
BREEDING BIOLOGY OF DROSOPHILA
PACHEA AND ITS RELATIVES

Item Type text; Dissertation-Reproduction (electronic)

Authors Jefferson, Margaret Correan, 1947-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 09:16:52

Link to Item http://hdl.handle.net/10150/289636

http://hdl.handle.net/10150/289636


INFORMATION TO USERS 

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 

4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 

University Microfilms International 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 USA 

St. John's Road, Tyler's Green 
High Wycombe, Bucks, England HP10 8HR 



77-29,345 

JEFFERSON, Margaret Correan, 1947-
BREEDING BIOLOGY OF DROSOPHILA PACHEA 
AND ITS RELATIVES. 

The University of Arizona, Ph.D., 1977 
Genetics 

Xerox University Microfilms, Ann Arbor, Michigan 48106 



BREEDING BIOLOGY OF DROSOPHILA PACHEA 

AND ITS RELATIVES 

by 

Margaret Correan Jefferson 

A Dissertation Submitted to the Faculty of the 

COMMITTEE ON GENETICS (GRADUATE) 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 7 7 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Margaret Correan Jefferson 

entitled Breeding Biology of Drosophila pachea and its Relatives. 

be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy 

Dissertation Director Date 

After inspection of the final copy of the dissertation, the 

follov/ing members of the Final Examination Committee concur in 

its approval and recommend its acceptance:'" 

•7/1/77 

7//<2/77 

_ 7Ajf-!? 

vyf") V/S/r? 

This approval and acceptance is contingent on the candidate's 

adequate performance and defense of this dissertation at the 

final oral examination. The inclusion of this sheet bound into 

the library copy of the dissertation is evidence of satisfactory 

performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this dissertation are 
allowable without special permission, provided that 
accurate acknowledgment of source is made. Requests for 
permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the 
head of the major department or the Dean of the Graduate 
College when in his judgment the proposed use of the 
material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the 
author. 

SIGNED; C flWffyw , ^ 



ACKNOWLEDGMEN TS 

It is difficult for the author to adequately 

express her gratitude to the many people who have con

tributed to the successful completion of this dissertation. 

The author wishes to deeply express her appreciation to Dr. 

William B. Heed for his direction and guidance with this 

project. His expertise in the area of Drosophila evolution 

and ecology was invaluable and always unselfishly avail

able. His knowledge and communication with other experts 

in the field of Drosophila evolution and ecology have pro

vided an excellent environment to conduct research. I wish 

to thank him for supplying equipment, materials, space, and 

for the financial aid provided through a National Science 

Foundation grant (DEB 74-19148 A03) awarded to Drs. 

William B. Heed and Henry W. Kircher. Finally, I wish to 

thank him for his patience and encouragement which he 

provided freely throughout the course of this dissertation. 

The author wishes to express her appreciation to 

each of the following for their role in the successful 

completion of her doctoral program: 

To her major committee members, Drs. Robert M. 

Harris and Oscar G. Ward, for their constructive sugges

tions and encouragement and for inspiring confidence 

throughout the doctoral program. 

iii 



To her minor committee members, Drs. Peter E. 

Pickens, H. Ronald Pulliam, and James H. Brown for their 

constructive suggestions and guidance in the areas of 

physiology and ecology. 

To Sam Semoff and Jerrolynn Campbell for their 

valuable assistance in helping to prepare the material for 

transmission and scanning electron microscopes, and to Drs. 

Wayne R. Ferris and Edward C. Carlson for the use of their 

electron microscopes. 

To Drs. William T. Starmer and E. Susan Sluss for 

their valuable suggestions provided during the course of 

this research, to Dr. Henry W. Kircher for his suggestions 

on the nutritional experiment, and to Dr. Lee Ehrman for 

providing me with valuable references and helpful sugges

tions for the mating choice experiments. 

To Mrs. Jean S. Russell for collecting some of the 

rotting senita cacti from numerous localities and for her 

expertise in technical procedures. 

To the graduate students in Dr. Heed's laboratory, 

Dave Baldwin, Bob Mangan, Garry Duncan, Don Vacek, Bill 

Johnson, Dori Jurgenson and N. P. Snotz, for the benefits 

from free exchange of ideas and results and for collecting 

assistance in the field. I also want to thank Bob Mangan, 

Dave Baldwin, and Garry Duncan for their many additional 

hours of advice and for providing me with valuable refer

ences, and Bill Johnson for his illustrations of Mexico. 



V 

To the National Fellowships Fund which provided me 

with a dissertation-year fellowship and to Sigma Xi for 

their financial assistance. 

To Drs. Kenneth F. Marsh, Robert W. Garrett, James 

R. Manshardt, Mrs. Koreen J. Balch, and Mrs. Arlene A. 

Schaefer for their thoughtfulness and continuous encourage

ment during the course of this dissertation. They have 

succeeded in helping me keep everything in the proper 

perspective. 

And, finally, to Dr. Roger Woods for kindling the 

flame of academic ambition to pursue the doctoral degree. 



TABLE OF CONTENTS 

Page 

LIST OF TABLES ..... x 

LIST OF ILLUSTRATIONS xiv 

ABSTRACT xvii 

CHAPTER 

1. INTRODUCTION 1 

Features of the Reproductive 
Biology of Drosophila 3 
Male and Female Reproductive 

Systems 3 
Mating Behavior 7 
Sperm Storage 9 
Sperm Utilization 12 
Sexual Selection 13 
Multiple Insemination and Sperm 

Competition 15 
Background Information on Drosophila 

pachea and its Relatives 17 
Taxonomic History 18 
Ecology, Habitat, and Distribution . . 21 
Chromosomal Variation 22 
Electrophoretic Variation 23 
Migratory Behavior 24 
Mating Behavior 24 
Reproductive Biology 25 

Purpose of Study 27 

2. THORAX SIZE, OVARIOLE NUMBER, AND MATURE 
EGG NUMBER 29 

Materials and Methods 31 
Results 32 

3. NUTRITIONAL EFFECTS ON OVARIOLE NUMBER, 
MATURE EGG NUMBER, AND EGG TO ADULT 
VIABILITY 48 

Materials and Methods 48 
Results 50 

vi 



vii 

TABLE OF CONTENTS—Continued 

Page 

4. EGG TO ADULT VIABILITY 5 8 

Materials and Methods 58 
Experiment 1 58 
Experiment 2 59 
Experiment 3 61 
Experiment 4 61 
Experiment 5 62 
Experiment 6 62 

Results 63 
Experiment 1 63 
Experiment 2 65 
Experiment 3 68 
Experiment 4 70 
Experiment 5 70 
Experiment 6 73 

Discussion 76 

5. EGG HATCHABILITY 78 

Materials and Methods 78 
Experiment 1 80 
Experiment 2 81 
Experiment 3 81 
Experiment 4 81 
Experiment 5 82 
Experiment 6 82 

Results . 83 
Experiment 1 83 
Experiment 2.. 84 
Experiment 3............. 86 
Experiment 4 88 
Experiment 5 89 
Experiment 6 91 

Discussion ..... 91 

6. SPERM STORAGE 94 

Materials and Methods ..... 94 
Experiment 1 98 
Experiment 2 98 
Experiment 3 99 
Experiment 4 99 
Experiment 5 100 
Experiment 6 100 

Results 100 
Experiment 1... 102 



viii 

TABLE OF CONTENTS—Continued 

Page 

Experiment 2 108 
Experiment 3 ...... 110 
Experiment 4 .... 110 
Experiment 5 112 
Experiment 6 ...... 115 

Discussion 115 

7. COMPARISON OF INBRED AND OUTBRED MATINGS ... 119 

Materials and Methods "... 119 
Results 123 

8. COMPARISONS BETWEEN PAIR MATINGS AND 
MASS MATINGS 141 

Materials and Methods 141 
Results 142 

9. MULTIPLE CHOICE MATING PREFERENCE TESTS . . . 153 

Materials -and Methods 153 
R e s u l t s  . . . . . .  1 5 4  

10, DISCUSSION 158 

11. SUMMARY 174 

APPENDIX A. COLLECTION RECORDS FOR ALL SPECIES 
AND COLLECTION NUMBERS FOR D. 
PACHEA USED IN EACH EXPERIMENT ... 179 

APPENDIX B. TABLES OF OBSERVED DATA AND T-VALUES 
OF COMPARISONS FOR THORAX SIZE, 
OVARIOLE NUMBER, AND MATURE EGG 
NUMBER 182 

APPENDIX C. T-VALUES FOR COMPARISONS OF 
NUTRITIONAL EFFECTS ON OVARIOLE 
NUMBER AND MATURE EGG NUMBER 
IN D. PACHEA 204 

APPENDIX D. TABLES OF OBSERVED DATA AND 
STATISTICAL ANALYSIS OF 
EXPERIMENTS ON EGG TO ADULT 
VIABILITY 205 



ix 

TABLE OF CONTENTS—Continued 

Page 

APPENDIX E. CONTINGENCY CHI SQUARES FOR 
EXPERIMENTS 1 AND 2 ON EGG 
HATCHABILITY 221 

APPENDIX F. TABLES OF OBSERVED DATA AND 
STATISTICAL ANALYSIS OF EXPERIMENTS 
ON SPERM STORAGE 224 

APPENDIX G. STATISTICAL ANALYSIS OF COMPARISONS 
OF INBRED AND OUTBRED MATINGS 
(GROUP I AND GROUP II) 234 

APPENDIX H. OBSERVED DATA ON COPULATION TIMES 
AND PRODUCTIVITY 239 

APPENDIX -I, TABLES OF OBSERVED DATA OF MULTIPLE 
CHOICE PREFERENCE TESTS 242 

APPENDIX J. FORMULAE USED FOR STATISTICAL 
ANALYSIS OF DATA 252 

LITERATURE CITED 254 



LIST OF TABLES 

Table Page 

1. Comparisons of thorax size, ovariole 
number, and mature egg number for the 
nannoptera species group of 
Drosophila 33 

2. Distribution of mature eggs per ovariole 
per female for the nannoptera species 
group 39 

3. Coefficients of correlation and tests of 
significance for thorax size and 
ovariole number for the nannoptera 
species group 41 

4. Substrates used to study nutritional 
effects on ovariole number, mature egg 
number, and egg to adult viability in 
D. pachea ........ 49 

5. Progeny produced and emergence time for 
D. pachea reared from various substrates . . 51 

6. Nutritional effects on fertility, 
ovariole number, and mature egg number 
in D. pachea 53 

7. Egg to adult viability for 210 isofemales 
from laboratory cultures of D. pachea 
(Experiment 1) 64 

8. Copulation time and relative productivity 
for pair matings of various relationships 
in D. pachea (Experiment 2) 66 

9. Egg to adult viability for two egg laying 
periods of ten D. pachea isofemales 
collected from the field (Experiment 3) . . 69 

10. Daily and overall egg to adult viability 
for 28 pair matings from a laboratory 
c u l t u r e  o f  D .  p a c h e a  ( E x p e r i m e n t  4 )  . . . .  7 1  

x 



xi 

LIST OF TABLES—Continued 

Table Page 

11. Egg to pupae, pupae to adult, and egg to 
adult viability for 77 isofemales of 
D. pachea collected from the field 
(Experiment 5) 72 

12. The effects of second matings on egg to 
adult viability in D. pachea (Experiment 
6) 74 

13. Procedure for staining eggs 79 

14. Egg hatchability in mass cultures of 
several Drosophila species (Experiment 1) . 84 

15. Egg hatchability in pair matings and mass 
matings of several Drosophila species 
for a 3-day period (Experiment 2) 85 

16. Comparisons of egg hatchability for 
isofemales and pair matings of D. 
pachea (Experiment 3) 87 

17. Egg hatchability for D. pachea females 
isolated for various periods of time 
from males (Experiment 4) 88 

18. Egg hatchability and viability of the 
life stages of two groups of D. pachea 
females (Experiment 5) 90 

19. Daily fecundity and daily egg hatchability 
for four types of matings in D. pachea 
(Experiment 6) 92 

20. Scoring system used to estimate the 
relative amount of sperm scored in the 
spermathecae of D. pachea females 95 

21. The effects of light and dark conditions 
on sperm storage in D. pachea 
(Experiment 1) 107 

22. Sperm storage and condition of sperm after 
various time intervals from copulation 
completion in D. pachea (Experiment 2) . . . 109 



xii 

LIST OF TABLES—Continued 

Table Page 

23. Sperm storage in pair matings and mass 
matings of D. pachea (Experiment 3) .... Ill 

24, Sperm storage for- matings between one 
male and ten females of D. pachea for 
two time intervals (Experiment 4) Ill 

25. Daily sperm storage for pair matings of 
D. pachea (Experiment 5) 113 

26. Comparisons of sperm storage and egg 
production for brother-sister pair 
matings and unrelated pair matings of 
D. pachea (Experiment 6) 116 

27. Comparisons of fecundity, egg to adult 
viability, and developmental time for 
inbred and outbred matings of D. 
pachea (Group I) 124 

28. Comparisons of thorax size, ovariole 
number, mature egg number, and sperm 
scores for inbred and outbred matings 
of D. pachea (Group I) 133 

29. Comparisons of egg size for inbred and 
outbred matings of D. pachea (Group I) . . . 135 

30. Comparisons of copulation time and 
insemination for inbred and outbred 
matings of D. pachea (Group II) 136 

31. Fecundity and egg to adult viability for 
pair matings and mass matings of D. 
pachea and D. a c a n t h o p t e r a  . . . . . . . . .  1 4 3  

32. Developmental time, female longevity, and 
estimated male and female maturation 
time for pair matings and mass matings 
of D. pachea and D. acanthoptera 150 

33. Minimum developmental time from eggs to 
pupae and eggs to adults for mass matings 
of D. pachea and D. acanthoptera at 15°C 
and 37°C 151 



xiii 

LIST OF TABLES—Continued 

Table Page 

34. Procedure for the calculation of 
isolation coefficients (I.C.) in 
multiple choice mating preference 
tests 155 

35. Multiple-choice mating preference tests 
for D, pachea and D. nannoptera 156 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Collection localities and numbers for 
D. pachea ' 30 

2. Mature egg distribution for lab and 
field collected D. pachea females 35 

3. Mature egg distribution for mixed stocks 
of D. nannoptera females 36 

4. Mature egg distribution for virgin and 
mated D. acanthoptera females 37 

5. Mature egg distribution for species w 
females 38 

6. Regression of ovariole number on thorax 
size for lab cultures of D. pachea 42 

7. Regression of ovariole number on thorax 
size for field collections of 
D. pachea 42 

8. Regression of ovariole number on thorax 
size for D. acanthoptera 43 

9. Regression of ovariole number on thorax 
size for D. nannoptera 44 

10, Regression of ovariole number on thorax 
size for species 44 

11. Types of matings used to determine 
productivity in D. pachea . 60 

12. Schematic representation of sperm scores ... 96 

13. A spermatheca of D. pachea containing 
relatively few sperm (magnification 
= 125X) 101 

xiv 



XV 

LIST OF ILLUSTRATIONS—Continued 

Figure Page 

14. Sperm and other glandular contents of 
spermatheca of D. pachea (magnification 
= 125X) 103 

15. Magnification of a segment of sperm of 
D. pachea, showing the coiled nature 
of the sperm (magnification = 500X) .... 103 

16. Mass of coiled sperm removed from the 
spermathecae of D. pachea (magnification 
= 500X) 104 

17. A segment of a sperm of D. pachea showing 
chromatin fibers ..... 105 

18. A mass of sperm and fibers of D. pachea . . . 106 

19. Regression between sperm storage and 
number of days males and females were 
together for pair matings of D. pachea . . . 114 

20. Mating scheme for comparisons of inbred 
and outbred pair matings 120 

21. Fecundity pattern per three-day periods 
for 40 generation isofemales 125 

22. Fecundity pattern per three-day periods 
for 30 F^ generation brother-sister 
pair mated females 126 

23. Fecundity pattern per three-day periods 
for 30 Fj generation unrelated pair 
mated females 127 

24. Fecundity pattern per three-day periods 
for 40 F2 generation brother-sister 
pair mated females 128 

25. Fecundity pattern per three-day periods 
for 40 F2 generation unrelated pair 
mated females 129 

26. Condition of stored sperm for 168 P^ 
generation females isolated for various 
periods of time from males 140 



xvi 

LIST OF ILLUSTRATIONS—Continued 

Figure Page 

27. Daily fecundity patterns for pair 
matings of D. pachea females 144 

28. Daily fecundity patterns for pair 
matings of D. acanthoptera females ..... 145 

29. Daily fecundity patterns for mass 
matings of D. pachea females 146 

30. Daily fecundity patterns for mass 
matings of D. acanthoptera females 147 



ABSTRACT 

Over the past several years a large amount of 

information has accumulated on the ecology and genetics of 

Drosophila pachea. However, little is known about its 

reproductive biology. Those characteristics which have 

been described seem somewhat atypical in comparison to 

other species of Drosophila. These features include: (1) 

the storage of sperm exclusively in the spermathecae of 

the females; (2) a long copulation time, lasting on the 

average one-half hour; (3) the formation of uniquely 

coiled sperm. Also it is difficult to maintain isofemale 

lines and pair matings under laboratory conditions. Mass 

mating techniques yield large numbers of progeny, while 

isofemales and pair matings produce few if any progeny. 

Experiments were designed to investigate the 

cause(s) of the decline in fertility of D. pachea and to 

determine the optimal mating scheme in D. pachea. Analysis 

of various components of the reproductive biology of D. 

pachea could lead to a further understanding of its 

adaptation to its host plant, senita cactus (Lophocereus 

schottii). 

This investigation included an analysis of the 

following: CI) fecundity potential, (2) nutritional effects 

on fecundity potential and viability, (3) egg to adult 

xvii 



xviii 

viability, (4) egg hatchability, (5) sperm storage, (6) 

effects of inbreeding on several reproductive components, 

(7) comparisons of mass matings and pair matings, and (8) 

multiple choice mating preference tests. 

Results of these experiments suggest that the 

strategy for D. pachea females is to mate frequently, and 

mate with more than one male, preferably with males un

related to the females. The absence of frequent multiple 

insemination leads to reduced sperm mobility and egg 

hatchability, which in turn leads to reduced fertility. 

The females usually contain some sperm in their spermathecae 

when they lay infertile eggs, but this sperm is largely 

immobile if an insemination occurred more than 24 hours 

earlier. It is suggested that the spermathecae must be 

continually packed with fresh sperm in order for efficient 

fertilization. The strategy of the male is to assure that 

his sperm are used in the fertilization of the eggs. The 

long copulation time and the coiled sperm may be adapta

tions of the male to protect his sperm. 



CHAPTER 1 

INTRODUCTION 

In insects, it is the major task of the male repro

ductive system to produce and deliver to the female suffi

cient spermatozoa to fertilize the eggs, and it is the 

major task of the female reproductive system to receive and 

store the products of the male system, to produce the eggs, 

to ensure that eggs and sperm meet, and to deposit the 

eggs. To achieve these tasks a number of processes are 

involved, such as, spermatogenesis, oogenesis, copulation, 

fertilization, and oviposition. In order for copulation to 

be achieved, appropriate courtship and mating behavior must 

be performed- Both pheromones and hormones play important 

roles in achieving these reproductive tasks. 

Once oviposition has been achieved a number of 

other reproductive components come into play in determining 

whether the egg reaches the adult stage. Components of 

fertility (ability to produce offspring) include fecundity 

(number of eggs laid), egg hatchability, viability of each 

stage of the organism's life cycle, and maturation time of 

each stage. Environmental factors such as temperature, 

nutrition, humidity and photoperiodic influences, genetic 

factors, and physiological factors greatly influence these 

1 
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components. Numerous reproductive isolating mechanisms 

exist between and within species (Mayr, 1963). The two 

major groups are the premating mechanisms which prevent the 

formation of hybrid zygotes, and the post-mating barriers 

which impede the survival or reproduction of these zygotes. 

The Genus Drosophila with its large number of 

species and its awesome reproductive capacities has only 

one consistent feature in all aspects of its reproductive 

biology. Fowler (1973) clearly points out that one feature 

as variability. Variability exists at virtually all levels 

of the reproductive systems in both males and females, and 

is a reflection of a multitude of complex interactions 

between the genetic constitution of the organism and its 

particular environment (Fowler, 1973). Operating on this 

variability are various forms of sexual selection (including 

rare male mating advantage and sperm competition). Under

standing this variability may lead in turn to a better 

understanding of the way selection has operated which in 

turn has led to the evolutionary adaptations of the 

organism to its particular environment. 

This dissertation concerns itself largely with the . 

reproductive biology of one species, Drosophila pachea. 

Over the past several years, a large amount of information 

on the ecology and genetics of Drosophila pachea has been 

accumulated, but little is known about its reproductive 

biology. Its obligate association with the decaying arms 
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of senita cactus, Lophocereus schotti (Engelmann), Britton 

and Rose, has been well established by Heed and Kircher 

(1965). Senita cactus provides D. pachea with a rare 

sterol, schottenol, which is essential for growth and 

reproduction. Other desert-adapted Drosophila are unable 

to breed in senita due to the toxic alkaloids (pilocereine 

and lophocereine) which kill their adults and progeny 

(Kircher et al., 1967). Before reviewing the background 

information on this species, it seems desirable to review 

some of the important features of the reproductive biology 

of Drosophila in general. 

Features of the Reproductive 
Biology of Drosophila 

Male and Female Reproductive Systems 

The first complete account of the reproductive 

biology of Drosophila melanogaster was published by Nonidez 

(1920). The anatomy, histology, and development of Droso

phila has been described by various authors (Robertson, 

1936; Miller, 1950, Fristrom, 1970). Fowler (1973) has 

reviewed some of the aspects of the reproductive biology of 

Drosophila, with particular emphasis on sperm transfer, 

sperm storage, and sperm utilization in D. melanogaster. 

A brief review of some important features of the male and 

female reproductive systems and their functions are 

presented here. 
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The internal components of the male and female 

reproductive systems are illustrated for a number of South

western Drosophila.(Patterson, 1943; Patterson and Stone, 

1952). The major internal organs of the male reproductive 

system are: (1) paired testes, which vary in color and 

degree of coiling; (2) paired vasa deferentia which are 

enlarged at the distal portion to form the (3) seminal 

vesicles; (4) paired accessory glands; (5) single ejacula-

tory duct with (6) sperm pump (ejaculatory bulb). The 

major internal organs of the female reproductive system 

are: (1) paired ovaries, consisting of a number of 

ovarioles which contain the egg chambers where the de

veloping eggs mature;; (2) oviducts and vagina-uterus; (3) 

paired accessory glands; and (4) sperm-storing organs, 

which consist of a pair of spermathecae and a single 

ventral receptacle. 

The process of spermatogenesis has been reviewed 

by a number of investigators (Huettner, 1930; Bairati, 

1967; Hess and Meyer, 1968; Meyer, 1968, 1969) . Lindsley 

and Lifschytz (19 72) describe the germinal cycle of 

Drosophila males and the genetic control of spermatogenesis 

in Drosophila. Kurokawa and Hihara (1976) examined 

spermatogenesis in 7 8 species of Drosophila. They found 

that the number of mitotic divisions between the spermato

gonium and primary spermatocyte ranged from three to six, 

with the more primitive species having the greater number 
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of divisions. Variation in the length of mature sperm 

occurs between species and even within a species. There 

are three classes of sperm in some members of the obscura 

species group of Drosophila, ranging from 0.05 to 0.30 mm 

(Beatty and Sidhu, 1969; Policansky, 1970). The size 

classes of the head and flagellum of Drosophila spermatozoa 

have been reported in some detail by Beatty and Burgoyne 

(1971). In the species that they studied (all members of 

the subgenus Sophophora), they found immense variation in 

the whole length of the sperm (0.055 to 15 mm; the 15 mm 

class were found in D. hydei males with two Y chromosomes) 

and in the length of its head (0.008 to 0.060 mm). Single 

sperm in normal D. hydei and D. funebris (males with one X 

and Y) have been measured to be as much as 6.6 mm in 

length (Hess and Meyer, 1963; Yanders and Perras, 1960). 

The sperm of D. melanogaster is believed to be one 

of the most complex ever studied (Kiefer, 1970). The tail 

consists of two longitudinally oriented portions which will 

split apart upon treatment with acid (Oster, Duffy, and 

Binnard, 19 66). There is no separately discernible mid-

piece, but the "neck region" in the head of the mature 

sperm of D. melanogaster has been described in detail by 

Perotti (1969a, 1969b). 

Variation in number of ovarioles and number of 

mature eggs per ovariole occurs between species and within 

a species. King (1970) details the structure of the 



6 

ovarioles. In flies belonging to the genus Drosophila, 

each egg chamber consists of an oocyte and its 15 nurse 

cells surrounded by a follicular envelope. This type of 

ovariole is referred to. as a polytrophic meroistic ovariole 

(Davey, 1965). The oocyte and its 15 interconnected nurse 

cells are fourth-generation descendants of a single cell, 

the germarial cystoblast (King, 1970). It is during pupal 

development that most of the differentiation of the ovary 

into its constituent ovarioles takes place (King, Aggarwal, 

and Aggarwal, 1968). The ovarioles consist of four regions: 

the terminal filament, germarium, vitellarium, and pedicel. 

The germarium, vitellarium, and pedicel are surrounded by 

an epithelial membrane. In the germarium, mitotic activity 

gives rise to the primary oocytes which enter the vitel

larium and grow as a result of deposition of yolk. The 

mature egg enters the pedicel of the ovariole and is 

eventually discharged into the oviduct. 

In D. melanogaster the ovariole number varies 

widely and can be modified both by selection and by varying 

the nutrition of the fly during the larval stage (Robertson, 

1957a). Number of ovarioles per ovary ranges between 10 

and 30, which is small compared to larger flies such as 

Musca domestica where the number ranges from 70 to 100 

(King, 19 70). When body size is reduced by under-feeding 

the larvae, there is a proportional reduction in ovariole 

number and also egg production, but the number of eggs 
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produced per ovariole is unaffected even by striking 

changes in body size (Robertson, 1957b). Kambysellis 

(1968) in examining 20 species of Drosophila found that 

individual ovarioles in each ovary developed independent 

of each other. Variation from complete synchronization of 

the individual ovarioles for each ovary (victoria, 

repleta, aldrichi) to total asynchronization (bucksii, 

virilis, montana) was observed. Kambysellis and Heed 

(1971) have investigated fecundity potential by analyzing 

the ovarian development of species of Hawaiian Drosophila 

in their natural habitats. They found a close relationship 

between host plant carrying capacity and fecundity. Bark 

breeders have large numbers of ovarioles (ranging from 30-

100 ovarioles per fly), leaf breeders have a medium number 

(ranging from 8 to 20 per fly), and flower breeders have a 

small number (less than eight per fly). 

Mating Behavior 

Bastock and Manning (1955) give the details of 

courtship behavior in D. melanogaster. Spieth (1952) 

describes the mating behavior of 101 species and sub

species, representing 21 species groups, of the genus 

Drosophila. This analysis clearly shows that an evolution 

of mating behavior has occurred which seems to parallel 

the morphological evolution of the group. In species 

lacking a pair bond between the sexes, courtship display is 



8 

almost always performed by the male. In addition the males 

are promiscuous, mating with several females when given the 

opportunity. With one exception (D. fumipennis) the males 

of all species that have been observed by Spieth (1952) 

immediately court and copulate with another female as soon 

as they have completed copulation with a first female. 

Often they proceed to court the female with which they have 

just copulated, but generally females of most species do 

not immediately accept the male a second time. Fowler 

(1973) reports that the period of unreceptivity in the 

female Drosophila may vary from four hours (in D. sub-

obscura if no insemination occurred) to ten days (in D. 

melanogaster). Maynard-Smith (1956) reports that females 

of D. subobscura usually mate only once during their life

time if they have been inseminated. Manning (1966, 1967) 

has found that female acceptance of a courting male 

depends on two distinct processes. The first determines 

whether a female is accessible to the courtship of the 

males. There must be a change from an unreceptive state 

to a receptive state, which is determined by the concen

tration of the juvenile hormone. The second process is 

termed courtship summation and involves the addition of all 

the stimuli provided by a courting male. Hormonal regula

tion of reproduction is reviewed thoroughly by Wigglesworth 

(1964). 
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The length of the copulatory period is fairly 

constant for each species but varies enormously within the 

genus from about 25 seconds (D. polychaeta) to over 1-1/2 

hours (D. acanthoptera). Most species, however, require 

less than 20 minutes per copula. Copulation times for 

various species of the genus Drosophila are given by 

Spieth (1952). The termination of copula is always a 

function of the male in the more derived species (Spieth, 

1952). Macbean and Parsons (1967) have suggested that 

copulation time in D. melanogaster (about 20 minutes) is 

male-determined and may be proportional to the amount of 

sperm that is transferred. Fowler (1973) presents contrary 

evidence suggesting no relationship between the duration of 

copulation and the amount of sperm which is transferred at 

the time of ejaculation. He found that in D. melanogaster 

males which lack a Y-chromosome, and, therefore, transfer 

no sperm because they are sterile, copulate for periods of 

time that are similar in duration to that of normal XY 

individuals, who transfer large numbers of sperm. 

Sperm Storage 

Sperm storage is one of the most important factors 

in the reproductive physiology of the Drosophila female 

since it is unlikely that a significant number of eggs (if 

any) are fertilized by sperm that are not first resident 

in the ventral receptacle or the spermathecae . (Fowler, 
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1973). Most species of Drosophila utilize both types of 

sperm storage organs. Fowler, Eroshevich, and Zimmering 

(196 8) have found that generally in D. melanogaster the 

ratio of stored sperm in the ventral receptacle compared to 

the spermathecae is 80:20, respectively. In the mulleri-

complex of the repleta species group, sperm have rarely 

been observed in the spermathecae (Patterson, 1947) . 

Considerable variation exists in the length and 

degree of coiling of the ventral receptacle. Also varia

tion exists in the size and shape of the paired sperma

thecae (see Patterson, 1943; and Patterson and Stone, 1952, 

for illustrations). Recently, Filosi and Perotti (1975) 

have investigated the ultrastructure of the spermathecae 

of D. melanogaster. They found that the spermathecae are 

highly glandular organs, functioning both in storage and 

secretion for nutrition of the sperm. 

There is considerable variation in the amount of 

time it takes the sperm to reach the storage organs. For 

D. melanogaster Gugler, Kaplan, and Kidd (1965) have 

observed that within 20 minutes sperm from a second mating 

can replace first mating sperm in both types of storage 

organs; and Lefevre and Jonsson (1962) have observed sperm 

being stored during copulation. Shima, Kaneko, and Momma 

(1967) have reported for D. unispina and D. brachynephros 

that no sperm appear in the storage organs of the female 

until one hour after the end of copulation. D. immigrans 



11 

with a mean copulation time of about 30 minutes was found 

to store sperm in both the ventral receptacle and paired 

spermathecae immediately after the end of copulation; while 

in D. hydei, with a mean copulation time of about three 

minutes, about 15 minutes are required before the storage 

organs contain sperm (Patterson, 1954) . 

A number of different factors have been suggested 

for determining the rapidity with which sperm is stored in 

D. melanogaster. Lefevre and Moore (1967) have suggested 

that the speed of sperm storage is an age-related 

phenomenon with older males taking longer to store sperm. 

Yanders (1963) has evidence suggesting that the rapidity of 

sperm storage is a reflection of the female's genotype, and 

De Vries (1964) suggests it may be a function of a 

particular male-female combination. 

Nonidez (1920) points out that there are differ

ences in the motility of the sperm in the two types of 

storage organs of D. melanogaster. The sperm in the 

ventral receptacle vibrate by undulatory movements, while 

the movements of those in the spermathecae are concentric. 

The longevity of stored sperm is also variable, and 

reflects the environment to which the sperm are exposed. 

Muller (1940) reports that Drosophila sperm are still 

partially viable after three months storage in the female 

at 10°C or after 30 days at 37°C. 
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Sperm Utilization 

According to Nonidez (1920), sperm stored in the 

ventral receptacle of D. melanogaster are used first in 

fertilization and those in the spermathecae are used after 

the ventral receptacle is exhausted of sperm. Patterson 

(1954) reports this same type of sperm utilization for D. 

virilis, D. americana, D. novamexicana, D. funebris, and D. 

hydei. He approximates that 30% of the eggs laid by these 

females after the disappearance of sperm in the ventral 

receptacle are fertilized by the residual supply of sperm 

in the spermathecae- A second class of Drosophila studied 

by Patterson (1954) included duncani, victoria, buscki, 

pseudoobscura, and immigrans. These species were found to 

drain sperm from the ventral receptacle and spermathecae at 

the same rate. However, when females of all species are 

dissected at intervals after mating, the stored sperm are 

observed to diminish progressively so that by the time the 

females no longer lay fertile eggs, the ventral receptacle 

and the spermathecae are completely exhausted of sperm 

(Nonidez, 1920; Patterson, 1954; Fowler, 1973). For 

example, the females of D. hydei may lay as many as 200 

eggs in a single day, and this results in a rapid reduction 

in the volume of sperm. In contrast D. duncani deposits 

very few eggs per day, on the average about a dozen, and 

when dissected after 17 days still had mobile sperm in the 

ventral receptacle (Patterson, 1954) , 
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Kaufmann and Demerec (1942) and Lefevre and Jonsson 

(1962) suggest that there is considerable wastage of sperm 

in D. melanogaster. Only about 10-20% of the sperm trans

ferred are actually stored. Originally it was thought that 

utilization of sperm in Drosophila was also as inefficient 

a process. This view was supported by Huettner (1924) who 

occasionally found more than 30 sperm in a single egg, and 

by work of Kaufmann and Demerec (1942) and Counce (1959) 

which suggested that polyspermy (fertilization of the egg 

by more than one sperm) seemed to be the rule for 

Drosophila. More recent evidence indicates that this is 

probably not true. Hildreth and Lucchesi (1963) found that 

less than 1% of the fertilized eggs of D. melanogaster and 

D. virilis contained more than one sperm. Lefevre and 

Jonsson (1962) obtained results indicating a 1:1 relation

ship between the progeny recovered and the number of sperm 

counted in the ventral receptacles. 

Sexual Selection 

In a diploid sexually reproducing organism which 

obtains half of its genes from two parental individuals, 

the individual chosen as the mating partner potentially 

makes a substantial difference in terms of contribution to 

the next generation. Individuals of any population that 

make the most and/or best matings leave a significantly 

greater contribution to future generations. 
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One form of sexual selection is frequency-dependent 

mating which occurs when the proportion of matings among 

different genotypes depends on the proportion (frequency) 

of individual genotypes represented in the mating popula

tion. In particular it has been found that the genotype 

that is rare tends to be favored at the expense of the 

common type; this is referred to as the rare male mating 

behavior (Ehrman, 1970; Ehrman and Parsons, 1976). 

Frequency-dependent mating has been reported in 

seven species of Drosophila; melanogaster, pseudoobscura, 

persimilis, equinoxialis, funebris, and tropicalis (Spiess, 

1968; Spiess and Spiess, 1969; Petit and Ehrman, 1969; 

Borisov, 1970). Occasional but statistically significant 

rare male advantages have been demonstrated in D. immigrans 

(Ehrman, 19 72). The rare male effect has recently been 

demonstrated in natural populations of the butterfly 

(Danaus) by Smith (19 75)- Recent work by Shorey and Bartell 

(1970) suggest that olfactory stimuli play an important 

role. They found that a volatile sex pheromone produced by 

D. melanogaster females stimulates males to courtship. 

Averhoff and Richardson (1974) present evidence that de

creased reproduction in inbred lines of D. melanogaster is 

largely attributable to the failure of individuals with 

very similar genotypes to mate. The discrimination among 

genotypes is at least partially mediated by volatile 

pheromones. Recent work has shown that the olfactory cues 
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involved in the rare male behavior between D. pseudoobscura 

Arrowhead and Chiricahua strains are susceptible to 

chemical purification and analysis (Leonard, Ehrman, and 

Pruzan, 1974). . Provided there are no selective forces 

acting against it, rare male advantage should lead to an 

enhancement of the frequency of the initially rare genotype 

in a gene pool (Ehrman, 1970). As the rare type becomes 

commoner, its advantage diminishes, leading to equilibrium. 

Multiple Insemination and 
Sperm Competition 

In a number of recent studies, considerable atten

tion has been given to multiple insemination and sperm 

competition in natural and laboratory populations of 

Drosophila and other insects (Parker, 1970; Anderson, 

1974; Milkman and Zeither, 1974; Richmond, 1976; Prout and 

Bundgaard, 19 77). Richmond and Powell (19 70) found from 

allozyme studies about 8% of wild collected D. paulistorium 

females had been inseminated by more than one male. 

Anderson (1974) reports a relatively high incidence (40% of 

the females) of multiple insemination in a collection of 

D. pseudoobscura from a natural population. 

An outcome of multiple insemination is sperm compe

tition which is another form of sexual selection. Parker 

(1970) defines sperm competition as the competition within 

a single female between the sperm from two or more males 

for the fertilization of the ova. Two predictions are 
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possible when sperm competition has led to intense intra- • 

sexual selective pressures (Parker, 1970): (1) where a 

second insemination occurs, evolution acts on the last 

males to promote their sperm in the fertilization of a high 

proportion of the subsequent offspring; (2) where the 

probability of further insemination is high, mechanisms 

will have evolved by which first males reduce the occur

rence and/or success of subsequent inseminations. When 

multiple inseminations occur in Drosophila, sperm dis

placement is generally the rule. Sperm displacement occurs 

when sperm from a second male predominate over previously 

stored sperm and thus are used to fertilize the eggs. 

Lefevre and Jonsson (1962) and Prout and Bundgaard (1977) 

present evidence of sperm displacement in D. melanogaster, 

and Parker (1970) has found that 16 of 20 insect species 

tested (including Drosophila) exhibited sperm displacement. 

Several behavioral and physiological adaptations 

found in male insects to help reduce the effectiveness or 

occurrence of second inseminations of the female by other 

males do exist even in some.species that demonstrate sperm 

displacement (Parker, 1970). These adaptations include: 

(1) mating plugs, (2) prolonged copulation, (3) passive 

phases (male remains mounted to the female but without 

genital contact), and (4) non-contact guarding phases. 

One form of a temporary barrier that inhibits 

second inseminations and also serves as an isolating 



mechanism is the insemination reaction. Patterson and 

Stone (1952) have demonstrated that the insemination 

reaction produced in some interspecific matings serves as 

an important species isolating mechanism in Drosophila. 

Patterson (1946) and Wheeler (1947) have examined the 

effects of interspecific and intraspecific insemination on 

the production of the insemination reaction (vaginal 

swelling and formation of an opaque reaction-mass) among 

different species of Drosophila. They found that with the 

interspecific matings the reaction-mass crystallized and 

was retained by the female for up to a week. This mass 

interfered with reinsemination and fertilization of eggs. 

With intraspecific matings, vaginal swelling often occurs, 

but the reaction-mass remains viscous and is expelled by 

the females within 12 hours after insemination. 

It appears that two conflicting sexually selected 

adaptations have arisen in those insects demonstrating 

multiple insemination: (1) the ability to achieve prece

dence over previous sperm (sperm displacement) and (2) 

adaptations to prevent subsequent successful inseminations 

of the females. Both would tend to allow males to achieve 

high fertilization rates. 

Background Information on Drosophila 
pachea and its Relatives 

The wealth of information that has accumulated on 

the ecology and genetics of D. pachea is presented here in 
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summarized form. The taxonomic history of this species and 

its relatives has been a subject of much investigation. 

Information known about the reproductive biology of D. 

pachea and its relatives is also presented in this section. 

Taxonomic History 

Drosophila pachea is a member of the nannoptera 

species group. The nannoptera group is one of the two 

desert-adapted species groups, the other being the much 

larger repleta group, both of the subgenus Drosophila. 

There are four members of the nannoptera species group: D. 

pachea, D. acanthoptera, D. nannoptera, and an undescribed 

species w. Three of the species were originally assigned 

to different subgenera. Originally D. acanthoptera had 

been placed in the subgenus Sordophila by Wheeler, which 

was specifically erected for this one species (Patterson 

and Stone, 1952). D. nannoptera was originally the only 

member of the nannoptera species group which had been 

placed in the subgenus Sophophora by Wheeler (1949). D. 

pachea was originally described by Patterson and Wheeler 

in 1942 and placed in the hydei subgroup of the repleta 

species group (Patterson, 1943). In 1961 a female of D. 

pachea was collected by W. B. Heed, and the few eggs that 

were produced were described by Mettler (1962). Based on 

this description, Mettler (1962) suggested that D. pachea 

might belong in the subgenus Sophophora instead of 
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Drosophila, since all described eggs of the repleta group 

at the time were characterized by four thread-like fila

ments, rather than two relatively large flat blade-like 

filaments found in D. pachea. 

Throckmorton's (1962a, 1962b) internal morphological 

and biochemical phylogenic studies of the genus Drosophila 

resulted in a transfer of D. nannoptera from the subgenus 

Sophophora to the subgenus Drosophila. It was found that 

D. nannoptera is most closely related to species.of the 

virilis-repleta section of this subgenus (Throckmorton, 

1962a). Throckmorton's study found that D. pachea is more 

similar to D. nannoptera, and it was also placed in the 

subgenus Drosophila. 

Examination of polytene salivary chromosomes re

vealed an unsuspected phylogenetic relationship between all 

four species of Drosophila which was not expected on 

morphological grounds (Ward and Heed, 1970). They found 

that D. nannoptera and species w (an undescribed species 

originally collected by Wasserman in 1966, and later by 

Ward [Ward and Heed, 1970]) were homosequential (have 

identical banding sequences in each salivary chromosome). 

D. acanthoptera was found to differ from the above species 

by one fixed inversion, and D. pachea had fixed three 

additional inversions and carried one more heterozygous 

inversion. The somatic metaphase karyotypes differ by 

additions of heterochromatin (all four species have 2N = 10). 
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Though Throckmorton (1962a) and Ward and Heed 

(1970) have concluded on the basis of internal morphology 

and cytogenetic comparisons that the four species probably 

belong together in one species group in the subgenus 

Drosophila, the formal taxonomic relationships have not 

been well established. Ward (1975) found by utilizing DNA-

DNA hybridization experiments that D. pachea, D. 

nannoptera, D. acanthoptera, and species w are indeed more 

closely related than was originally thought based on 

morphological grounds alone. Members of the nannoptera 

species-group were found to have DNA with approximately the 

same base content. From the analysis of DNA reassociation 

it was determined that D. nannoptera had less than half the 

g 
amount of DNA per genome (1.1 x 10 NTP) than did the other 

three species (2.4 x 10^ NTP) (Ward, 1975). Most of the 

difference in DNA content between the species resided in 

the single-copy components. Ward (1975) found that inter

specific comparisons of single-copy DNA sequence divergence 

within the genus Drosophila showed that levels of diver

gence equal to 5-8% occur between more closely related 

species (D. nannoptera, D. pachea, species w, and D. 

acanthoptera) whereas between species belonging to different 

subgenera (D. nannoptera, subgenus Drosophila; and D. 

melanoqaster, subgenus Sophophora) the divergence level 

is 17%. 



Ecology, Habitat, and Distribution 

Drosophila pachea is associated with senita cactus 

(Lophocereus schottii) in the Sonoran Desert of north

western Mexico and Baja California (see Figure 1). The 

other three species are sympatric in arid habitats of 

southern Mexico and Guatemala, and breed in several large 

columnar cacti (Ward, 1975; Mangan, 1977; Russell, 1976; 

Heed, 1977). D. nannoptera has been aspirated in large 

numbers from Escontria chiotilla and Myrtillocactus geo-

metrizans, and reared in large numbers from an unknown 

species of Pachycereus. D. species w has been reared in 

large numbers and aspirated from Lemaireocereus eburneus 

and L. pruinosus (Lemaireocereus is now referred to as 

Stenocereus [Gibson, 1977]). Mangan (1977) has found that 

D. acanthoptera dwells deep within these species of cacti, 

while the other species are generally found on the outer 

surfaces of their host plants. 

The yeast flora associated with desert Drosophila 

and their host plants have been under recent investigation. 

Heed et al. (1976) found that the average number and 

variance of yeast species are almost identical for D. 

pachea and its host plant, senita cactus. They have 

interpreted this as indicative of a generalized feeding 

behavior of adult D. pachea, within their specialized 

niche, senita cactus. Yeast isolates capable of utilizing 
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the sugar D-xylose, were removed primarily from D. pachea 

and senita cactus (Starmer et al., 1976). 

Chromosomal Variation 

Ward and Heed (1970) found that polytene chromosome 

analysis of D. pachea obtained, from extensive collections 

throughout its distribution in mainland Mexico revealed 

only one paracentric inversion, 7A (7+ is considered the 

standard arrangement since it is also found in the other 

three species). Ward et al. (1974) described a latitudinal 

gradient in frequency as one proceeds south in mainland 

Mexico. Correlations were found that suggest the 7+ gene 

arrangement is wet adapted and warm adapted, but not 

adapted to hot temperatures. Correlations were also made 

with the shape of the stem of the host plant. Felger and 

Lowe (1967) have found that smaller surface-volume ratios 

(larger, thicker stems) occur in the northern parts of the 

distribution of senita cactus. The southern form of the 

cactus has been described as a separate subspecies, Lopho-

cereus schotti var. tenuis (Lindsay, 1963). The point of 

change in surface-volume ratio is near the 28° N latitude 

(Guaymas, Sonora, Mexico), and in addition Ward et al. 

(1974) found that the 28° N latitude line marks the last 

substantial amount of inversion heterozygosity for 7+. 

According to Shreve (1934), the 28° N latitude line marks 

the beginning of the interface between the desert scrub 
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vegetation of the north and the thornscrub vegetation of 

the south. Duncan (19 77) has also found a cline in the 

inversion frequency of 7+ in Baja California, and is 

curren/tly investigating the causes and maintenance of this 

inversion cline and the one found in Sonora in D. pachea. 

A new inversion (7D) was found in D. nannoptera 

collected from three localities during the summer of 1970 

(Ward and Heed, 1970, addendum). Further collections have 

been made by Russell, Mangan, Richardson, and Wasserman. 

From these collections Russell, Ward, and Heed (in press a) 

found that the ancestral sequence (+/+) in D. nannoptera 

exists in the homozygous condition in four out of five 

cultures north and south of Acatlan, Puebla, Mexico, and 

that the derived condition (D/D) exists in the homozygous 

condition in three out of five cultures surrounding this 

area. No heterozygous inversions have been found yet in 

D. acanthoptera and species w. 

Electrophoretic Variation 

By the use of starch gel electrophoresis, Rockwood-

Sluss, Johnston, and Heed (1973) analyzed the genetic 

variability present in natural populations of D. pachea and 

examined the possibility of a genotype-environment rela

tionship which could explain the maintenance of this 

variation. They found remarkable geographic and seasonal 

uniformities in gene and genotype frequencies for four 
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enzyme loci. The genetic variance within a single locality 

(Guaymas, Mexico) was as great as the variance between all 

localities sampled, which they interpreted as due to a 

local founder effect. Electrophoretic patterns have not 

been examined yet in the other members of the nannoptera 

species group. 

Migratory Behavior 

Johnston (1974) has compared dispersal in natural 

populations of D. pachea and D. mojavensis. In general D. 

pachea populations are smaller and more mobile than those 

of D. mo javensis. Johnston (1977) indicates that D. pachea 

has the highest dispersal rate of any Drosophila species 

that have presently been measured. The females are 

generally better migrators than the males. He has re

captured flies that have moved up to 1000 meters in one 

day, and about 2000 meters during a seven-day period. He 

also observed through marking techniques that about 14% of 

the flies at a decaying cactus do not return the next day. 

Mating Behavior 

Spieth (1952) on the basis of mating behavior con

cluded (1) that D. acanthoptera represented a distinct 

line of drosophilid evolution and that (2) D. nannoptera 

would seem to belong not to Sophophora but rather to the 

subgenus Drosophila. In a later study Spieth (1976) showed 

that D. pachea, D. nannoptera, and D. acanthoptera have 
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essentially similar patterns of mating behavior, with some 

differences in wing actions of both the males and the 

females. D. pachea and D. nannoptera have patterns more 

similar to each other than to D. acanthoptera. Casey (1976) 

has found that species w has a courtship pattern more 

similar to D. pachea and D. nannoptera than to D. acan

thoptera, the major differences being in wing action and 

circling of the female by the male. 

Reproductive Biology 

In comparison to the wealth of information known 

about the ecology of this species, little information is 

known about its reproductive biology. Those features of D. 

pachea which have been described seem somewhat atypical of 

the genus Drosophila. Unlike the majority of Drosophila 

species, D. pachea females utilize only the spermathecae to 

store sperm, even though they have a very long and highly 

coiled ventral receptacle. Russell, Ward, and Heed (in 

press b) performed various interspecific crosses between 

members of the nannoptera species group, but found transfer 

of sperm (which were inactive) in only two of the crosses: 

(1) pachea females X species w males and (2) pachea females 

X nannoptera males. In both crosses the inactive sperm were 

found in the spermathecae and not in the ventral receptacle. 

Another atypical feature of D. pachea was its 

unusually long copulation time (about 30 minutes). Its 
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relative D. acanthoptera is reported to have the longest 

copulation time recorded (about 1-1/2 hours). Spieth (1952) 

reports four other species of Drosophila with mean copula

tion times greater than pachea: tripunctata = 33 minutes, 

subfunebris = 37 minutes, macrospina = 38-46 minutes, and 

immigrans = 48 minutes (Ehrman, 1972, reports considerable 

variation for D. immigrans, ranging from 3-60 minutes). 

However, unlike the other species of Drosophila with 

reported long copulation times, D. pachea and D. acan

thoptera have atypical sperm structure. The sperm stored 

in the spermathecae of these two species are highly coiled, 

while the sperm found in the other species of Drosophila 

are uncoiled- D. nannoptera and species w also have un

coiled sperm and fairly short copulation times (5 minutes 

and 12-1/2 minutes on the average, respectively). 

Coupled with these atypical features was the 

difficulty associated with maintaining isofemale lines 

(single females inseminated in the field, and then 

isolated) and pair matings of D. pachea under laboratory 

conditions in comparison to the ease of maintaining mass 

cultures of D. pachea under similar environmental and 

nutritional conditions. It appeared that the isofemales 

or pair matings either produced no progeny, very few 

progeny, or produced progeny for one or two generations and 

then ceased production. Spencer (1957) has found the same 

problem associated with several repleta-group species of 



desert Drosophila. It was not clearly established whether 

this phenomenon of reduced fertility was a genetic problem, 

a physiological phenomenon, a behavioral problem, or even a 

density-dependent problem. Rockwood-Sluss et al. (1973) 

have suggested from allozyme data that the temporary nature 

of the rotting cactus breeding and feeding sites and the 

differential maturation rate of the males and females may 

lead to forced outbreeding in D. pachea. On the average 

the males take five days longer to mature than the females, 

which may allow time for the females to migrate in search of 

new breeding and feeding sites before they mate. Some 

evidence exists from allozyme data suggesting that multiple 

paternity may be quite high in natural populations of D. 

pachea (Rockwood-Sluss et al., 1973; Sluss, 1975). 

Purpose of Study 

This dissertation was undertaken to investigate the 

cause(s) of the decline in fertility of D. pachea and to 

determine the mating scheme of the species. It was also 

hoped that analyzing various components of the reproductive 

biology of D. pachea would lead to an understanding of how 

the species is adapted to its unique environment. 

An investigation of effects of inbreeding on 

copulation time, relative amounts of sperm stored, 

fecundity, egg hatchability, egg to adult viability, and 

developmental time of the adult progeny was undertaken. 
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Multiple choice mating tests were conducted to determine 

if D. pachea shows any particular mating preference. 

Attempts were made to determine the detailed structure of 

the unusual coiled sperm found in the spermathecae of D. 

pachea females. The apparent importance of multiple in

semination in D. pachea has been investigated. The 

fecundity potential of D. pachea was investigated by 

counting the number of ovarioles per female and the number 

of mature eggs per ovariole. Viability tests of the 

various stages of the life cycle of D. pachea were con

ducted to determine what stage(s) show the greatest re

duction in viability. When feasible, investigations of 

the reproductive biology of the other three members of the 

nannoptera species group were conducted for comparative 

purposes. 



CHAPTER 2 

THORAX SIZE, OVARIOLE NUMBER, AND 
MATURE EGG NUMBER 

The adults of Drosophila pachea used in all experi

ments were obtained in one of the following three ways: (1) 

they were taken from laboratory cultures which have been 

maintained in the laboratory for several years; (2) they 

were aspirated from decaying senita cactus in the field; or 

(3) they were reared from decaying senita cactus collected 

t 

in the field and brought back to the laboratory. The 

collection localities from which D. pachea adults were 

obtained are shown in Figure 1. Appendix A lists the 

collection records for all Drosophila used in these 

experiments, and lists the specific collection numbers of 

D. pachea used in each experiment. Comparisons were made 

between D. pachea and other species of Drosophila in some 

of the experiments. 

Cultures of Drosophila were maintained in the 

laboratory in 22 dram shell vials containing a standard 

banana food medium, composed of bananas, malt, corn syrup, 

and yeast (Heed and Kircher, 1965). Autoclaved senita 

cactus is supplemented to the standard banana food medium 

for cultures of D. pachea. 

29 
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ARIZONA 

Organ Pipe Nat'l. Mon. (A582) 

. Santa Ana (A240, A276, A578) 

'Altar (A586, A6I4, A6I5) 

SONORA 

Desemboque (AI87, A349.A388) 

San Borja (A605) 
Tiburon Island (A35I, A663) 
'"VPunto Chueca (A569) 

San Carlos (A665) 

• Empalme (A232) 
-28' 

BAJA 
CALIF 

Mulege (A603) Navojoa (A30I) 

Bahia Concepcion(A607) 

PACIFIC 
OCEAN 

•JLoreto (A385.4) 
Zaragosa 
V (A235) 

Comondu (A62.2) 

Figure 1, Collection localities and numbers for ID. pachea. 



Materials and Methods 

The dorsal surface of the thoraces were measured 

with a lOx ocular micrometer at 30x magnification, and the 

measurements were converted to millimeters. Measurements 

were made for both males and females of D. pachea and for 

females of D. acanthoptera, D. nannoptera, and species w. 

The ovaries were dissected in Waddington's Ringer solution 

and fixed for 1-2 minutes in FAA fixative (Kambysellis and 

Heed, 1971). The number of ovarioles per fly (or per 

ovary) and the number of mature eggs per fly (or per ovary) 

were counted. The average number of mature eggs per 

ovariole was calculated from these values. For one group 

of D. pachea females, the number of mature eggs in each 

ovariole was recorded. Females of laboratory cultures of 

D. pachea were collected as virgins and their ages were 

recorded at the time of dissection. The laboratory 

cultures were compared with field collections of D. pachea. 

The ages of the females collected from the field were not 

known. A method does not exist yet to determine accurately 

the age of wild-captured Drosophila. It was determined 

that the majority of these females had mated in the field 

Cor in vials on transport from the field to the labora

tory) . The methods used to determine whether a female 

collected in the field was mated or virgin were: (1) 

examination of the spermathecae in the female for the 

presence of sperm, and (2) the presence of progeny. Virgin 
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females and mated females of a laboratory culture of D. 

acanthoptera were compared. The ages of both types of 

females were recorded at the time of dissection. Mated 

females of undetermined age were also dissected for 

laboratory cultures of species w and D. nannoptera. 

Results 

Table 1 shows the means and standard errors of 

thorax size, ovariole number, and mature egg number for 

the four members of the nannoptera species group of 

Drosophila. Appendix B gives the observed data and the t-

values of comparisons for thorax size, ovariole number, and 

mature egg number. 

D. acanthoptera and species w females were found to 

have significantly larger thoraces than nannoptera females 

and pachea females and males. D. nannoptera females have 

significantly larger thoraces than pachea males collected 

from the field, but significantly smaller thoraces than 

pachea females reared from laboratory cultures. The field 

collected pachea had significantly smaller thoraces than 

the pachea reared from lab cultures for both sexes. In 

fact, the field collected pachea females were significantly 

smaller than the males reared from lab cultures of pachea. 

D. acanthoptera has a significantly greater number 

of ovarioles than the other three species. D. species w 

has significantly more ovarioles than nannoptera and pachea. 



Table 1. Comparisons of thorax size, ovariole number, and mature egg number for 
the nannoptera species group of Drosophila. 

Mature eggs 

Species Na 
Thorax 

(mm) 
gize 

Ovariole N b 
Mature egg 
per female 

per h ovariole" 

pachea males (lab) 48 1.02 + 0. 002 — — — 

pachea males (field) 83 0.97 + 0.009 — — — 

pachea females (lab)c 215 1.08 + 0.01 30. 94 + 0. 33 25.22 + 1. 53 0.80 + 0.05 

pachea females (field)d 242 1. 00 + 0.004 28.56 + 0. 24 23.22 + 1. 29 1.36 + 0.56 

nannoptera females 30 1.01 + 0.01 30.97 + 0. 45 36.10 + 2. 47 1.17 + 0.08 

acanthoptera females0 69 1.17 + 0.01 42.91 + 0. 61 7.22 + 1. 20 0.16 + 0.03 

acanthoptera females^ 30 1.16 + 0.01 41.73 + 1. 07 58.50 + 3. 49 1.41 + 0.08 

species w females 30 1.18 + 0.01 36.97 + 0. 41 43.30 + 3. 91 1.16 +_ 0.10 

aN = total number of females Cor males) examined. 

^The values given are the means and standard errors. 

Q 
Females were virgins. 

^Females were mated for acanthoptera; the majority of pachea were mated. 
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No significant difference was found between nannoptera and 

pachea reared from lab cultures. However, both had a 

significantly greater number of ovarioles than pachea 

collected from the field. 

Figures 2-5 show the distribution of mature egg 

number per female for each species. Mated acanthoptera 

females have significantly more mature eggs in their 

ovaries than virgin acanthoptera females and the other 

three species. No significant difference was found 

between mated pachea females (field collected) and virgin 

pachea females (reared from lab cultures). The percentage 

of virgins from field collections for D. pachea ranged 

from 12-20 per cent. D. pachea females have a signifi

cantly lower number of mature eggs per female than the 

other three species. No significant difference was found 

between nannoptera and species w for the number of mature 

eggs per female. 

The mean number of mature eggs per ovariole, shown 

in the last column of Table 1, was not significantly 

different between virgin (lab) and mated (field) females 

of pachea, but significant differences were found between 

virgin and mated acanthoptera. No significant difference 

was found between nannoptera and species w. 

Table 2 shows the type of distribution of mature 

eggs per ovariole per female for each member of the 

nannoptera species group. D. pachea females show a much 
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Table 2. Distribution of mature eggs per ovariole per female for the nannoptera 
species group. 

Range of 
mature pachea pachea virgin mated 
eggsa (lab) (field) acanthoptera acanthoptera nannoptera species w 

0 32 12 24 0 0 1 
0-1 77 124 40 3 8 9 
0-2 40 40 5 4 0 1 
0-3 7 5 0 0 0 0 
0-5 0 lc 0 0 0 0 
1 3 1 0 0 3 1 
1-2 32 40 0 14 18 13 
1-3 17 8 0 9 0 3 
1-4 1 1 0 0 0 0 
2-3 4 4 0 0 1 2 
2_4K 2 6 0 0 0 0 

Total 215 242 69 30 30 30 

£ 
Ovarioles were examined, and these values represent the range of mature eggs 

found in the ovarioles of each female examined. 

^Total number of females examined for each species. 

Q 
This female had only one ovary. 
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larger variance in the range of mature eggs per ovariole 

for the females examined. The pattern of D. pachea indi

cates also that the eggs are produced or laid asynchron

ously. For example, in a single female, some ovarioles 

have no mature eggs while other ovarioles have as many as 

three or four mature eggs. This can be seen more clearly 

in the data shown in Appendix B. These data represent a 

sample of 38 laboratory reared D. pachea females that were 

dissected and the number of mature eggs in each ovariole 

was recorded. D. nannoptera females, though the sample 

size is small, do not show an asynchronous egg production 

or egg laying pattern. A few females (those with 0-2 or 

1-3 mature eggs per female) of D. acanthoptera and species 

w have a pattern suggesting that these species may produce 

or lay eggs asynchronously. 

Correlation coefficients were calculated between 

ovariole number and thorax size for each species. Table 3 

shows that all four species have positive correlations 

between thorax size and ovariole number that are signifi

cantly different than zero. However, the correlation 

values are somewhat low, particularly for D. acanthoptera. 

The lines of regression were calculated by the least 

squares method and are shown for each species in Figures 

6-10. Data for virgin and mated acanthoptera females 

were combined, since no significant difference existed for 

ovariole number and thorax size between the two groups. 
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Table 3. Coefficients of correlation and tests of 
significance for thorax size and ovariole number 
for the nannoptera species group. 

Species d. f.a r + S.E.b t-valuec 

pachea (lab) 213 0.61 + 0.04 11.27* 

pachea (field) 239 0.53 + 0.05 9.60* 

acanthoptera 97 0.24 + 0.09 2.39* 

nannoptera 28 0.89 + 0.04 10.18* 

species w 28 0.74 + 0.08 5.86* 

aDegrees of freedom. 

^Correlation coefficient + standard error of correlation 
coefficient. 

cTest of significance: * indicates significant at the 
5 per cent level. 
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Figure 6. Regression of ovariole number on thorax size 
for lab cultures of D. pachea. 
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Figure 7. Regression of ovariole number on thorax size 
for field collections of D. pachea. 
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Figure 8. Regression of ovariole number on thorax size for 
D. acanthoptera. 
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The formulae used in these calculations are given in 

Appendix J. 

Kambysellis and Heed (1971) have shown a strong 

correlation between ovariole number and thorax size for 

Drosophila mimica. Mean number of ovarioles increased 

significantly with size of fly. Correlations between 

thorax size and ovariole number for members of the 

nannoptera group are considerably lower than those re

ported for other species (Kambysellis and Heed, 1971; 

Mangan, 1977). Kambysellis and Heed (1971) have suggested 

that the absence of a positive correlation between thorax 

size and number of ovarioles is probably the result of the 

absence of competition for larval food and/or a more 

uniform distribution of nutritional factors. When compe

tition for larval food is present, larger flies tend to 

receive more nutrients which in turn aid in greater 

development of the ovarioles. Smaller flies receive 

fewer nutrients during the critical larval stage of 

development, and, in turn, ovariole development does not 

reach its fullest capacity. 

The number of ovarioles is extremely variable, 

particularly for D. pachea and D. acanthoptera which have 

larger sample sizes (CV = 13.3-15.8; CV = 11.9-14.0, 

respectively)."'" D, nannoptera and species w show 

^CV = coefficient of variation, expressed in percentage. 
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considerably less variation in ovariole number (CV = 8.0; 

CV = 6.1, respectively). The variation is even greater 

for the number of mature eggs present in the ovaries for 

each species (range of CV = 32.7-138.6) with virgin 

acanthoptera females showing the greatest variation and' 

mated acanthoptera females showing the least amount of 

variation. Less variation was found for the thorax size 

of these species (range of CV = 2.9-8.3). D. pachea 

females reared in the lab showed the greatest variation 

and D. pachea males reared under similar conditions showed 

the least amount of variation. 

Robertson (,1957a) reports 70% of the observed 

phenotypic variation (CV - 13%) for ovariole number of D. 

melanogaster is genetic in origin. Robertson (1957b) also 

attributes 50% of the variance of body size and 60% of the 

variance of egg production in D. melanogaster to genetic 

segregation. Gene-environment interactions are probably 

very important under less than optimal conditions in which 

the population may actually live. The smaller mean thorax 

size and ovariole number of D. pachea females collected 

from their natural environment would seem to indicate that 

they are under greater stress than the larger females 

reared under laboratory conditions. 

The members of the nannoptera species group have 

similar oviposition behavior (under laboratory conditions). 

Eggs of all four members are inserted into the surface of 



the substrate, and generally are laid in clusters. 

Occasionally D. pachea females deposit their eggs on the 

surface of the food. Virgin D. acanthoptera females lay 

relatively few eggs in comparison to mated D. acanthoptera 

females. This reflects the egg maturation in the ovaries 

of these two groups. Virgin acanthoptera females have 

relatively few mature eggs in their ovaries in comparison 

to the large number of eggs present in mated acanthoptera. 

This would indicate that the males pass something to the 

females during the copulatory period. Hinton (1974) 

indicates that the secretions of the male accessory glands 

influence oviposition. 



CHAPTER 3 

NUTRITIONAL EFFECTS ON OVARIOLE NUMBER, MATURE EGG NUMBER, 
AND EGG TO ADULT VIABILITY 

Materials and Methods 

The tests were conducted in an incubator at 25°C. 

Thirty grams of decaying cactus plus 30 g of fresh cactus 

were placed in sterile one-pint bottles. Seventy-five 

grams of sand were added first to each bottle to absorb 

the liquid from the decaying cactus. Decaying cactus 

was obtained by mixing the liquid of a rotting cactus 

removed from the field with a fresh cactus of the same 

type, and then incubating at 37°C for two weeks (Mangan, 

1977). Thirty milligrams of 7-cholestenol (lathosterol) 

per 60 g of cactus (or bananas) were homogenized together 

in a blender. The substance, 7-cholestenol, is a sterol 

which can be substituted for schottenol in the diet of D. 

pachea (Heed and Kircher, 1965; Goodnight and Kircher, 

1971). Table 4 shows the controls and test treatments 

used. Three replicas of each substrate were set up. Each 

bottle contained 30 mature females (ages 5-10 days) and 

30 mature males (ages 12-15 days) randomized from three 

laboratory cultures of D. pachea. The adults were allowed 

to lay eggs for 15 days before removal. The progeny 

emerging from.the various substrates within the first 50 

48 
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Table 4. Substrates used to study nutritional effects on 
ovariole number, mature egg number, and egg to 
adult viability in D. pachea. 

Control I senita only (Lophocereus schottii) 

Control II senita + 7-cholestenol 

Test IA saguaro only (Carnegiea gigantea) 

Test IB saguaro + 7-cholestenol 

Test IIA orqan pipe only (Lemaireocereus thurberi) 

Test IIB organ pipe + 7-cholestenol 

Test IIIA bananas only 

Test IIIB bananas + 7-cholestenol 

Test IVA agria only (Macherocereus gummosus) 

Test IVB agria + 7-cholestenol 

aThe genus name of this species has also been referred to 
as Stenocereus (Gibson, 1977). 
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days from the start of the experiment were sexed and 

counted. 

A sample of progeny emerging from each replica of 

each substrate that produced flies was tested for fer

tility by transferring them to 22 dram shell vials con

taining the standard laboratory medium plus approximately 

five grams of the substrate from which they were reared. 

Each sample consisted of 10 females and 10 males which 

were left in the vials for 15 days. If larvae were 

present within 30 days after the females and males were 

removed, the sample was judged to be fertile. The 

surviving females of each sample were dissected after 

removal from the vials, and the ovarioles and mature eggs 

were counted. The number of mature eggs per ovariole was 

calculated. 

Results 

It was estimated from counting eggs in small sub-

samples that the total egg number laid on each substrate 

for each replica ranged from 500-1000 eggs. Table 5 gives 

the total number of progeny produced for each replica of 

each substrate and the emergence times. Approximately 

equal numbers of each sex were produced with no signifi

cant deviation from a one to one ratio. Senita with and 

without 7-cholestenol and saguaro + 7-cholestenol produced 

the greatest number of progeny, while organ pipe and agria 



Table 5. Progeny produced and emergence time for D. pachea reared from various 
substrates. 

Substrate 

Progeny/Replica 

12 3 
Total 

Progeny 
Days till 

1st emergence 
Estimated mean 

emergence 

senita 308 298 291 897 24 29. 97 

senita + 7-Ca 287 289 281 857 24 29. 15 

saguaro 63 51 57 171 24 27. ,74 

saguaro + 7-C 306 277 268 853 24 29. ,05 

agria 0 0 0 0 — — 

agria + 7-C 6 0 0 6 28 31. ,00 

organ pipe 0 0 0 0 — — 

organ pipe + 7-C 0 2 0 2 30 30. , 00 

bananas 3 8 0 11 28 30, .27 

bananas + 7-C 20 38 28 86 28 32, .91 

a7-C = 7-cholestenol (lathosterol). 
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were least productive. Since the actual number of eggs 

laid on each substrate was not counted, it was not 

determined whether these differences were due to less 

willingness on the part of the females to lay eggs on organ 

pipe and agria, or whether larval competition and death 

were greater on these substrates. 

The flies emerging from saguaro with and without 

7-cholestenol were much lighter and matured more slowly as 

adults than the flies reared from senita. It took approxi

mately 10 days longer for the eyes and body of the saguaro-

reared progeny to darken in comparison with those reared 

from senita. 

The emergence time was recorded in two ways: (1) 

the number of days from the initial set-up of the experi

ment to the time of first adult emergence, and (2) the 

estimated mean emergence time from the set-up of the 

experiment. The progeny were not counted daily; therefore, 

only an estimation of emergence time could be made. This 

emergence time does not represent developmental time from 

egg to adult, because it is not known when the eggs were 

laid. Generally, the least productive substrates had the 

longer emergence times. 

Table 6 summarizes nutritional effects on fer

tility, ovariole number, and mature egg number for 

substrates producing more than 50 progeny. The samples 

used to test the fertility of the progeny reared from the 



Table 6. Nutritional effects on fertility, ovariole number, and mature egg number 
in D. pachea. 

Substrate Na 
Females 
fertile 

Ovariole 
number" 

Mature egg 
number" 

Mature eggs/ 
ovariole" 

senita 28 yes 30.46 + 0.28 31.93 + 1.31 1.05 + 0.04 

senita + 7-Cc 25 yes 30.56 + 0.50 31.36 + 1.47 1. 03 + 0.05 

saguaro 24 no 28.38 + 0.44 6.42 + 1.16 0.22 + 0. 04 

saguaro + 7-C 26 yes 30.47 + 0.34 28.35 + 1.42 0. 94 + 0.05 

bananas + 7-C 15 yes 29.07 + 0.49 17.80 + 1.51 0.61 + 0.05 

aN = number of surviving females tested for fertility and then dissected. 

Values given are the means and standard errors. 

7-C = 7-cholestenol (lathosterol). 



various substrates were all fertile except for the sample 

reared from saguaro not containing 7-cholestenol. Bananas 

+ 7-cholestenol and saguaro only had significantly lower 

numbers of ovarioles and mature eggs than the other sub

strates tested. A significant difference was also found 

between saguaro only and bananas + 7-cholestenol for the 

number of mature eggs. The t-values for each comparison 

and the observed data are presented in Appendix C. 

Fellows (1970) has tested D. pachea on senita, 

saguaro, cardon, organ pipe, agria, and cina cactus without 

7-cholestenol or schottenol. His experiments were con

ducted in population cages containing 600 g of cactus. 

Forty females and 30 males were allowed to lay eggs for 10 

days and emerging progeny were counted. He obtained a 

mean + standard error =4+2 adults from the three 

replicas of saguaro and a mean + standard error = 1210 + 

337 adults from the four replicas of senita. The other 

cacti produced no adults. From egg laying experiments, 

Fellows C1970) determined that D. pachea will lay eggs on 

all cacti that were sampled with a mean number ranging from 

about 30 eggs (for organ pipe cactus) to 75 eggs (for 

senita cactus) during a 24 h period. Fellows (1970) has 

also supplemented 600 g of saguaro with 0.35 g of pure 

schottenol, and from two replicas he obtained an average 

of 222 progeny. 
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H6ed and Russell (1968) have attempted to rear D. 

pachea on standard banana medium supplemented with cubes of 

autoclaved cactus. They showed that D. pachea could be 

reared from other cacti but the numbers of eclosing progeny 

were significantly lower than for senita. They allowed 

15 females with 15 males to lay eggs for 22 days. From 

two replicas of organ pipe, 101 adults were obtained, while 

only one adult was obtained from saguaro. These emergences 

can be compared with the 361 D. pachea which they obtained 

from two replicas with senita. They also found that the 

eclosing females from all cacti except senita were sterile. 

In the present experiment significantly more 

progeny emerged from saguaro with and without 7-cholestenol 

in comparison to the numbers reared in the experiments of 

Fellows and Heed and Russell. This in part may be due to 

the conditions of the decaying cacti. D. pachea females 

have higher productivity (in terms of adult emergence) 

when conditions are moist. The senita and saguaro in this 

experiment were quite moist in comparison to the other 

cacti. Differences in the numbers of eggs laid may also 

account for the differences observed between the various 

experiments. Fecundity (daily egg production per female) 

is highly variable for D. pachea as will become evident in 

later chapters of this dissertation. It would be useful 

to repeat the experiment with a known number of eggs on 

each substrate. 
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In comparing the data of this experiment, it 

appears that a sufficient amount of 7-cholestenol is needed 

to assure that the larvae receive proper nutrients and 

that, in turn, progeny emerge. However, additional 7-

cholestenol does not increase productivity (in terms of 

the number of emerging progeny). This is reflected by the 

approximately equal numbers of progeny that emerged from 

senita with and without 7-cholestenol added. Senita cactus 

contains a small quantity of 7-cholestenol, approximately 

equivalent to the amount added (Kircher, 1976). It also 

appears that certain unknown toxic elements are present in 

agria and organ pipe to which D. pachea is not adapted, or 

possibly these cacti and bananas lack other nutrients that 

are essential to the diet of D. pachea. It is interesting 

to note that saguaro and senita are phylogenitically more 

closely related to each other, than to organ pipe and 

agria. Organ pipe and agria cacti are members of the 

subtribe Stenocereinae, while senita and saguaro are 

members of the subtribe Pachycereinae (according to the 

phylogeny of Gibson, 1977), Possibly D. pachea has evolved 

a resistance to the toxic effects of the cacti in the sub-

tribe Pachycereinae which are chemically considered to be 

alkaloid cacti, but not to the toxic effects of cacti in 

the subtribe Stenocereinae which are chemically considered 

triterpene cacti. 
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However, it has clearly been established for 

several years that D. pachea is monophagic, restricting 

itself to senita cactus. Occasionally, when the supply of 

senita rots is low, it can be found on saguaro (Fellows, 

1970). Thus, species of cacti other than senita are 

probably less nutritious for D. pachea, and this should be 

reflected in the ovariole development of the females. 

Significantly lower ovariole numbers and mature egg numbers 

were found for less nutritious substrates (saguaro without 

7-cholestenol and bananas with 7-cholestenol). It appears 

that the presence of 7-cholestenol in the saguaro provides 

D. pachea with sufficient nutrients to achieve maximum 

ovariole number. 



CHAPTER 4 

EGG TO ADULT VIABILITY 

Materials and Methods 

A number of experiments were conducted at room 

temperature (X + S.E. = 26.3°C + 0.05°C) to determine what 

percentage of eggs laid by D. pachea were viable to the 

adult stage. In these experiments the females were allowed 

to lay eggs in 8 dram shell vials containing standard 

laboratory medium supplemented with autoclaved senita. The 

number of eggs were then estimated or counted. The total 

number of progeny emerging were sexed and counted. From 

these two values the percentage of eggs viable to the adult 

stage can be estimated. 

Experiment 1 

Isofemale lines from seven different laboratory 

cultures were set up. The isofemales, ranging in age from 

7-10 days, had been mass mated for 48 hours previous to the 

start of the experiment. They were allowed to lay eggs for 

9-11 days before removal. Actual egg counts were made for 

females laying 30 or less eggs, while estimations were made 

for more than 30 eggs. An approximation of egg to adult 

viability was determined for each locality. 

58 



59 

Experiment 2 

The progeny produced by some of the isofemales 

lines in experiment 1 were collected as virgins, allowed to 

mature, and then pair-mated. Brother-sister matings and 

matings (referred to as unrelated matings) between males 

and females derived from different isofemale lines were set 

up. The ages of the males and females at the start of the 

experiment ranged from 10-13 days and 8-12 days, respec

tively. The duration of the first copulation was recorded 

for each pair. The pair-mated females were allowed to lay 

eggs for 7 days with transfers to new vials being made 

every other day. The male and female of each pair mating 

were left together during the entire egg laying period. 

The number of eggs laid was not counted. The percentage of 

pair matings successful in producing progeny and the number 

of progeny produced were determined for each type of mating. 

Some of the female progeny of the unrelated pairs 

were collected as virgins, allowed to mature, and then 

backcrossed to their fathers or uncles. Figure 11 shows 

schematic diagrams of the four types of matings used in 

this experiment. The ages of the males and females at the 

time of their matings ranged from 31-42 and 8-12 days, 

respectively. The procedure and information recorded for 

these matings were the same as for the unrelated and 

brother-sister pair matings. 
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isofemales: ^ O 

pairs •• O | E 

progeny 
counted 

a. unrelated matings 

isofemales •• O O 

pairs-- O—i • 

/ y 
progeny 
counted 

c. father-daughter matings 

progeny 
counted 

b. brother-sister matings 

or 

progeny 
counted 

d. uncle-niece matings 

Figure 11. Types of matings used to determine productivity 
in D. pachea — o = female, • = male. 
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Experiment 3 

Ten females and several males were collected from 

decaying senita in the field. The females were set up as 

isofemales and allowed to lay eggs for 7 days before being 

transferred to a fresh food vial for another 7 days. The 

actual number of eggs laid was determined separately for 

both egg laying periods of each isofemale,and the number of 

progeny were counted and sexed. Two separate calculations 

of egg to adult viability were made for each isofemale. 

Experiment 4 

Pair matings derived from four isofemales collected 

in the field were set up, and transferred daily to new"-' 

vials for 15 days. All matings were between males and 

females of different isofemale lines. Eggs were counted 

daily and progeny were sexed and counted separately for 

each vial. Daily egg to adult viability and overall egg 

to adult viability were calculated for each pair. It was 

also possible in this experiment to estimate the time of 

male maturation. Females were 4-5 day-old virgins and 

males were one day old. Male maturation was determined as 

the time that the females first produced progeny. Since 

the females did not lay eggs every day, only estimations 

of male maturation could be made. The average number of 

eggs laid per day was also calculated for each pair mating. 
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Experiment 5 

Females collected in the field were set up as iso-

females, and allowed to lay eggs for 1-12 days. The total 

numbers of eggs, pupae, and progeny were determined for 

each isofemale. The percentages of egg to pupae viability, 

pupae to adult viability, and egg to adult viability were 

calculated for each isofemale. 

Experiment 6 

In this pilot experiment designed to determine the 

effects of various types of second matings on egg to adult 

viability, three controls consisting of only one mating 

for each female and three tests consisting of two matings 

for each female were set up. Females were all derived from 

the same isofemale line, while males were derived from 

three different isofemale lines. The second matings of the 

tests involved males of the same line as in the first 

matings or males of lines different than those in the first 

matings. The females were allowed only a single copulation 

with each male, and then the males were removed. The 

duration of copulation was recorded for each observed 

mating. The second matings for the tests were set up 

3-1/2 days after the first matings. The females were 

allowed to lay eggs for 3-1/2 days after each mating. The 

eggs and the progeny produced were counted for each mating. 
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Experiment 1 

The estimated per cent of egg to adult viability 

ranged from 4.2% to 50.3% for seven different laboratory 

cultures of D. pachea (see Table 7). The overall estima

tion of egg to adult viability for the 210 isofemales that 

were allowed to lay eggs for 9-11 days without transfer was 

32.0%. A contingency chi square test (see Appendix J for 

formulae and Appendix D for details) was performed to 

determine if the observed differences in egg to adult 

viability was significant and the result of differences 

between lab cultures. The calculated chi square value 

2 2 
(X = 622.84) was highly significant (tabular x q5 = -1-2-59' 

d.f. = 6). Ninety-six per cent of the deviation was 

accounted for by lab cultures A232 and A240. In comparison 

to the other cultures A232 showed a significant increase in 

egg to adult viability, while A240 showed a significant 

decrease. 

Almost half of the 210 isofemales (32.9%) set up 

did not produce any progeny. The percentages of isofemales 

for each culture that produced progeny ranged from 6.7% to 

83.3% (see % successful in Table 7). The lab cultures 

differ as to the number of years in the lab (the higher 

the culture number, the less amount of time in the lab), 



Table 7. Egg to adult viability for 210 isofemales from laboratory cultures of 
D. pachea (Experiment 1). 

Lab culture 
number Na 

Estimated 
eggs laid 

Total 
. progeny 

% Estimated 
. viable 

Range of 
% viable % Successful 

A62. 2 30 1027 321 31.3 0-55 76.6 

A232 30 1550 780 50.3 0-78 83.3 

A240 30 1011 42 4.2 0-44 6.7 

A276 30 1442 426 29.5 0-68 70.0 

A351 30 1308 393 30.0 0-89 80.0 

A3 85.4 30 1236 386 31.2 0-63 46.7 

A3 8 8 30 1529 563 36.8 0-75 76.7 

Total 210 9103 2911 32.0 0-89 58.1 

aN = number of isofemales. 
U 
% successful = % isofemales producing progeny. 
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and to the origin (collection sites and number of males 

and females from which the cultures were derived). 

The means and standard errors for the number of 

eggs laid per female and the number of progeny produced 

per female are 50.85 + 1.55 eggs and 16.26 + 1.20 progeny 

(includes those matings producing no progeny also). The 

number of eggs laid during the 9-11 day period ranged from 

10-98 per female, and the number of progeny produced 

ranged from 0-60 per female. 

Experiment 2 

The theoretical inbreeding coefficients for the 

unrelated, uncle-niece, father-daughter, and brother-sister 

pair matings are respectively: 0, 1/8, 1/4, 1/4. Table 8 

shows the mean copulation times, mean number of progeny 

produced by the successful pair matings (excludes matings 

producing no progeny), and the percentage of pair matings 

that were set up and produced progeny (% successful). Only 

30.6% of the 180 matings set up in this experiment were 

successful in producing progeny. The two groups most 

affected were uncle-niece and father-daughter pair matings, 

where 13% and 20%, respectively, of these matings produced 

some progeny. This is probably a result of the older age 

of the males (31-42 days). However, less than half of the 

unrelated matings (42.8%) were successful in producing 

progeny, and the ages of these males at the time they were 



Table 8. Copulation time and relative productivity for pair matings of various 
relationships in D. pachea (Experiment 2) . 

Class N 
Copulation 

times Progeny % Successful 

unrelated 64 30.77 + 1.18 75.29 + 11.64 43.8 

uncle x niece 46 34.57 + 1.58 22. 83 + 19.07 13.0 

father x daughter 50 36.13 + 1.71 20.50 + 4.53 20.0 

brother x sister 20 40.63 + 0. 85 62.27 + 10.38 55.0 

N = number of pair matings. 

"Values given are means and standard errors. 

'% successful = % pair matings that produced progeny. 
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placed with females were 10-13 days, indicating other 

factors are involved. Although eggs were not counted, it 

was known that the females of each mating did lay some 

eggs, and that larvae were present in the majority of the 

vials. 

Chi-square tests were performed to determine if 

significant differences existed between each group for the 

percentage of successful pairs. No significant differences 

were found between the unrelated and brother-sister matings 

and between the uncle-niece and father-rdaughter pair 

matings. However, the uncle-niece and the father-daughter 

pair matings had significantly fewer successful matings 

than unrelated and brother-sister pair matings. 

Using the t-test, significant differences were 

detected for copulation time and mean number of progeny 

produced. Brother-sister matings were found to have a 

significantly higher mean copulation time than the other 

three groups. Father-daughter matings also had a signifi

cantly higher copulation time than the unrelated matings. 

Unrelated matings produced significantly more progeny than 

uncle-niece and father-daughter pair matings. Brother-

sister matings produced significantly more progeny than 

the father-daughter matings. The t-values and chi-square 

values are given in Appendix D. 
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Experiment 3 

Egg to adult viability for two seven-day egg laying 

periods of ten isofemales collected from the field are 

summarized in Table 9. During the first seven days all 

females produced progeny and the overall percentage of egg 

to adult viability was 33.0%. This was found to be sig-

2 
nificantly higher (x = 202.90, d.f. = 1) than the overall 

percentage of egg to adult viability (14.6%) during the 

second seven days that the females were allowed to lay eggs. 

All but one female produced some progeny during this second 

period of egg laying. 

A contingency chi square test was performed 

separately for each egg laying period to determine if sig

nificant differences existed for egg to adult viability and 

if they were the result of differences between the iso-

2 
females. The calculated chi square values (x = 37.38, 

d.f. = 9) for the first seven days was significant at the 

0.05 level, to 89% of the deviation accounted for by 

females 1, 4, 8, and 10. Females 1 and 10 increased the 

percentage of egg to adult viability, while 4 and 8 de

creased it in. comparison with the other females. The 

2 
calculated chi square value (x = 32.24, d.f. = 9) for the 

second seven days was also significant at the .05 level, 

with 90% of the deviation accounted for by females 1, 5, 7, 

8, and 10. Females 1, 7, and 8 decreased viability while 

females 5 and 10 showed an increase in egg to adult 
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Table 9. Egg to adult viability for two egg laying periods 
of ten D. pachea isofemales collected from the 
field (Experiment 3}. 

First seven days Second seven days 

Female Total Total % Total Total % 
number eggs progeny viable eggs progeny viable 

1 63 13 20.6 101 5 5.0 

2 73 21 to
 

00
 

• 00
 

69 13 J—
1 

CO
 

• 00
 

3 89 27 30.3 68 12 17.6 

4 110 50 45.6 58 10 17.2 

5 81 23 to
 

00
 

• 108 21 19.4 

6 58 16 27. 6 73 14 19.2 

7 94 35 37.2 53 4 7.5 

8 60 8 13.3 62 0 0.0 

9 67 26 38.8 60 6 10.0 

10 47 26 55.3 128 29 22.7 

Total 742 245 33.0 780 114 14.6 
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viability. The contingency chi squares are summarized in 

Appendix D. 

Experiment 4 

The daily and overall egg to adult viability for 28 

pair matings from a laboratory culture of D. pachea are 

summarized in Table 10. There is an increase in the daily 

egg to adult viability until it reaches a peak (91.3%) on 

day 13, where it starts to decline. The overall egg to 

adult viability for the 28 females during the 15 day period 

was 51.3%. Four of the females (14.3%) did not produce any 

progeny. The number of eggs laid per day per female ranged 

from 0 to 128, (X + S.E. = 8.21 + 1.00 eggs/day/female). 

The estimated time of male maturation ranged from 7-13 days 

(X + S.E. = 10.33 + 0.30 days). 

Experiment 5 

Table 11 shows that the longer the females were 

allowed to lay eggs in the same vial, the lower the per

centage of egg -to adult viability. The greater portion of 

this low egg to adult viability is attributed to a decline 

in the percentage of eggs reaching the pupae stage. There 

is also a decrease in the percentage of pupae reaching the 

adult stage, but this decrease is generally lower than egg 

to pupae viability. Egg to pupae viability accounts for 

the survival of two stages of the life cycle, egg 

hatchability and larval viability. 
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Table 10. Daily and overall egg to adult viability for 28 
pair matings from a laboratory culture of D. 
pachea (Experiment 4). 

Day 
number 

Eggs laid ^ 
total number Total progeny % viable*3 

1 49 0 0.0 

2 129 0 0.0 

3 72 0 0.0 

4 229 0 0.0 

5 7 0 0.0 

6 82 0 0.0 

7 156 41 26. 3 

8 234 29 12.4 

9 228 24 10.5 

10 351 185 52.7 

11 441 348 78.9 

12 347 302 87.0 

13 635 580 91.3 

14 19 17 89.5 

15 10 8 80.0 

Total 2989 1534 51.3 

aDay number also corresponds to the age of males; females 
were 4-5 days old on day 1. 

Values are the totals of 28 pair matings. 



Table 11. Egg to pupae, pupae to adult, and egg to adult viability for 77 iso-
females of D. pachea collected from the field (Experiment 5). 

Egg 
laying 
period Nb 

Total 
eggs 
laid 

Total 
pupae 

Total 
progeny 

% viable 
egg to 
pupae 

% viable 
pupae to 
adult 

% viable 
egg to 
adult 

1 4 20 17 16 85.0 94.1 80.0 

2 6 88 84 64 95.5 76.2 72.7 

4 7 137 88 46 64.2 52.3 33.6 

5 18 511 203 96 39.7 47.3 18.8 

6 13 523 259 115 49.5 44.4 22.0 

7 1 36 11 11 30.6 100.0 30.6 

9 8 638 136 81 21.3 59.6 12.7 

10 18 1258 257 125 20.4 48.6 9.9 

11 1 55 0 0 0.0 0.0 0.0 

12 1 34 2 1 5.9 50.0 2.9 

Total 77 3300 1057 555 32.0 52.5 16.8 

X + S.E. 42.86 + 4.47 13.87 + 1.35 7..21 + 0.78 

aThe number of days females were allowed to lay eggs in the same vial (X + S.E. = 
6.42 + 0.33],. ~ 

= number of females laying eggs. 
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The overall per cent egg to adult viability was 

quite low (16.8%) with 32.0% of the eggs reaching the pupae 

stage and 52.5% of the pupae reaching the adult stage. The 

means and standard errors for the number of eggs laid, 

number of pupae produced, and number of progeny that 

emerged are also given in Table 11. 

Of the 77 isofemales set up, 4 6.8% had greater 

pupae to adult viability, 41.5% had greater egg to pupae 

viability, and 11.7% showed no difference between the two 

types of viability. Greater egg to pupae viability occurred 

for females that were allowed a shorter egg laying period, 

while those females that had a longer egg laying period 

generally had greater pupae to adult viability. Since a 

greater number of eggs were laid by females given a longer 

egg laying period, this explains the overall lower per cent 

of egg to pupae viability in comparison to pupae to adult 

viability. All females were found to contain some sperm in 

their spermathecae when examined. 

Experiment 6 

The summary of experiment 6 is given in Table 12. 

Sample sizes were small in this experiment, and thus 

standard errors were quite high. No significant differ

ences were found between any of the classes for copulation 

times. A contingency chi square test was performed to 

determine if the observed differences in the per cent of 



Table 12. The effects of second matings on egg to adult viability in D. pachea 
(Experiment 6). 

a Copulation Total Total % % Female Male 
Class N timeE 1 eggs progeny viable successfulc line line 

Control 1 6 32.72 + 2.78 191 61 31.9 66.7 1 1 

Control 2 7 34.88 + 2.69 215 80 37.2 71.4 1 2 

Control 3 7 34.79 + 5.05 206 76 36.9 57.1 1 3 

Test 1—lst^ 10 35.46 + 2.98 278 65 23.4 60.0 1 1 

Test 1—2nd0 6 37.15 + 2.11 178 0 0.0 0.0 1 1 

Test 2—1st 10 36.46 + 3.79 246 88 35.8 60.0 1 1 

Test 2—2nd 6 29.06 + 4.25 151 64 42.4 33.3 1 2 

Test 3—1st 9 32.57 + 2.96 272 104 38.2 66.7 1 2 

Test 3—2nd 8 34.98 + 1.84 175 40 22.9 25.0 1 3 

aN = number of pair matings. 

^Values given are the means and standard errors. 

£ 
% successful = % of the matings producing progeny. 

^First mating. 

0 
Second mating. 
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egg to adult viability are significant and the result of 

2 
the type of mating. The calculations to obtain the x 

2 value (x = 119.81, d.f. = 8), which is significant at the 

chosen 0.05 level of significance, are presented in Appendix 

D. Eight per cent of the deviation was attributed to the 

controls, 15.0% to the first matings of the tests, and 

77.0% was attributed to the second matings of the tests. 

The majority of the deviation (83.6%) for the second 

matings of the tests was attributed to Test 1, where the 

second matings involved the same males and females. None 

of the eggs laid were successful in reaching the adult 

stage for these matings. The second matings of Test 2 

showed an increase in viability in comparison to the first 

matings of Test 2, while a decrease in viability occurred 

for the second matings of Test 3. The second matings of 

these two tests involved males of a different line than 

the males of the first matings (see Table 12). 

The percentages of matings that produced some 

progeny (% successful) for each condition are: (1) for all 

controls =65.0%; (2) for the first matings of all tests = 

62.1%; and (3) for the second matings of all tests = 20.0%. 

The individual percentages of successful matings for each 

class are shown in Table 12. 
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Discussion 

Many of the investigations on viability examine the 

genetic activity of individual chromosomes and the effects 

produced when recombination of this material occurs 

(Dobzhansky and Spassky, 1953; Breese and Mather, 1960; 

reviewed by Lewontin, 1974). This was not the purpose of 

these experiments. The earlier evidence suggested that egg 

to adult viability was considerably lower for isofemales 

and pair matings than for mass matings. These experiments 

using either isofemales or pair-mated females, were under

taken to determine if this was the case. 

The differences in egg to adult viability between 

these experiments reflect differences in conditions of each 

experiment which include: (1) age of males and females, 

(2) presence or absence of males, (3) period of time the 

males and females were together, (4) number of days that 

the females were allowed to lay eggs, (5) number of eggs 

laid, and (6) location of the collection site and amount of 

time each culture was maintained in the lab. Temperature, 

conditions of light, and substrate in which eggs were laid 

were essentially the same for all experiments. Although 

humidity at room temperature was not recorded, no apparent 

differences in humidity were noticeable during the time the 

experiments were conducted. However, it became evident in 

all experiments that the moisture content of the food was 

an important factor in determining the percentage of eggs 



which reached the adult stage, regardless of the other 

differences- Higher percentages of egg to adult viability 

were generally associated with greater amounts of moisture 

in the food. This factor is believed to be responsible for 

an undetermined portion of the variation within and between 

experiments. 

Matings involving older males tend to be less 

successful in producing progeny and thus, the overall egg 

to adult viability is lower. Females isolated from males 

are less successful and generally have lower egg to adult 

viability than pair-mated females. The overall egg to 

adult viability was 32.0% to 33.0% for isofemales and 

51.3% for pair-mated females (see Tables 7, 9, and 11). 

Longer periods of isolation from males resulted in lower 

percentages of egg to adult viability. Greater percentages 

of egg to adult viability were found when transfers of the 

females to fresh food occurred daily (see Table 10), thus 

reducing crowded conditions. 

From these experiments it appears that the larval 

stage is the most affected. The competition for food, 

space, and moist conditions greatly reduce viability, 

particularly at the larval stage. However, it was not 

known what percentage of the eggs were fertilized and 

hatched. The next chapter discusses egg hatchability 

under various conditions. 



CHAPTER 5 

EGG HATCHABILITY 

Materials and Methods 

Egg hatchability was determined from the percentage 

of fertilized eggs which produced larvae- Two types of 

fertilized eggs were detected: (1) brown eggs with chorion 

and cytoplasm intact, indicating embryonic death; and (2) 

viable, hatched eggs with only the chorion remaining. 

Infertile eggs have the chorion and cytoplasm intact, and 

have the characteristic white color. 

Two methods were employed in determining whether 

the eggs had been fertilized. In the initial experiment 

the eggs were stained with Grenadier's borax carmine 

according to the procedure shown in Table 13, In this 

method the eggs were collected 12-48 hours after they were 

laid in 22 dram shell vials containing the standard 

laboratory medium. Most of the food was cleared from the 

eggs before fixation. The embryos of fertlized eggs 

stained red while infertile eggs which contained no 

embryos remained white. In order to approximate the time 

that the eggs were laid, the vials were examined every two 

hours during an eight-hour period. Thus the maximum age 

difference within any group of eggs examined was two hours. 

78 
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Table 13. Procedure for staining eggs. 

Order of procedurec Time needed 

fix in Carnoy's 

wash in 50% EtOH 

stain in Grenadier's Borax Carmine 

add concentrated HC1 

destain in 3% HC1:80% EtOH solution 

change to 80% EtOH 

dehydrate in 90% EtOH 

dehydrate in 100% EtOH 

clear in aniline-xylene solution 

transfer eggs to glycerol 

mount in Yetwin's Mounting Media 

3-1/2 hours 

5-10 minutes 

4 hours 

8 hours-overnight 

3 to 3-1/2 hours 

1 hour 

30 minutes 

3 0 minutes 

30 minutes 

less than 5 minutes 

Procedures for preparing all solutions are given in 
Humason (1967). 

Modification of Humason (1967) 
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If eggs were present the adults were transferred to new 

vials. The other method which was used in the remaining 

experiments involved an individual inspection of each egg 

noting color and condition of the chorion and cytoplasm. 

The inspections were made 48-96 hours after the eggs were 

laid. It was determined from the egg staining method that 

the mean hatching time for eggs in D. pachea was 22 hours. 

The number of larvae present was also determined. Sterile 

petri dishes were used to facilitate the ease of examining 

the eggs and counting the larvae. They contained either a 

thin layer of standard laboratory medium darkened with food 

color or autoclaved cactus juice containing 1% bactoagar. 

Senita cactus juice was used for D. pachea and opuntia 

cactus juice was used for other species that were tested. 

Experiment 1 

D. pachea was compared with D. acanthoptera, D. 

melanogaster, D. mojavensis, D. nannoptera, and species w 

for egg hatchability. Ten females of each species were 

allowed to lay eggs for two eight-hour periods. The 

females had been left with males for 5-6 days before the 

start of the experiment. Virgin females of D. pachea were 

used as a control in the staining procedure. The ages of 

females were not determined. The total number of eggs 

scored and the percentages that were fertile and infertile 

were recorded for each species. 



81 

Experiment 2 

Pair matings and mass matings (five of each sex) 

were set up for D. pachea, D. pseudoobscura, and D. 

melanogaster. The adults were allowed to lay eggs for 

three consecutive days with transfers to new petri dishes 

being made daily. Eggs were scored 48 hours after they 

were laid, and larvae were counted. 

Experiment 3 

Ten nonvirgin females of D. pachea isolated from 

males for two days were allowed to lay eggs for 24 hours. 

The same ten females were then allowed another 24 hour 

egg-laying period after four days of isolation from males. 

A second group of 10 virgin D. pachea females were pair-

mated, and were allowed to lay eggs 24 hours and 72 hours 

after the matings. The eggs of each female were indi

vidually scored 4 8 hours after they were laid for each 

egg-laying period. 

Experiment 4 

Females of D. pachea were collected in the field 

and isolated from males at the time of collection. Some 

of the females collected were in the process of mating and 

were not isolated from males. The females were allowed to 

lay eggs for 1-2 days. Eggs were scored and larvae present 

were counted 48-96 hours after the egg-laying period. 

Comparisons were made between the -amount of time isolated 
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from the males and the percentage of eggs fertilized. The 

females were later examined for the presence of sperm. 

Experiment 5 

Two groups of D. pachea females/ those isolated 

5-6 days and 8-9 days from males, were set up. A total of 

500 eggs laid by 27 females during the two-day period were 

examined for each group. The larvae were counted for each 

group, and then transferred in groups of 10-20 to food 

vials supplemented with autoclaved senita cactus. The 

number of pupae and the number of adult progeny were 

determined for each group. From these values the viability 

of each stage was determined. These females were later 

dissected and the relative amount of sperm stored and the 

condition of the sperm were determined. 

Experiment 6 

The types of matings involving D. pachea that were 

set up in this experiment were: (1) isofemales, (2) pair 

matings, (3) matings with two females and one male, and 

(4) matings with one female and two males. All of the 

females were nonvirgins and the males had also been 

involved in previous matings. Each female was allowed to 

lay eggs for seven consecutive days. The daily per cent 

egg hatchability was calculated for each group by indi

vidually scoring each egg laid. 
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Results 

Experiment 1 

The staining method (see Table 13) used in this 

experiment did not even partially stain any of the eggs 

laid by the controls (virgin D. pachea females). All of 

the eggs laid by the virgin females remained white. In 

the experimental flies 81.2% to 98.1% of the eggs laid by 

the different species had at least some partial red 

staining (see Table 14). The total eggs scored for each 

species do not represent the total number of eggs laid by 

the mass cultures of ten females during the two eight-hour 

periods since an undetermined portion of the eggs were 

lost during transfers. There was considerable variation 

in the amount of staining per egg. Some eggs were totally 

stained and others partially stained, but these differences 

were not quantified. The differences in the amount of 

stain per egg could probably be attributed to the ages of 

the eggs, since the eggs were stained anywhere from 12-4 8 

hours after they were laid. However, with each group of 

eggs stained, the maximum difference in age was two hours. 

The amount of stain per egg did not appear to vary as much 

within a group of eggs as between groups of eggs. 

A contingency chi square test was conducted to 

determine if there were significant differences between 

species for egg to larval viability (% of eggs fertile). 
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Table 14. Egg hatchability in mass cultures of several 
Drosophila species (Experiment 1) 

Species 
Total eggs 

scored Fertile eggs (%)a 

acanthoptera 48 39 (81.2) 

melanogaster 64 61 (95.3) 

mojavensis 69 67 (97.1) 

nannoptera 53 52 (98.1) 

pachea 122 116 (95.1) 

species w 31 28 (90.3) 

pachea (virgins) 103 0 (0.0) 

aThe percentage of eggs staining red. 

2 
The calculated chi square value, (x = 17.21, d.f. = 5) 

was significant at the 0.05 level. About 75% of the 

deviation was attributed to the lower percentage of fertile 

eggs in D. acanthoptera. Since none of these females were 

examined for sperm, it is possible that one or more females 

laying eggs had not been fertilized, even though there was 

ample time for all females to be fertilized. Appendix E 

gives the statistical analysis of egg hatchability. 

Experiment 2 

Table 15 summarizes the results of comparisons of 

egg hatchabilty between pair matings and mass matings for 



Table 15. Egg hatchability in pair matings and mass matings of several Drosophila 
species for a 3-day period (Experiment 2). 

Species Type Na 

Total 
eggs 
laid 

Total 
fertile, 
eggs (%) 

Total 
infertile 
eggs (%)c 

Nonviable 
fertile 

eggs (%)d 

melanogaster pair 1 75 74 (98.7) 1 (1.3) 1 (1.4) 

melanogaster mass 1 332 325 (97.9) 7 (2.1) 7 (2.2) 

pseudoobscura pair 2 139 136 (97.8) 3 (2.2) 2 (1.5) 

pseudoobscura mass 2 549 538 (98.0) 11 (2.0) 5 (0.9) 

pachea pair 5 269 178 (66.2) 91 (33.8) 8 (4.5) 

pachea mass 3 607 464 (76.4) 143 (23.6) 10 (2.2) 

aN = number of replicas. 

^Total number of eggs fertilized (hatching and not hatching but brown). 

Total number of eggs not hatching and remaining white. 

Total number of eggs not hatching and turning brown. 



three species of Drosophila. For both pair matings and 

mass matings of D. ntelanogaster and D. pseudoobscura, the 

percentages of fertile eggs ranged from 97.8% to 98.7%. No 

significant differences were found between these four 

2 
groups (largest x = 0.37, d.f. = 1). However, the total 

percentage of eggs fertile for pair matings of D. pachea 

was significantly lower than mass matings of D. pachea 

2 (X = 15.62, d.f. = 1), and both groups were significantly 

lower than D. melanogaster and D. pseudoobscura (lowest 

X2 = 35.43, 1 d.f.). 

The percentages of eggs that turned brown (% non

viable, fertile eggs) were also calculated for each type of 

mating. These values represented about 2% or less of the 

fertile eggs laid, with the exception of pair matings for 

D. pachea in which 4.5% of the fertile eggs were nonviable. 

A contingency chi square showed a significant 

deviation for differences in egg hatchability for the 

2 
species studied (x = 288.67, d.f. - 10). About 58% of 

the deviation was attributed to D. pachea. Appendix E 

gives the contingency table and deviations for this 

experiment. 

Experiment 3 

Females that had been isolated for two days from 

males laid a significantly higher number of fertilized eggs 

than the same females isolated for four days from males 



2 
(x = 21.26, d.f. = 1) (see Table 16). Pair-mated females 

that were allowed to lay eggs 24 hours after they were 

placed with inexperienced males for the first time produced 

a significantly lower number of fertile eggs than the same 

pair matings three days after being placed with males. 

These females either laid most of their eggs before mating 

or the first matings by inexperienced males were not very 

effective. No significant difference in egg hatchability 

was found between isofemales isolated two days from males 

2 
and pair matings left with males for three days (x =0.71, 

d. f. = 1) . 

Table 16. Comparisons of egg hatchability for isofemales 
and pair matings of D. pachea (Experiment 3). 

Number of , Total Fertile Range of 
Type days3 ..D N eggs > eggs (%) % fertile 

isofemales 2 10 201 198 (98. 5) 95%' -100% 

isofemales 4 10 224 197 (87. 9) 84%--100% 

pair matings 1 10 301 59 (19. 6) 6%--50% 

pair matings 3 10 247 241 (97. 6) 92%--100% 

For isofemales, the number of days isolated from males; 
for pair matings, the number of days after the first 
copulation. 

Number of replicas. 



Experiment 4 

Table 17 shows that there is a rapid decline in egg 

hatchability (% fertile eggs) for D. pachea females with 

increased amount of time without the presence of males. 

Each decline in the percentage of fertile eggs is a sig

nificant one, and by ten days less than half the eggs laid 

were fertile. All of the females were found to have sperm 

in their spermathecae when they were dissected. Overall 

total of 1640 eggs laid by 49 field-collected females were 

examined, and 50.2% were found to be fertile. 

Table 17. Egg hatchability for D. pachea females isolated 
for various periods of time from males 
(Experiment 4). 

b Total eggs Fertile eggs Range of % 
Days examined (%) fertile 

0 3 103 102 (99.0) 98-100% 

5 11 201 175 (87.1) 0-100% 

7 9 78 62 (79.5) 47-100% 

10 18 914 403 (44.1) 0-100% 

11 6 268 80 (29.9) 0-83% 

12 2 76 4 (1.3) 0-3% 

Total 49 1640 823 (50.2) 0-100% 

aNumber of days that females were isolated from males. 
t. 

Number of females laying eggs. 
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Experiment 5 

The viability of each stage from egg to adult was 

examined for two groups of D. pachea females that differed 

as to the amount of time removed from males. The results 

are shown in Table 18. A significant chi square was found 

between the two groups for the percentage of egg to larvae 

2 viability (x = 323.34, d.f. = 1) and percentage of larvae 

2 
to pupae viability (x = 6.52, d.f. =1). No significant 

differences were found between the two groups for pupae to 

2 
adult viability (x = 1.3., d.f. = 1). The majority of 

larval death was probably the result of handling them 

during the transfer to food vials. 

All females dissected contained some sperm in their 

spermathecae, and the relative sperm scores were determined 

for each female. Means and standard errors of the sperm 

scores are given in Table 18. No significant difference 

was found between the two groups for the relative amount of 

sperm stored (t = 0.52, d.f. = 52). The state of activity 

of the sperm also differed between the two groups. Females 

isolated 5-6 days from males contained largely mobile 

sperm. The other group isolated 8-9 days from males con

tained largely immobile sperm packed around the interior 

edge of the spermathecae, though there were also some 

mobile sperm present in these females. 
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Table 18. Egg hatchability and viability of the life 
stages of two groups of D. pachea females 
(Experiment 5). 

days . isolated from males:- 5-6 8-9 

total eggs examined: 500 500 

total eggs fertile (%)a: 456 (91. 2) 255 (51. 0) 

total larvae examined: 450 249 

total larvae pupating (%) : 385 (85. 6) 199 (79. 9) 

total pupae examined: 385 199 

total adult emergence (%)C: 353 (91. 7) 178 (89. 4) 

% egg to adult viability: 70.6 35.6 

number of females laying 
eggs: 27 27 

X + S.E. (relative 
sperm score): 2.50 + 0.20 2.35 + 0.21 

type of sperm largely mobile mostly immobile 

a% egg to larvae viability, 

k% larvae to pupae viability. 

°% pupae to adult viability. 
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Experiment 6 

The summary of daily fecundity and egg hatchability 

for four types of matings is given in Table 19. The mean 

number of eggs per day per female was calculated for each 

type of mating. The matings involving two females and one 

male produced significantly fewer eggs than the other three 

2 
types of matings (x ranged from 4.95 to 5.50, d.f. = 1). 

All four mating types showed a similar pattern for daily 

egg hatchability. Generally, there was a daily decline in 

egg hatchability. However, the rate of decline is different 

for each group. Matings involving two females and one male 

showed a greater decline daily and overall for egg hatch-

ability than the other three groups. Matings involving one 

female and two-males did not show a significant daily 

2 
decline in egg hatchability, until day 5 to day 6 (x = 

8.72, d.f. = 1) . 

Discussion 

These experiments indicate that under laboratory 

conditions, fertilization of D. pachea eggs is a difficult 

task to achieve. It appears that egg hatchability is the 

major component responsible for lowering fertility for iso-

females and pair-mated females. When sufficient space and 

an ample supply of nutrients and moisture exists, the 

viabilities of-larvae and pupae are maximized. However, 



Table 19. Daily fecundity and daily egg hatchability for four types of matings 
in D. pachea (Experiment 6). 

Type of mating Na 
Daily 

fecundity13 1 2 3 4 5 6 7 

Total 

eggs 

Total 

fertile (%) 

isofemales 10 15.50 + 1.92 95. 4 94. 7 89. 7 89. 0 85. 1 79. 7 70. 1 1085 966 (89 • 0) 

pair matings 10 15.44 + 1.78 98. 6 97. 7 94. 2 89. 4 88. 6 84. 9 78. 7 1081 995 (92 .0) 

2 females x 1 male 20 5.51 + 0.62 84. 9 79. 0 70. 8 55. 3 58. 8 48. 3 39. 5 772 491 (63 .6) 

1 female x 2 males 10 17.29 + 2.05 99. 6 99. 1 97. 6 98. 3 96. 9 91. 1 90. 1 1210 1168 (96 .5) 

aNumber of females laying eggs. 

^Values given are the means and standard errors for the number of eggs/day/female. 
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under the same conditions, egg hatchability is low for 

isofemales and pair matings. 

Differences in egg hatchability reflect differ

ences in: (1) type of mating (pair, mass, or isofemale), 

(2) amount of time females were isolated from males and 

allowed to lay eggs, (3) age of females at time of egg 

laying, (4) number of males to which females were mated, 

and (5) previous experience in mating. Inexperienced males 

are initially less effective in fertilizing eggs. Also as 

the ages of the females increase, a reduction in egg 

hatchability occurs. The more opportunities that the 

female has to mate, the greater is her percentage of 

fertile eggs. It is not known for these experiments how 

frequently the females actually mated when they were left 

with males. However, as many as four untimed copulations 

with different males in a four-hour period have been ob

served for a female of D. pachea. It was not determined 

whether these matings actually involved inseminations. Egg 

hatchability remains consistently high for longer periods 

of time when the female has the opportunity to mate with 

more than one male. 



CHAPTER 6 

SPERM STORAGE 

Materials and Methods 

Relative estimates of the amount of sperm stored in 

the spermathecae of D. pachea females were determined under 

various conditions. The relative sperm scores and their 

interpretations are given in Table 20, and schematic 

representations of the sperm scores are shown in Figure 12, 

The spermathecae were removed from the females with dis

secting pins and placed in a drop of Shen's solution 

(Strickberger, 1962). Other saline solutions were tried, 

but it was found that Shen's solution kept the sperm mobile 

for a longer period of time than the other saline solutions. 

The condition of the stored sperm was another criterion 

that was scored in these experiments. The sperm were 

either mobile indicating viable sperm or they were im

mobile indicating non-viable sperm (Ehrman, 1976; 

Crumpacker, 1977; Fowler, 1973; Patterson and Stone, 1952; 

Oliver and Anderson, 1943). A staining method that dif

ferentiates live and dead sperm in mammals was also used 

for D. pachea sperm (Lasley, Easley, and McKenzie, 1942; 

Swanson and Bearden, 1951). The relative sperm scores for 

each group were converted to a value called the insemination 

94 
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Table 20. Scoring system used to estimate the relative 
amount of sperm scored in the spermathecae of 
D. pachea females.3 

Relative score Interpretation of score 

0 no sperm in both spermathecae 

0.5 one spermatheca empty; the other with 
1 sperm—1/4 full 

1.0 one sperm—1/4 full in both 

1.5 one spermatheca with 1 sperm—1/4 full; 
the other with 1/4 to 1/2 full 

2.0 1/4 to 1/2 full in both 

2.5 one spermatheca with 1/4 to 1/2 full; the 
other with 1/2 to 3/4 full 

3.0 1/2 to 3/4 full in both 

3.5 one spermatheca with 1/2 to 3/4 full; the 
other with greater than 3/4 full 

4.0 greater than 3/4 full in both 

Modification of Yanders (1963) . 
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sperm score =0 sperm score = I sperm score = 2 

sperm score = 3 sperm score = 4 

Figure 12. Schematic representation of sperm scores. 



index (I.I.) , which is an estimate of the relative success 

of insemination (Yanders, 1963). The I.I. is the sum of 

the raw scores for each group divided by the theoretical 

perfect total (four times the number of flies scored). 

Attempts were made to obtain more accurate counts 

of the sperm stored in D. pachea females by using aceto-

orcein staining and the Feulgen technique, both of which 

have been found to be successful in counting stored sperm 

in D. melanogaster females (Lefevre and Jonsson, 1962; 

Peacock and Erickson, 1965; Fowler, 1973; Fowler et al., 

1968). The Feulgen stain was prepared according to the 

procedure of Edwards (1973). The coiled nature of the 

sperm created considerable difficulty in spreading the 

material. In attempts to spread the sperm the following 

techniques were tried: (1) pH concentrations ranging from 

very acidic to very basic, (2) various ionic concentra

tions, (3) detergents, (4) enzyme solutions, and (5) 

teasing the sperm with very fine pointed dissecting pins. 

Attempts were also made to distinguish the head 

and tail regions of the sperm and determine whether the 

coiled structures represent sperm bundles or single sperm 

by using scanning and transmission electron microscopy. 

The procedures used for scanning electron microscopy are 

described by Campbell (19 75). The following procedure was 

used in preparing the material for the transmission electron 

microscope: (1) the spermathecae were dissected from 10 



98 

females in Shen1s solution and the sperm were removed from 

the spermathecae with fine dissecting pins; (2) the sperm 

were placed in a hyaluronidase-trypsin solution for about 

3 minutes; (3) they were placed on the surface of a Langmuir 

trough (Gall, 1963); and (4) lastly, they were picked up on 

grids from the surface of the Langmuir trough, run through 

a series of alcohols and amyl acetate, critical point dried, 

and examined under the electron microscope. The Langmuir 

trough method does not require fixation and sectioning. 

By this technique, cells are burst at an air-water interface 

on the surface of the trough (Zirkin and Wolfe, 1970; 

Zirkin, 1971). 

Experiment 1 

The effects of light and dark conditions on matings 

were investigated in this study by comparing the relative 

amounts of sperm stored in the spermathecae of the females. 

Mature virgin females were pair-mated with mature males 

from the same culture. Thirty pair-matings of each culture 

were set up, half in the dark and half in the light. Each 

pair was left together for eight hours, after which males 

were removed and females were dissected. 

Experiment 2 

This experiment was designed to determine how long 

it took sperm to reach the spermathecae after completion 

of a copulation, and how long females retained active sperm 
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in their spermathecae from a single copulation. Pair 

matings were set up between virgin females and males reared 

from a laboratory culture. The ages of the females at the 

time of mating ranged from 10-12 days, and the age of all 

males was 15 days. Each pair was allowed one copulation 

which was timed. The males were then removed and the 

females were dissected 15 minutes, 1 hour, 24 hours, or 

4 8 hours after the completion of copulation. 

Experiment 3 

Twenty-five pair matings were set up between 7-10 

day-old virgin females and 12-14 day-old inexperienced males 

which were reared from a laboratory culture. The males 

and females were left together in pairs for 24 hours, after 

which the males were removed and the females were dissected. 

These pair matings were compared with ten mass matings 

(five of each sex) set up under the same condition as the 

pair matings. 

Experiment 4 

In this experiment to determine how many females 

a single male could inseminate in a certain time interval, 

one inexperienced male was placed with ten virgin females 

for 24 hours and 48 hours. The females were dissected 

after 24 hours and 48 hours, respectively. Ten replicas 

for each time interval were set up. 
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Experiment 5 

One hundred pair matings were set up between 12-15 

day old virgin females and males. Twenty females were 

dissected each day from day 1 to day 5 after they were 

pair-mated. The males remained with the females until 

dissection. 

Experiment 6 

Brother-sister pair matings and unrelated pair 

matings were set up and the males and females were left 

together for 24 hours. The numbers of eggs laid during the 

24 hours by each pair were recorded. It was also noted 

whether each pair produced progeny. The females were 

dissected after 24 hours and the relative amount of sperm 

stored was recorded. 

Results 

All of the staining procedures used so far in 

attempts to count and distinguish the sperm of D. pachea 

have proved unsuccessful. It is not known what portion of 

the sperm represents the head region and what portion 

represents the tail region. The length of the tail has 
« 

not been determined. Accurate counts of the amount of 

sperm stored in the spermathecae could not be made. 

Figure 13 shows the coiled nature of the sperm within a 

spermatheca at low magnification using phase microscopy. 



Figure 13. A spermatheca of D. pachea containing 
relatively few sperm (magnification = 125X) 
Sp = sperm; SpD = spermathecal duct; GT = 
glandular tissue of spermatheca. 

101 
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Figure 14 shows sperm that have been removed from the 

spermatheca and teased apart with fine dissecting pins to 

aid in spreading. Figures 15 and 16 are higher magnifica

tions of sperm segments shown in Figure 14. These were 

also observed with phase microscopy. Figure 17 is a seg

ment of a sperm that broke free from the large mass of 

sperm shown in Figure 18. A large mass of chromatin fibers 

was present at one end of the sperm segment (see Figure 17). 

This may represent the head region. Figure 18 attests to 

the difficulty associated with spreading the sperm. The 

thin fibers are possibly chromatin or DNA fibers that 

separated during the preparation of the material. This 

material was prepared using the Langmuir trough technique 

and observed under a transmission electron microscope 

(Phillips EM 200) at a magnification of ca. 8400X. The 

procedures used for the scanning EM were not successful. 

Experiment 1 

Table 21 summarizes the effects of light and dark 

conditions on the relative amount of sperm stored in the 

spermathecae of D. pachea females. Although the insemina

tion indices are higher for females placed in the dark, no 

significant differences were found between the sperm 

scores of females placed in the light or dark for stock 

A187 (t = 1.29) or for stock A235 (t = 1.29). However, 

A187 was found to have a significantly higher amount of 
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Figure 14. Sperm and other glandular contents of 
spermatheca of D. pachea (magnification = l25X) 
-- Sp = sperm. 

Figure 15. Magnification of a segment of sperm of D. 
~chea, showing the coiled nature of the 
sperm (magnification = SOOX) . 



Figure 16. Mass of coiled sperm removed from the 
spermathecae of D. pachea (magnification 
= SOOX). -~-· 
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Figure 17. A segment of a sperm of D. pachea showing 
chromatin fibers -- Mate~ia1 was prepared by 
the Langmuir trough technique (magnification 
:= about 8400X). CF = chromatin fibers. 

105 



Figure 18. A mass of sperm and fibers of D. pachea -
Material was prepared by the Langmuir trough 
technique (magnification = 8400X) . 

106 
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Table 21. The effects of light and dark conditions on 
sperm storage in D. pachea (Experiment 1). 

Stock 
number Condition Na 

b 
Sperm score 

0
 • 

H
 • 

H
 

% not 
inseminated 

A187 light 15 1.77 + 0.33 0.44 20. 0 

A235 light 15 1.13 + 0.26 0.28 26.7 

A187 dark 15 2.43 + 0.39 0. 61 13.3 

A235 dark 15 1.67 + 0.33 0.42 13.3 

aNumber of females dissected. 

Values given are means and standard errors for the 
relative amount of sperm stored. 

Insemination index. 
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stored sperm than A235 (t = 2.09, d.f. = 58). A con

tingency chi square determined that the percentage of 

females not inseminated was not significantly different for 

2 the four comparisons (x = 1.23, d.f. = 3). 

Experiment 2 

Within 15 minutes after the duration of a single 

copulation, 80% of the females examined were inseminated. 

A contingency chi square determined that no significant 

differences existed for the percentage of females not 

inseminated during the various time intervals given in 

2 
Table 22 (x = 0.56, d.f. =3). No significant differences 

were found for copuation time and the relative amount of 

sperm stored (sperm scores) between the groups of females 

dissected at various time intervals after completion of 

copulation (largest t = 1.12, d.f. = 43). 

A decrease in the percentage of females with mobile 

sperm accompanied an increase in the amount of time 

elapsing between the completion of copulation and the time 

of dissection (Table 22). A significant chi square was 

found between 24 hours and 4 8 hours for the percentage of 

2 
females with mobile sperm (x = 9.94, d.f. = 1), while com

parisons of 15 minutes with 16-60 minutes and 16-60 

2 
minutes with 24 hours were not significant (x = 3.51, 

2 
X = 2.73, respectively; d.f. =1). 



Table 22. Sperm storage and condition of sperm after various time intervals from 
copulation completion in D. pachea (Experiment 2). 

Na 
Time of » 

dissection 
Copulation 
timec Sperm scorec I.I.d 

% not 
inseminated % mobile 

20 15 minutes 36.28 + 1.58 2.00 + 0.31 0.50 20.0 80.0 

20 16-20 mins. 35.32 + 1.86 2.10 + 0.79 0.52 15. 0 70.0 

25 24 hours 35.89 + 1.36 1.64 + 0.26 0.41 24.0 48.0 

25 48 hours 34.57 + 1.76 1.56 + 0.24 0.39 20.0 24.0 

aNumber of females dissected. 

Amount of time elapsing between completion of copulation and time of dissection. 

cValues given are means and standard errors. 

Insemination index. 
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Experiment 3 

Comparisons of pair matings and mass matings (five 

males and five females) for the relative amounts of sperm 

stored are shown in Table 23. The relative amount of sperm 

stored was significantly higher for pair matings than for 

mass matings (t = 3.63, d.f. = 73). The number of females 

inseminated per mass ranged from 2 to 5 females (X + S.E. = 

3.30+0.34). A contingency chi square determined that no 

significant differences existed between the two groups for 

2 percentage of females not inseminated (x = 2.68, d.f. = 3). 

Experiment 4 

The number of females per replica inseminated by 

one inexperienced male in 24 hours ranged from 0 to 3 (X + 

S.E. = 1.80 + 0.29), and in 48 hours ranged from 6 to 10 

(X + S.E. = 8.60 + 0.48). The difference is significant 

(t = 12.13, 18 d.f.). Each replica consisted of ten 

females and one male. The overall percentages of females 

not inseminated and the mean sperm scores for each time 

period are given in Table 24. The mean sperm score is 

significantly lower for females left with one male for 24 

hours (t = 12.75, d.f. = 198). Within a single replica 

for 24 hours, sperm scores ranged from 0 to 1.0. For 4 8 

hours they ranged from 0.5 to 4.0 for a single replica. 

Generally one or two females had sperm scores of 3.0 or 

higher while the remaining females had sperm scores less 
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Table 23. Sperm 
of D. 

storage in pair matings and 
pachea (Experiment 3). 

mass matings 

Type of 
mating Na 

b 
Sperm score I.I.C 

% not 
inseminated 

pair 25 2.66 + 0.31 0.67 16.0 

mass 50 1.36 + 0.18 0.34 34.0 

aNumber of females dissected. 

^Values given are means and standard errors. 

Insemination index. 

Table 24. Sperm storage for matings between one male and 
ten females of D. pachea for two time intervals 
(Experiment 4). 

Time 
together N9 Sperm score I.I.C 

% not 
inseminated 

24 hours 100 0.13 + 0.03 

CO o
 • 

o
 

o
 • 

CN 00 

48 hours 100 1.34 + 0.09 0.34 14.0 

Number of females dissected. 

Values given are means and standard errors. 

CInsemination index. 
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than 3.0 within a single replica of 10 females with one 

male for 48 hours. The observed data for each male/ten 

females combination are presented in Appendix F. 

Experiment 5 

A positive correlation (r = 0.996) exists between 

the relative amount of sperm stored and the number of days 

that the males and females of pair matings were left to

gether (see Table 25). Figure 19 shows the regression 

between sperm score and number of days the male and female 

for each pair mating were together. 

With the exceptions of the comparisons of day 1 

with day 2, day 2 with day 3, and day 3 with day 4, all 

other comparisons of sperm scores were found to be sig

nificant. In Appendix F the t-values for each comparison 

and the observed data are presented. 

A contingency chi square was conducted to determine 

if significant differences occurred for the percentage 

of females not inseminated and whether these differences 

are due to the amount of time males and females were to-

2 gether. A significant deviation (x = 12.62, d.f. = 4) was 

found with 75% of the deviation attributed to the larger 

number of females not inseminated on day 1. In Appendix F 

the contingency table and deviations are presented. 
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Table 25. Daily sperm storage for pair matings of D. 
pachea (Experiment 5). 

Day3 Nb Sperm scoreC I. I.d 
% not 

inseminated 

1 20 1.85 + 0.29 0. 46 20.0 

2 20 2.48 + 0.24 0. 62 5.0 

3 20 2. 90 + 0.21 0. 73 0.0 

4 20 3.30 + 0.17 0. 82 0.0 

5 20 3. 90 + 0.06 0. 98 0.0 

aNumber of days male and female were together before 
dissection. 

Number of females dissected. 

Values given are means and standard errors. 

^Insemination index. 
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DAY NUMBER 

Figure 19. Regression between sperm storage and number 
of days males and females were together for 
pair matings of D. pachea.. 
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Experiment 6 

Females mated to unrelated males stored signifi

cantly greater amounts of sperm than females mated to 

brothers (t = 3.02, d.f. = 59). This is indicated by the 

higher insemination index and mean sperm scores given in 

Table 26. No significant difference was found between the 

two types of matings for the number of eggs laid because 

the standard errors were quite large (t = 1.92, d.f. = 59). 

There was no significant difference between the 

two mating types for the percentage of females not in-

2 seminated (x = 1.32, d.f. = 1). However, significantly 

fewer females of unrelated matings laid eggs in comparison 

2 to females mated to brothers (x = 4.31, d.f. = 1). There 

was no difference between the two groups in the number of 

females producing progeny (x = 0.02), although the actual 

number of progeny produced for each type of mating was not 

determined. The observed data for this experiment appear 

in Appendix F. 

Discussion 

Differences in the relative amount of sperm stored 

(sperm scores) are reflected by differences in: (1) amount 

of time males and females were together, (2) amount of time 

between mating and dissection of the female, (3) type of 

mating, and (4) relationship between males and females. 

Table 25 clearly shows that the longer the male and female 



Table 26. Comparisons of sperm storage and egg production for brother-sister pair 
matings and unrelated pair matings of D. pachea (Experiment 6). 

k % not k % not % producing 

Type of mating N Sperm score X.X. inseminated Eggs laid laying eggs progeny 

Brother^sister 31 1,05 +_ 0.16 0,26 29.0 20.94 4^ 3.79 16.1 48.4 

unrelated 30 1,92 + 0.24 0.48 16.7 11.80 + 2.88 40.0 50.0 

aNumber of females dissected. 

^Values given are means and standard errors. 

CInsemination index. 
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are together, the greater the amount of sperm stored on a 

daily basis. If only one copulation is allowed as in Table 

22, the relative amounts of stored sperm quickly decrease-

Conditions of light do not appear to affect the mating 

behavior of D. pachea as reflected in the nonsignificant 

differences in the sperm scores for matings occurring in 

light or dark environments (Table 22). 

In mass matings where the number of males and 

females are equal, sperm scores seem to indicate that males 

preferentially choose to mate with one or two females, 

resulting in no insemination for a large number of females 

(Table 2 3 and Appendix P). When females are mated to their 

brothers, either they are less effective in storing sperm 

in comparison to females mated to unrelated males, or the 

males are less effective in transferring sperm to their 

sisters. When given the opportunity, a single male can 

inseminate as many as ten females within 48 hours, but 

generally only one of these females is effectively in

seminated. 

It appears that sperm is transferred quickly to 

the females after completion of copulation and must be 

utilized quickly by the female. The majority of unused 

sperm from one copulation is immobilized within 24 hours 

after transfer (see Table 22). No significant linear 

correlation exists between duration of copulation and the 

relative amount of sperm stored in the spermathecae 
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(r = -0.25). However, females copulating less than 20 

minutes or longer than 50 minutes contained no stored 

sperm in their spermathecae (Appendix F). This might 

suggest that it takes at least 20 minutes for sperm to be 

transferred and stored in the female's storage organs. 

Interrupted copulations need to be performed in order to 

determine how much of the average half-hour copulation time 

of D. pachea is required for insemination of the female. 

Males involved in copulations longer than 50 minutes may be 

ineffective in transferring sperm, and thus no stimulus 

exists to terminate the copulation. Perhaps the male is 

preventing other males from copulating with the females, 

but generally this would serve no purpose if the male has 

not first transferred some of his own sperm to the female. 



CHAPTER 7 

COMPARISON OF INBRED AND OUTBRED MATINGS 

Materials and Methods 

Two generations of brother-sister matings and un

related matings were compared with each other and with the 

field collection from which they were derived for their 

effects on several components of the reproductive biology 

of D. pachea. The procedure involved setting up 40 iso-

female lines collected from the field which were referred 

to as the P^ generation (Figure 20). The progeny (F^) of 

the P^ generation were collected and used in two ways: 

(1) 30 brother-sister matings (F-^ X F^) were made; and (2) 

30 unrelated matings between females derived from the P-^ 

isofemales and males derived from the laboratory culture 

A2 35 were made. These pair matings (Group I) were set up 

at the time of emergence. Males and females of both types 

of matings were one day old. Each of the 30 matings were 

derived from different isofemale lines. A second group 

(Group II) of progeny of the P^ generation were collected 

and allowed to mature. Forty-one brother-sister matings 

and 41 unrelated matings were set up in the same fashion as 

the pair matings in Group I. However, the mean age of the 

males and females in Group II was approximately 17 days. 

119 
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The progeny (F2) of the pair matings were collected. 

Forty brother-sister pair matings {F^ X F2) and 40 un

related pair matings were set up at the time they emerged 

(Group I) in the same fashion as the F^ matings of Group I. 

Not all of the F^ lines were represented since some did not 

produce progeny. A second group (Group II) of progeny 

(F2) of the F1 pair matings was collected and allowed to 

mature. Forty brother-sister matings and 40 unrelated 

matings were set up. The mean age of the males and females 

was approximately 17 days. 

For the P^ generation and the Group I pair matings 

of both the F^ and F^ generations, the following procedure 

was used. The isofemales or pair matings were placed in 

6 dram shell vials containing standard laboratory medium 

supplemented with autoclaved senita cactus. Transfers were 

made every three days, but eggs were counted and recorded 

daily. The females were allowed to lay eggs for a maximum 

of 2 7 days or until time of death. 

The following information was recorded for the 

generation, both types of F^ matings of Group I, and for 

both types of F^ matings of Group I: (1) fecundity (total 

number of eggs laid during a possible 27-day egg-laying 

period and the daily mean number of eggs laid by each 

female, (2) total number of progeny produced by each 

female, (3) egg to adult viability, and (4) developmental 

time from egg to adult for each offspring. The females 
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were then dissected and the following information was 

recorded for each female: (1) thorax size measurement, 

(2) ovariole number, (3) mature egg number, (4) number of 

mature eggs per ovariole, (5) relative amount of sperm 

stored, and (6) age at dissection was noted. Those females 

that died before 27 days were dissected within 12-24 hours 

of the time of their death. 

Measurements of the entire length of the eggs 

including and excluding the filaments were made for a 

sample of the eggs laid during the last three egg-laying 

days. Twenty eggs were measured for the F^ brother-sister 

matings and for the unrelated matings. 

The following, procedure was used for the F^ and F^ 

pair matings of Group II. Each pair was allowed one timed 

copulation after which the males were removed. The females 

were allowed 10-12 days to lay eggs, after which they were 

dissected. The relative amount of sperm stored and the 

condition of the sperm were recorded. It was also noted 

whether progeny were produced, but the number of eggs laid 

was not determined. The copulation times were also com

pared with the copulation times of 101 unrelated pair 

matings that were derived from a different laboratory 

culture or reared from different senita rots collected in 

the field. Time to copula, duration of copula, ages of the 

male and female, and whether or not progeny were produced 

were recorded for each mating (see Appendix H). 
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The relative amount of sperm stored and the condi

tion of the sperm were recorded for other isofemales 

collected from the field at various localities. Females 

were either brought back to the lab and isolated from males 

or they were isolated from males in the field. The number 

of days of isolation from males was recorded for each 

dissection. 

Results 

Table 27 summarizes results of fecundity, egg to 

adult viability, and developmental time of progeny for 

field collected females (P^ generation), two generations of 

brother-sister matings (B X S), and two generations of un

related matings (Group I). The F^ generation B X S 

females laid significantly more eggs than females of the 

other four treatments, while the generation B X S 

females laid significantly fewer eggs per day per female 

than the other females. No significant differences were 

found between the generation isofemales and females of 

the F^ and generations of unrelated matings. The t-

values are given in Appendix G. Figures 21-25 show the 

fecundity patterns for each generation and type of mating. 

The pattern for the P^ generation females was somewhat 

different as the result of variability in their ages (see 

Figure 21). These females, which were mature at the start, 

laid more eggs during the first six days in comparison to 



Table 27. Comparisons of fecundity, egg to adult viability, and developmental 
time for inbred and outbred matings of D. pachea (Group I). 

Treatment N3 

Total 
eggs 

laid 

Eggs laid/ 

female*5 
Eggs/day/ 

female 

Total 

progeny 

% 
viability0 

Developmental 

time53 

P1 
gen. isofemales 40 9502 237.55 + 20. 56 10.0 + 0.48 1652 17.4 13.1 + 0.02 

F1 
gen. B x S 30 10304 344.17 + 24. 32 13.5 + 0.77 1723 16.7 15.1 + 0.02 

F1 
gen. unrelated 30 8285 278.53 + 23. 05 10,7 + 0.74 1687 20.4 13.5 + 0.02 

F2 
gen. B x S 40 6202 167.59 + 12. 87 7.5 + 0.49 407 6.6 16.5 + 0.04 

F2 
gen. unrelated 40 8716 217.90 + 13. 63 10.1 + 0.55 1089 12.5 13.6 + 0.02 

aNumber of isofemales or pair matings set up. 

^Values given are means and standard errors. 

c 2 
Chi square values for comparisons of % viability ranged from X = 3.22 (d.f. = 1) for P versus 

B x S to X = 731.32 (d.f. = 1) for unrelated versus F^ B x S, 
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females of the other treatments. The other females whose 

ages correspond to the actual daily fecundity pattern were 

virgin females at least during the first six days. The 

fecundity patterns of the and F2 generations of B X S 

females are quite different from each other (see Figures 22 

and 24). The F2 generation females reached a peak at 9 

days, and then gradually dropped off, while the F^ females 

of brother-sister matings showed a double peak on days 9 

and 12, then declined, and reached a second lower peak on 

day 21. The F^ and F2 generation unrelated females had 

very similar patterns, each reaching the first peak on day 

9 and a second lower peak on day 18 (see Figures 23.and 25). 

Egg to adult viability is quite low for all 

matings (see Table 27). Chi square tests were conducted 

to determine which treatments were significantly different. 

With the exception of the comparison of females with F^ 

B X S females, all treatments were significantly different 

for egg to adult viability. The F2 generation of brother-

sister matings showed the lowest egg to adult viability, 

but both unrelated and B X S matings of the F2 generation 

were significantly lower than their counterparts in the F^ 

generation. The numbers of eggs viable to adults for each 

three-day period are given in Figures 21-25. The P^ 

generation has a different pattern since females were 

mature and mated at the start. The egg to adult viability 

decreased from 72.0% to 0.0% for these females. During the 
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first six days for the other four treatments there was no 

egg to adult viability. The maximum egg to adult viability 

for these treatments occurred on day 15. For both genera

tions the maximum egg to adult viability was higher for the 

unrelated matings than for brother-sister matings. The 

percentages of females for each treatment that did not 

produce any progeny were: (1) for generation = 0.0%; 

(2) for the F^ B X S = 30.0%; (3) for the F^ unrelated = 

13.3%; (4) for the F2 B X S = 57.5%; and (5) for the F2 

unrelated = 17.5%. 

The overall developmental times of the progeny for 

each generation were found to be significantly different 

for each treatment (see Table 27) . The t-values are given 

in Appendix G. The eggs laid by the F^ and F^ generations 

B X S females took significantly longer to reach the adult 

stages. The developmental times were estimates. Even 

though the eggs were counted daily and the progeny were 

counted daily when they emerged, the emerging progeny 

could have developed from eggs laid on any of the three 

days before the females were transferred. In order to 

estimate the developmental time, the second day of each 

3-day egg laying period was selected as the day that the 

eggs were laid. The difference between this day and the 

day that the progeny emerged represented the developmental 

time. Appendix G also gives the mean developmental time 

per three-day period for the progeny of each treatment. 
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The general pattern characteristic of all treatments was 

that eggs laid by older females took longer to develop to 
/ 

the adult stage than eggs laid by the same females when 

they were younger. 

Table 28 summarizes the thorax sizes, ovariole 

numbers, mature egg numbers, and the relative amount of 

sperm stored in the spermathecae for the females of each 

treatment. The P^ generation females collected from the 

field were significantly smaller than the females of the 

other four treatments, which showed no significant differ

ences between each other. The F^ unrelated females and 

the B X S females have significantly greater ovariole 

numbers and mature egg numbers per female than the P^ 

isofemales and the Fj B X S females. The unrelated 

females also have a significantly greater number of mature 

eggs per female than the P^ isofemales. There were no 

significant differences for the other comparisons of 

ovariole number and mature egg number per female. In 

comparing the mean number of mature eggs per ovariole, no 

significant differences were found between any of the 

treatments. The F^ and Fj B X S females were found to have 

significantly less amounts of sperm stored than the P^ 

isofemales and the females of the F^ and F^ unrelated 

matings at the time of dissection. One female (2.5%) of 

the Fj B X S matings and two females (5%) of the un

related matings were not inseminated. All the females of 



Table 28. Comparisons of thorax size, ovariole number, mature egg number, and 
sperm scores for inbred and outbred matings of D. pachea (Group I). 

a k Ovariole Mature Mature eggs/ 
Treatment N Thorax size number egg nlimber ovariole6 Sperm score 

P1 
gen. 40 0. 99 + 0. 01 29.88 + 0. 62 36.55 + 2.86 1.22 + 0. 09 1.81 + 0.19 

F1 
gen. B x S 30 1. 14 + 0. 01 33.67 + 0. 57 49.17 + 4.60 1.44 + 0. 12 0.97 + 0.07 

F1 
gen. unrelated 30 1. 14 + 0. 01 34.23 + 0. 55 49.77 + 4.59 1.47 + 0. 14 1.63 + 0.20 

F2 
gen. B x S 40 1, 15 + 0. 01 31.18 + 0. 54 36.0G + 3.96 1.14 +_ 0. 12 0.92 + 0.10 

F2 
gen. unrelated 40 1.. 16 + 0. 01 32.02 + 1. 20 46.40 + 3.77 1.37 + 0. 11 1.98 + 0.19 

a 
Number of isofemales or parr matings set up. 

yalues given are means and standard errors. 
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the other three treatments were found to have sperm. The 

t-values are given in Appendix G for each comparison. 

The mean ages and standard errors of these females 

for each treatment at the time of dissection were: (1) 

isofemales = 33.98 + 1.44; (2) F-^ B X S = 34.93 + 1.41; 

(3) F1 unrelated = 34.60 + 1.33; (4) F2 B X S = 27.75 + 

1.89; and (5) F2 unrelated = 27.70 + 1.71. The F2 B X S 

and F2 unrelated females were significantly younger at the 

time they were dissected than the females of the other 

treatments. 

Table 29 compares the size of eggs laid by F^ 

B X S and F^ unrelated females during the last three days 

of their 2 7-day fecundity periods. The eggs laid by F^ 

unrelated females were significantly larger in total 

length including the filaments (t = 2.24, d.f. = 38) and 

length excluding the filaments (t = 3.54, d.f. = 3 8) than 

those eggs laid by F^ B X S females. There was no sig

nificant difference in the length of the filaments (t = 0, 

d.f. = 38). 

In Table 30 are summarized the copulation times 

and inseminations for Group II females mated to brothers 

or unrelated males. The F^ B X S matings had significantly 

higher copulation times than the other matings, while the 

F2 B X S matings were significantly lower than all other 

matings. These copulation times were also compared with 

the copulation times of unrelated pair matings that were 



Table 29. Comparisons of egg size for inbred and outbred matings of 13. pachea 
(Group I). 

Treatment Na 
Total £ 

egg size 
Egg size . 

minus filaments 
Size of. ' 

filaments 

Fj gen. B x S 20 0.72 + 0.02 0.41 + 0.01 0.31 + 0.01 

gen. unrelated 20 0.77 + 0.01 0.46 + 0.01 0.31 + 0.01 

aNumber of eggs measured. 

^Values given are means and standard errors expressed in millimeters. 



Table 30. Comparisons of copulation time and insemination for inbred and outbred 
matings of D. pachea (Group II). 

Copulation 
DaYSh r 

% not 
Treatment N3 time isolated ' Sperm scores I.I.d inseminated 

F1 9en. B x S 41 38.24 + 1.38 17.63 + 1.39 1.07 + 0.09 0.27 4.9% 

gen. unrelated 41 30.76 + 1.71 17.02 + 1.20 2.21 + 0.20 0.57 14.6% 

F2 gen. B x S 40 26.12 +_ 0.96 16.25 + 1.32 0.68 + 0.09 0.17 25.0% 

F2 gen. Unrelated 40 30.35 + 1.30 16.95 + 1.34 2.10 +0.17 0.52 5.0% 

P^ gen. (May, A614) 168 — 11.02 + 0.47 2.07 + 0.11 0.52 12.5% 

P.̂  gen. (July, A615) 44 — 16.70 + 1.36 2.16 + 0.16 0.54 0.0% 

P^ gen. (Jan., A665) 55 — 20.53 +_0.43 1.67 + 0.22 0.42 38.2% 

Misc. unrelated 101 28.35 + 0.85 — — — — 

aNumber of females examined. 

^Values given are means and standard errors, 

Q 
Number of days that females were isolated from males before dissection. 

d 
Insemination index. 
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derived from a different laboratory culture or reared from 

different senita rots collected in the field (miscellaneous 

unrelated). The mean copulation time for the 101 miscel

laneous unrelated matings examined was found to be sig

nificantly lower than the F^ B X S matings. No significant 

differences were found for the other comparisons. The time 

to copula which represents the time it took the male and 

female of each mating to engage in copula from the moment 

they were placed together was recorded for each miscel

laneous unrelated mating. The time to copula for these 101 

matings ranged from 0.42 to 127.00 minutes (X + S.E. = 

27.69 + 2.53 minutes). See Appendix H for observed data. 

The percentages of females producing some progeny 

for each treatment were: (1) 63.4% for F^ B X S and F^ 

unrelated matings; (2) 47.5% for F^ B X S matings; (3) 

57.5% for F£ unrelated matings; (4) 69.3% for miscellaneous 

unrelated matings; (5) 87.5% for (A614); (6) 100% for 

(A615); and (7) 61.8% for P^ (A665). It was found that 

those matings with copulation times less than 20 minutes 

or greater than 50 minutes were not successful in pro

ducing progeny. The females of these matings were 

generally found to have no sperm or very little sperm 

stored in their spermathecae. 

The relative amounts of sperm stored (sperm 

scores) and the percentage of females that were not in

seminated are also recorded in Table 30. Females of the 



Fj B X :S matings stored significantly fewer sperm than 

females of the F^ B X S matings, and both of these groups 

of females stored significantly fewer sperm than females 

of the other treatments. No significant differences were 

found for other comparisons. The percentages of virgin 

females for each treatment (% not inseminated) was quite 

variable. A contingency chi square was used to determine 

significant differences between treatments for the per-

2 
centage of females inseminated. The chi square (x = 

42.51, d.f. = 6) was significant at the 0.05 level with 

58.9% of the deviation due to the large percentage of 

virgins for the A665 collection. These females were 

isolated from males at the time of collection in the field. 

The 55 females examined for the P^ A665 collection were 

only a small sample of this collection, and the majority 

of the other females produced progeny. Appendix G gives 

the t-values and contingency table and deviations for 

these comparisons. 

The condition of the stored sperm was also recorded 

for each treatment. The following percentages of females 

had mobile sperm stored: (1) F^ B X S = 19.5%; (2) F^ 

unrelated =12.2%; (3) F2 B X S = 25.0?; (4) F2 unrelated = 

22.5%; (5) P2 A614 = 42.3%; (6) Px A615 = 20.5%; and (7) 

P^ A665 = 0.0%. The activity of the sperm (mobility versus 

immobility) is correlated with the length of time the 

females were isolated from males before dissection. The 
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mean number of days that the females were isolated from 

males is given in Table 30. The P^ A614 females were 

isolated for a shorter period of time than the other 

females, and they also had the highest percentage of 

females with mobile sperm. The A665 females which were 

isolated for the longest number of days on the average had 

the lowest percentage of females with mobile sperm. It 

was found.that the longer the isolation, the greater amount 

of immobile sperm stored. Figure 26 shows that between six 

and seven days there was a significant increase in the 

percentages of females storing largely immobile sperm. 

All females dissected after day 13 contained largely im

mobile sperm. 
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CHAPTER 8 

COMPARISONS BETWEEN PAIR MATINGS 
AND MASS MATINGS 

Materials and Methods 

Pair matings and mass matings (10 of each sex) were 

set up for D. pachea and D. acanthoptera to compare the 

following reproductive parameters: (1) total lifetime 

fecundity and mean daily egg production per female, (2) 

total progeny produced per day per female, (3) daily and 

overall per cent egg to adult viability, (4) developmental 

time from egg to adult for each offspring, (5) mean female 

life expectancy, and (6) estimated male and female matura

tion time (for pair matings only). 

Pair matings and mass matings were set up in 8 dram 

shell vials and 22 dram shell vials, respectively, con

taining standard laboratory medium supplemented with senita 

(for D. pachea only). The pairs or masses were transferred 

daily. The age of the males and females at the start was 

one day. Male maturation time was estimated as the day 

that progeny were first produced. Female maturation time 

was estimated as the time females began laying eggs. The 

date that each female died was recorded. These tests were 

conducted at room temperature (X + S.E. = 27.7°C + 0.05°C). 

Minimum developmental time from egg to pupae and pupae to 

141 
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adult was determined for mass matings (25 of each sex) of 

D. pachea and D. acanthoptera at both 15°C and 37°C. 

Results 

Table 31 summarizes fecundity and egg to adult 

viability for pair matings and mass matings of D. pachea 

and D. acanthoptera over the entire lifetime of the females. 

Pair-mated pachea females laid significantly more eggs per 

day per female than pair-mated acanthoptera females (t = 

4.69) and mass-mated pachea females (t = 3.09). Mass-mated 

acanthoptera females laid significantly more eggs per day 

per female than pair-mated pachea females (t = 4.70), pair-

mated acanthoptera females (t = 8.31), and mass-mated 

pachea females (t = 7.20). However, total lifetime egg 

production was much higher in mass-mated females. The 

fecundity patterns for each type of mating are shown in 

Figures 2 7-30. The peak egg-laying period for both types 

of matings for D. pachea occurred during days 10-12. Pair-

mated females of D. acanthoptera have two peaks, one 

occurring between days 7-9 and a second higher peak 

occurring between days 28-30. 

The fecundity pattern of pair-mated D. pachea 

females in this experiment was quite different from the 

fecundity patterns of the inbred and outbred pair-mated 

females of D. pachea (see Figures 22-25). Also the mean 

number of eggs per day per female for these pair-mated 



Table 31. Fecundity and egg to adult viability for pair matings and mass matings 
of D. pachea and D. acanthoptera. 

h Total Eggs/day/ Total Overall % % d 
Treatment3 N eggs laid femalec progeny viability successful 

pachea (pair) 22 4067 6.89 + 0.40 1156 28.4% 72.7 

acanthoptera (pair) 10 919 4.27 + 0.39 436 47.4% 80.0 

pachea (mass) 10 12079 5.27 + 0.34 3884 32.2% 100.0 

acanthoptera (mass) 5 12416 10.36 + 0.62 8333 67.1% 100.0 

aType of mating: pair = one female and one male; mass = ten females and ten males. 

Number of replicas. 

°Values given are means and standard errors. 

Percentage of replicas producing progeny. 
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females was significantly lower than two generations (F£ 

generation) of unrelated pair matings (t = 4-72) and one 

generation (F^ generation) of brother-sister pair matings 

(t = 7.62). No significant differences were found between 

the generation of brother-sister matings and the pair 

matings of D. pachea in this experiment (t = 0.96) (see 

Table 27 for the mean number of eggs per day per female for 

the inbred and outbred matings). These differences were 

probably caused by females in this experiment being trans

ferred daily, while females of the outbred and inbred 

matings were transferred every three days. The presence of 

eggs appears to stimulate females of D. pachea to lay more 

eggs. Also the females in this experiment had been main

tained in the laboratory for a longer period of time. 

Hanson and Ferris (1929) and Gowen (1952) report a similar 

fecundity pattern in D. melanogaster to that shown iri 

Figure 27. The egg yield curve is determined by the 

initial high point in production and the rate of loss in 

productivity with age. A single cycle in egg production 

occurs in D. melanogaster, as contrasted with a series of 

cycles. However, in contrast to D. pachea the number of 

eggs per female per lifetime is significantly higher, 

ranging from 263-1701 eggs for D. melanogaster (Gowen, 

1952) and from 5 to 2 77 eggs for D. pachea. Both of these 

figures are for pair matings with daily transfers of 

females. The average egg laying periods (female longevity) 
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for D. melanogaster ranged from 17.2 to 46,0 days in 

contrast to 12-39 days for D. pachea. 

The overall percentages of egg to adult viability 

(see Table 31) were all significantly different between 

each treatment. Both pair matings and mass matings of D. 

acanthoptera have significantly higher percentages of eggs 

reaching the adult stage than pair matings and mass matings 

of D. pachea. Mass matings for both species have sig

nificantly higher percentages of egg to adult viability 

than pair matings of the same species. The numbers of 

eggs viable to adults for each three-day period are given 

in Figures 27-30. Both pair matings and mass matings of 

D. pachea reached their highest egg to adult viability on 

day 15. The percentages of egg to adult viability per 

three-day period for pair matings and mass matings of D. 

acanthoptera showed several high peaks. No significant 

differences were found between each treatment for the 

percentage of replicas producing progeny (% successful). 

Significant differences were found between all 

treatments for developmental time of progeny from egg to 

adult (Table 32). These values represent the mean 

developmental time at room temperature (X = 27.7°C). 

Minimum developmental times were determined for progeny 

of D. pachea and D. acanthoptera at 15°C and 37°C (see 

Table 33). Three replicas were set up for D. acanthoptera 

at 37°C/ but all 25 males and 25 females for each replica 



Table 32. Developmental time, female longevity, and estimated male and female 
maturation time for pair matings and mass matings of D. pachea and 
D. acanthoptera. 

Treatment 
Developmental 

time3 
Female 

longevity3 
Estimated male 
maturation9 

Estimated female 
maturation9 

pachea (pair) 12.77 + 0.03 26.82 + 1.29 10.44 + 0.44 5.12 + 0.81 

acanthoptera (pair) 13.37 + 0.05 21.50 + 4.22 5.88 + 0.40 5.75 + 0.49 

pachea (mass) 13.13 + 0.01 21.90 + 1.11 — — 

acanthoptera (mass) 13.02 + 0.01 25.32 + 1.58 — — 

Values given are means and standard errors. 



Table 33. Minimum developmental time from eggs to pupae and eggs to adults for 
mass matings of D. pachea and D. acanthoptera at 15°C and 37°C. 

«a g 
Species N Temperature Days to pupae Days to progeny 

pachea 3 15°C 19.67 + 0.33 29.67 + 0.33 

acanthoptera 3 15°C 18.33 + 0.33 25.33 + 0.88 

pachea 3 37°C 5.33 + 0.33 9.67 + 0.33 

dumber of replicas, each consisting of 25 females and 25 males. 

^Values are means and standard errors of the minimum developmental time from eggs 
to pupae. 

Values are means and standard errors of the minimum developmental time from eggs 
to adults. 
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died within 4 8 hours after the start. The minimum develop

mental times from egg to pupae and egg to adult were sig

nificantly shorter for D. acanthoptera than D. pachea at 

15 °C. 

Table 32 also summarizes the mean female longevity 

and estimated male and female maturation times. The 

hundred females (10 per replica) of mass matings for D. 

pachea had a significantly shorter mean longevity than pair 

mated females (t = 2.89). No other significant differences 

were found. D. pachea males and females showed a differ

ential maturation, males taking about 5 days longer to 

mature than the females. This finding is in agreement with 

those for differential maturation rate reported by Rockwood-

Sluss et al. (1973) . No differential maturation rate was 

found for males and females of D. acanthoptera; each took 

about 5 days to mature. 



CHAPTER 9 

MULTIPLE CHOICE MATING 
PREFERENCE TESTS 

Materials and Methods 

These tests were performed using D. pachea and D. 

nannoptera. Males and females of one species from two 

different localities were put together in a mating chamber, 

and observed for four hours. Both sexes of one locality 

were marked either by clipping one of the wings or painting 

a small yellow mark on the dorsal surface of the thorax 

using Hylar Hansa yellow paint and a fine dissecting pin. 

Reciprocal tests were conducted to determine if there were 

any adverse or biased effects from marking. The marked 

locality in each test was designated Strain A, and the un

marked was designated Strain B. 

The mating chamber was the bottom portion of a 

glass petri dish. The flies, usually 10 of each sex for 

each locality, were anesthetized with carbon dioxide, and 

placed in the dish. A watch glass with a small hole was 

inverted and placed in the petri dish, and the flies were 

observed using a dissecting microscope. At the end of four 

hours the flies were anesthetized and removed from the dish. 

The sperm storage organs were removed from the females and 
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examined for sperm. Attempts were made at first to remove 

the copulating pairs, but this proved unsuccessful, and 

because it appeared to disrupt the mating, it was avoided. 

Thus some females may have mated more than once and some 

not at all. Copulation times were recorded when feasible. 

Isolation coefficients were determined for each age-group 

and each species (see Table 34). Three separate age groups 

were analyzed for each species. 

Results 

The results of multiple-choice mating preference 

tests for three age groups of D. pachea and D. nannoptera 

are summarized in Table 35. No biased or adverse effects 

from marking were observed between the reciprocal tests 

performed for each species. A random mating preference was 

shown for all three age groups of D. nannoptera. A hetero-

gamic mating preference was found for the two younger age 

groups of D. pachea, with this preference changing to a 

random preference in the older age group (ages 27-30) of D. 

pachea. The two younger groups of D. pachea have a sig

nificantly different isolation coefficient than the older 

group of D. pachea (t = 6.72). 

All females were dissected and the sperm storage 

organs were examined for each. The percentages of females 

inseminated for each age group and species are given in 

Table 35. It was determined from examining the sperm 
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Table 34. Procedure for the calculation of isolation 
coefficients (I.e.) in multiple choice mating 
preference tests.3 

I.C. = p^^ + P22 - <2^2 ~ *321 anĈ  variance = /4pg/N 

where: p^ = frequency of strain A x strain A matings. 

P22 = frequency of strain B x strain B matings. 

q, ~ = frequency of strain A (males) x strain B 
(females). 

q~, = frequency of strain B (males) x strain A 
(females). 

p = frequency of homogamic (like) matings. 

q = frequency of heterogamic (unlike) matings. 

N = total number of matings. 

If I.C. score is: then: 

-1.00 to 0.00 heterogamic mating preference 

0.00 random mating preference 

0.00 to +1.00 homogamic mating preference 

aDobzhansky, Ehrman, and Kastritsis (1968); Malogolowkin-
Cohen, Solima Simmons, and Levene (1965). 



Table 35. Multiple-choice mating preference tests for D. pachea and D. 
nannoptera. 

u Isolation 
Species Agea N coefficient % inseminated Copulation time 

pachea 10-12 42 

ID in 0
 1 + -.06 95.0% 33.34 + 1.28 

pachea 16-18 25 -0.60 + 0.08 78.1% — 

pachea 27-30 34 +0.06 + 0.07 82.5% — 

nannoptera 10-12 24 0. 00 + 0.09 95. 8% — 

nannoptera 15-16 48 0.00 + 0.05 91.7% 5.67 + 0.18 

nannoptera 25-27 14 0.00 + 0.14 58.3% — 

aAge of males and females expressed in days. 

Number of matings observed. 

cValues given are means and standard errors (refer to Table 4 for formulae). 

^Values given are means and standard errors. 
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storage organs that three females of D. pachea mated twice 

and five females of D. nannoptera mated twice. 

The copulation times were also recorded for one age 

group of each species and the overall mean copulation times 

are given in Table 35. The copulation times of homogamic 

matings of D. pachea (X + S.E. = 37.33 + 4.18) were not 

significantly different (t = 1.17) from the copulation 

times for heterogamic matings of D. pachea (X + S.E. = 

32.25 + 1.13). No significant differences (t = 1.43) were 

found for D. nannoptera between the copulation times of 

homogamic matings (X + S.E. = 5.42 + 0.21) and heterogamic 

matings (5.92 + 0.28). Appendix I gives the results of 

each individual mating preference test. 



CHAPTER 10 

DISCUSSION 

Males of a species play a greater role in court

ship behavior, while the most important consideration of 

the female is to choose the optimum moment and circumstances 

for converting her eggs to zygotes (Williams, 1975). This 

dissertation has attempted to describe the optimal mating 

strategy for D. pachea under laboratory conditions, and to 

describe some of the components of its reproductive 

biology and the implications that can be applied to the 

natural environment of this species. 

The data indicate that the most favorable strategy 

for females of D. pachea under laboratory conditions is to 

preferentially choose to mate with males that are unrelated 

to these females and to mate with more than one male. It 

is also apparent that there is a necessity for frequent 

mating. 

When given the opportunity to make a choice, the 

females of D, pachea recognized and preferred to mate with 

males from a different laboratory stock of D. pachea 

(heterogamic mating preference). The examples of 

heterogamic mating preferences in the literature concern 

mainly rare male mating advantage, in which the female 
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chooses to mate with a male representing the rarest 

genotype (Petit and Ehrman, 1969; Ehrman and Spiess, 1969; 

Ehrman, 1970). In these multiple-choice experiments with 

D. pachea, equal numbers of both sexes for each laboratory 

stock were used. Thus, there is no rare male effect. The 

literature is flooded with experiments of this type 

using Drosophila, and with two other types of mating choice 

experiments: CD male choice, in which males are offered 

two types of females; and (2) female choice, in which 

females are offered two types of males. The general 

consensus is that if nonrandom mating occurs, the preference 

is generally homogamic which leads to sexual isolation 

between species or between strains within a species. 

Dobzhansky et al. (1968) examined mating within and between 

six species of the obscura species group of Drosophila, and 

found preferences toward homogamic matings between any two 

of these species. Within a species they found that the 

females from each locality accept males from the same 

locality more frequently than males of the same species 

from other localities. The isolation coefficients within 

a species ranged from +0,30 to +0.38. Ehrman C1965) has 

found considerable sexual isolation (homogamic mating 

preference) between the races of D. paulistorium, particu

larly if the races are sympatric. Strains of the same 

race of D. paulistorium often show significant preferences 

for homogamic matings, but strains of different races show 
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such preferences to a much greater extent (Carmondy et al., 

1962) . Weak but statistically significant homogamic mating 

preferences ranging from +0.11 to +0.58 have been shown 

between four strains of D. immigrans (Ehrman, 1972). 

Wasserman and Koepfer (1977) found homogamic mating 

preferences between D. mojavensis and D. arizonensis using 

male-choice experiments. However, the level of isolation 

between strains and regions within both arizonensis and 

mojavensis was low and comparable to that found between 

strains of other species. 

Selection experiments have also been designed to 

determine the degree of sexual isolation that can be 

attained between two sibling species or between two strains 

of the same species. Koopman C1950) obtained nearly 

complete sexual isolation between the sibling species, D. 

pseudoobscura and D. permisilis in five to six generations. 

Knight, Robertson, and Waddington (1956) obtained a 

significant sexual isolation between strains of P. 

melanogaster, and after seven generations of selection they 

obtained an average reduction of hybrid progeny from 66% 

to 38%, Wallace C1954) after 73 generations of selection 

against hybrid progeny, sepia mutant females of D. 

melanogaster gave a 9:1 ratio of homogamic to heterogamic 

matings with sepia males and with straw mutant males, 

respectively. The straw females, however, mated as often 

heterogamically as homogamically. 
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Sexual selection has been found to be the result 

of pheromones or differences in courtship behavior (Spieth, 

1952; Bastock and Manning, 1955; Averhoff and Richardson, 

1974; Leonard et al., 1974; Wasserman and Koepfer, 1977). 

Averhoff and Richardson (1974) present evidence for 

heterogamic mating preference when multiple-choice mating 

tests among and within inbred lines were performed for 

Drosophila melanogaster. After eight generations of sib-

mating, 76% of the matings showed heterogamic mating 

preferences (i.e., matings among lines rather than within 

inbred lines). The discrimination among inbred lines was 

largely attributed to volatile pheromones. The D. pachea 

females used in the multiple-choice experiments in this 

dissertation were obtained from mass cultures for three 

laboratory stocks of D. pachea. Two of these stocks (A187 

and A235) had been maintained in the laboratory for several 

generations. However, no mating preference tests were 

performed between inbred lines of a single locality for 

D. pachea. Still there is a strong heterogamic mating 

preference in D. pachea which seems to be age-dependent, 

since the preference approaches random mating in the older 

age group. Perhaps by examining the results of two 

generations of brother-sister matings, an explanation for 

this behavior can be offered. 

Two generations of brother-sister mating show 

pronounced effects on various components of the reproductive 
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biology of D. pachea in comparison to two generations of 

unrelated matings (see Tables 27-30). Copulation time, 

relative sperm storage, fecundity, per cent viability, 

ovariole number, and mature egg number per female show 

significant declines after two generations of brother-

sister matings of D. pachea in comparison to unrelated 

matings. Developmental time for egg to adult is signifi

cantly longer for brother-sister matings. These results 

indicate a lack of any considerable amount of variation 

in the populations, and within two generations a signifi

cant increase in homozygosity occurs producing detrimental 

effects for the adults involved. 

One of the unusual features in comparing two 

generations of brother-sister matings with two generations . 

of unrelated matings is the effects on fecundity (see 

Table 27). The F^ generation of brother-sister matings 

laid significantly more eggs per day per female than both 

generations of unrelated matings. However, the F2 genera

tion of brother-sister matings laid significantly fewer 

eggs per day per female in comparison to the F^ brother-

sister matings and both generations of unrelated matings. 

In a recent review Hinton (1974) states several important 

effects which can be attributed with certainty to the 

secretions of the male accessory glands of some insects, 

including Drosophila: (1) stimulation of oviposition, (2) 

determination of behavior of the female so that a second 
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effective copulation is not possible, (3) acceleration of 

maturation of oocytes, and (4) stimulation of contractions 

of the female genital ducts that are necessary to trans

locate the sperm. Leahy (1966) transplanted the testes or 

the accessory glands of D. melanogaster males into the 

thorax of virgin females to determine which of the two male 

structures had greater stimulus for oviposition. She 

found that virgin females with the glands implanted in 

their thoraces oviposited more eggs than those with testes 

implanted. Perhaps males of D. pachea when mated to 

related females pass a substance in the accessory gland 

fluid that stimulates the females to oviposit their eggs 

more rapidly. The eggs may be oviposited before they are 

fully developed and fertilized. Comparisons of egg size 

for the eggs laid by F^ brother-sister mated females and 

F^ unrelated mated females (see Table 29} indicate that the 

eggs are smaller for females mated to their brothers. The 

decline in fecundity for the F2 generation of brother-

sister matings may perhaps be attributed to a significant 

reduction in variability. Possibly hidden recessive lethals 

are now expressed, or perhaps the reproductive depression 

is attributed to failure of females to be successfully 

inseminated. During the 27-day period that the males and 

females were left together (for Group I matings), it is 

possible that many ineffective copulations took place 

between males and females of the F^ brother-sister matings 
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before an insemination occurred. This would be in agree

ment with the significantly larger number of F2 brother-

sister mated females (Group II) that were not inseminated 

when they were allowed only one copulation (see Table 30). 

These effects are quite significant for only two 

generations of brother-sister matings and would indicate 

the necessity for females to recognize males that are un

related to them. Averhoff and Richardson (1974) attribute 

the reproductive depression in inbred lines largely to the 

failure to mate by individuals of very similar genotypes. 

Although the multiple-choice experiments did not involve 

inbred lines for D. pachea, the females preferentially 

chose to mate with males from a different locality. 

Because the effects of inbreeding are so drastic, it 

becomes a necessity for the females to become discriminat

ing. The fact that D. pachea is a very good migrator and 

the fact that there is a significant difference in the 

maturation times of the males and females, 10 days and 5 

days, respectively, would indicate that.it is quite 

possible for the females to achieve significant amounts of 

outbreeding. 

It is not unusual for inbreeding to show drastic 

effects on reproductive components. The literature is 

filled with examples of inbreeding depression. But 

generally it takes many generations to produce the effects 

that D. pachea has demonstrated in only two generations. 
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For example, Maynard-Smith (1956) mated genetically 

similar females of D. subobscura to two different strains 

of males, one inbred for 18 generations and one outbred, 

and collected all the eggs laid by these females during 

their lives. He found that similar total numbers of 

eggs were laid by both groups of females, but outbred 

matings produced about four times as many viable offspring. 

He also found that when females were given a choice 

between outbred and inbred males, the outbred males were 

more successful in mating. 

D. pachea females are also presented with another 

problem. Not only is it a necessity that the females 

mate with unrelated males, it appears to be a necessity 

that they mate frequently and with more than one male. The 

egg hatchability experiments indicate that a large per

centage of the eggs laid by females mated to unrelated 

males do not hatch. It is believed that these eggs have 

not been properly fertilized, or if fertilization occurred 

there is no evidence of embryonic development for the eggs 

not hatching (with the exception of about 2% of the un-

hatched eggs that turn brown). The percentage of egg 

hatchability does not appear to be correlated with the 

relative amount of sperm stored. However, there is a 

significant decrease in egg hatchability the longer the 

female is isolated from the male (see Tables 17-19)f and 

older females produce higher percentages of eggs not 
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hatching (see Table 19). Although inexperienced males can 

occasionally inseminate females during the first 24 hours 

Csee Table 24), it appears that these inseminations are not 

very effective. Thus females mated to inexperienced males 

tend to have an initial low percentage of egg hatchability 

Csee Table 16) . 

The most effective mating combinations tested for 

maintaining a high percentage of egg hatchability (.90-99%) 

for an extended period of time (seven consecutive days) 

were the matings involving two males and one female Csee 

Table 19). The least effective combination involved 

matings between one male and two females. The percentages 

of egg hatchability for this group were significantly lower 

in comparison to the other types of matings (Table 19). 

Possibly the presence of two females prevented a single 

male from achieving effective insemination of both females. 

Either an insufficient supply of sperm has been transferred 

or some other limiting factor, such as accessory fluid has 

not been sufficiently supplied. In a recent review article, 

Leopold C1976) discusses some of the roles of the male 

accessory glands in insect reproduction. Two of these 

functions are sperm transfer and sperm activation. Lefevre 

and Jonsson (1962) concluded that the presence of accessory 

gland secretion in D. melanogaster "was necessary for sperm 

transfer to be accomplished. The activation of sperm by 
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the accessory fluid has been demonstrated in a number of 

insects but has not yet been reported in Drosophila. 

In examining the experiments on sperm storage, the 

general trends are: CD the longer the male and female are 

together, the greater the amounts of sperm being trans

ferred, until the maximum amount has been reached (see 

Table 25 and Figure 19); (2) there is a significant 

increase in the number of females with largely immobile 

sperm, the longer these females are isolated from males 

(see Figure 26). These experiments and the egg hatcha-

bility experiments suggest the necessity for frequent 

mating. It is generally not the absence of sperm in the 

storage organs of D. pachea females that is responsible 

for the low egg hatchability, but rather the condition of 

the sperm. The sperm become immobile in a fairly short 

period of time, and perhaps the limiting factor is the 

accessory fluid. The males of D. pachea may be able to 

transfer only a limited amount of accessory fluid which 

is rapidly utilized by the female. Perhaps then the need 

for additional accessory fluid necessitates frequent 

mating. It also appears that two males are more -effective 

in achieving what one male cannot (namely, a high per

centage of egg hatchability). 

The evolutionary implications of D. pachea's 

reproductive characteristics and behavior are speculative. 

D. pachea females involved in copulations lasting less than 
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twenty minutes contain no stored sperm which suggests that 

the entire duration of copulation may not involve transfer 

of sperm. Perhaps the relatively long sperm of D. pachea 

had to become coiled to facilitate rapid transfer. The 

coiled nature of the sperm in turn forces them to be stored 

in the spermathecae rather than the ventral receptacle 

which has a smaller lumen size. It appears that in order 

for the sperm to be used efficiently the spermathecae have 

to be packed with sperm. Perhaps the pressure is what 

effectively forces the sperm out of the spermathecae for 

utilization. The coiled sperm may also be a strategy of 

the males to utilize the majority of storage space in 

spermathecae, thus preventing other males from inseminating 

the females. 

The inefficient use of stored sperm is not typical 

for most species of Drosophila (for review, see Fowler, 

1973), but examples of infertile first matings are not 

•uncommon. Multiple mating can be seen as an adaptation 

which allows an inadequately inseminated female to acquire 

an adequate sperm supply (Taylor, 1967; Boorman and 

Parker, 1976), Selection would favor females that remate 

when some eggs fail to be fertilized through sperm deple

tion in the case of D. melanogaster and other reported 

insects (Parker, 1970; Boorman and Parker, 1976) or 

inefficiency in sperm utilization due to physiological or 

mechanical problems, as in the case of D. pachea. Although 
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it is not necessary to incorporate any form of group 

selection, several authors offer population level advantages 

for multiple mating. One population level advantage for 

multiple mating has been claimed to relate to inter-

population gene flow (Labine, 1967) or to genetic diversity 

(Taylor, 1967). Pease (1968) discusses the selective 

advantages of females mating several times, especially 

with endemic males after migration. This results in 

greater interpopulation hybridization. This in turn could 

increase variation through recombination. Pease (1968) 

argues that multiple mating is thus a population adaptation 

which either increases the probability of beneficial 

combinations or reduces the competitive advantage of a 

closely related invading population. However, it can be 

argued that selection favors individual females that engage 

in multiple matings. The advantages for a female would 

lie in benefits from increased offspring diversity 

(Williams, 1975). Boorman and Parker (1976) argue that 

individual selection could favor multiple mating strategy 

under certain circumstances, They believe frequent mating 

may be advantageous where females lay eggs continuously 

throughout life and hybridization is advantageous, but 

death often occurs before there is great chance of 

hybridization. In D. pachea where migration is high and 

restriction to a monophageous diet is well established, 

multiple mating may be very important in maintaining 
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variability and ensuring efficient fertilization of all 

eggs. In laboratory conditions, it appears that varia

bility can be lost very rapidly with pronounced effects. 

It would be advantageous for a female to migrate and then 

mate with several males. 

When multiple mating occurs, intrasexual selection 

favors two kinds of adaptations in the males. When mating, 

it is advantageous for the second male to displace previ

ously stored sperm. It is also important for the male to 

reduce the probability that his sperm will be displaced at 

a later mating. The coiled nature of the sperm may have 

evolved as a male strategy to reduce the likelihood of a 

second male effectively inseminating a female unless some 

sperm displacement occurred. The amount of storage space 

available in the spermathecae is limited but has not been 

quantified yet. It is not known whether body size is 

positively correlated with the size of the spermathecae. 

It would be useful to know how many sperm can be packed 

into the spermathecae, and still be effectively utilized. 

The question of sperm displacement or sperm mixing has not 

yet been investigated for D. pachea. No visible insemina

tion reaction occurs in intraspecific matings of D. pachea. 

A reaction may nevertheless take place with similar 

physiological effects, but without producing a visible 

reaction mass. However, females of pachea quickly 

recover after a mating and are ready to mate again. 
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Patterson and Stone (1952) state that it is known that 

females in which the reaction does not occur will remate 

two or more times, often at frequent intervals. However, 

exceptions to this statement are known (e.g., in D. 

subobscura, Maynard-Smith, 1956). 

The long copulation time may be a strategy of the 

first male to prevent the female from engaging in further 

copulations until after his sperm were utilized. However, 

there is some conflicting evidence that suggests that there 

are no sperm transferred during the first twenty minutes 

of a copulation. It would seem less profitable for a male 

to engage in a long copulation if he is not protecting his 

sperm from being displaced. Experiments in which copula

tions are interrupted at various time intervals should 

establish when the sperm are transferred and the amount of 

time actually needed for transfer. 

Thus, there appears to be a conflict between the 

male and female strategies. Females maximize their fitness 

by mating with a variety of different males, but males 

maximize their fitness by mating with females that are 

prevented from mating with other males. A compromise must 

exist between achieving maximum male fitness and maximum 

female fitness. In nature, observations of many Drosophila 

species indicate that mating periods occur near sunrise and 

sunset. It is not known how frequently D. pachea females 

lay eggs in a 24 hour period in the field, but it would 
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seem likely that there are egg laying peaks which probably 

occur soon after matings. Perhaps in D. pachea there are 

frequent egg laying periods in the field. Under laboratory 

conditions there is considerable variation in the egg 

laying patterns between females. It would be advantageous 

for the male to occupy the female's time to assure that no 

other males mate with her until she lays her eggs which are 

fertilized by his sperm. Perhaps the females provide just 

enough nutrition for the stored sperm to keep them alive 

until they are utilized in the fertilization of eggs. The 

spermathecae are known to be highly glandular organs 

(Filosi and Perotti, 1975). Males may also pose a limita

tion on the longevity of the sperm, if accessory fluid is 

a limiting factor. After a successful insemination, it 

may be advantageous for the female to migrate and then mate 

with a different male. Field studies are needed to 

confirm or deny these hypotheses. 

Several directions in further experimentation can 

be followed from here in order to clearly understand the 

mating strategies of D. pachea. The structure and activity 

of the sperm are areas in need of further investigation. A 

method to distinguish one sperm from another in D. pachea 

would be useful. This knowledge in turn could lead to a 

better understanding of sperm storage and sperm utilization 

in D. pachea. The problem of sperm displacement versus 

sperm mixing needs exploration. The role of the accessory 
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glands seems to be an important area of further explora

tion. The strategy of long copulation is still a problem 

that is not clearly understood. Perhaps copulation dura

tion varies at different times of the day, with longer 

copulations occurring before the peak egg laying periods, 

followed by many brief copulations which the females use 

as energy sources. Davey (1965) discusses the role of 

sperm as an energy source for females in many insects. 

Careful field observations of mating behavior need to be 

recorded. Peak egg laying periods and mating periods need 

to be more clearly established in the natural environment 

of D. pachea. When these experiments have been completed, 

a better understanding of the male and female strategies 

will be revealed. 



CHAPTER 11 

SUMMARY 

Components of the reproductive biology of 

Drosophila pachea have been investigated under 

laboratory conditions. This species has an 

obligate association with senita cactus 

(Lophocereus schottii) which contains a sterol 

essential to its growth and reproduction. 

Alkaloids .prevent other Drosophila from sharing 

this niche. 

The decline in fertility (ability to produce 

offspring) of D. pachea is the result of several 

factors: (a) inefficient fertilization of the 

eggs, (b) poor nutrition, (c) inbreeding, and (d) 

infrequent mating particularly with more than one 

male. 

Conflicting mating strategies exist for males and 

females of D. pachea. Females need to mate fre

quently and with a variety of different males which 

preferably are unrelated to the females. Males 

maximize their fitness by mating with females that 

are prevented from further mating until fertiliza

tion of the eggs occurs. 

174 
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4. The following facts on the ecology of D. pachea, a 

monophagous species, suggest that it has developed 

mechanisms to drastically decrease the probability 

of inbreeding: (a) differential maturation times 

between males and females (10 days and 5 days, 

respectively); (b) temporary nature of the rots; 

and (c) high migration rates. 

5. Two generations of brother-sister matings have 

pronounced effects on a number of components of 

the reproductive biology of D. pachea in comparison 

to unrelated matings and field collected females. 

There are significant decreases in copulation time, 

relative amounts of sperm stored, fecundity and 

fecundity potential (ovariole number and mature 

egg number in ovaries), egg hatchability, egg to 

adult viability, and the size of the eggs laid for 

brother-sister matings. Developmental time from 

egg to adult is significantly longer for the 

progeny of brother-sister matings. 

6. Multiple choice experiments were conducted for D. 

pachea and D. nannoptera. When given a choice, D. 

pachea females show a heterogamic mating preference 

which approaches randomness with increased age of 

the adults. D. nannoptera shows a random 

preference for all age groups tested. 
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7. Attempts to determine the structure of the sperm 

were not successful. Failure was due to the 

inability to separate one sperm from another. 

8. Experiments on egg hatchability indicate that 

achieving fertilization of the egg is the most 

difficult task for the females of D. pachea. These 

experiments indicate that multiple mating is 

effective in increasing fertilization of the eggs. 

9. Experiments on sperm storage and estimations of 

the daily amounts of sperm stored indicate that 

mating in D. pachea occurs very frequently and is 

essential to maintain functional, mobile sperm, 

which decrease rapidly in the absence of mating. 

The amount of immobile sperm increases with 

increased isolation from males. Copulation times 

less than 20 minutes or greater than 50 minutes 

result in no sperm transfer. 

10. Comparisons of mass matings and pair matings for 

D. pachea indicate that mass matings are signifi

cantly more productive (in terms of number of 

progeny) than pair matings, though they result in 

significantly lower daily fecundities (eggs/day/ 

female). Mass matings and pair matings of D. 

acanthoptera were also compared. Mass matings laid 

significantly more eggs per day per female and have 

higher percentages of egg to adult viability than 
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pair matings of D. acantoptera. Both pair and mass 

matings of D. acanthoptera are more productive than 

D. pachea. 

11. Fecundity potential (ovariole number and mature 

egg number) for the four members of the nannoptera 

species group: D. pachea, D. nannoptera, D. 

acanthoptera, and species w were examined. All 

four members were found to have significantly 

different ovariole numbers and mature egg numbers 

with considerable variation within a species. 

Weak but significant correlations were found 

between thorax size and ovariole number for each 

species. 

12. The effects of 7-cholestenol on ovariole number, 

mature egg number, and egg to adult viability were 

tested for D. pachea. A certain amount of 7-

cholestenol is needed to assure proper development 

of the ovarioles and egg maturation and to maintain 

egg to adult viability, but additional amounts 

do not increase egg to adult viability, ovariole 

number, or mature egg number. 

13. Low percentage of egg to adult viability, but con

siderable variation, were found for D. pachea. A 

number of factors are discussed that might explain 

the variation. The life stage that shows the 

greatest reduction in viability is the egg stage. 



Speculations about the male and female mating 

strategies are discussed, and suggested future 

experimentation is presented. 



APPENDIX A 

COLLECTION RECORDS FOR ALL SPECIES AND COLLECTION 
NUMBERS FOR D. PACHEA USED IN EACH 

EXPERIMENT 

Collection Records 

Drosophila acanthoptera: 

W-3: Totolapan, Oaxaca, Mexico 
A585: Ixtepec, Oaxaca, Mexico 

Drosophila melanogaster: 

A557: wild type, Africa 

Drosophila mojavensis: 

A240: 5 km S. -Hermosillo, Sonora, Mexico 

Drosophila nannoptera; 

A583.1: Oaxaca, Oaxaca, Mexico 
W-2: Tehuacan, Puebla, Mexico 
W-10: Huajuaran-de Leon, Oaxaca, Mexico 

Drosophila pachea; 

A62.2: Comondu, Baja California, Mexico 
A187: Desemboque, Sonora, Mexico 
A232: Empalme, Sonora, Mexico 
A235: Zaragosa, Sinoloa, Mexico 
A240, A276: Santa Ana, Sonora, Mexico 
A301: Navojoa, Sonora, Mexico 
A349: Desemboque, Sonora, Mexico 
A351: Tiburon Island, Mexico 
A385.4: Loreto, Baja California, Mexico 
A388: Desemboque, Sonora, Mexico 
A569: Punta Chueca, Sonora, Mexico 
A578: Santa Ana, Sonora, Mexico 
A582: Organ Pipe National Monument, Arizona 
A586: Altar, Sonora, Mexico 
A587: W. La Paz, Baja California, Mexico 
A596: 35 km N. of El Centenario (N. of La Paz), Baja 

California, Mexico 

179 
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A603: W. of Mulege, Baja California, Mexico 
A605: San Borja, Baja California, Mexico 
A607: Bahia Concepcion, Baja California, Mexico 
A614, A615: Altar, Sonora, Mexico 
A663: Tiburon Island, Mexico 
A665: San Carlos, Sonora, Mexico 

Drosophila pseudoobscura; 

AR-8: Pinon Flats, California 

Drosophila species w: 

A585: Ixtepec, Oaxaca, Mexico 

Collection Numbers of D. pachea Used 
in Each Experiment 

Experiment 

Thorax size, ovariole number 
mature egg number (lab) 

A187, A235, A240, A569 
A578, A582, A586, A587 
A614, A615 

Collection Numbers Used 

Thorax size, ovariole number 
mature egg number (field) 

A586, A587, A596, A603 
A605, A607, A614, A615 
A665 

Nutritional effects A276, A301, A349 

Egg to adult viability: 
Experiment 1 A62.2, A232, A240, A276 

A351, A385.4, A388 
Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
Experiment 6 

A276 
A569 
A578 
A614 
A276 

Egg hatchability: 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
Experiment 6 

A187 
A187 
A663 
A665 
A665 
A665 
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Experiment 

Sperm storage: 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
Experiment 6 

Inbred and outbred matings 

Miscellaneous analysis of 
copulation times and sperm 
storage 

Pair matings and mass matings 

Multiple choice mating tests 

Collection Numbers Used 

A187, A235 
A569 
A18 7 
A665 
A665 
A586 

A235, A615 

A586, A587, A596, A614, 
A665 

A569, A578 

A187, A235, A615 



APPENDIX B 

TABLES OF OBSERVED DATA AND T-VALUES OF COMPARISONS 
FOR THORAX SIZE, OVARIOLE NUMBER, AND 

MATURE EGG NUMBER 

Table B.l. Thorax sizes for lab reared D. pachea males 
(A586) . 

Thorax size (mm) Frequency 

0. 95 3 

0. 98 1 

1. 00 22 

1.02 3 

1.05 18 

1.10 _1 

Total 48 
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Table B.2. Thorax sizes for field collected D. pachea 
males (A586, A587, A596, A603, A605, A607). 

Thorax size (mm) Frequency 

o
 

CD O
 1 

0. 85 11 

0.90 11 

0. 92 1 

0.95 20 

o
 

C
O

 

3 

1.00 16 

1.05 12 

1—
' 

• O
 

CO
 

1 

1.10 7 

Total 83 
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Table B.3. Thorax size, ovariole number, and mature egg 
number for lab reared D. pachea females — 
M = mixed culture (A187, A235, A240, A569) . 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

Age number Cmm) number /female /ovariole 

6 M 0. 85 23 18 0.78 
6 M 0. 90 20 0 0 
6 M 0.90 27 38 1.41 
6 M 0.92 16 0 0 
6 M 0.95 28 43 1.54 
6 M 0.95 28 41 1.46 
6 M 0.98 27 26 0.96 
6 M 0. 98 27 28 1.04 
6 M 0.98 31 35 1.13 
6 M 0.98 25 9 0.36 
6 M 0.98 20 0 0 
6 M 1. 00 20 0 0 
6 M 1. 03 33 22 0.67 
6 M 1. 03 29 35 1.21 
6 M 1. 03 31 22 0.71 
6 M 1. 03 28 33 1.18 
6 M 1. 08 22 1 0. 05 
6 M 1.08 25 16 0.64 
6 M 1.10 29 16 0.55 
6 M 1.10 26 4 0.15 
6 M 1.12 33 48 1.45 
6 M 1.12 20 9 0.45 
6 M 1.12 22 17 0.77 
6 M 1.15 25 37 1.48 
7 M 0. 85 19 11 0.58 
7 M 0. 88 27 23 0.85 
7 M 0. 90 20 9 0.45 
7 M 0.95 19 19 1.00 
7 M 0.98 25 30 1.20 
7 M 0.98 34 22 0. 65 
7 M 0. 98 26 0 0 
7 M 1.00 30 20 0.67 
7 M 1.00 35 18 0.51 
7 M 1. 00 37 25 0.68 
7 H 1. 05 26 13 0.50 
7 M 1.08 34 30 0.88 
7 M 1.10 33 33 1.00 
7 M 1.10 33 45 1.36 
7 M 1.10 34 5 0.15 
7 M 1.10 28 26 0.93 
7 M 1.12 34 22 0.65 
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Table B.3.—Continued Thorax size, ovariole number, and 
mature egg number for lab reared D. pachea 
females — M = mixed culture (A187, A235, 
A240, A569). 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

Age number (mm) number /female /ovariole 

7 M 1.12 38 16 0.42 
7 M 1.12 30 39 1.30 
7 M 1.12 39 63 1.62 
7 M 1.12 26 18 0.65 
7 M 1.15 23 26 1.13 
7 M 1.15 21 29 1.38 
7 M 1.18 25 30 1.20 
7 M 1.18 28 38 1.36 
8 M 0. 90 26 34 1.31 
8 M 0.90 25 35 1.40 
8 M 0. 90 24 18 0.75 
8 M 0. 92 26 62 2.38 
8 M 0. 95 29 10 0.34 
8 M 0.98 29 24 0.83 
8 M 0.98 31 57 1.84 
8 M 0. 98 29 22 0.76 
8 M 1. 00 29 41 1.41 
8 M 1. 00 20 41 2. 05 
8 M 1. 00 34 73 2.15 
8 M 1.00 27 38 1.41 
8 M 1. 03 33 35 1. 06 
8 M 1. 03 28 25 0. 89 
8 M 1.05 29 16 0.55 
8 M 1. 08 30 40 1.33 
8 M 1.10 36 63 1.75 
8 M 1.12 37 14 0.38 
8 M 1.12 32 27 0.84 
8 M 1.12 34 46 1.35 
8 M 1.12 39 10 0.26 
8 M 1.15 34 47 1.38 
8 M 1.15 38 49 1.29 
8 M 1.18 38 4 0.11 
8 M 1,22 37 30 0.81 
2 A569-FJ 1.05 29 0 0 
2 A569-F! 1.05 28 0 0 
2 A569-Fi 1.10 25 0 0 
2 A569-Fj 1.10 32 0 0 
2 A569-F! 1.10 30 0 0 
2 A569-Fj 1.10 30 0 0 
2 A569-F! 1.12 28 0 0 
2 A569-Fx 1.12 33 0 0 
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Table B.3.—Continued Thorax size, ovariole number, and 
mature egg number for lab reared D. pachea 
females — M = mixed culture (A187, A235, 
A240, A569). 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

Age number (mm) number /female /ovariole 

2 A569-F-, 1. 15 34 0 0 
2 A569-Fj 1. 18 30 0 0 
5 A578-F! 0. 98 25 0 0 
5 A578-F! 1. 00 25 7 0. 28 
5 A578-F! 1. 00 29 0 0 
5 A578-F! 1. 00 31 5 0. 16 
5 A578-Fj 1. 00 32 8 0. 25 
5 A578-F1 1. 03 37 0 0 
5 A578-F-, 1. 05 34 0 0 
5 A578-F! 1. 05 36 0 0 
5 A578-F1 1. 05 39 21 0. 54 
5 A57 8-F-, 1. 08 34 18 0. 53 
8 A235 0. 98 28 7 0. 25 
8 A235 1. 00 29 8 0. 28 
8 A235 1. 00 30 8 0. 27 
8 A235 1. 00 30 6 0. 20 
8 A235 1. 05 34 10 0. 29 
8 A235 0. 98 28 7 0. 25 
8 A235 1. 00 29 8 0. 28 
8 A235 1. 00 30 8 0. 27 
8 A235 1. 00 30 6 0. 20 
8 A235 1. 05 34 10 0. 29 

20 A582-F-1 1. 08 15+15=30 30+25=55 1. 83 
20 A582-F-, 1. 12 20+17=37 32+43=75 2. 03 
20 A582-F-, 1. 18 18+16=34 28+33=61 1. 79 
20 A582-F! 1. 20 18+19=37 33+31=64 1. 73 
10 A587-F! 0. 95 12+12=24 17+18=35 1. 46 
10 A587-Fj 0. 98 11+12=23 11+12=23 0. 04 
10 A587-Fj 0. 98 13+13=26 24+27=51 1. 96 
10 A587-F! 0. 95 12+12=24 12+20=32 1. 33 
10 A587-FT 1. 00 13+15=28 15+9=24 0. 86 
10 A587-F! 1. 05 11+13=24 11+13=24 1. 00 
10 A587-F! 1. 00 16+12=28 12+13=25 0. 89 
10 A587-F! 1. 00 13+12=25 13+14=27 1. 08 
10 A587-F! 1. 00 13+14=27 23+23=46 1. 70 
10 A587-Fj 0. 95 11+11=22 4+0=4 0. 18 
10 A587-F! 1. 05 13+13=26 24+17=41 1. 58 
11 A587-F! 0. 95 11+12=23 14+24=38 1. 65 
14 A586-F2 1. 05 17+14=31 4+3=7 0. 23 
14 A586-F2 1. 15 15+15=30 5+7=12 0. 40 
14 A586-F2 1. 10 13+16=29 0+1=1 0. 03 
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Table B.3.—Continued Thorax size, ovariole number, and 
mature egg number for lab reared D, pachea 
females — M = mixed culture (A187, A235, 
A240, A569) . 

Collection 
Age number 

14 A586 ~ f2 
14 A586' -f2 

14 A586 ~F2 
15 A586' -F2 
15 A586' ~ f2 
15 A586' ~ f2 
15 A586' - F 2  

15 A586-_f2 
15 A586-_F2 

15 A586-_F2 
15 A586-_f2 
15 A586-~ f 2  

15 A586-~ f2 
16 A614-"F1 
21 A614--Fi 
19 A614--Fi 
21 A614--Fi 
19 A614--Fi 
33 A614-"F1 
33 A614-"F ! 
33 A614-"F1 
33 A614--Fi 
33 A614--FX 
41 A614-"F1 
41 A614-"F1 
41 A614-"F1 
41 A614-"F1 
41 A614-"F1 
42 A614-"F1 
42 A614-"F1 
43 A614-"F1 
6 A615-"F1 
5 A615-•F1 
4 A615-"F1 
4 A615--Fi 
5 A615--Fi 
4 A615-"F1 
4 A615-"F1 
6 A615-"F1 
6 A615--Fi 
5 A615-"F1 

Thorax 
size Ovariole Mature eggs Mature eggs 
Cmm) number /female /ovariole 

1.10 16+20=36 9+12=21 0.58 
1.05 14+14=28 0+1=1 0.04 
1.10 14+13=27 1+4=5 0.19 
1.10 18+16=34 22+20=42 1. 24 
1.10 15+15=30 25+28=53 1.77 
1.15 19+15=34 12+11=23 0.68 
1.10 14+19=33 2+3=5 0.15 
1. 05 18+16=34 2+0=2 0.06 
1.05 16+17=33 0 0 
1.15 17+17=34 0 0 
1.15 16+16=32 13+15=28 0.88 
1.10 15+16=31 2+2=4 0.13 
1. 05 15+15=30 3+2=5 0.17 
1.25 17+17=34 0 0 
1.15 20+20=40 44+50=94 2.35 
1.15 17+16=33 0 0 
1.10 19+17=36 19+17=36 1.11 
1.10 17+17=34 29+32=61 1.79 
1.15 18+17=35 35+35=70 2.00 
1.15 17+18=35 25+27=42 1.20 
1.10 16+18=32 14+12=26 0.81 
1.20 12+18=30 28+25=53 1.77 
1.25 20+20=40 36+39=75 1.88 
1.15 15+18=33 1+3=4 0.12 
1.15 16+16=32 26+27=53 1. 66 
1.10 16+17=33 21+27=48 1.45 
1.15 16+18=34 34+41=75 2.21 
1.15 16+17=33 33+38=71 2.15 
1.12 17+20=37 6+6=12 0.32 
1.10 15+15=30 24+25=49 1. 63 
1.12 15+16=31 25+24=49 1.58 
1.12 17+17=34 3+5=8 0.24 
1.15 18+19=37 46+47=93 2.51 
1.15 18+17=35 20+19=39 1.11 
1.18 19+20=39 17+10=27 0.69 
1.18 19+19=38 1+7=8 0.01 
1.18 17+18=35 1+0=1 0. 03 
1.15 17+19=36 0+0=0 0.00 
1.18 20+18=38 22+19=41 1. 08 
1.15 17+17=34 21+11=40 1.18 
1.15 17+18=35 23+23=46 1.31 
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Table B.3.—Continued Thorax size, ovariole number, and 
mature egg number for lab reared D. pachea 
females — M = mixed culture (A187, A235, 
A240, A569). 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

Age number (mm) number /female /ovariole 

4 A615-Fi 1.15 18+17=35 11+9=20 0.57 
6 A615-F! 1.15 18+15=33 0+0=0 0 
6 A615-Fi 1.20 18+19=37 9+14=23 0. 62 
6 A615-F! 1. 00 16+16=32 0+0=0 0 
5 A615-F! 1.20 19+19=38 2+0=2 0.05 
4 A615-F! 1.20 18+19=37 22+21=43 1.16 
5 A615-F! 1.15 18+17=35 8+3=11 0.31 
5 A615-F-, 1.15 16+17=33 10+13=23 0.70 
4 A615-F-L 1.15 19+14=33 9+5=14 0.42 
4 A615-F! 1.18 19+19=38 12+9=21 0.55 
6 A615-F-. 1.12 16+18=34 46+49=95 2.79 
6 A615-Fx 1.12 15+19=34 17+24=41 1.21 
5 A615-F! 1.12 16+16=32 0+0=0 0 
4 A615-F, 1.18 17+17=34 31+32=63 1. 85 
5 A615-Fi 1.08 16+15=31 0+0=0 0 
6 A615—Ft 1.10 16+16=32 15+22=37 1.16 
6 A615-FT 1.18 17+19=36 6+3=9 0.25 
6 A615-F! 1.18 19+19=33 21+20=41 1.08 
4 A615-F-, 1.00 17+15=32 1+0=1 0. 03 
5 A615-F! 1.18 19+16=35 13+10=23 0. 66 
5 A615-F-. 1.20 21+19=40 13+11=24 0.60 
5 A615-F]; 1.18 17+18=35 12+10=22 0.63 
5 A615-F^ 1.00 16+15=31 0+0=0 0 
5 A615-Fi 1.00 15+14=29 0+0=0 0 
4 A615-F! 1.08 15+17=32 40+49=89 2. 78 
4 A615-F3 1.18 18+20=38 0+0=0 0 
4 A615-F^ 1.15 17+16=33 16+19=35 1.06 
4 A615-F! 1.15 18+16=34 5+5=10 0.29 

10 A615-F2 1.25 17+16=33 17+13=30 0. 91 
10 A615-F2 1.17 17+16=33 6+2=8 0.24 
10 A615-F2 1.17 15+14=29 8+5=13 0.45 
10 A615-F2 1.18 18+17=35 2+3=5 0.14 
10 A615-F2 1.13 14+14=28 1+0=1 0. 04 
10 A615-F2 1,15 16+17=33 16+11=27 0. 82 
10 A615-F2 1.13 15+18=33 9+14=23 0.70 
10 A615-F, 1.18 16+17=33 20+18=38 1.15 
10 A615-F2 1.17 16+16=32 11+13=24 0.75 
10 A615-F2 1.13 16+18=34 25+30=55 1. 62 
10 A615-F2 1.13 16+19=35 23+23=46 1.31 
10 A615-F2 1.12 16+17=33 19+22=41 1.24 
7 A615-F2 1.20 16+16=32 30+26=56 1.75 
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Table B.3.—Continued Thorax size, ovariole number, and 
mature egg number for lab reared D. pachea 
females — M = mixed culture (A187, A235, 
A240, A569). 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

Age number (mm) number /female /ovariole 

7 A615-F-, 1.13 15+14=29 30+23=53 1. 83 
7 A615-F2 1.22 14+14=28 15+8=23 0. 82 
7 A615-F2 1.17 15+18=33 16+27=43 1.30 
7 A615-F2 1.12 17+17=34 10+11=21 0.62 
7 A615-F2 1.13 13+13=26 0+3=3 0.12 
7 A615-F2 0.95 15+19=34 4+4=8 0.24 
7 A615-F2 1. 07 16+16=32 18+21=39 1.22 
7 A615-F2 1. 22 16+17=33 9+7=16 0.48 
7 A615-F2 1.22 22+19=41 60+52=12 2.73 
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Table B.4. Thorax size, ovariole number, and mature egg 
number for field collected D. pachea females. 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

number (mm) number /female /ovariole 

A586 0. 88 14+14=28 13 0.46 
A586 0. 93 15+14=29 14 0.48 
A586 1. 03 17+16=33 1 0.03 
A596 0. 92 14+14=28 12 0.43 
A596 1.00 13+15=28 24 0. 86 
A596 1. 00 15+15=30 26 0.87 
A596 1. 00 15+15=30 28 0.93 
A596 1.02 15+15=30 32 1.07 
A596 1. 02 15+14=29 16 0.55 
A596 1.03 15+16=31 8 0.26 
A596 1.05 14+17=31 12 0.39 
A596 1. 07 15+15=30 26 0. 87 
A596 1.07 15+14=29 24 0. 83 
A596 1.08 16+16=32 13 0.41 
A596 1.10 16+15=31 29 0. 94 
A596 1.13 16+17=33 36 1. 09 
A596 1.17 17+17=34 39 1.15 
A596 1.20 18+20=38 46 1.21 
A596 1. 20 20+19=39 102 2. 62 
A587 1. 08 16+15=31 38 1.23 
A603 0. 80 13+13=26 18 0.69 
A603 0.90 12+14=26 4 0.15 
A603 0. 90 12+12=24 4 0.17 
A603 0.90 14+14=28 4 0.14 
A603 0.95 15+15=30 12 0.40 
A603 0.95 15+14=29 20 0. 69 
A605 1.00 14+14=28 10 0.36 
A605 1. 00 15+15=30 12 0.40 
A605 1. 00 14+14=28 11 0.39 
A605 1. 00 15+15=30 10 0.33 
A605 1. 00 14+16=30 8 0.27 
A607 0.80 12+12=24 6 0.25 
A607 0.85 12+13=25 8 0.32 
A596 1. 00 15+15=30 35+43=78 2.60 
A596 1. 05 16+15=31 41+29=70 2.26 
A587 1. 00 15+15=30 23+19=42 1.40 
A587 1.05 16+16=32 2+4=6 0.19 
A587 1.10 14+14=28 22+22=44 1.57 
A587 1.10 18+14=32 21+16=37 1.16 
A587 1.10 15+0=15 57+0=57 3. 80 
A587 1.10 18+17=35 24+24=48 1.37 
A587 1.15 16+15=31 25+46=71 2.29 
A614 1. 00 12+13=25 8+10=18 0.72 
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Table B.4.—Continued Thorax size, ovariole number, and 
mature egg number for field collected D. pachea 
females. 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

number (mm) number /female /ovariole 

A614 1.05 16+16=32 10+9=19 0.59 
A614 1.00 14+15=29 4+8=12 0.41 
A614 1.00 16+15=31 13+17=30 0.97 
A614 0.92 14+14=28 17+18=35 1.25 
A614 0. 98 14+17=31 1+3=4 0.13 
A614 1.10 15+19=34 21+24=45 1.32 
A614 1.00 13+14=27 19+27=46 1.70 
A614 0.90 9+11=20 15+18=33 1.65 
A614 0. 90 15+14=29 15+13=28 0.97 
A614 0.95 15+16=31 34+41=75 2.42 
A614 0. 95 10+12=22 11+4=15 0.68 
A614 1. 00 15+17=35 10+8=18 0.51 
A614 1. 05 14+15=29 6+8=14 0.48 
A614 1.05 12+16=28 9+14=23 0. 82 
A614 1. 05 14+14=28 9+9=18 0.64 
A614 1.05 14+10=24 0+1=1 0.04 
A614 1. 05 11+12=23 2+6=8 0.35 
A614 1. 05 15+8=23 9+8=17 0.74 
A614 0. 95 12+13=25 1+0=1 0.04 
A614 0.95 12+14=26 2+2=4 0.15 
A614 1.05 10+12=22 2+3=5 0.23 
A614 0.95 13+13=26 1+1=2 0. 08 
A614 0.95 10+18=28 1+1=2 0.07 
A614 1,00 13+13=26 4+3=7 0.27 
A614 1.05 14+17=31 2+1=3 0.10 
A614 1.00 16+17=33 4+3=7 0.21 
A614 1.05 17+15=32 8+9=17 0.53 
A614 1. 00 13+12=35 6+4=10 0.29 
A614 1.05 15+14=29 7+3=10 0.34 
A614 1.05 12+11=23 4+4=8 0.35 
A614 1.05 12+16=28 12+6=18 0.64 
A614 1.00 14+18=32 6+6=12 0.38 
A614 1. 00 13+14=27 1+5=6 0.22 
A614 0.95 13+12=25 3+3=6 0.24 
A614 1. 00 13+13=26 6+4=10 0.38 
A614 0.95 13+14=27 9+5=14 0.52 
A614 1. 00 14+13=27 10+9=19 0.70 
A614 1. 00 13+15=28 5+2=7 0.25 
A614 1. 00 13+11=24 3+0=3 0.12 
A614 0. 92 14+13=27 8+4=12 0.44 
A614 1.00 14+15=29 0+1=1 0.03 
A614 0.90 14+14=28 7+4=11 0.39 
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Table B.4.—Continued Thorax size, ovariole number, and 
mature egg number for field collected D. pachea 
females. 

Collection 
number 

Thorax 
size 
(mm) 

Ovariole 
number 

Mature eggs 
/female 

Mature eggs 
/ovariole 

A614 1. , 05 15+15= =30 9+6= =15 0. .50 
A614 1. , 00 12+14= = 26 3+8= =11 0, ,42 
A614 1. 02 15+14= = 29 4+4= =8 0. ,28 
A614 0. 92 10+11= =21 3+5= = 8 0. .38 
A614 0. 90 13+12= = 25 15+12=27 1. ,08 
A614 1. 00 16+16= =32 9+10=19 0. ,59 
A614 0. 95 11+24= =35 3+7= =10 0. ,40 
A614 0. 90 12+12= = 24 14+16=30 1. ,25 
A614 0. 95 11+12= =23 6+8= =14 0. ,61 
A614 1. 05 13+11= = 24 6+5= =11 0. ,46 
A614 0. 95 16+12= =28 5+6= =11 0. 39 
A614 0. 95 11+14= =35 0+0= = 0 0 
A614 1. 05 16+16= =32 0+0= = 0 0 
A614 1. 00 16+16= =32 0+0= = 0 0 
A614 1. 05 15+15= =30 4+7= =11 0. 37 
A614 0. 98 13+14= = 27 22+22=44 1. 63 
A614 1. 05 15+14= = 29 0+0= • 0 0 
A614 1. 00 17+15= =32 4+1= :5 0. 16 
A614 1. 00 13+15= =28 11+14=25 0. 89 
A614 1. 05 14+16= ;3 0 0+0= >0 0 
A614 0. 95 13+10= :23 9+9= =18 0. 78 
A614 0. 90 10+8=18 1+0= 1 0. 06 
A614 0. 85 8+7=15 0+0= 0 0 
A614 1. 10 14+16= 30 4+9= 13 0. 43 
A614 1. 00 14+13= •21 8+10 =18 0. 67 
A614 1. 00 15+15= 30 8+6= 14 0. 47 
A614 1. 00 15+15= 30 4+3= 7 0. 23 
A614 1. 05 15+17= 32 9+9= 18 0. 56 
A614 0. 90 13+12= 25 3+7= 10 0. 40 
A614 1. 05 17+17= 34 1+1= 2 0. 06 
A614 0. 95 13+15= 28 19+24=43 1. 54 
A614 1. 00 14+13= 27 1+1= 2 0. 07 
A614 1. 00 17+16= 33 13+19=32 0. 97 
A614 1. 00 14+19= 33 2+5= 7 0. 21 
A614 1. 00 11+10= 21 18+15=33 1. 57 
A614 1. 00 15+19= 34 1+2= 3 0. 09 
A614 0. 95 10+13= 23 12+14=26 1. 13 
A614 0. 90 13+13= 26 2+3= 5 0. 19 
A614 1. 10 17+14= 31 22+18=40 1. 29 
A614 1. 05 15+15= 30 5+4= 9 0. 30 
A614 0. 95 15+15= 30 3+9= 12 0. 40 
A614 1. 00 16+16= 32 8+7= 15 0. 47 
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Table B.4.--Continued Thorax size, ovariole number, and 
mature egg number for field collected D. pachea 
females. 

Collection 
number 

A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 
A614 

Thorax 
size 
(mm) 

0.95 
0.90 
1 .. 00 
1.05 
0.95 
0.95 
0.90 
0.90 
0.95 
0.98 
1.00 
1.10 
1.00 
1.00 
0.95 
0.90 
0.90 
1.05 
0.95 
1.00 
0.90 
0.85 
0.95 
1.05 
1.00 
0.95 
0.95 
1.00 
0.95 
1.05 
1.00 
1.05 
1,.00 
0,.95 
0.95 
1.00 
1.00 
1.00 
0.95 
0.95 
1.15 
1.10 

Ovariole 
number 

14+14=28 
12+11=23 
14+11=25 
16+13=29 
14+13=27 
14+14=28 
15+13=28 
12+13=25 
15+15=30 
13+14=27 
15+16=31 
16+15=31 
14+15=29 
13+14=27 
8+14=22 
14+13=27 
14+14=28 
17+17=34 
13+14=27 
13+18=31 
9+12=21 
8+10=18 
15+18=33 
17+16=33 
15+15=30 
15+15=30 
10+12=22 
12+14=26 
12+14=26 
15+15=30 
16+17=33 
16+15=31 
15+15=30 
14+12=26 
17+15=32 
15+16=31 
13+14=27 
14+13=27 
8+8=16 
12+13=25 
19+17=36 
17+17=34 

Mature eggs 
/female 

2+3=5 
11+6=17 
16+16=32 
12+13=25 
16+16=32 
13+10=23 
1+3=4 
6+3=9 
16+14=30 
2+1=3 
7+3=10 
2+1=3 
2+4=6 
11+15=26 
7+8=15 
12+12=24 
18+16=34 
25+24=49 
15+11=26 
9+14=23 
3+1=4 
0+0=0 
28+30=58 
21+23=44 
3+4=7 
15+19=34 
0+0=0 
21+24=45 
25+26=51 
2+1=3 
1+3=4 
1+4=5 
2+1=3 
2+1=3 
23+20=43 
33+33=66 
17+14=31 
19+26=45 
6+8=14 
21+19=40 
5+8=13 
33+36=69 

Mature eggs 
/ovariole 

0.18 
0.74 
1.28 
0.86 
1.19 
0.82 
0.14 
0.36 
1.00 
0.11 
0.32 
0.10 
0 .. 21 
0.96 
0.68 
0.89 
1.21 
1.44 
0.96 
0.74 
0.19 
0 
1.76 
1.33 
0.23 
1 .. 13 
0 
1.73 
1.96 
0.10 
0.12 
0.16 
0.10 
0.12 
1.34 
2.13 
1.15 
1.67 
0.88 
1.60 
0.36 
2.03 
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Table B.4.—Continued Thorax size, ovariole number, and 
mature egg number for field collected D. pachea 
females. 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 

number Cmm) number /female /ovariole 

A614 1. 00 14+18=32 13+13=26 0.81 
A614 1. 00 13+13=26 19+18=37 1.42 
A614 0.95 11+17=28 3+5=8 0.29 
A614 1. 00 17+16=33 28+18=46 1.39 
A614 0. 90 10+11=21 7+7=14 0.67 
A614 0.95 15+14=29 12+11=23 0.79 
A614 0.95 12+13=25 1+1=2 0. 08 
A614 0. 95 15+14=29 25+16=41 1.41 
A614 1. 00 16+17=33 18+21=39 1.18 
A614 0.90 14+13=27 8+8=16 0.59 
A614 1. 00 13+16=29 13+16=29 1.00 
A614 0. 92 14+13=27 19+19=38 1.41 
A614 0. 95 12+16=28 3+7=10 0.36 
A614 0.95 14+15=29 17+15=32 1.10 
A614 1.00 19+17=36 16+15=31 0.83 
A614 0. 98 14+13=27 12+13=25 0. 93 
A614 1. 05 14+16=30 7+7=14 0.47 
A614 1.00 14+14=28 17+15=32 1.14 
A614 1.00 15+12=27 15+13=28 1.04 
A614 1. 00 13+13=26 20+19=39 1.50 
A614 0.95 13+13=26 9+17=26 1.00 
A614 0. 95 15+14=29 33+28=61 2.10 
A614 1. 00 14+16=30 20+18=38 1.27 
A614 1. 00 15+14=29 2+1=3 0.10 
A614 1.00 14+14=28 32+30=62 2.21 
A614 0.90 13+11=24 6+5=11 0.46 
A614 1.00 15+14=29 25+21=46 1,33 
A614 1.00 15+14=29 11+12=23 0.79 
A614 0.90 16+15=31 4+2=6 0.19 
A614 1.00 15+15=30 11+10=21 0.70 
A614 0.95 13+12=25 9+11=20 0. 80 
A614 1. 00 13+16=29 0+0=0 0 
A614 1, 05 16+16=32 3+3=6 0.19 
A614 0. 95 12+13=25 2+1=3 0.12 
A614 1.00 18+16=34 20+19=39 1.15 
A614 0.90 13+13=26 6+6=12 0.46 
A614 1.00 15+15=30 22+22=44 1.47 
A614 1. 00 16+15=31 6+4=10 0.32 
A614 0. 90 15+13=28 7+11=18 0.64 
A614 1. 00 15+13=28 27+25=52 1. 86 
A614 1. 00 16+18=34 26+30=56 1.65 
A614 1.00 14+13=27 29+26=55 2.04 
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Table B.4.—Continued Thorax size, ovariole number, and 
mature egg number for field collected D. pachea 
females. 

Thorax 
Collection size Ovariole Mature eggs Mature eggs 
number (mm) number /female /ovariole 

A615 1. 00 16+17=33 47+50=97 2.94 
A615 1. 00 16+16=32 33+39=72 2. 25 
A615 0. 90 13+11=24 22+18=40 1.67 
A615 1.00 16+14=30 14+16=30 1.00 
A615 1. 00 14+15=29 29+30=59 2. 03 
A615 1.00 17+15=32 35+41=76 2.33 
A615 0.95 14+17=31 25+24=49 1.58 
A615 1.10 16+18=34 31+41=72 2.12 
A615 0.95 14+13=27 23+22=45 1.67 
A615 0. 95 17+15=32 4+7=11 0.34 
A615 0.95 15+14=29 19+17+36 1.24 
A615 0.90 16+15=31 5+7=12 0.39 
A665 1.20 15+15=30 23+25=48 1.60 
A665 1. 00 13+15=28 0+0=0 0 
A665 1. 08 18+14=32 6+13=19 0.59 
A665 1.07 14+11=25 0+0=0 0 
A665 0. 98 15+16=31 24+22=46 1.48 
A665 1.25 15+14=29 0+4=4 0.14 
A665 1.17 15+15=30 26+17=43 1.43 
A665 1.25 16+16=32 12+17=29 0.91 
A665 1.12 14+12=26 14+12=26 1. 00 
A665 1. 08 15+17=32 18+18=36 1.12 
A665 1.08 17+18=35 8+4=12 0.34 
A665 1.02 14+12=26 11+10=21 0.81 
A665 1.12 12+14=26 20+16=36 1.38 
A665 1. 05 14+13=27 0+0=0 0 
A665 1.00 14+14=28 39+34=73 2.61 
A665 1. 08 17+17=34 20+23=43 1.26 
A665 1.17 19+18=37 24+40=64 1.73 
A665 1. 03 15+15=30 23+19=42 1.40 
A665 1.08 14+15=29 6+9=15 0.52 
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Table B.5. Thorax size, ovariole number, and mature egg 
number for lab reared D. nannoptera females. 

Thorax Ovariole Mature eggs Mature 
size number /female /ovari 

1.00 32 38 1.19 
. 1.00 32 45 1.41 
. 98 30 30 1.00 
.95 26 37 1.42 
1. 00 30 30 1. 00 
1. 00 32 43 1.34 
1. 08 34 36 1.06 
1.10 34 28 0. 82 
1.10 36 41 1.14 
1.10 34 18 0.53 
1. 08 33 26 0.79 
1.02 33 8 0.24 
1.02 34 41 1.21 
1. 00 29 42 1.45 
. 95 28 15 0.54 
. 95 29 36 1.24 
1. 00 30 41 1.37 
1. 00 30 19 0.63 
. 98 28 23 0. 82 
1. 00 30 38 1.27 
1. 02 30 22 0.73 
1. 02 31 31 1. 00 
1.00 30 37 1.23 
1.10 36 78 2.17 
1. 00 30 42 1.40 
1. 00 30 49 1.63 
1. 00 29 39 1.34 
.98 30 51 1.70 
. 98 27 46 1.70 
1.00 32 53 1.66 
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Table B.6. Thorax size, ovariole number, and mature egg 
number for virgin D. acanthoptera females. 

Thorax Ovariole Mature eggs Mature eggs 
Age size number /female /ovariole 

7 1. 08 46 0 0 
7 1.10 44 0 0 
7 1.12 51 2 0.04 
7 1.15 45 1 0.02 
7 1.15 35 5 0.14 
7 1.15 45 0 0 
7 1.18 44 0 0 
7 1.18 32 0 0 
7 1.18 40 1 0.03 
7 1.18 40 1 0. 03 
8 1.10 40 0 0 
8 1.12 42 0 0 
8 1.12 38 2 0.05 
8 1.12 44 14 0.32 
8 1.12 36 0 0 
8 1.12 38 1 0.03 
8 1.12 37 0 0 
8 1.15 32 0 0 
8 1.15 45 0 0 
8 1.15 37 2 0.05 
8 1.18 44 5 0.11 
8 1.18 47 1 0.02 
8 1.18 44 0 0 
8 1.18 42 2 0. 05 
8 1. 20 47 2 0.04 
8 1. 20 47 - 3 0.06 
8 1.20 34 1 0.03 
8 1.20 38 0 0 
8 1.20 39 0 0 
8 1.22 33 11 0.33 
8 1.22 42 13 0.31 
8 1,22 45 1 0.02 
8 1.22 46 5 0.11 
8 1. 22 42 10 0.24 
8 1.25 40 15 0.38 
9 1.10 44 9 0.20 
9 1.15 47 6 0.13 
9 1.18 50 9 0.18 
9 1.18 39 5 0.13 
9 1.18 42 0 0 
9 1.20 44 0 0 
9 1.22 38 0 0 
9 1.25 45 0 0 



10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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B.6.—Continued Thorax size, ovariole number, and 
mature egg number for virgin D. acanthoptera 
females. 

Thorax 
size 

Ovariole 
number 

Mature eggs 
/female 

Mature eggs 
/ovariole 

1.25 40 18 0.45 
1.03 40 4 0.10 
1.05 46 34 0.74 
1.10 47 19 0.40 
1.12 35 0 0 
1.12 44 24 0.55 
1.12 52 4 0.08 
1.12 53 33 0.62 
1.15 50 29 0.58 
1.15 36 0 0 
1.18 37 3 0.08 
1.18 48 26 0.54 
1.18 43 0 0 
1.18 45 5 0.11 
1.18 40 0 0 
1.18 43 0 0 
1.18 52 0 0 
1.18 48 20 0.42 
1.18 51 24 0.47 
1.20 49 17 0.35 
1.20 50 28 0.56 
1. 22 40 2 0.05 
1.22 46 17 0.37 
1.22 47 13 0.27 
1.22 44 39 0.89 
1.25 43 12 0.28 



7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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B,7. Thorax size, ovariole ntunber, and mature egg 
number for mated D. acanthoptera females. 

Thorax Ovariole Mature eggs Mature eggs 
size number /female /ovariole 

1.10 44 48 1.09 
1.10 40 49 1.22 
1.12 35 51 1.46 
1.12 38 36 0.95 
1.15 41 53 1.29 
1. 08 36 70 1.94 
1.10 39 48 1.23 
1.12 32 69 2.16 
1.12 41 63 1.54 
1.15 36 65 1.81 
1.15 35 68 1.94 
1.18 46 73 1.59 
1.18 46 41 0.89 
1.18 33 48 1.45 
1. 20 51 72 1.41 
1.25 42 38 0.90 
1.18 45 86 1.91 
1.18 45 81 1.80 
1.20 48 93 1.94 
1.25 50 48 0.96 
1. 05 32 19 0.59 
1.10 42 72 1.71 
1.10 41 68 1.66 
1.10 33 69 2.09 
1.18 47 51 1.09 
1.18 44 33 0.75 
1.18 46 48 1.04 
1.20 49 96 1.96 
1. 20 43 25 0.58 
1.25 52 74 1.42 
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Table B.8. Thorax size , ovariole number, and mature egg 
number for lab reared D. species w females. 

Thorax Ovariole Mature eggs Mature eggs 
size number /female /ovariole 

1.18 34 18 0.58 
1.20 36 38 1.06 
1.18 35 41 1.17 
1.25 41 19 0.46 
1.15 37 26 0.70 
1.18 37 57 1.54 
1.20 39 62 1.59 
1.15 33 0 0 
1.18 38 33 0.87 
1.25 39 81 2.08 
1.20 40 63 1.58 
1.18 37 68 1. 84 
1.08 33 54 1.64 
1.20 41 73 1.78 
1.18 36 28 0.78 
1.15 37 43 1.16 
1.18 37 46 1.24 
1.15 35 35 1 . 0 0  
1.20 38 18 0.47 
1.18 37 21 0.57 
1.12 33 29 0. 88 
1.15 37 43 1.16 
1.20 39 83 2.13 
1.18 37 17 0.46 
1.12 35 58 1.66 
1.20 39 64 1.64 
1.18 36 51 1.42 
1.20 38 68 1.79 
1.18 35 43 1.23 
1.25 40 19 0.48 
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Table B.9. t-Values for comparisons of thorax size, 
ovariole number, and mature egg number. 

Species and comparison 

Thorax size 

t-Values 

pachea males (lab) 
- pachea males field 5.42* 
- pachea females lab 5.88* 
- pachea females field 4.47* 
- nannoptera females 0.98 
- acanthoptera (virgin) 14.71* 
- acanthoptera (mated) 13.73* 
- species w females 15.69* 

pachea males (field) 
- pachea females lab 8.18* 
- pachea females field 3.05* 
- nannoptera females 2.97* 
- acanthoptera (virgin) 14.87* 
- acanthoptera (mated) 14.12* 
- species w females 15.61* 

pachea females (lab) 
- pachea females field 7.43* 
- nannoptera females 4.95* 
- acanthoptera (virgin). 6.36* 
- acanthoptera (mated) 5.66* 
- species w females 7.07* 

pachea females (field) 
- nannoptera females 0.93 
- acanthoptera (virgin) 15.78* 
- acanthoptera (mated) 14.86* 
- species w females 16.71* 

nannoptera females 
- acanthoptera (virgin) 11.31* 
- acanthoptera (mated) 10.61* 
- species w females 12.02* 

acanthoptera (virgin) 
- acanthoptera (mated) 0.71 
- species w females 0.71 

acanthoptera (mated) 
- species w females 1.41 



202 

Table B.9.—Continued t-Values for comparisons of thorax 
size, ovariole number, and mature egg number. 

Species and comparison 

Ovariole number and mature egg number 

pachea CLab) 
- pachea field 
- nannoptera 
- acanthoptera (virgin) 
- acanthoptera (mated) 
- species w 

pachea (field) 
- nannoptera 
- acanthoptera (virgin) 
- acanthoptera (mated) 
- species w 

nannoptera 
- acanthoptera (virgin) 
- acanthoptera (mated) 
- species w 

acanthoptera (virgin) 
- acanthoptera (mated) 
- species w 

acanthoptera (mated) 
- species w 

Ovariole 
t-values 

5. 83* 
0. 05 

17.26* 
9.64* 

11.46* 

4.73* 
21.89* 
12.01* 
17.70* 

15.75* 
9.27* 
9.85* 

0.96 
8 .  0 8 *  

4.15* 

Egg 
t-values 

1.00 
3.74* 
9.26* 
8.73* 
4.31* 

4.62* 
9. 08* 
9.48* 
4. 88* 

10.52* 
5.24* 
1.56 

13.89* 
8 .  8 2 *  

2.90* 

Mature 
eggs/ 

ovariole 
t-values 

1. 00 
3. 92* 

10.98* 
6.47* 
3. 22* 

0.34 
2.14* 
0.09 
0.35 

11.82* 
2.12* 
0. 08 

14.63* 
9.58* 

1.95 

*Significant at the 0.05 level. 
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Table B.10. Distribution of mature eggs per ovariole for 
38 lab reared D. pachea females. 

Mature Number of ovarioles with : 
Ovariole egg Ovariole egg 

Age number number 0 Eggs 1 Egg 2 Eggs 3 Eggs 

6 34 8 26 8 0 0 
5 37 93 0 2 14 21 
4 35 39 1 29 5 0 
4 39 27 13 25 1 0 
5 38 8 30 8 0 0 
4 35 1 34 1 0 0 
4 36 0 36 0 0 0 
6 38 41 1 33 4 0 
6 34 40 3 24 5 2 
5 35 46 5 14 16 0 
4 35 20 15 20 0 0 
6 33 0 33 0 0 0 
6 37 23 16 19 2 0 
6 32 0 32 0 0 0 
5 38 2 36 2 0 0 
4 37 43 1 29 7 0 
5 35 11 24 11 0 0 
5 33 23 14 15 4 0 
4 33 14 19 14 0 0 
4 38 21 17 21 0 0 
6 34 95 0 0 7 27 
6 34 41 8 12 13 1 
5 32 0 32 0 0 0 
4 34 63 0 9 21 4 
5 31 0 31 0 0 0 
6 32 37 7 13 12 0 
6 36 9 27 9 0 0 
6 38 41 5 25 8 0 
4 32 1 31 1 0 0 
5 35 23 14 19 2 0 
5 40 24 16 16 8 0 
5 35 22 14 20 1 0 
5 31 0 31 0 0 0 
5 29 0 29 0 0 0 
4 32 89 1 1 2 28 
4 38 0 38 0 0 0 
4 33 35 5 21 7 0 
4 34 10 25 8 1 0 



APPENDIX C 

T-VALUES FOR COMPARISONS OF NUTRITIONAL EFFECTS 
ON OVARIOLE NUMBER AND MATURE EGG NUMBER 

IN D. PACHEA 

Ovariole Mature egg Mature eggs/ 
Comparisons number number ovariole 

senita 
- senita + 7-C 0.17 0.29 0.31 
- saguaro 3.99* 14.58* 14.67* 
- saguaro + 7-C 0.02 1.85 1.72 
- bananas + 7-C 2.46* 7.07* 6.87* 

senita + 7-C 
- saguaro 3.27* 13.32* 12.65* 
- saguaro + 7-C 0.15 1.47 1.27 
- bananas + 7-C 2.13* 6.43* 5.94* 

saguaro 
- saguaro + 7-C 3.76* 11.96* 11.24* 
- bananas + 7-C 1.05 5.98* 6.09* 

saguaro + 7-C 
- bananas + 7-C 2.35* 5.09* 4.67* 

*Indicates significant at the 0.05 level. 
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TABLES OF OBSERVED DATA AND STATISTICAL ANALYSIS OF 
EXPERIMENTS ON EGG TO ADULT VIABILITY 
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Table D.l. Contingency chi square for experiment 1 on 
egg to adult viability. 

The contingency table 

Culture 
number Viable (expected) Nonviable (expected) Total 

A62. 2 321 (328.42) 706 (698.58) 1027 
A232 780 (495.67) 770 (1054.33) 1550 
A240 42 (323.30) 969 (687.70) 1011 
A276 426 (461.13) 1016 (980.87) 1442 
A351 393 (418.28) 915 (889.72) 1308 
A385.4 386 (395.25) 850 (840.75) 1236 
A3 8 8 563 (488. 95) 966 (1040.05) 1529 
Total 2911 6192 9103 

The deviations 

Lab Culture Class3 (f0 - f) 2/f 

A62.2 viable 0.17 
A232 viable 163.10 
A240 viable 244.76 
A276 viable 2.68 
A351 viable 1. 53 
A385.4 viable 0.22 
A388 viable 11.21 

A62. 2 nonviable 0. 08 
A232 nonviable 76.68 
A240 nonviable 115.06 
A276 nonviable 1.26 
A351 nonviable 0.72 
A385.4 nonviable 0.10 
A388 nonviable 5-27 _ _ _ 2 o  i i u i i v  J .C1UJ .C  mj  % £»  j  «  

Total 622.84 = calculated x 1 
d.f. = 6 
tabular x = 12.59 
for d.f. = 6, 
at the 0.05 level 

liable = eggs viable to adult stage; nonviable = eggs not 
viable to adult stage. 
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Table D.2. t-Values and chi square values for experiment 2 
on egg to adult viability. 

Comparison 

unrelated 
- uncle x niece 
- father x daughter 
- brother x sister 

uncle x niece 
- father x daughter 
- brother x sister 

father x daughter 
- brother x sister 

t-Values 

Copulation time Progeny number 

1.93 
2.58* 
6. 78* 

0.67 
3.38* 

2.36* 

2.35* 
4.39* 
0. 83 

0.12 
1. 81 

3. 69* 

*Indicates significant at the 0.05 level. 

Chi square tests for % successful 

unrelated 
- uncle x niece 
- father x daughter 
- brother x sister 

uncle x niece 
- father x daughter 
- brother x sister 

father x daughter 
- brother x sister 

Value 

17.67* 
11.51* 
1.02 

1.39 
31.20* 

15.31* 

*Indicates significant at the 0.05 level with 1 degree of 
freecom. 
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Table D.3. Contingency chi squares for experiment 3 on egg 
to adult viability. 

Female 
number 

The contingency table first seven days 

Viable (expected) Nonviable (expected) 

1 13 (20. 80) 50 (42.20) 
2 21 (24.10) 52 (48.90) 
3 27 (29.39) 62 (59.61) 
4 50 (36.32) 60 (73.68) 
5 23 (26.75) 58 (54.25) 
6 16 (19.15) 42 (38. 85) 
7 35 (31. 04) 59 (62.96) 
8 8 (19.81) 52 (40.19) 
9 26 (22.12) 41 (44.88) 

10 26 (15.52) 21 (31.48) 
rotal 245 497 

The deviations for first seven days 

Class (fD - f> 2/f 

1 viable 2. 93 
2 viable 0. 40 
3 viable 0.19 
4 viable 5.15 
5 viable 0.53 
6 viable 0.52 
7 viable 0.51 
8 viable 7.04 
9 viable 0. 68 

10 viable 7. 08 

1 nonviable 1.44 
2 nonviable 0. 20 
3 nonviable 0.10 
4 nonviable 2. 54 
5 nonviable 0. 26 
6 nonviable 0.26 2 calculated y = 
7 nonviable 0.25 d.f. = 9 
8 nonviable 3. 47 tabular x = 16, 
9 nonviable 0.34 0.05) 

10 nonviable 3.49 

Total 

63 
73 
89 

110 
81 
58 
94 
60 
67 
47 

742 

= 37.38; 
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Table D.3.—Continued Contingency chi squares for experi
ment 3 on egg to adult viability. 

Female 
number 

The contingency table second 1 seven days 

Viable (expected) Nonviable (expected) Total 

1 5 (14.76) 96 (86.24) 101 
2 13 (10.08) 56 (58.92) 69 
3 12 (9.94) 56 (58.06) 68 
4 10 (8.48) 48 (49.52) 58 
5 21 (15.78) 87 (92.22) 108 
6 14 (10.67) 59 (62.33) 73 
7 4 (7.75) 40 (45.25) 53 
8 0 (9.06) 62 (52.94) 62 
9 6 (8.77) 54 (51.23) 60 

10 29 (18.71) 99 (109.29) 128 
Total 114 666 780 

The deviations for second seven days 

Class (fD - f)2/f 

1 viable 6.45 
2 viable 0. 84 
3 viable 0.43 
4 viable 0.27 
5 viable 1.73 
6 viable 0.31 
7 viable 1. 81 
8 viable 9. 06 
9 viable 0.87 

10 viable 5. 66 

1 nonviable 1.10 
2 nonviable 0.14 
3 nonviable 0.07 
4 nonviable 0. 05 
5 nonviable 0.30 
6 nonviable 0.18 
7 nonviable 0.31 
8 nonviable 1.55 
9 nonviable 0.15 

10 nonviable 0. 96 
Total 32.24 = calculated x 7 

d.f. = 9 
tabular x =16.92 (at 

(0.05) 
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Table D.4. Contingency chi square for experiment 6 on egg 
to adult viability. 

Class 

The contingency table 

Viable (expected) Nonviable (expected) Total 

Control 1 61 (57. 74) 130 (133. 26) 191 
Control 2 80 (64. 99) 135 (150. 01) 215 
Control 3 76 (62. 27) 130 (143. 73) 206 
Test l^--lst 65 (84. 04) 213 (193. 96) 278 
Test l-*-2nd 0 (53. 81) 178 (124. 19) 178 
Test 2—1st 88 (74. 37) 158 (171. 63) 246 
Test 2—2nd 64 (45. 65) 87 (105. 35) 151 
Test 3—1st 104 (82. 23) 168 (189. 77) 272 
Test 3—2nd 40 (52. 90) 135 (122. 10) 175 

Total 578 1334 1912 

The deviations 

Class <fo - f) 

Control 1 viable 0. 18 
Control 2 viable 3. 47 
Control 3 viable 3. 03 
Test 1— 1st viable 4. 31 
Test 1— 2nd viable 53. 81 
Test 2— 1st viable 2. 50 
Test 2— •2nd viable 7. 38 
Test 3— 1st viable 5. 76 
Test 3— 2nd viable 3. 15 

Control 1 nonviable 0. 08 
Control 2 nonviable 1. 50 
Control 3 nonviable 1. 31 
Test 1—1st nonviable 1. 87 
Test 1—2nd nonviable 23. 32 
Test 2—1st nonviable 1. 08 
Test 2—2nd nonviable 3. 20 
Test 3—1st nonviable 2. 50 
Test 3—2nd nonviable 1. 36 

Total 119. 81 calculated x ; 
d.f. = 8 

tabular x = 15.51 
(0.05) 
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D.5. Observed, data for experiment 4 on egg to adult viability. 

Fecundity records (daily) 

Vial No. „ , , Total Ave. eggs/ 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 eggs day 

0 0 5 0 0 2 4 0 17 60 18 128 18 10 262 17.5 
79 0 29 0 0 21 8 0 16 0 0 6 0 0 166 11.1 
37 0 9 0 0 0 0 18 0 18 0 71 - - 168 12.9 
1 0 2 0 0 11 0 11 2 8 33 36 - - 112 8.6 
0 0 0 0 0 0 0 12 8 12 40 17 0 - 89 6.4 
0 0 30 0 0 0 0 38 22 119 0 79 0 0 288 19.2 
0 0 45 0 10 0 0 16 21 0 0 2 0 - 107 7.6 
12 0 18 0 0 0 0 0 16 10 58 112 0 0 227 15.1 
0 0 0 0 0 0 51 0 0 13 0 5 0 0 69 4.6 
0 0 38 0 14 16 14 12 8 12 0 0 - - 119 9.2 
0 49 14 0 0 0 - - - - - - - - 63 9.0 
0 0 19 0 0 0 0 36 0 11 28 0 0 0 94 6.3 
0 0 0 0 0 0 45 11 3 3 46 7 0 0 123 8.2 
0 0 0 0 11 8 0 7 15 110 10 0 0 0 161 10.7 
0 3 0 0 6 0 21 0 18 0 39 3 0 0 90 6.0 
0 3 7 0 0 3 3 9 7 0 36 119 0 0 187 12.5 
0 Q 0 0 7 0 11 11 0 13 8 8 0 0 58 3.9 
0 1 3 0 0 2 3 1 0 0 0 4 0 0 14 0.9 
0 0 0 0 0 0 0 9 0 12 26 38 0 0 85 5.7 
0 0 10 0 0 0 0 0 0 - - - - - 10 1.0 
0 0 0 2 0 0 0 0 31 9 0 0 1 0 43 2,9 
0 0 0 4 0 0 3 6 0 31 5 0 - - 49 3.8 
0 0 0 0 0 0 0 23 59 0 - - - *- 82 7.5 
0 0 0 0 0 0 15 0 108 0 0 - - - 123 10.2 
0 16 0 0 2 58 46 0 0 0 - - - - 122 11.1 
0 0 0 0 18 21 10 0 - - - - - - 49 5.4 



Table D.5.—Continued Observed data for experiment 4 on egg to adult viability. 

Pair No. 

0 0 0 0 0 6 8 0 - - - - - - - 14 1.8 
0 0 0 0 1 8 6 - - - - - - - - 15 2.1 

eggs 49 129 72 229 7 82 156 234 228 351 441 347 635 19 10 2989 221.2 
106. 8 8.2 

Progeny records (daily) 

Vial No. 

7 8 9 10 li 12 13 14 15 Total Overall 

s J T 2 <t T 9 € T 2 * T 2 cT T 2 <S T 2 ef T 2 <5 T 2 T 2 T % viability 

i 4 5 9 30 24 54 8 8 16 55 68 123 a 9 17 4 4 8 109 118 227 86.6 
2 3 1 4 3 1 4 2.4 

3 5 1 6 40 24 64 45 25 70 41.7 

4 3 3 6 17 13 30 20 11 31 40 27 67 59.8 

5 . 7 2 9 16 22 38 10 6 16 33 30 63 70.8 
6 53 4B 97 36 35 71 89 79 168 58.3 
7 2 2 4 0 2 2 2 0 2 4 4 8 7.5 

8 0 1 1 4 5 9 31 23 54 51 54 105 86 83 169 74.4 
9 5 4 9 0 3 3 5 7 12 17.4 

10 5 1 6 5 1 6 5.0 

11 0 0 0 0.0 
12 0 2 2 17 8 25 17 10 27 28.7 

13 14 17 31 4 2 6 18 19 37 30.1 
14 4 2 6 52 54 106 7 2 9 63 58 121 75.2 

15 1 1 2 16 20 36 1 0 1 18 21 39 43.3 
16 2 0 2 12 19 31 99 61 110 63 80 143 76.5 
17 1 0 1 6 4 10 3 5 8 5 2 7 15 11 26 44.8 
ie 1 1 2 1 1 2 14.3 
19 3 0 3 10 10 20 17 18 35 30 28 58 68.2 
20 0 0 0 0.0 
21 15 9 24 5 2 7 20 11 31 72.1 
22 13 11 24 2 2 4 15 13 28 57.1 
23 7 12 19 26 27 53 33 39 72 87.8 
24 42 44 86 42 44 86 69.9 
25 15 13 26 13 16 29 28 29 57 46.7 
26 8 5 13 8 S 13 26.5 
27 0 0 0 0.0 
28 0 0 0 0.0 

Total 23 ie 41 13 16 29 10 14 24 94 91 135 191 157 348 153 149 302 294 286 580 8 9 17 4 4 8 790 744 1534 51.3% 
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D.5.—Continued Observed data for experiment 4 on egg to adult viability. 

Daily per cent egg to adult viaBilities 

Vial No. 

1-6 7 8 9 10 11 12 13 14 15 

0 0 0 0 52.9 90.0 88.9 96.1 94.4 80.0 
0 0 0 0 0 0 0 66.7 0 0 
0 0 0 0 0 33.3 0 90.1 0 0 
0 0 0 0 0 75.0 90.9 86.1 0 0 
0 0 0 0 0 75.0 95.0 94.1 0 0 
0 0 0 0 0 81.5 0 89.9 0 0 
0 0 0 25.0 9.5 0 0 100.0 0 0 
0 0 0 0 6.2 90.0 93.1 93.8 0 0 
0 0 0 0 0 69.2 0 60.0 0 0 
0 0 0 0 0 50.0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 18.2 89.3 0 0 0 
0 0 0 0 0 0 67.4 85.7 0 0 
0 0 0 0 40.0 96.4 90.0 0 0 0 
0 0 0 0 11.1 0 92.3 33.3 0 0 
0 0 0 0 28.6 0 86.1 92.4 0 0 
0 0 0 9.1 0 76.9 100.0 87.5 0 0 
0 0 0 0 0 0 0 50.0 0 0 
0 0 0 0 0 25.0 76,9 92.1 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 77.4 97.8 0 0 0 0 
0 0 0 0 0 77.4 80.0 0 0 0 
0 Q 0 82.6 89.8 0 0 0 0 0 
0 0 0 0 79.6 0 0 0 0 0 
0 48.3 63.0 0 0 0 0 0 0 0 
0 61.9 0 0 0 0 0 0 0 0 



Table D.5.—Continued Observed data for experiment 4 on egg to adult viability. 

Pair No. 

27 0 0 0 0 0 0 0 0 0 0 
28 0 0 0 0 0 0 0 0 0 0 

Total 0 26.3 12.4 10.5 52.7 78.9 87.0 91.3 89.5 80.0 

Male maturation time (estimated) 

(Days) estimated (Days) estimated 
Pair No. cf maturation Pair No. cf maturation 

1 10 14 10 
2 13 15 10 
3 11 16 10 
4 11 17 9 
5 11 18 13 
6 11 19 11 
7 9 21 10 
8 10 22 11 
9 11 23 9 
10 11 24 10 
12 11 25 7 
13 12 26 7 



Table D.6. Observed data for experiment 5 on egg to adult viability. 

Number Number adults Number egg % egg to % pupae to % egg to 
Female eggs Number laying pupae adult adult 
number laid pupae ? 4 T days viability viability viability 

1 5 4 2 2 4 1 80.0 100.0 80.0 
2 4 4 2 2 4 1 100.0 100.0 100.0 
3 4 4 0 4 4 1 100.0 100.0 100.0 
4 7 5 1 3 4 1 71.4 80.0 57.1 
5 2 2 1 0 1 2 100.0 50.0 50.0 
6 42 42 18 18 36 ' 2 100.0 85.7 85.7 
7 9 9 3 3 3 2 100.0 88.9 88.9 
8 2 2 1 1 2 2 100.0 100.0 100.0 
9 12 1Q 2 6 8 2 83.3 80.0 66.7 

10 21 19 3 6 7 2 90.5 47.4 42.9 
11 46 36 7 11 18 4 78.3 50.0 39.1 
12 15 0 0 0 0 4 0.0 0.0 0.0 
13 25 12 3 3 6 4 48.0 50.0 24.0 
14 18 13 2 3 5 4 72.2 38.5 27.8 
15 6 3 2 0 2 4 50.0 66.7 33.3 
16 11 11 3 5 8 4 100.0 72.7 72.7 
17 16 13 3 4 7 4 81.2 53.8 43.8 
18 3 2 1 1 2 5 66.7 100.0 66.7 
19 9 0 0 0 0 5 0.0 0.0 0.0 
20 20 4 2 2 4 5 20.0 100.0 20.0 
21 31 16 5 5 10 5 51.6 62.5 32.2 
22 5 5 1 0 1 5 100.0 20.0 20.0 
23 30 3 0 3 3 5 10.0 100.0 10.0 
24 10 8 0 3 3 5 80.0 37.5 30.0 
25 75 30 10 5 15 5 40.0 50.0 20.0 
26 120 50 10 11 21 6 41.7 42.0 17.5 
27 52 5 3 0 3 6 9.6 60.0 5.8 
28 40 37 1 7 8 6 92.5 21.6 20.0 



Table D.6.—Continued Observed data for experiment 5 on egg to adult viability. 

Number Number adults Number egg % egg to % pupae to % egg to 
Female eggs Number laying pupae adult adult 
number laid pupae ? d T days viability viability viability 

29 17 17 8 5 18 6 100.0 76.5 76.5 
30 22 16 3 7 10 6 72.7 62.5 45.5 
31 42 21 2 2 4 6 50.0 19.0 9.5 
32 44 23 5 6 11 5 52.3 47.8 25. 0 
33 4 4 1 1 2 5 100.0 50.0 50.0 
34 27 15 6 4 11 5 55.6 73.3 40.7 
35 42 11 5 4 9 5 26.2 81.8 21.4 
36 38 21 1 6 7 5 55.3 33.3 18.4 
37 35 17 4 3 7 5 48.6 41.2 20. 0 
38 57 27 4 0 4 5 47.4 14.8 7.0 
39 17 6 1 0 1 5 35.3 16.7 5.9 
40 50 1 0 0 0 5 2.0 0.0 0.0 
41 14 10 5 1 6 5 71.4 60.0 42.9 
42 27 11 0 1 1 6 40.7 9.1 3.7 
43 40 31 3 7 10 6 77.5 32.3 25.0 
44 12 5 0 1 1 6 41.7 20.0 2.3 
45 36 8 5 0 5 6 22.2 62.5 13.9 
46 55 28 10 8 18 6 50.9 64.3 32.7 
47 24 13 6 2 8 6 54.2 61.5 33.3 
48 36 17 7 6 13 6 47.2 76.5 36.1 
49 36 11 8 3 11 7 30.6 100.0 30.6 
50 127 5 4 0 4 9 3.9 80.0 3.1 
51 43 23 5 1 6 9 53.5 26.1 14.0 
52 27 0 0 0 0 10 0.0 0.0 0.0 
53 61 48 15 8 23 10 78.7 47.9 37.7 
54 138 25 8 4 12 9 18.1 48.0 8.7 
55 30 15 7 7 14 9 50.0 93.3 46.7 
56 6 2 2 0 2 9 33.3 100.0 33.3 



Table D.6.—Continued Observed data for experiment 5 on egg to adult viability. 

Number Number • adults Number egg % egg to % pupae to % egg to 
Female eggs Number laying pupae adult adult 
number laid pupae S J T days viability viability viability 

57 142 33 4 6 10 9 23.2 30.3 7.0 
58 27 11 2 3 5 9 40.7 45.5 18.5 
59 84 27 6 5 11 10 32.1 40.7 13.1 
60 165 24 3 7 10 10 14.5 41.7 6.1 
61 15 15 4 10 14 10 100.0 93.3 93.3 
62 54 5 0 1 1 10 9.3 20.0 1.9 
63 56 14 5 3 8 10 25.0 57.1 14.3 
64 106 21 4 3 7 10 19.8 33.3 6.6 
65 31 0 0 0 0 10 0.0 0.0 0.0 
66 125 33 14 14 28 9 26.4 84.8 22.4 
67 67 5 3 0 3 10 7.5 60.0 4.5 
68 90 26 15 8 23 10 28.9 88.5 25.6 
69 48 24 3 3 6 10 50.0 25.0 12.5 
70 29 0 0 0 0 10 0.0 0.0 0.0 
71 45 16 3 2 5 10 35.6 31.2 11.1 
72 90 6 1 0 1 10 6.7 16.7 1.1 
73 170 9 3 2 5 10 5.3 55.6 2.9 
74 89 3 1 2 3 10 3.4 100.0 3.4 
75 31 14 3 2 5 10 45.2 35.7 16.1 
76 34 2 0 1 1 12 5.9 50.0 2.9 
77 55 0 0 0 0 11 0.0 0.0 0.0 
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Table D.7. Observed data for experiment 6 on egg to adult 
viability. 

Female Copulation Number Total 
number time eggs progeny % Viable 

All controls 

1 38. 02 35 21 60.0 
2 22. 25 34 0 0.0 
3 39.75 36 20 55.6 
4 35.92 28 8 28.6 
5 33.47 28 12 42.9 
6 26.90 30 0 0.0 
7 43. 93 31 20 64.5 
8 41.08 29 16 55.2 
9 35.87 42 23 54.8 

10 39.30 23 10 43.5 
11 31.62 21 11 52.4 
12 25.78 36 0 0.0 
13 26.58 33 0 0.0 
14 32.55 25 0 0.0 
15 45.60 32 29 90.6 
16 47.47 38 31 81.6 
17 30.70 31 14 45.2 
18 22.94 23 2 8.7 
19 22.08 26 0 0.0 
20 22.20 31 0 0.0 

Test 1. Female Cline 1) x male (line 1) ; 
2nd mating = same 

1st mating: 

1 52.62 31 0 0.0 
2 44.45 39 12 30.8 
3 30.57 26 10 38.5 
4 35.27 29 23 79.3 
5 40.65 28 0 0.0 
6 30,53 33 1 3.0 
7 43.37 41 16 39.0 
8 24.23 8 0 0.0 
9 26.55 26 0 0.0 

10 26.40 25 3 12.0 

2nd mating: 

1 35.82 36 0 0.0 
2 
3 

32.92 30 0 0.0 

4 
5 47.07 26 0 

o
 

1 
• 

1 o
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Table D.7.—Continued Observed data for experiment 6 on 
egg to adult viability. 

Female Copulation Number Total 
number time eggs progeny % Viable 

6 33.43 23 0 0.0 
7 35. 98 29 0 0.0 
8 
9 

i n 

37.65 34 0 0.0 

JL u 

Test 2. Female (line 1) x male (line 1) ; 
2nd mating = female (line 1) x 

male (line 2) 

1st mating: 

1 42. 83 33 26 78.8 
2 46.52 31 0 0.0 
3 8.78 3 0 0.0 
4 55. 02 28 0 0.0 
5 35. 82 42 21 50.0 
6 35.85 23 13 56.5 
7 37.37 28 7 25.0 
8 36.50 32 11 34.4 
9 35. 60 10 0 0.0 

10 30.33 29 10 34.5 

2nd mating: 

1 35. 48 24 0 0.0 

3 
4 
C 

8.37 8 0 0.0 

D 
6 
7 32.65 40 38 95.0 
8 32.25 30 0 0.0 
9 29.58 28 0 0.0 

10 36.05 32 26 81.2 

Test 3. Female (line 1) x male (line 2); 
2nd mating = female (line 1) x 

male (line 3) 

1st mating: 

1 36.80 24 
2 39.78 31 
3 45.52 28 
4 22.38 33 

0 
17 
17 
0 

0 . 0  
54.8 
60.7 

0 . 0  
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Table D.7.—Continued Observed data for experiment 6 on 
egg to adult viability. 

Female Copulation Number Total 
number time eggs progeny % Viable 

5 15. 67 30 0 0.0 
6 32.73 42 21 50.0 
7 33.27 36 24 66.7 
8 33.38 26 10 38.5 
9 33. 62 22 15 68.2 

2nd mating: 

1 37'. 83 26 0 0.0 
2 41.78 18 0 0.0 
o 
4 37.20 31 0 0.0 
5 40. 85 23 0 0.0 
6 33.32 23 19 82.6 
7  31.28 14 0 0.0 
8  29. 97 32 21 65.6 
9 27.57 8 0 0.0 



APPENDIX E 

CONTINGENCY CHI SQUARES FOR EXPERIMENTS 1 AND 2 
ON EGG HATCHABILITY 

Table E.l. Contingency chi square for experiment 1 on egg 
hatchability. 

Species 

acanthoptera 
melanogaster 
mojavensis 
nannoptera 
pachea 
species w 
Total 

acanthoptera 
melanogaster 
moiavensis 
nannoptera 
pachea 
species w 

acanthoptera 
melanogaster 
mojavensis 
nannoptera 
pachea 
species w 

The contingency table 

Fertile Infertile 
(expected) 

39 C45.02) 
61 (60.03) 
67 (64.72) 
52 (49.71) 

116 (114.43) 
28 (29.08) 
363 

The deviations 

(expected) 

(2.98) 
(3.97) 
(4.28) 
(3.29) 
(7.57) 
(1.92) 
24 

Class3 Cf. o " f)2/f 

fertile 0. 80 
fertile 0. 02 
fertile 0.08 
fertile 0.11 
fertile 0. 02 
fertile 0.04 

infertile 12.16 
infertile 0.24 
infertile 1.21 
infertile 1.59 
infertile 0.33 
infertile 0.61 

xl = 17.: 
tabular yf = ll.i 

Total 

48 
64 
69 
53 

122 
31 

387 
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Table E.2. Contingency chi square for experiment 2 on egg hatchability. 

Species Type 

melanogaster 
melanogaster 
pseudoobscura 
pseudoobscura 
pachea 
pachea 
Total 

The contingency table 

Viable Nonviable Infertile 
fertile (expected) fertile (expected) (expected) Total 

pair 73 (64.00) 1 (1.26) 1 (9.74) 75 
mass 318 (283.32) 7 (5.56) 7 (43.12) 332 
pair 134 (118.62) 2 (2.33) 3 (18.05) 139 
mass 533 (468,50) 5 (9.19) 11 (71.31) 549 
pair 170 (229.56) 8 C4.50) 91 (34.94) 269 
mass 454 (518.00) 10 (10.16) 143 (78.84) 607 

1682 33 256 1971 

The deviations 

Type of eggs Cfo - f)2, 

melanogaster pair viable fertile 1. 27 
melanogaster mass viable fertile 4. 25 
pseudoobscura pair viable fertile 1. 99 
pseudoobscura mass viable fertile 8. 88 
pachea pair viable fertile 15. 45 
pachea mass viable fertile 7. 91 

melanogaster pair nonviable fertile 0. 05 
melanogaster mass nonviable fertile 0. 37 
pseudoobscura pair nonviable fertile 0. 05 
pseudoobscura mass nonviable fertile 1. 91 
pachea pair nonviable fertile 2. 72 
pachea mass nonviable fertile 0. 002 



Table E.2.—Continued 

Species m a 
Type 

melanogaster pair infertile 7. 84 
melanogaster mass infertile 30. 26 
pseudoobscura pair infertile 12. 55 
pseudoobscura mass infertile 51. 01 
pachea pair infertile 89. 95 
pachea mass infertile 52. 21 

calculated = 288.67, d.f. = 10 

tabular x2 = 18.31 (0.05 level) 

Type of mating: pair = 1 male and 1 female; mass = 5 males and 5 females. 



APPENDIX F 

TABLES OF OBSERVED DATA AND STATISTICAL ANALYSIS 
OF EXPERIMENTS ON SPERM STORAGE 
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Table F.l. Observed data for experiment 2 on sperm 
storage. 

225 

Age of Age of Copulation Sperm State of 
No. female male time (min.) score sperm 

Females dissected within first 15 minutes 
after copulation completion 

1 10 15 43.83 0 active 
2 10 15 33. 00 1 active 
3 10 15 34.18 3 active 
4 10 15 42.42 3 active 
5 10 15 39.75 1 active 
6 10 15 35.27 4 active 
7 10 15 41.60 1 active 
8 10 15 40.53 1 active 
9 10 15 43.98 0 — 

10 10 15 51.20 0 — 

11 10 15 31.60 3 active 
12 10 15 38.58 3 active 
13 10 15 35. 93 2 active 
14 12 15 32.20 3 active 
15 12 15 34. 83 3 active 
16 12 15 18. 02 0 — 

17 12 15 38.17 4 active 
18 12 15 29.02 2 active 
19 12 15 31.17 3 active 
20 12 15 30.25 3 active 

Females dissected within 16-60 minutes after 
completion of copula 

1 10 15 30.00 1 active 
2 10 15 38.40 2 inactive 
3 10 15 51.60 0 — 

4 10 15 29.75 1 active 
5 10 15 35.28 0 — 

6 10 15 48.30 1 active 
7 10 15 40.30 0 — 

8 10 15 44.45 4 active 
9 10 15 37.17 3 active 
10 10 15 47.65 4 active 
11 10 15 41.68 2 active 
12 10 15 30.27 3 active 
13 10 15 28.25 3 active 
14 11 15 22.00 1 inactive 
15 11 15 36.55 4 active 
16 11 15 31.15 3 active 
17 11 15 32.25 4 active 
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Table F.l.—Continued Observed data for experiment 2 on 
sperm storage. 

Age of Age i of Copulation Sperm State of 
No. female male time (min.) score sperm 

18 12 15 27.75 2 inactive 
19 12 15 30.50 3 active 
20 12 15 23. 02 1 active 

Females dissected within 24 hours 
after completion of copula 

1 10 15 45. 95 4 active 
2 10 15 31.32 1 inactive 
3 10 15 37. 05 0 — 

4 10 15 45.28 1 active 
5 10 15 41.38 3 active 
6 10 15 38.50 3 active 
7 10 15 27.92 4 active 
8 10 15 41.58 1 inactive 
9 10 15 40.33 2 active 

10 10 15 33.75 0 — 

11 10 15 31.67 4 active 
12 10 15 37.50 0 — 

13 10 15 41.15 2 active 
14 10 15 46.50 0 — 

15 10 15 37. 85 3 inactive 
16 10 15 41.10 2 active 
17 10 15 28.53 0 — 

18 11 15 31.02 2 active 
19 11 15 34.17 2 active 
20 11 15 22.10 1 inactive 
21 12 15 30.25 1 inactive 
22 12 15 41.50 1 inactive 
23 12 15 36.00 2 inactive 
24 12 15 21.02 0 — 

25 12 15 31.73 2 active 

Females dissected 4 8 hours after 
completion of copula 

1 10 15 40.72 3 active 
2 10 15 49.87 0 — 

3 10 15 37.72 1 inactive 
4 10 15 43.45 1 inactive 
5 10 15 28. 07 1 inactive 
6 10 15 34. 68 2 inactive 
7 10 15 30.32 2 inactive 
8 10 15 33.73 0 — 
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Table F.l.—Continued Observed data for experiment 2 on 
sperm storage. 

Age of Age of Copulation Sperm State of 
No. female male time (min.) score sperm 

9 10 15 36.32 1.5 inactive 
10 10 15 43.57 2 active 
11 10 15 38. 67 2 inactive 
12 10 15 29.75 1 inactive 
13 10 15 31.43 2.5 inactive 
14 10 15 38.27 2 inactive 
15 10 15 35.72 0 — 

16 10 15 21. 97 4 active 
17 10 15 41.88 1 inactive 
18 11 10 23.38 0 — 

1.9 11 15 40.78 3 active 
20 12 15 32.23 4 active 
21 12 15 27.02 1 inactive 
22 12 15 38.17 1.5 inactive 
23 12 15 36.25 2.5 active 
24 12 15 43.35 1 inactive 
25 12 15 7. 02 0 — 
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Table F.2. Observed data for experiment 3 on sperm 
storage. 

Sperm scores for pair matings 
after 24 hours together 

Pair No. Age of ?S Age of cW Sperm score 

1 7 12 4 
2 7 12 0 
3 7 12 0.5 
4 7 12 0 
5 7 12 4 
6 7 12 0 
7 9 12 4 
8 9 14 3 
9 9 14 3 

10 9 14 0 
11 9 14 4 
12 9 14 4 
13 9 14 4 
14 9 14 4 
15 9 14 4 
16 9 14 2 
17 10 14 4 
18 10 14 3 
19 10 14 2 
20 10 14 3 
21 10 14 4 
22 10 14 2 
23 10 14 4 
24 10 14 3 
25 10 14 1 

Sperm scores for mass matings 
after 24 hours i together 

No. of ?? 
Mass No. Sperm score inseminated/mass 

1A 2 
IB 1 
1C 1 3 
ID 0 
IE 0 
2A 1 
2B 3 
2C 2 5 
2D 2 
2E 2 
3A 0 
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Table F.2.—Continued Observed data for experiment 3 on 
sperm storage. 

3B 0 
3C 1 3 
3D 3.5 
3E 3 
4A 2 
4B 2 
4C 4 3 
4D 0 
4E 0 
5A 3 
5B 1 
5C 1 5 
5D 2 
5E 1 
6A 0 
6B 0 
6C 4 3 
6D 1 
6E 1 
7A 3 
7B 0 
7C 3 3 
7D 2 
7E 0 
8A 0 
8B 0 
8C 4 2 
8D 0 
8E 2 
9A 1.5 
9B 1 
9C 2 4 
9D 1 
9E 0 

10A 0 
10B 1 
IOC 3 2 
10D 0 
10E 0 



Table F.3. Observed data for experiment 4 on sperm storage. 

Sperm scores for matings between one male and ten females left together 24 hours 

Replica 1 
—— Replica 2 Replica 3 Replica 4 Replica 5 Replica 6 Replica 7 Replica 8 Replica 9 Replica 10 

« No. sperm Sperm sperm sperm sperm sperm sperm sp&rm sperm sperm 

1 0 0 0 0 0 0. 5 0 0 0 0 
2 0 0 0 0 0 1. 0 0 0 0 1. 0 
3 0 0 0 0. 5 0 0 1. 0 0. 5 0 0 
4 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0. 5 0 0 
6 0 0. 5 0 1. 0 0 0 0 0. 5 0 0 
7 0 0 0 0 1.0 0 0 0 0 0 
B 0 0. 5 0 0 0 0 1. 0 0 1. 0 0. 5 
9 0. 5 0 0 0 0 0 0 0 0. 5 0 
10 0 0 0 1. 0 0 0 0 0 0 0 

' Sperm scores for matings between one male and ten females left together 4 8 hours 

1 2. 0 1, ,0 2.5 2. 0 3.0 0 1. 0 2, .0 2. ,0 1. .0 
2 0 1. ,0 2.5 0 3,0 1, ,5 3. 0 1, ,0 1. ,0 1. ,0 
3 1. ,0 0, ,5 1.0 3. .0 2.0 1. ,0 2, ,0 0 3, .0 0. .5 
4 1, .0 1, ,0 0 1, ,0 2.0 1. ,0 2. ,0 1, .0 1, .0 4. .0 
S 1, ,0 1, .5 2.0 1. ,0 1.5 1, ,0 1, ,0 1, .0 1. .0 1, .0 
6 1. .0 3. .0 0 2, ,0 2.0 3. ,0 0. ,5 1, .0 2. .0 1, .0 
7 0 2, ,0 0 1. ,5 1.0 2. ,0 1, ,0 0 1. .0 2. .0 
8 3, .0 2, .0 1.0 0, ,5 2.0 1. .0 1. ,0 0 0 1, .0 
9 0, .5 1 .0 0 0 2.0 1, .0 2, .5 1 .5 3, .5 1 .0 
10 0 1. .0 3.0 1, .0 0.5 1, .0 1, .0 3 .0 1 .0 2 .0 

to 
u> 
o 
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Table F.4. Sperm scores for experiment 5 on sperm storage. 

No. Day 1 Day 2 Day 3 Day 4 Day 

1 0 1 4 4 4 
2 3 3 2.5 3 4 
3 2 3.5 3 2 4 
4 0 4 3 3 4 
5 0 2 2.5 4 4 
6 1 2 3.5 4 3.5 
7 4 1 3 4 4 
8 1 2 1 3 4 
9 2 3 2.5 3 4 

10 1 0 4 4 4 
11 3 4 3 2 4 
12 3 3 2 2 3.5 
13 3 3 3 4 4 
14 3 4 1 3 4 
15 2 2 3.5 4 4 
16 4 1.5 4 2.5 3 
17 2 3 3 4 4 
18 1 2.5 4 4 4 
19 2 3 1.5 3.5 4 
20 0 2 4 3 4 

I 
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Table F.5. t-Values and contingency chi square for experi
ment 5 on sperm storage. 

t-Values for sperm storage 

Comparison t-Value Comparison t-Value 

day 1--day 2 1.67 day 2-day 4 2.79* 
day 1--day 3 2.93* day 2-day 5 5.74* 
day 1--day 4 4.31* day 3-day 4 1.48 
day 1--day 5 6.92* day 3-day 5 4.58* 
day 2' -day 3 1.32 day 4-day 5 3.38* 

The contingency table for insemination 

Inseminated (exp. ) Not inseminated (exp, ,) Total 

1 16 CI 9) 4 (1) 20 
2 19 (19) 1 (1) 20 
3 20 CI9) 0 (1) 20 
4 20 (19) 0 (1) 20 
5 20 (19) 0 (1) 20 

Total 95 5 100 

The deviations 

Day Condition (fD - f) 2/f 

1 inseminated 0.47 
2 inseminated 0.00 
3 inseminated 0.05 
4 inseminated 0.05 
5 inseminated 0.05 

1 not inseminated 9.00 
2 not inseminated 0.00 
3 not inseminated 1.00 
4 not inseminated 1.00 
5 not inseminated 1.00 O 

Total = 12.62, d.f. = 4 
tabular x 2  - 9.49 (0.05 level) 
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Table F.6. Observed data for experiment 6 on sperm storage. 

BxS—Fj Gen UNR.—F^ Gen 

No. eggs No. eggs 
No. Sperm laid Progeny No. Sperm laid Progeny 

1 3. 0 11 1 3.0 45 
2 1.0 4 no 2 3.5 30 
3 2. 0 6 3 2.0 10 
4 2.0 2 no 4 2.0 13 
5 0.5 45 no 5 2.0 2 
6 2. 0 15 6 0.5 0 — 

7 2.0 4 no 7 2.0 0 — 

8 0.0 60 no 8 0.0 0 — 

9 1.0 58 9 2.0 1 no 
10 0.0 18 no 10 3.0 0 — 

11 0.0 49 no ' 11 2.0 0 — 

12 0.0 28 no 12 0.5 1 no 
13 1.0 0 — 13 0.0 0 — 

14 2.0 16 14 2.0 8 
15 1.0 34 15 4.0 32 
16 1. 0 14 16 3.0 15 
17 0.0 0 — 17 1.0 0 — 

18 0. 0 4 no 18 1.0 1 no 
19 1.5 2 no 19 1.5 0 — 

20 2.0 27 20 2.0 6 
21 0.5 0 — 21 0.0 0 — 

22 0.0 0 — 22 2.0 13 
23 2. 0 39 23 3.0 25 
24 1. 0 18 24 4.0 40 
25 0.0 21 no 25 4.0 48 
26 1.0 33 26 0.0 0 — 

27 2.0 85 27 3.0 39 
28 1. 0 14 28 3.5 25 
29 1.0 18 29 1.0 0 — 

30 2.0 24 30 0.0 0 — 

31 0.0 0 —-



APPENDIX G 

STATISTICAL ANALYSIS OF COMPARISONS OF 
INBRED AND OUTBRED MATINGS (GROUP I 

AND GROUP II) 
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Table 6.1. t Values 

Develop- Mature Mature 
' Eggs/day mental Ovariole egg eggs/ Sperm Age at 

Comparison /female time number number ovariole score dissection 

1 a 
—B x S 
-F^ unr. 
-f2 b x s 
-F2 unr. 

3.86* 
0.79 
3.64* 
0.14 

70.7* 
14.1* 
76.0* 
17.7* 

4.50* 
5.25* 
1.58 
1.58 

2.33* 
2.44* 
0.11 
2.08* 

1.47 
1.50 
0.53 
1.06 

4.15* 
0.65 
4.15* 
0.63 

0.47 
0.32 
2.62* 
2.81* 

'l B x S 
-F^ unr. 
-f2 B x S 
—F2 unr. 

2.62* 
6.57* 
3.59* 

56.6* 
31.3* 
53.0* 

0.71 
3.17* 
1.24 

0.09 
2.17* 
0.47 

0.16 
1.77 
0.43 

3.11* 
0.41 
4.99* 

0.17 
3.04* 
3.26* 

unr. 
-F2 B x S 
-f2 unr. 

3.61* 
0.65 

67.1* 
3.5* 

3.96* 
1.67 

2.27* 
0.57 

1.79 
0.56 

3.18* 
1.27 

2.96* 
3.19* 

' 2  B  x  s  

-F2unr. 3.53* 64.8* 0.64 1.90 1.41 4.94* 1.96 

•indicates significant at the 0.05 level. 

aBrother-sister matings. 

Unrelated matings. 



Table G.2. Mean developmental time per three-day periods.3 

Day 
number 

Vial 
number P1 

F1 B x S unrelated F2 B x S F2 unrelated 

1-3 1 12.9 0.0 0.0 0.0 0.0 

4-6 2 13.3 0.0 0.0 0.0 0.0 

7-9 3 13.3 14.9 13.2 16.2 13.4 

10-12 4 13.7 14.7 13.4 16.4 13.5 

13-15 5 14.7 15.2 13.6 16.7 13.8 

16-18 6 13.0 15.3 13.8 16.5 13.9 

19-21 7 0.0 15.2 13.9 17.1 13.8 

22-24 8 16.0 15.7 14.6 0.0 14.4 

25-27 9 0.0 0.0 15.5 0.0 0.0 

Developmental time from egg to adult expressed in days. 
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Table G.3. t-Values and contingency chi square for 
comparisons of inbred and outbred matings 
(Group II). 

t-Values 

Comparisons Copulation time Sperm score 

F1 B x S 1 D O 
- F t unrelated 3.40* 
- F2 B x S 7.21* 3.06* 

5.20* 
— I'J u A o j . 4X- 3.06* 
- F2 unrelated 4.16* 5.35* 

Fj unrelated 
- F, B x S 2.37* 6.98* 
- F2 unrelated 0.19 0.42 

F2 B x S 
- 72 unrelated 2.62* 7.38* 

Misc. unrelated 
- F1 B x S 6 
- F-, unrelated 1 
- F2 B x S 1 
- F2 unrelated 1 

P-L CA614) 
- Fj B x S 
- F, unrelated 
- F2 B x S 
- F2 unrelated 
- P-, (A615) 
- 1?1 (A665) 

7.04* 
0.61 
9.78* 
0.15 
0.46 
1.63 

P, CA615) 
- Fn B x S — 5.94* - .rj o a o —J «" 1 
- F, unrelated — 0.20 
- F2 B x S — 8.06* 
- F2 unrelated — 0.26 
- P2 A665 — 1.80 

P, (A665) 
- F2 B 
- Fj un 
- F 2 B js. o — 1 
- F2 unrelated — 1 

- F2 B x S — 2.52* 
- Ft unrelated — 1.82 
- F2 B x S — 4.16* 
-  -  •  -  - 5 5  

•indicates significance at the 0.05 level. 
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Table G.3.—Continued t-Values and contingency chi square 
for comparisons of inbred and outbred matings 
(Group II). 

Inseminated Not inseminated 
Treatment (exp.) (exp.) Total 

F jl B x S 39 (35.07) 2 (5.93) 41 
Fj unrelated 35 (35.07) 6 (5.93) 41 
F2 B x S 30 (34.22) 10 (5.78) 40 
F2 unrelated 38 (34.22) 2 (5.78) 40 
Px A614 147 (143.72) 21 (24.28) 168 
Pi A615 44 (37.64) 0 (6.36) 44 
P2 A665 34 (47.05) 21 (7.95) 55 
Total 367 62 429 

Deviations 

Treatment 

F^ B x S (inseminated) 
F^ unrelated (inseminated) 
F2 B x S (inseminated) 
F2 unrelated (inseminated) 
Pj A614 (ingeminated) 
P-j_ A615 (inseminated) 
Pj A665 (inseminated) 

F^ B x S (not inseminated) 
Fj unrelated (not inseminated) 
F2 B x S (not inseminated) 
F2 unrelated (not inseminated) 
P*L A614 (not inseminated) 
Pn A615 (not inseminated) 

A665 (not inseminated) '1 

Total 

(fQ - f) /f 

0.44 
0 . 0 0  
0.52 
0.42 
0.07 
1. 07 
3.62 

2 . 6 0  
0 . 0 0  
3. 08 
2.47 
0.44 
6.36 
21.42 

x = 
2 

tabular x = 

42.51, d.f. = 6 

12.59 (at 0.05 level) 



m . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20  
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

APPENDIX H 

OBSERVED DATA ON COPULATION TIMES 
AND PRODUCTIVITY 

Stock Age of Age of Time to Duration 
No. female male copula of copula Progeny 

A235 8 12 127.00 35.52 
A236 8 10 82.00 31. 00 
A235 9 31 96.00 37.30 
A235 7 12 6.25 12, 00 no 
A235 7 12 49.50 25.00 
A235 7 12 52.58 19.25 no 
A235 7 12 53.50 34.58 
A586 13 15 3.50 30.25 
A586 13 15 28.75 30.75 
A586 17 15 14.75 17.50 no 
A586 18 17 12. 08 30.17 no 
A586 18 17 14.25 14.25 no 
A586 17 16 9.45 21.25 
A586 17 16 19.50 25.50 
A586 17 16 12.75 17.25 no 
A586 17 16 11.50 19.75 no 
A586 17 16 31.25 30.00 no 
A586 17 16 18.92 37.33 
A586 17 16 30.50 21.83 no 
A586 17 16 31.00 9.25 no 
A586 17 16 16.00 7.00 no 
A586 17 16 16.00 15.83 no 
A586 17 16 37.75 34.75 
A586 17 16 20. 60 34, 08 
A586 14 16 30.75 19.33 no 
A586 17 16 12.75 28.32 
A586 17 13 45. 00 19.58 no 
A586 11 10 - 70.00 28.50 
A586 20 20 9.00 31.50 no 
A586 20 20 18.75 24.92 no 
A586 20 20 8.50 30.50 no 
A586 20 20 2.25 30.00 
A586 20 20 24.17 24.08 no 
A586 20 20 28.83 26.83 no 
A586 20 20 3.50 33.17 no 
A586 22 20 2.92 23.33 no 
A586 20 20 1.00 28.00 
A586 19 19 1.25 28.08 
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Female Stock Age of Age of Time to Duration 
No. No. female male copula of copula Progeny 

39 A586 17 20 9.50 27.75 
40 A586 20 20 8.58 38.67 no 
41 A586 20 20 13. 83 33.67 no 
42 A586 18 17 0. 42 26.25 
43 A586 20 19 6.33 26.50 
44 A586 20 19 41.17 35.08 
45 A586 15 13 48.50 21.83 no 
46 A586 15 13 5.00 14.75 no 
47 A586 15 13 16.00 28.00 
48 A586 15 13 25.50 37.00 
49 A586 15 13 21.92 22.17 no 
50 A586 15 13 13.50 31.00 
51 A586 15 13 10. 67 22.08 
52 A586 15 13 17.17 27.67 
53 A586 22 - 20 15.33 26.67 
54 A586 22 20 13, 00 33.00 
55 A586 22 20 18.25 23.25 
56 A586 22 17 11.00 32.83 
57 A586 7 35 5.00 28.87 no 
58 A586 19 19 1.42 30.83 
59 A586 20 19 7.42 32.08 
60 A586 20 18 5.50 7.67 
61 A586 20 18 6.92 31.33 
62 A586 19 20 31. 00 26.67 
63 A586 6 14 18. 00 32.50 
64 A586 7 14 20.42 35.75 
65 A586 7 14 6.25 21.00 no 
66 A586 7 12 21.50 18.50 no 
67 A586 7 12 32.02 23.50 
68 A586 8 12 33.45 28.25 
69 A586 8 12 46.92 21.25 
70 A586 8 12 58.83 27.50 
71 A586 9 12 63.17 25.00 
72 A586 9 12 71.25 28.00 
73 A586 9 12 78.50 24.00 
74 A587 9 18 4.50 30.75 
75 A587 9 16 6.25 31.25 
76 A587 5 14 8.50 31.00 
77 A587 5 14 14.45 28.75 
78 A587 6 18 16.17 25.25 
79 A587 6 16 20.42 29.50 
80 A587 6 14 22.50 26.75 
81 A587 6 18 25.00 25.33 
82 A587 6 14 31.75 24.75 
83 A587 6 14 42.50 24.33 
84 A596 14 14 0.75 24.05 
85 A596 15 15 16.67 24.42 
86 A596 20 17 23.67 34.67 
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female Stock Age of Age of Time to Duration 
No. No. female male copula of copula 

87 A596 20 20 83.00 46.83 
88 A596 20 20 84.00 39.75 
89 A596 20 20 90.00 31.92 
90 A596 20 20 111.00 47.25 
91 A596 13 13 17.00 22.25 
92 A596 13 13 12.33 66.17 
93 A596 13 13 29.00 42.17 
94 A596 13 13 31.33 38.33 
95 A596 13 13 22.17 31.83 
96  A596 13 13 28.33 41.42 
97 A596 13 13 32.25 29.58 
98 A596 13 13 49.50 32.63 
99 A596 13 13 36.17 36.17 
100 A596 13 13 40. 00 39.50 
101 A596 13 13 41.50 38. 83 
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Table 1.1. Mating preference test for D. pachea, ages 
10-12 days; Strain A = A235 (clipped) = 10 
of each sex; Strain B = A187 = 10 of each sex 
(given in the order mating occurred). 

Female strain Male strain 
Copulation time 

(minutes) 

B A 28.67 
A B 31.67 
A B 30.25 
A B 29.58 
A A 29.83 
B A 29.25 
B A 38.33 
A A 41.50 
A B 33.25 
B B 65.58 
B A 30.25 
B A 26.15 
B A 40.58 
B A 29.75 
A B 30.83 
B B 25.50 
A B 28.50 
A A 27.67 
A B 29.33 
A B 35.33 
B A 32.33 
B A 31.67 

Number of females with stored sperm = 19/20 = 95.0% 
Total A x A = 3 

B x B = 2 
B x A = 9 (female strain listed first) 
A x B = 8 
Total =22 



2 4 4  

Table 1.2. Mating preference test for D. pachea, ages 
10-12 days; Strain A = A187 (clipped) = 10 of 
each sex; Strain B = A235 = 10 of each sex. 

Female strain Male strain 
Copulation time 

(minutes) 

A B 30.33 
A B 31.50 
B A 32.33 
B A 27.25 
B B 29.50 
A B 32.17 
B A 29.50 
A B 31.67 
A A 38.50 
B A 33.50 
A B 64.50 
B B 32.42 
A B 28.50 
A B 35.58 
B A 32.33 
B A 31.67 
A A 45.50 
B A 29.75 
A B 27.50 
B A 30.33 

Number of females with stored sperm = 10/20 = 95%. 
Total A x A = 2 

B x B = 2 
B x A = 8 
A x B = 8 
Total =20 
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Table 1.3. Mating preference test for D. pachea, ages 
16-18; Strain A = A615 (marked yellow) = 10 
of each sex; Strain B = A235 = 10 of each sex. 

Number of females with stored sperm = 18/20 = 90%. 
Total A x A = 2 

B x B = 1 
B x A = 6 
A x B = 8 
Total =20 

Female strain Male strain 

A 
A 
A 
B 
B 
B 
A 
A 
A 
A 
B 
B 
A 
B 
A 
B 
A 
A 

B 
B 
A 
A 
A 
B 
B 
B 
B 
A 
A 
A 
B 
A 
B 
A 
B 
B 
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Table 1.4. Mating preference test for D. pachea, ages 
16-18; Strain A = A235 (marlced yellow) = 6 of 
each sex; Strain B = A615 = 6 of each sex. 

Female strain Male strain 

B A 

B B 

A B 

B A 

A A 

A B 

A B 

Number of females with stored sperm = 7/12 = 58.3%. 
Total A x A = 1 

B x B = 1 
B x A = 2 
A x B = 3 
Total = 7 
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Table 1.5. Mating preference test for D. pachea, ages 
27-30. 

Strain A = A615 (clipped) 
= 10 of each sex 

Strain B = A187 = 10 of 
each sex 

Female strain Male strain 

Strain A = A187 (clipped) 
= 10 of each sex 

Strain B = A615 = 10 
each sex 

Female strain Male strain 

B B 
A B 
B B 
B A 
A B 
B B 
B B 
A A 
A B 
B A 
A A 
A B 
B B 
B A 

Number of females with 
stored sperm = 14/20 
= 70.0% 

Total A x A = 2 
B x B = 5 
B x A = 3 
A x B = 4 
Total = 14 

B A 
A A 
A B 
A A 
B B 
A A 
A B 
B A 
A A 
A A 
B B 
A B 
A A 
A B 
B B 
A A 
A B 
A B 
A A 
A B 

Number of females with 
stored sperm = 19/20 
= 95.0% 

Total A x A = 8 
B x B = 3 
B x A = 2 
A x B = 7 
Total =20 
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Table 1.6. Mating preference test for D. nannoptera, 
ages 10-12. 

Strain A = W2 (clipped) 
= 6 of each sex 

Strain B = W10 = 6 of 
each sex 

Female strain Male strain 

A B 
A B 
B B 
B A 
B B 
B A 
A A 
A B 
A A 
A B 
B B 
B B 

Strain A = W10 (clipped) 
= 6 of each sex 

Strain B = W2 = 6 of each 
sex 

Female strain Male strain 

B A 
B A 
B B 
A A 
A A 
A B 
B A 
B B 
A A 
A B 
B B 
A B 

Number of females with 
stored sperm = 12/12 
= 100% 

Total A x A = 2 
B x B = 4 
B x A = 2 
A x B = 4 
Total =12 

Number of females with 
stored sperm = 11/12 
= 91.7% 

Total A x A = 3 
B x B = 3 
B x A = 3 
A x B = 3 
Total = 12 



Table 1.7. Mating preference test for D. nannoptera, 
ages 15-16. 
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Strain A = A583.1 
(clipped) = 5 of 
each sex 

Strain B = W2 = 6 of 
each sex 

Strain A = W2 (clipped) = 
6 of each sex 

Strain B = A583.1 = 6 of 
each sex 

Female Male Copulation Female Male Copulation 
strain strain time strain strain time 

A B 5.33 A A 5.17 
B B 4.25 A A 6.08 
B B 5. 00 B A 4.42 
A A 6.33 A B 5.00 
A A 4.33 A B 5.42 
A A 4.42 B • B 4.33 
A B 4.25 B A 5.50 
B B 6.42 A B 5. 42 
B A 7.83 A A 6.17 
B B 6.92 B A 6.25 
A B 5.33 B B 5.33 
B A 6.17 B B 4.58 

Number of females with Number of females with 
stored sperm = 11/12 stored sperm = 12/12 
= 91.7% = 100% 

Total A x A = 3 Total A x A = 3 
B x B 
B x A 
A x B 
Total 

3 
4 
2 
12 

B x B = 
B x A = 
A x B = 

3 
3 
3 

Total = 12 



Table 1.8. Mating preference test for D. nannoptera, 
ages 15-16. 
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Strain A = W10 (clipped) 
= 6 of each sex 

Strain B = A583.1 = 6 of 
each sex 

Female Male Copulation 
strain strain time 

Strain A = A583.1 (clipped) 
= 6 of each sex 

Strain B = W10 = 6 of each 
sex 

Female Male Copulation 
strain strain time 

A A 5. 27 B B 6.33 
A B 4.20 B B 5.50 
B B 6.17 B A 5.25 
B B 5. 08 A B 5.20 
A B 8.33 A B 8.50 
B A 5. 33 A B 5.75 
B A 8.75 A A 5.33 
A A 4.42 A A 4.25 
B A 5.33 B A 5.50 
A B 5.33 B A 8.27 
B B 4.58 B B 8. 58 
A A 5.17 A B 5.42 

Number of females with 
stored sperm = 10/12 
= 83.3% 

Total A x A = 3 
B x B = 3 
B x A = 3 
A x B = 3 

Number of females with 
stored sperm = 11/12 
= 91.7% 

Total A x A = 2 
B x B = 4 
B x A = 3 
A x B = 3 
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Table 1.9. Hating preference test for D. nannoptera, 
ages 25-27. 

Strain A = W2 (clipped) 
= 6 of each sex 

Strain B = A583.1 = 6 of 
each sex 

Female strain Male strain 

Strain A = A583.1 (clipped) 
= 6 of each sex 

Strain B = W2 = 6 of each 
sex 

Female strain Male strain 

A 

B 

A 

B 

B 

A 

B 

A 

B 

B 

B 

A 

Number of females with 
stored sperm = 6/12 = 50% 

Total A x 
B x 

A 
B 

B x A 
A x B 
Total 

1 
2 
1 
2 
6 

A 

B 

B 

B 

B 

A 

B 

B 

A 

A 

B 

A 

A 

B 

Number of females with 
stored sperm = 8/12 
= 66.7% 

Total A x A = 2 
B x B = 2 
B x A = 4 
A x B = 0 
Total = 8 



APPENDIX J 

FORMULAE USED FOR STATISTICAL ANALYSIS OF DATA* 

t-test: t = (x-y)//a-2+a-2 

correlation coefficient: 

r = InExy-CEx) (Ey)J//nEx2-(Ex) 2 /nEy2-(Ey)2 

standard error of correlation coefficient: 

ar = (l-r2)//n 

test of significance for correlation coefficient: 

t = x/J(1-r2)/(N-2) 

least squares equation for obtaining line of 
regression: 

Y = a+bX, 

where a = Y-intercept and b = slope, which are 
obtained by the following equations: 
EY = Na+bEX and 
EXY = aEX+bEX2 

contingency chi square test: 

X2 = EJ(f -f)2/f], degrees of freedom (d,f.) 
= (r-1) (c-1) 
r=rows, c=columns 

aTaken from Arkin and Colton (1970). 
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where fQ = observed values 
f = theoretical values = nrnc/N 

nr = total observed in rows 
nc = total observed in columns 
N = overall total 

coefficient of variation: (V = (a/x)100 
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