characteristics. 

Comparative Biology 

A random sample of individuals from the EPL and LPL 

was chosen for comparison of various biological characters. 

Each successive generation of the two lines was compared. 
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Comparisons of fecundity, longevity, and duration of 

egg laying periods were made, as previously described, by 

using 10 randomly picked pairs from each line. In addition, 

the progeny obtained from these pairs were used to determine 

larval development and length of pupal stage. 

In determining larval and pupal development, 100 

newly-hatched larvae were selected at random from the above 

progeny. Larvae were held under diapause-breaking condi

tions. Clear plastic cups (29.6 ml) containing lima bean 

diet, covered with a paper lid, were used to rear individual 

larvae. The pupae were removed from the media cups, placed 

in clean cups, and observed daily to determine time of 

emergence. 

Per cent of larval and pupal survival was determined, 

as well as the number of days required for each stage to 

develop. The average duration of each developmental period 

was also determined. 

During larval development in diapause-inducing 

conditions a few larvae pupated, failing to manifest 

diapause. These were recorded as per cent of non-diapause 

each generation and compared between the two lines. In 

addition, the length of the developmental period to diapause 

was recorded each generation. This developmental period 

represents the number of days required for newly-hatched 

larvae to mature and manifest diapause. 
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Statistical Analyses 

Results were statistically analyzed by comparing the 

two lines relative to time required for each generation to 

complete pupation (Appendix A). Mean pupation times were 

compared by using Duncan's Multiple Range Test. Data from 

reciprocal crosses were analyzed in using the Student's "t" 

test. 

Comparisons of biological data between the two lines 

were analyzed by using the Student's "t" test. Fecundity 

means were subjected to analysis of variance within each 

line (Appendix B). Lines showing significant differences 

among generations were analyzed by using Duncan's Multiple 

Range Test. Methods for statistical analyses were used as 

described by Snedecor and Cochran (1967). 



RESULTS 

The results of this study are presented in two main 

sections. The first section deals with the comparative 

biologies of the two selected lines; the second section 

deals with the response of diapause termination behavior 

resulting from selection for early and late termination 

characteristics. 

Comparative Biology 

Comparisons of fecundity, longevity, and other 

biological characteristics are helpful in determining any 

underlying factors involved in this two-way selection pro

cess. The subtle differences that may exist between lines 

selected for early and late diapause termination are useful 

in suggesting the effects that these conditions may have on 

the population as a whole. A knowledge of the biological 

input by each group provides assessment of the diapause-

terminating population that may be present. This also helps 

to substantiate any conclusions drawn from observing the 

selected genetic characters. 

Parental Comparisons 

In considering biological characters it was necessary 

to separate the field-collected parents from their lab-reared 

14 



15 

progeny when data were analyzed because of the inherent 

environmental differences. 

Comparisons between parental lines, selected to 

initiate the early- and late-pupating lines, are presented 

in Table 1. It is obvious from these data that the parents 

of neither group exhibited significant differences in the 

characters observed. The data compare favorably with other 

workers; Phillip and Watson (1971) reported adult female 

longevity and per cent egg hatch at 28.5 C to be 17.6 days 

and 81%, respectively. Their figures are comparable to the 

longevity and per cent hatch data observed at 27.5 C in the 

present study; female longevity of the early-pupating indi

viduals was 17.4 days and 18.9 days for the late group. Per 

cent hatch was 83.6 and 83.9%, respectively, for the early 

and late lines. 

Lengths of ovipositional periods for the early- and 

late-terminating females were 9.3 and 10.6 days, respec

tively. Although the two groups did not differ significantly 

as to duration of oviposition both exhibited somewhat longer 

periods than those reported by Phillip and Watson (1971). 

In their study, the oviposition period averaged 7.6 days at 

28.5 C. This may explain the increased fecundity in the 

present study. The fecundity of the early-pupating adults 

was 277 while the late-pupating adults produced a mean of 

268 eggs per female. These are higher values than those of 

Phillip and Watson (1971), but are in agreement with those 
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Table 1. Biological characters of pink bollworms selected 
to initiate the early- (EPL) and late- (LPL) 
pupating lines under non-diapause conditions. 

Characters EPL LPL 

Pupal survival to adult (%) 78. 0 90. 0 

Pupal weights (mg/pupa) 20. 7 22. 4 

Females producing eggs 
(%) 80. 0 80. 0 

Fecundity (eggs/?) 277. 6 + 132.2^/ 268. 4 ± 176.0^/ 

Ovipositional period 
(days) 9. 3 + 3.2 10. 6 ± 4.5 

Female longevity (days) 17. 4 + 4. 5 18. 9 ± 5.1 

% egg hatch 83. 6 83. 9 

SD—Standard deviation. 



of Graham, Glick, and Ouye (1967), who reported .an average 

of 280 eggs per female. 

These comparisons may have varied because of differ

ences between the field-reared individuals used in this 

study and the laboratory-reared individuals used by other 

workers cited. . Adkisson (1961) presented data concerning 

fecundity and longevity of boll-reared individuals; his data 

are in close agreement with those of the present study. 

Other characters shown in Table 1 were used for 

measuring additional differences that might occur later in 

each group. The pupal weights of the two parent lines are 

the only parameters shown that are not in close agreement. 

The EPL pupae weighed 20.7 mg and the LPL pupae averaged 

22.4 mg; a plausible explanation lies in the procedure used 

to produce these pupae. Since water was added daily to 

enhance termination of diapause, it is possible that the 

increase in weight was due to the larger amount of water 

absorbed by the larvae. This was not tested, however, since 

the LPL individuals did not always remain heavier in 

successive generations. Indications were that no differ

ences existed between pupal weights at various times of 

pupation in this experiment. 

The various comparisons between these 'two parent 

groups were used for assessing biological differences in 

their progeny. Since these two groups showed similar 

characteristics their progency could be expected to be 
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similar also. If, however, due to the genetic selections 

imposed on each, the results became dissimilar after a few 

generations it would be possible to measure the amount of 

variation between the parameters of each line. Each line in 

this case would be a separate population of either early- or 

late-diapause terminators and any differences found could be 

assessed for inherent differences between populations. 

Early-Pupating Line (EPL) Generations 

Successive generations of the early-pupating line 

were compared for several different biological factors. The 

first set of comparisons was concerned with the character

istics of individuals of each generation which terminated 

diapause. These data are presented in Table 2. 

Significant differences were observed in the 

fecundity as the culture continued over six generations. 

The number of eggs produced per female ranged from 209 in 

the F^ generation to 289 in the generation. Fecundity 

in the F2 and F̂  generations was equal to F̂ f F̂ , and F,.. 

The greatest differences were found when the F£ and F^ 

generations were compared with the Fg generation. Although 

differences occurred there was no consistent pattern of 

change over the generations; thus the fecundity did not 

become either progressively larger or smaller with each 

generation. Similarly, longevity showed a lower value at 



Table 2. Biological character means under non-diapause conditions among six 
generations of the early-pupating line. 

Generations 
Fecundity^/ 
(Eggs/?) 

Longevity^/ 
(Days) 

Ovipositional 
Period (Days) 

Egg Hatch 
(%) 

Production 
Females (%) 

F1 
209.2 ab 13.8 H.9 80.4 90.0 

F2 
123.7 b 16.7 8.6 80.4 90.0 

F3 
77.5 b 12.5 5.5 42.8 20.0 

F4 
218.5 ab 14.2 10.5 55.0 60.0 

F5 
239.3 ab 17.9 10.9 57.7 70.0 

F6 
289.0 a 17.4 13.0 56.5 50.0 

Mean + SE 192.4 + 78.4 15.4 + 2.2 11.6 + 2.7 62.1 + 15.1 63.3 + 27.0 

^Means followed by the same letter are not significantly different at 
.05 level, determined by Duncan's Multiple Range Test. 

^Longevity was measured only on females producing viable eggs. 
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the F^ generation. Phillip and Watson (1971) showed no 

relationship between longevity and egg production. The 

experiment produced similar results with only one generation 

showing a correlation between fecundity and longevity. 

Ovipositional periods of the F2 and F^ generations 

were much shorter than those of the other generations. . The 

data indicated that, in general, the females that had the 

longer ovipositional period produced the greater number of 

eggs. These data, with the exception of the generation, 

are correlated to some degree with the longevity. 

The significant differences observed in the early-

pupating line were due, in part, to the presence of a 

cytoplasmic-polyhedrosis virus manifested during the F^ 

generation. Bullock et al. (1970) reported that this virus 

caused a reduction of 66 and 46%, respectively, in fecundity 

and adult female longevity. The data in the present study 

agreed with the reduction in fecundity but longevity was 

less affected. It was evident that the virus influenced the 

variability of this early line, but to determine its full 

impact it was also necessary to compare the influence of 

the virus on the late-pupating line also; this will be 

discussed in a later section. 

A second set of comparisons between generations of 

the early-pupating line concerned the developmental time to 

manifest diapause. Developmental time to diapause, per cent 

of non-diapausing individuals, and larval and pupal survival 
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are presented in Table 3. Since, in this experiment, the 

genetic selection was for early-terminating individuals it 

is desirable to observe the possible changes in these 

characteristics during successive generations. 

Table 3. Mean developmental time to diapause, per cent non-
diapause, and larval and pupal survival at 
diapause termination among six generations of 
the early-pupating line. 

Genera
tions 

Developmental 
time (days) 

Non-d iapaus ing 
larval (%) 

Per cent 
Survival 

Genera
tions 

Developmental 
time (days) 

Non-d iapaus ing 
larval (%) Larval Pupal 

F1 
59.2 23.8 68.4 70.9 

F2 47.4 17.9 94.3 72.5 

F3 76.8 25.0 94.6 36.1 

F4 
48.8 36.0 93.8 90.2 

F5 
62.2 38.3 96.8 85.4 

F6 
50.3 16.4 94.5 94.9 

Mean + SE 57.4 + 11.0 26.3 + 9.1 90.4 + 
10o 8 

75.0 + 
21.3 
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The number of days required for the larvae to 

manifest diapause was relatively constant over the six 

generations observed. The mean developmental time for all 

generations was 57.4 days. The standard error of 11.0 days 

indicated the stability of this development. 

When considering all generations of the early-

pupating line, failure to manifest diapause was exhibited in 

26.2% of the individuals. The range varied from 16.4 to 

38.3%, in the Fg and F,_ generations, respectively. This 

variation was indicative of a reduced stability for this 

character and was higher than expected. A percentage of 

10.8 non-diapausing larvae was reported by Barry and 

Adkisson (1966) under similar conditions. The higher per

centage in the present study may have been caused by 

selection for early-terminating individuals. This will be 

substantiated in a later section in comparisons with the 

generations of the late-terminating line. 

Larval survival in the early-terminating F^ genera

tion was only 68.4% while in all later generations it 

exceeded 93% and was fairly constant. This may have been 

the result of an adjustment of this population to laboratory 

conditions. 

Bullock et al. (1970) reported a reduction of 50% in 

pupal survival due to a cytoplasmic-polyhedrosis virus. 

Similar results were observed in the F^ generation of this 

line (Table 3). The F^ showed a 36.1% survival compared to 
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72.5% survival in the , a 50% reduction. The F^ genera

tion pupal survival was 90.2% following surface steriliza

tion of the eggs. These results were attributed to the 

virus infection and to its control and were not considered 

to be influenced by the selection procedure. 

The third and final set of early line comparisons 

was concerned with the development and survival of individ

uals under normal non-diapausing conditions. These data 

included developmental time of egg, larvae, and pupae of 

each generation, and larval and pupal survival (Table 4). 

The required mean times for egg, larval, and pupal 

development were 4.9, 24.5, and 8.0 days, respectively. 

Total development from egg to adult required a mean of 37.61 

days. These data were in agreement with similar findings of 

Phillip and Watson (1971). 

A mean pupal survival of 85.2, with a standard error 

of 5.0 was observed, indicating little change over the six 

generations. Larval survival showed a greater variation 

with a mean of 43.4% with a range of 22.9 to 55.0% for the 

and F^ generations, respectively. As previously 

mentioned, the F^ was the first laboratory-reared generation 

and this may explain the lower larval survival. The F^ 

generation was not affected by the virus in this case 

because all eggs had been surface-sterilized before this 

test was begun. Thus the variation may be a characteristic 

of the early-pupating individuals. 
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Table 4. Mean developmental time and larval and pupal 
survival under non-diapause conditions among six 
generations of the early-pupating line. 

Genera
tions 

Developmental time (days) Per cent survival 
Genera
tions Egg Larvae Pupae Total-^/ Larval^/ Pupal-^/ 

F1 
4.9 23.1 7.5 35.5 22.9 81.8 

F2 4.7 22.5 8.1 35.7 46.5 84.8 

F3 
5.3 28.5 8.5 42.3 55.0 81.8 

F4 4.9 24.6 8.0 37.5 45.0 86.7 

F5 
4.9 23.2 8.0 37.0 48.0 83.3 

F6 
4.7 25.1 8.1 37.9 43.0 93.0 

Means 4.9 24.5 8.0 37.6 + 
2.5 

43.4 + 
10.8 

85.2 + 
5.0 

£/+ SE-—Standard Error • 
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Late-Pupating Line (LPL) Generations 

Successive generations of the late-pupating line 

were compared biologically in the same manner as were the 

generations of the early pupating line. Three sets of 

similar comparisons were made to determine biological 

differences between each generation of the late-pupating 

line. 

Fecundity, longevity, ovipositional period, and 

other characters of the late line are presented in Table 5. 

These data exhibited no significant differences among five 

generations. The mean fecundity for all generations was 213 

eggs per female. Longevity, ovipositional period, and per 

cent egg hatch were 15.3 days, 9.8 days, and 12.0%, respec

tively. The small variation of these data among generations 

indicated the stability of the late-pupating line. This 

line showed no symptoms of the virus which may account for 

its consistency. 

Comparisons of the developmental time to diapause, 

per cent of non-diapausing individuals, and per cent 

survival of larvae and pupae during diapause termination are 

presented in Table 6. Mean developmental time to diapause 

was 61.2 days for the five generations. The percentage of 

non-diapausing larvae was 11.6. Larval and pupal survival 

was 92.6 and 82.1%, respectively. The small standard error 

of the means are indicative of little change from one 

generation to the next. 



Table 5. Biological character means under non-diapause conditions among five 
generations of the late-pupating line. 

Generations 
Fecundity^/ 
(Eggs/?) 

Longevity^/ 
(Days) 

Ovipositional 
Period (Days) 

Egg Hatch 
( % )  

Production 
Females (%) 

F1 
251.0 16.5 11.2 81.5 60.0 

F2 191.3 10.7 8.2 73.3 90.0 

F3 
y 268.7 16.8 11.1 67.3 70.0 

F4 
205.7 16.8 8.8 71.5 60.0 

F5 
151.2 15.7 9.4 66.7 50.0 

Means + SE 213.6 + 47.1 15.3 + 2.6 9.8 + 1.4 72.0 +6.0 66.0 + 15.0 

•^Means were not significantly different at .05 level. 

^Longevity was measured only on females producing viable eggs. 
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Table 6. Mean developmental time to diapause, per cent non-
diapause, and larval and pupal survival at 
diapause termination among five generations of 
the late-pupating line. 

Genera
tions 

Developmental 
time (days) 

Non-diapausing 
larval (%) 

Per cent 
survival 

Genera
tions 

Developmental 
time (days) 

Non-diapausing 
larval (%) Larval Pupal 

F1 
54.6 8.2 94.1 81.0 

F2 
62.5 17.1 93.3 80.0 

F3 60.2 10.0 94.9 77.4 

F4 
78.4 9.7 92.6 82.6 

F5 
50.3 13.1 88.2 89.6 

Means + SE 61.2 + 10.7 11.6 + 3.6 92.6 + 
2.6 

82.1 + 
4.6 
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In the third set of comparisons (Table 7) the 

stability of the late-^pupating line can be seen again. 

Mean developmental time from egg to adult was 37.8 days. 

Larval and pupal survival were 43.0% and 95.0%, respectively. 

Other than measuring the survival ability of this line, 

these data give little information until compared with the 

previously described data from the early-pupating line. 

Comparison of Early- and Late-Pupating Lines 

A comparison of the biologies of early- and late-

pupating lines is presented in Table 8. For convenience of 

comparison, the data given in this table are the means and 

coefficients of variation of each character observed in the 

two selected lines. The means were calculated from six 

generations of the early-pupating line and five generations 

of the late-pupating line. 

Of the 13 character means recorded in this table, 

four were dissimilar. These were per cent egg hatch, per 

cent pupal survival under both diapausing and non-diapausing 

conditions, and per cent non-diapausing individuals. The 

per cent egg hatch for the early line was 62.2% while for 

the late it was 72.0%; pupal survival at diapause termina

tion was 75.0% and 82.1%, respectively. Pupal survival 

under non-diapause conditions was 85.2% for the early line 

and 95.0% for the late line. The per cent of non-diapausing 

individuals was more than twice as great in the 
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Table 7. Mean developmental time and larval and pupal 
survival under non-diapause conditions among five 
generations of the late-pupating line. 

Genera
tions 

Developmental time (days) Per cent survival 
Genera
tions Egg Larvae Pupae Total-/ Larval^ Pupal^/ 

F1 
4.6 22.9 7.2 34.7 34.0 88.2 

F2 4.9 25.9 8.2 38.3 49.0 95.9 

F3 
5.4 25.2 8.8 39.4 45.0 100.0 

F4 
5.0 25.6 8.1 38.7 42.0 97.6 

F 
5 

4.9 25.1 8.0 38.0 45.0 93.3 

Means 5.0 24.9 8.1 37.8 + 
1.8 

43.0 + 
5.6 

95.0 + 
4.5 

^+ SE—Standard Error. 
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Table 8. Comparison of biological-character means and 
variability between the early- (EPL) and late-
(LPL) pupating lines. 

Characters 

EPL LPL 

Characters Means cv-5/ Means cv̂ / 

Fecundity (eggs/?) 192. 4 40.8 213. 6 26.0 

Longevity (days) 15. 4 14. 3 15. 3 17.1 

Ovipositional period (days) 11. 6 23.1 9. 8 18.4 

Egg hatch (%)^/ 62. 2 24.3 72. 0 8.3 

Productive females (.%) 63. 3 42.9 66. 0 22.7 

Non-diapause conditions: 

Developmental time (days) 37. 6 6. 6 37. 8 4.8 

Larval survival (%) 43. 4 25.0 43. 0 13.1 

Pupal survival (%)^/ 85. 2 5.9 95. 0 4.8 

Diapause conditions: 

Developmental time (days) 57. 4 19.2 61. 2 17.5 

Larval survival (%) 90. 4 12.0 92. 6 2.8 

Pupal survival (%)^ 75. 0 28.5 82. 1 5.6 

Non-diapause (%)^/ 26. 2 34.7 11. 6 30.6 

Pupal weights (mg) 22. 4 12.1 21. 4 7.0 

•̂ /cv = Coefficient of variation. 

Means of these characters were significantly 
different at .05 level, determined by Student's "t" test. 



early-pupating line as it was in the late. As mentioned 

previously, the virus attack may have caused a lower value 

for the early line; of the means that differed, however, 

only the reduction of pupal survival at diapause termination 

can be attributed to the virus infection. The other means 

were obtained after treatment began for the disease. This 

indicates a difference in characters resulting from the 

selection process. The reason for the lower survival in 

the early-pupating line was not determined in this study. 

A comparison of the means of other characters, such 

as fecundity, longevity, and ovipositional period, between 

the two lines indicated close similarities. However, this 

may be misleading because the results showed in general that 

the early line could not maintain itself on an even basis 

with the late-pupating line. Larval survival is an example. 

Means were 43.4% and 43.0%, respectively, for the early and 

late pupating lines under non-diapausing conditions; however, 

the coefficient of variation of the early line, 25.0, is 

almost double that of the late which is 13.1. A comparison 

of the per cent females that produced viable eggs also 

illustrates this point. The means were equal but again the 

coefficient of variation among the generations of the early 

line was almost double that of the late-pupating line. 

Other factors, such as reduced egg viability and larval and 

pupal survival under diapause conditions also illustrate the 

higher amount of variability within the early-pupating line. 
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The increased variability for some of the characters may have 

been caused by the viral infection in the early line but 

characters mentioned above have been shown to be unaffected 

by the virus (Bullock et al., 1970). This indicates that 

the early line may be more susceptible to the virus and that 

an overall increased variability for this line probably 

exists. 

The overall smaller variance among generations of 

the late-pupating line indicated a maintenance of stability 

for all characters observed. This stability of response is 

indicative of a heterozygous population. It is possible 

that under relatively stable conditions of a normal environ

ment for a particular organism, the range of variability of 

some traits will be less in a group of heterozygotes that in 

a homozygous population (Lerner, 1954). In addition the 

variation in the expression of arranged characters may be 

found to be less in individual heterozygotes than in indi

vidual homo zygotes. Thus the reduced variances demonstrate 

the heterogeneity of the selected late line while the high 

variances in the early is characteristic of a homozygous 

population. 

Response to Selection 

Three primary population responses were used in this 

study to evaluate the effects of selection on diapause 

termination behavior. The first response involved the 
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pattern of diapause termination of the field-collected 

parents (Fig. 1) which established initial points for the 

two-way selection. The second response involved behavior 

change among successive generations from this two-way 

selection, and the third response involved effects of their 

reciprocal crosses. 

Response of Field-Collected Parents 

Response of the diapausing, field-collected indi

viduals during diapause termination dictated the magnitude 

of the two-way selection. The features of the response are 

displayed in Figs. 1 and 2. Figure 1 shows the daily cumu

lative per cent pupation and the periods at which the 

parents were selected from each end of the pupation period. 

A total of 956 larvae required 50 days to reach 100% pupa

tion. The mean pupation time was 22.1 days. The early-

pupating parent line was selected between the 6th and 12th 

day, the late was chosen between the 31st and 38th day with 

19 days separating the two groups. This graph is a typical 

termination curve for the pink bollworm and was similar to 

curves obtained by others working with termination of dia

pause in the pink bollworm (Watson et al., 1970). 

The same termination data from the field-collected 

individuals are presented differently in Fig. 2, which shows 

the per cent pupation on a daily basis. This gives a better 

representation of the days when pupation was the highest and 
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better illustrates the two extremes from which the selec

tions were made. Two peaks occurred during pupation; the 

first, and much smaller peak, was between the 6th and 12th 

days while the second showed a gradual rise from the 14th 

day to its upper limit at 26 days. These two peaks indi

cated the possibility of two separate groups as to time of 

pupation. This helped to distinguish the termination 

characteristics of individuals selected and gave a more 

exact timing for selection of the parents. 

Progeny Response to Selection 

The termination response of the six generations of 

the early line and five generations of the late line are 

presented in Figs. 3, 4, 5, 6, and 7. These figures show 

the daily cumulative per cent pupation of the various 

generations. Also, the individuals chosen each generation 

as parents are specified. 

The figures mentioned above show the cumulation of 

pupation to 100%. Comparisons of the early and late curves 

were made on the basis of 50 and 95% pupation levels. The 

justification for comparing 50% levels is obvious but the 

95% level was chosen because the last 5% normally contained 

less than three individuals. The pupation time, of these 

last individuals was too variable to provide an adequate 

comparison. 
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Figure 3 shows a comparison of the early, E^, and 

late, L^, progeny. The E^ termination period lasted 24 days 

for 348 individuals, and the period required 44 days for 

413 individuals to reach 100% pupation. Hereafter, due to 

reduced numbers per generation, comparisons were made 

between 95% levels. An important aspect to note was the 

time required to reach the 50% pupation level; this was 8 

and 13 days, respectively, for E^ and L^. The termina

tion time appeared to be later and will be statistically 

compared in a later table. 

The pupae from the first 5 days of were chosen as 

parents for E2 while those from the last 25 days of the 

were selected as parents of L2. The number of days required 

to obtain the parents differed greatly but the selections 

were approximately equal to 20% of each line. 

Figure 4 shows the E2 and L2 diapause termination 

comparisons; L2 was much later than Line E2 reached 95% 

termination at 16 days and L2 required 30 days. The number 

of days to reach 50% pupation was 9 and 17, respectively, 

for the E2 and L2 <3rouPs* This indicates that E2 was similar 

to E^ in Fig. 3. However, L2 was much later than E2 and was 

also later than its parents. A change due to selection 

in the late line was indicated. 

Because of the reduced numbers in the E2 and L2 

generations the per cent chosen as parents was increased 

(Fig. 4). The E2 group consisted of 157 individuals and 
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approximately 42% were selected. The was composed of 208 

individuals with about 38% of these being chosen as parents 

of the next generation. 

The E^ and generations are compared in Fig. 5. 

It required 9 and 15 days, respectively, for the E^ group to 

reach the 50 and 95% pupation levels. When compared to the 

two previous generations there was no evidence that the 

early culture had been affected by the selection process. 

On the other hand, the reached 50 and 95% levels at 21 

and 30 days, respectively. Comparing these data back to 

previous generations, the line exhibited a delay in dia

pause termination and thus a response to selection. 

Due to reduced numbers the selection intensity was 

lowered in the E^ generation. Approximately 74% of the 114 

individuals were selected as parents for the E4# This was 

done in an attempt to increase the number of individuals in 

the next generation. The selection intensity of the was 

retained at a high level, 22%, because this culture demon

strated the ability to maintain itself at a constant level. 

The termination rates of E^ and are compared in 

Fig. 6. E^ was nearly identical to its Eg parental genera

tion. Fifty and 95% pupation levels were attained at 9 and 

15 days, respectively However, concluded termination at 

^ a faster rate than its parents. The line reached 50% 

pupation at 19 days, 2 days earlier than its parents. 

The 95% pupation levels were equal at 30 days. The earlier 
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termination rate of was unexpected because of the trend 

established over previous generations. 

As explained previously, this selection experiment 

was performed on six generations of the early and five 

generations of the late pupating lines. The last two 

generations of the early, E,. and E^, and the last generation 

of the late pupating line are presented in Fig. 7. The E,. 

and L,- were compared and the E^ was considered additional 

data for the early line. 

The E5 demonstrated the first change in the early 

line. The 50% pupation level was reached in 8 days, one day 

less than in E^. The 95% pupation level was attained in 15 

days and was equal to the E^. E^ and E^ appeared to be 

equal. 

The L5 was obviously later than any previous genera

tion. The 50% pupation level was reached on day 24, while 

the 95% level was not reached until 35 days had elapsed. 

The increased separation of the early and late termination 

curves demonstrated the magnitude of response in the two-

way selection. 

Comparison of Progeny Response 

The previous figures demonstrated the change and 

apparent differences among generations of the early and late 

lines. The changes may be better understood if the termina

tion data are compared to show the variation in the daily 
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number of pupae that occurred during termination. To 

compensate for differences in generation size, per cent 

pupation was used to represent the number of larvae that 

pupated each day and was expressed as the daily per cent 

pupation. 

All generations of the early- and late-pupating 

lines are shown by per cent pupation on a daily basis in 

Fig. 8. There was a definite change in diapause termination 

behavior as a result of the process of selection for 

specific time of pupation. The continuous selection for 

early termination caused the various peaks to coalesce after 

two generations. Thus, the peak pupation was reached and 

declined at a fast rate. This indicated the selection and 

grouping of larvae that possessed the characteristic for 

early termination. The overall percentage of pupating 

larvae, however, did not change until the last two genera

tions. This suggested that the selection process for early 

diapause termination was approaching a limit, beyond which 

any increase in rate of termination was unlikely. 

Conversely, successive generations of the late line 

showed that as selection proceeded the proportion of the 

population with delayed pupation increased. The increase in 

per cent of late-pupating larvae caused the peaks to be 

displaced toward the late termination time. 

The response to selection was further demonstrated 

by the reduction in overlap that occurred with each 
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generation. The two F^ pupation curves showed complete 

overlap but the main peaks were separated enough to indicate 

differences. After the F^ generation the overlap was pro

gressively less with each succeeding generation. This 

decline in overlap is indicative of the success of the 

selection. It must be added that most of the separation was 

attributed to the change in the late-pupating line because 

the early line changed only slightly during the six genera

tions observed. Thus, the comparison of these responses 

indicated that the early-pupating response to selection was 

not as great as the late response. 

Statistical Analysis 

The responses were represented by numerical means of 

the number of days required to complete diapause termination. 

Table 9 presents the statistical comparisons of the means, 

standard deviations, and coefficients of variation separately 

for each generation of the two lines. The required a 

mean of 25.1 days to complete diapause termination and was 

significantly later than the other generations. ex

hibited a mean of 21.2 days and ranked as the second latest. 

Generations and were similar and ranked third, both 

exhibiting significantly earlier diapause termination than 

either or L,.. The mean termination time of was only 

13.6 days, significantly earlier than any of the later 

generations. 



Table 9. Termination time of diapausing larvae from field 
collected stock (generation 0), and from the 
early and late lines after all generations of 
selection. 

Generation 
Mean (days) 

termination time 
Standard 
deviation 

Coefficient 
of variation 

• ( % )  

0 22.1 8.3 37.0 

L5 
25.1 a 6.8 27.2 

L4 
19.4 c 6.6 34.1 

L3 
21.2 b 5.9 27.3 

L2 18.7 c 6.3 33.9 

L1 
13.6 d 5.7 41.9 

E1 
9.0 e 4.0 44.4 

E2 9.1 e 4.1 47.3 

E3 
8.9 e 3.1 34.3 

E4 
9.3 e 3.6 38.9 

E5 
7.8 f 3.4 43.5 

E6 
7.9 f 3.1 38.7 

Totals 

El-6 
8.7 3.7 42.5 

Ll-5 
19. 6 6.8 34.7 

^Means followed by same letter are not signifi
cantly different at .05 level, determined by Duncan's 
Multiple Range Test. 
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The first generation selection of early and late 

lines resulted in significant differences; this was obvious 

when comparing their respective mean termination times of 

9.0 and 13.6 days. As the selection of the early line 

continued through the first four generations no differences 

were observed in mean pupation times. The first real dif

ference in the early line occurred at the E,_ generation; the 

mean generation time of 7.8 days was significantly earlier 

than any previous generation. However, this change did not 

continue as the E^ generation was not significantly differ

ent from Eg. Thus, the early line demonstrated little 

response to selection. 

As the mean pupation times increased in the late 

line the standard deviations also increased (Table 9). It 

should be noted, however, that the coefficients of variation 

were gradually decreasing. Apparently the late line was 

becoming more uniform in pupation time, though genetic 

variations around the means were higher. This suggests that 

the increase in variation was compensated for by a corre

sponding increase in the mean. 

The mean pupation times in the early line were 

relatively constant as were the standard deviations. The 

coefficient of variation continued throughout at about the 

b same high percentage level, unaltered by selection. This 

suggests that the early line was becoming less stable 
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because the genetic variation was high when compared to the 

reduced means. 

In analyzing a selection experiment, such as in the 

present study, it is necessary to determine the cause of the 

observed responses. Response to selections was observed in 

the late line but little was shown in the early line. It 

was sought to determine if these responses were due to 

characteristics of the lines or intensity of selection each 

generation. The heritability of the selected lines was also 

calculated and analyzed. 

The selection intensity represents the portion of 

the population that was chosen to produce the next genera

tion. Intensity calculations were patterned after Falconer 

(1960) and presented in Table 10. Heri-tability is the ratio 

of the genetic variation to variation caused by environmental 

effects, the proportion of the selected characteristics that 

were due to genetic effects and were inherited (Falconer, 

1960). 

This table shows that the most intense selection was 

obtained in the late line. The mean intensity for this line 

was 1.27 compared to .97 for the early. However the differ

ences of intensity were not sufficient to justify the 

extreme differences in the observed response of the two 

5 lines (compare Table 9). Thus, the variation in response 

between the two lines was not due to selection intensity. 
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Table 10. Selection intensity and heritability of the early 
and late selections for each generationS/ 

Generation 

Proportion 
Selected 

(%) 
Selection 
Intensity 

Heritability^/ 
(%) 

E1 
20.4 1.39 — 

E2 42.7 ' .95 43.7 

E3 
37.7 1.00 39.6 

E4 
40.5 .98 41.5 

E5 

Means + SE 

65.3 .55 40.7 E5 

Means + SE 41.3 + 16.0 0.97 + 0.30 41.4 + 1.7 

L1 
15.5 1.60 — 

L2 
38.5 1.00 37.6 

L3 
27.6 1.20 39.0 

L4 

Means +_ SE 

25.4 1.29 49.7 L4 

Means +_ SE 26.7 + 9.4 1.27 + 0.25 42.1 + 6.6 

•^Calculations obtained from Falconer (1960). 

^Not calculated for first generations because of 
unknown environmental variation in field-reared parents. 
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The heritabilities were 41.4% for the early selec

tion and 42.1% for the late selection. Apparently the 

heritability was equal for the two selections, though the 

late varied between wider limits. This suggests that a 

single generation of the late line gives an unreliable 

estimate of heritability in a population of this size. The 

heritabilities were high which indicated a high inheritance 

of the termination characteristics selected. 

An important factor to be noted at this point is the 

comparison of termination results with the previously 

reported biological data. The late-pupating line was shown 

to be significantly later than the early line for diapause 

termination (Table 9). Comparing this with the development 

during diapause (Table 8), it was found that the two lines 

manifested diapause at approximately equal lengths of time. 

The EPL averaged 57.4 days while the LPL requred 61.2 days 

to enter diapause. This indicated that the time required to 

develop and manifest diapause was not related to the rate of 

diapause termination. 

Response of Reciprocal Crosses 

The diapause termination responses of the reciprocal 

crosses were compared graphically and numerically using 

means and variances. One graphic comparison is shown in 

Fig. 9. The four curves represent the termination rates of 

the EE (9?d'd't respectively), EL, LL, and LE crosses. The 
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E??XEeW and LSSXLcfd' curves were represented by the Eg and 

generations (compare Fig. 7). It will be noticed that the 

E??XLc?d* and L??XE^ were intermediate between the E??XE<^cf 

and L??XL<^cf termination rates. This indicated intermediate 

or no dominance of either termination characteristic 

selected. The significance of this difference is enumerated 

in Table 11. 

Table 11. Mean termination time (days) and variance of 
progeny from parent and reciprocal crosses. 

Mean + Sr£/ Variance 

EXE 7.9 + 3.1 a 9.4 

LXE 12.8 + 4.6 b 20.7 

EXL 15.9 + 6.4 c 41.5 

LXL 25.1 + 6.8 d 46.7 

^Means followed by same letter are not signifi
cantly different at .05 level, determined by Student's "t" 
test. 
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Table 11 shows the numerical comparisons of the mean 

pupation times and variation of"the crosses. As stated 

previously, the E??XEc?c? (E^) and L29XL<W-:(Lg) matings were 

significantly different. The reciprocal crosses showed that 

the E$?XL^c? was significantly later than the L^XEdV. Thus, 

influence of the late-terminating males caused termination 

to be later than early-male influence and suggests change 

was due to male effects. This indicates that sex-linkage 

was involved. 

The involvement of sex-linkage was tested further by 

another method. In Lepidoptera, the phenotypes of female 

offspring in crosses are always similar to the paternal 

parent (Strickberger, 1971). Thus, in the present study the 

female offspring from the early-female and late-male matings 

should terminate diapause later. These comparisons are 

displayed in Figs. 10 and 11. 

The cumulative per cent pupation of the male and 

female offspring from the L??XE<^cf is presented in Fig. 10. 

The pupation curves were approximately equal in this figure. 

Figure 11 shows the cumulative per cent pupation of the male 

and female offspring from the E??XLcW. The pupation curve 

for the females was much later than that of the males. 

Comparison for significance showed that the female offspring 

!» of early-femaleXlate-male parents was significantly later 

in pupation time (Table 12). A corresponding earlier 
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Table 12. Comparison of mean termination time (days) of the 
female and male progeny of reciprocal crosses. 

Crosses Mean + SD Variance 

LSSECW 

??  12.1 + 4.3 18.5 

Jcf 13.6 + 4.6 21.0 

E ??L^ 

??  18.2 + 7.1-^ 49.8 

12.9 4* 4.0 15.8 

•^Significantly different at .05 level, determined 
by Student's "t" test. 



termination of female offspring from the late-femaleXearly 

male parents was not observed. 



DISCUSSION 

Comparative Biology 

A population, in the genetic sense, is not merely a 

group of individuals, but is a breeding group; the genetics 

of a population is concerned not only with the genetic 

constitution of individuals, but also with the transmission 

of the genes from one generation to the next. A large 

random-mating population is stable with respect to gene 

frequencies and expression in the absence of agencies 

tending to change its genetic properties. Two-way selection, 

employed in the present study, is one of the agents which 

causes a.change of gene frequencies and genetic properties 

in either of the selected lines. According to Donald (1948) 

departures from the random-mating system will reduce the 

stability of a particular developmental process to the point 

where it can be easily upset by mutant genes or by some 

accident of environment during a susceptible stage. 

Apparently, the selected early-diapause termination line has 

manifested this reduced stability and upset because of its 

extreme variation in expression of biological characters. 

It has been recognized by many investigators that 

one of the features of reduced stability is an increased 

variability of phenotypic characters (Lerner, 1954). The 

genetics of the early and .late lines centers around the 
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study of their variation. The basic idea in the study of 

variation is its partitioning into components attributable 

to different causes. The relative magnitude of these 

components determines the genetic properties of each popula

tion, in particular the degree of resemblance between 

relatives. Thus, in the present study, the expression of 

the phenotypic characters was facilitated by the comparison 

of the various biological characters within and between each 

selected line. 

The magnitude of the variation of the early and late 

lines has been presented in a previous section and will not 

be discussed here. However, the extreme variability between 

relatives within the selected early line appears to have 

disturbed the stability of the population. An important 

fact to consider is the presence of the cytoplasmic-

polyhedrosis virus in this line. Since the infection was 

not found in the more stable late line, it is possible that 

the instability in the early line resulted in a population 

more susceptible to the virus. In addition, this suggests 

a possible connection between length of time spent in dia

pause and the viral infection. 

MacArthur (1949) demonstrated in a two-way selection 

for mice weight that certain "by-products" resulted from 

selections over several generations. Determination of these 

secondary characters was the purpose of the many biological 

comparisons in the present study. It should be emphasized 
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that at no time was selection directed on the secondary 

characters. 

Another "by-product" observed in this study related 

to the incidence of diapause exhibited within each of the 

two lines when subjected to identical diapause-inducing 

conditions. The proportion of the early-pupating line which 

failed to enter diapause was more than double that exhibited 

by the late-pupating line. The non-diapause character has 

been suggested as being a "threshold character"; it is an 

all-or-nothing response (Barry and Adkisson, 1966). With 

this mind, an association of early termination and non-

diapause characters appears possible because the selections, 

in the present study, were always performed after ascer

taining diapause. The association of characters of this 

type may be due to a variety of mechanisms (MacArthur, 1949) 

and should be considered in future studies. 

A review by Lerner (1954) discusses the relationship 

of observed biological data to conclusions regarding homo

zygous and heterozygous populations. Many investigators 

have shown that high variation in expression of characters 

is indicative of a homozygous population. Conversely, 

reduced variation indicates heterozygosity which is respon

sible for uniformity of fitness among relatives. Thus, the 

b results of the present study indicated the early line to be 

highly variable and homozygous, while the late demonstrated 

the tendency toward heterogeneity or "genetic homeostasis." 
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Response to Selection 

The rates of response to selection for early- and 

late-diapause termination were unequal in the two directions. 

The early line demonstrated little response to selection for 

earlier pupation and may be considered to he a "plateaued 

population" (Clarke, Smith, and Sondhi, 1961). The main 

conclusion to be drawn is that more rapid progress was made 

in the late line than in the earlyj progress toward later 

diapause termination was statistically significant. 

The fifth generation of the early line exhibited a 

response toward earlier pupation. A continuation of this 

response was not shown in the sixth generation since it was 

equal to the fifth. Had the sixth generation, been signifi

cantly earlier in diapause termination the assumption that 

the population had "plateaued" would have been invalid. 

Falconer (1960) considers this plateau effect to be present 

when a population is at the "selection limit." It is 

usually impossible to decide exactly at what point the limit 

is reached, thus the response can only be estimated. A 

"selection limit" appears to have been reached in the early-

termination line. In future experiments this should be 

tested by performing a reversal of selection of this line. 

Since termination of diapause involves the activation 

of various physiological mechanisms, such as the brain, 

brain hormones, prothoracic glands, ecdysone, etc. (Wiggles-

worth, 1965), it seems more logical in the present study to 
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term the selection limit as a physiological limitation. 

Photoperiod and temperature determine the conditions when 

diapause termination may begin (Adkisson, 1966), and in the 

present study the time when the physiological processes were 

activated in an individual appeared to be under genetic 

control. Apparently, the selected early line reached its 

physiological limitation which prohibited faster termination 

beyond a specific level, regardless of genetic control. 

One of the interesting features of the two popula

tions was that the early line approached its limit in the 

first selected generation, but the late line showed no signs 

of limitation after five generations. This suggests that 

the individuals which terminate diapause early are homo

zygous for this character, and their progeny will also 

terminate early. The late line produced individuals which 

terminated both early and late, indicating a heterozygous 

population. However, the trend toward late diapause termina

tion suggests that it may be possible to eventually select 

out a homozygous late-terminating line. Continued selection 

of this line was not possible in this study but should be 

considered in future experiments. 

The above discussion is not meant to imply that 

only two genes, early and late, are present diapause termina

tion. However, the results from this study have shown that 

time of diapause termination of individual pink bollworm 

larvae can be inherited from their parents. 



SUMMARY 

Research was conducted at Tucson, Arizona, in 1972 

to determine the involvement of inheritance of diapause 

termination behavior and its subsequent effects on the 

biology of the pink bollworm, Pectinophora qossypiella 

(Saunders). A parent culture from Yuma, Arizona, was used. 

Selection for early and late termination behavior 

was successfully accomplished. The early line displayed the 

evidences of terminating diapause significantly earlier than 

the late line. These differences were due to the selection 

imposed on the late line because it became progressively 

later as selection continued for five generations. The 

early line showed minimal change toward an earlier termina

tion time in the six generations observed. 

The reciprocal crosses between the two lines indi

cated no dominance of either termination time. However,' 

sex-linkage was indicated because the early-femaleXlate-male 

was significantly later than its reciprocal. Thus, the time 

of diapause termination in the pink bollworm appears to be 

under genetic control. This was the case when individuals 

terminating at the same time were mated; but the matings of 

individuals separated as to time achieved an average termina

tion rate. Therefore, the early diapause termination of 

progeny depended on the time of diapause termination of both 
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parents; although the termination times of late progeny were 

also influenced by both parents, most of the effects on 

termination time were attributed to the paternal parent. 

The two lines were similar biologically, with the 

exception that the early line demonstrated a high instability 

as compared to a relatively stable late line. This in

stability or high variation plus the consistency of the 

termination data indicated the homogeneity of. the early 

line. Conversely, the biological stability and termination 

diversity of the late line was an example of a heterozygous 

population. 

The research presented in this study may assist in a.. 

better evaluation of the variability present between indi

vidual pink bollworms. More importantly, this should give 

a better understanding of the factors involved in the 

termination of diapause in a population. 



APPENDIX A 

ANALYSES OF VARIANCE OF DIAPAUSE TERMINATION TIMES 
OF THE EARLY- AND LATE-PUPATING LINES 

Source 
Degree of 
Freedom 

Sum of Squares 
(SS) 

Diapause Termination Early-Pupating Line ANOV: 

Total 1025 14379.973 

Treatments 5 296.853 

Error 1020 14083.120 

Mean Squares 
(MS) 

59.371-^ 

13.807 

Diapause Termination Late-Pupating Line ANOV: 

Total 1334 68224.741 

Treatments 4 17192.527 

Error 1330 51032.214 

4298.132^/ 

38.370 

Significant at .01 level. 
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APPENDIX B 

ANALYSES OF VARIANCE OF FECUNDITY OF THE 
EARLY- AND LATE-PUPATING LINES 

Source 
Degree of 
Freedom 

Sum of Squares 
(SS) 

Fecundity Early-Pupating Line ANOV: 

Total 33 445039.559 

Treatments 5 135553.569 

Error 28 309485.990 

Mean Squares 
(MS) 

27110.714^/ 

11053.071 

Fecundity Late-Pupating Line ANOV: 

Total 32 487213.516 

Treatments 4 53887.953 

Error 28 433325.563 

13471.988 

15475.913 

—^Significant at .05 level. 

• 
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