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SCOPE AND CONTENTS: 


Larvae of the house fly, Musca domestica L. , were 

reared axenically on semi-synthetic media and their performance 

both as larvae and as adults was assessed in comparison to that of 

flies reared on an undefined wheat-bran medium. Three components 

of a standard sterile casein-base medium, i.e., sodium oleate, RNA 

and cholesterol, were assessed as to their effects on both the larval 

and adult stages. All improved larval growth, with cholesterol 

being essential. It has been substantiated that specific larval nutrient 

reserves were transferred to the adult. Larval nutrition influenced 

fecundity through its effect on adult survival and vigour, number of 

eggs developed, and the adult hormonal system. 
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INTRODUCTION 

In the course of evolution, some orders of insects, such as 

Lepidoptera, Diptera and Hymenoptera have developed a life cycle in 

which the larval stage is morphologically and physiologically very di£­

ferent from the adult stage. This holometabolous type of development 

has enabled the larva to occupy, in most cases, an entb:ely different 

ecological niche than that of the adult, and to eat food different from 

that eaten by the adult. In contrast, the young of many hemimetabolous 

insects, as exemplified by the Orthoptera and Hemiptera, eat much the 

same food and live in the same environment as the adults. Since the 

adult holometabolous insect develops from the larva via a quiescent 

pupal stage, it utilizes during postlarval development the food stores 

built up by the larva. Therefore, condiHons which affect the larval 

growth will doubtless have some affect on the adult (Wigglesworth, 

1953). 

In recent years, a number of authors have investigated 

nutritional requirements in holometabolous insects, the Diptera being 

most intensively studied {Lipke and Fraenkel, 1956; House# 1961, 

1962). These studies have shown that the larval forms of the Diptera 

1 



2 

have approximately the same requirements in nutrition throughout the 

order. Requirements for protein or amino acids differ quantitatively, 

but not qualitatively, while requirements for trace amounts of other 

substances, such as certain vitamins or fatty acids, may differ to a 

higher degree, depending on the individual species' ability to synthesize 

the substances needed in trace amounts. 

Adult dietary requirements are quite dissimilar among holo­

metabolous insects, however, even within the Diptera. Generally,. the 

needs for maintenance of body tis sues and general activities are quite 

different from,. and less demanding than,. those for reproduction. For 

example, adults of Musca dome stica L. will live on a diet of sugar sol­

ution alone, but in order to induce oogenesis, protein must be added to 

the diet (Wigglesworth, 1953). Evidently, factors other than protein 

can be carried over from the larva to the adult and therefore need not 

be supplied. 

Nevertheless,. requirements for reproduction differ markedly 

within the same family, genus, species or even within one race or strain 

of the same species. Most mosquitoes require a source of protein,. 

in this case blood, in order to reproduce. On the other hand, a few 

require only a carbohydrate source of energy and are capable of develop­

ing their eggs without dietary protein. This was first shown by Roubaud 

and Toumanoff (1930) for one of two different strains of the same species 

of mosquito, Culex :eipiens L. This phenomenon is called autogeny. 
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As House (1958) pointed out, the variability in nutritional re­

quirements between adults of different species could be caused in part 

by the kind and amount of nutrient substances carried over in body 

materials from immature stages. Even within a single species, there 

has been the tacit or expressed assumption on the part of most authors 

studying adult nutritional requirements that factors of diet influencing 

the larva may well have an effect on the reproductive ability of the 

adult. This is shown by their concern in using insects reared as lar­

vae by a standard procedure on an 'optimum' diet, in order to have, 

when studying the adults, comparable results between experimental 

diets. Dadd (1961) found, in the course of studying carotene require­

ments in the Orthopte:ra, that it was necessary to rear the insect on 

a sterile diet containing no carotene for one complete generation., be­

fore a carotene requirement could be shown for adult reproduction in 

the next generation. Sang and King (1961) also emphasized that they 

found it necessary, in studying the adult reproductive requirements of 

Drosophila, to have the larvae reared on a sterile diet of known compo­

sition, in order that differences shown would be due only to adult diets 

and that differences between experiments would be kept to a minimum. 

Dimond et al (1956) found that the requirements of adult Aedes aegypti 

L. included a partial requirement fox cystine, differing slightly from 

that found by Singh and Brown (1957) and Akov (196l).for the same 

species. This suggests that differences noted in reproductive ability 
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between closely related species or races of the same species may be 

due to the amount of the carry-over of food mate:dals from the larval 

stage. Gordon (1961) points out that it is possible to account for a dif­

fering susceptibility to insecticides in insects of the same strain by 

taking into consideration differing nutrition in the immature stages. 

Thus" although the importance of larval nutrition in adult requirements 

is acknowledged" ~ittle work in any insect group has been directed speci­

fically to this aspect of nutrition. 

Titschack (192.6) found that underfeeding the larva of a moth, 

Tineola, reduced the number of eggs laid by the adult. A similar re­

sult was obtained by Alpatov (1932.) using the fruit fly, Drosophila. He 

allowed some of the larvae to feed for a certain length of time, then re­

moved some to an inert agar-water medium. leaving others to complete 

normal feeding. The total egg production was greatest in the well-fed 

larvae. Mackerras (1933) noted that small mature blow flies collected 

in the field with an average weight of 11.4 mg. produced 83 eggs per fe­

male while large mature flies reared in the laboratory with an average 

weight of 42.. 0 mg. produced 175 eggs per female. She therefore con­

cluded that the amount and kind of food eaten by the larva determines the 

size of the fly and consequently the number of eggs which the female 

could produce. Norris (in Wigglesworth. 1953) fed the larvae of two 

moths, Ephestia and Plodia, on white flour, comparing their fecundity 

in the adult stage with adults fed as larvae on whole meal. On white 
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flours their fecundity was reduced. This was probably due to a lack 

of one or several vitamins of the B group in the white flour. Since 

most Lepidoptera require only an energy source in adult life for both 

maintenance and reproduction (Wigglesworth, 1953), any lack in the 

larval diet would be expected to have an immediate effect on adult 

reproduction. The influence of larval nutrition on adult fecundity in 

mosquitoes was studied by Mathis (1938) who reared two groups of 

Aedes aegypti comprising several hundred larvae each; the first group 

was fed a diet of algae, Euglena, dried fish powder, and sheep brain" 

while the second was reared on an aqueous mixture containing three 

slices of bread. Those on the diet of bread laid only 226 eggs per 

female compared to 357 eggs per female for those reared from the 

rich diet. No record was kept of the difference in weight between the 

two groups. Thus, these early observations and experiments indica­

ted that larval nutrition influenced adult reproduction, but controlled 

experiments with defined diets, and sterile rearing techniques were 

needed to elucidate the actual factors concerned and the role played by 

each. 

At about the same time that these early nutritional experiment8 

were being carried out, medical entomologists became interested in the 

problem of autogenous development of eggs, first noted by Roubaud and 

Toumanoff (1930) in Aedes aegypti. Transmission of yellow fever and 
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malaria by mosquitoes and of onchocerciasis by black flies, requires 

two successive meals; if races of these insects were capable of develop~ 

ing eggs without or with only one protein (blood) meal, the races which 

were capable of doing so could be neglected in programs of elimination 

of the arthropod vectors of ther;se diseases. Physiological studies rela­

ted to this aspect have been until now the source of most elucidation of 

the problem of the role of larval nutrient stores in the reproduction of 

the adult. 

Since autoge:nous adults take no proteinaceous nutrients before 

developing eggs, Roubaud (1932) suggested that the larva stored up 

enough nutrients for later ovarian de-velopment in the adult. Roubaud 

and Toumanoff (1930) reported that larvae of the autogenous type con­

tained more reserves than those of the anautogenous type reared under 

the same conditions. De Boissezon (1933) claimed that Culex pipiens 

could reproduce without a blood meal if fed iron, but Roubaud (1932) 

recognized that C. pipiens was actuaEy a complex of several races, 

one of which was autogenous. 

After emergence, the larval fat body and certain of the lar­

val abdominal muscles still often remain within the adult. Roubaud 

(1932) suggested that it was these organs which provided the necessary 

nutrients in autogenous forms for yolk deposition. Mtnlring 0 956) 

stated that anautogenous larvae of Culex had less reserves than auto­

genous larvae. Hocking (1954) repo:rted that one form of Aedes~~-
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munis De Geer at Churchill, Manitoba, could develop eggs without a 

blood meal and that, as eggs developed, the longitudinal flight muscles 

disappeared. He found, however, by nitrogen analysis of eggs and of 

muscles, that these muscles contained enough nitrogen for about eigh­

teen eggs, only 1/4 to 1/3 of the average 65 eggs developed. Beckel 

(1954), making a more careful histological analysis of this same race 

of mosquito, found that the flight muscles were not autolysed. However, 

he found that the larval fat body and the larval muscles disappear as 

eggs are developed, as Roubaud suggested. But in Aedes hexodontus 

Dyar, an anautogenous species, they also disappear, making no con­

tribution to egg production (Beckel, 1954). Beckel therefore conclu­

ded that the physiological mechanism governing the utilization of lar­

val reserves was different in the two groups. Terzian et al (1956) 

analyzed the tissue nitrogen of sucrose-fed and of blood-fed mosqui­

toes. They found that the tis sue nitrogen remained constant in both 

groups, indicating that all protein which is fed to adults is used for 

eggs, while the protein accumulated by the larva is destined for the 

maintenance of body nitrogen metabolism. An analysis of the food 

reserves of the anautogenous strains of Culex pipiens showed that the 

fraction of total lipid and of glycogen was 2/3 and 1/2 respectively, as 

great as that in the autogenous strain (Twohy and Rozeboom, 1957). 

Surprisingly, the p,rotein nitrogen was higher in the anautogenous strain 

than in the autogenous strain, suggesting that it was the lack of lipid 
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and glycogen rather than of nitrogen which limited development of 

eggs. Glycogen content was lower in the anautogenous strain than in 

the autogenous one even after oviposition had taken place, suggesting 

that only enough was pre sent in the former for adult maintenance. 

Glycogen in the autogenous strain was utilized before oviposition nor­

mally began in the anautogenous strain. A similar situation with re­

ference to lipids was found in the two forms (Twohy and Rozeboom 1 

1957). Another analysis of two similar forms of C. pipiens 1 an auto­

genous strain and an anautogenous one (C • ..E· fatigans Wied.) was under­

taken by Chen (1959}, who found that the anautogenous form had 30% 

more protein per unit volume of haemolymph but less free amino acids 

than did the autogenous form. The total quantity was the same in the 

two strains, thereby agreeing with Twohy and Rozeboom (1957) that 

the protein or its lack was not responsible for the development or lack 

of development of eggs in anautogenous forms. These two studies tend 

to support those of earlier workers {Gaschen, 1932; Hecht, 1933; Buck, 

1935; MCillring, 1956), who considered that the nutrition of the larva 

influenced only the number of eggs laid by the adult rather than the 

initiation of autogeny, which occurred even when autogenous females 

were reared on a limited amount of food. Thus, the autogenous 

strain of C. pipiens was able to draw on stores from the larval musc­

les and fat body, while no matter how rich the larval food, the anauto­

genous strain could not do so (Roubaud and Mezgar, 1934). Bettini 
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(in House, 1958) also found that the autogenous strains of C. pipiens 

differ from the anautogenous strains in the deposition of protein in 

the fat body and its later mobilization. 

Rozeboom and Kitzmiller (1958) have provided a recent 

review on the taxonomy and speciation of the difficult C. pipiens com­

plex, and have summarized the data obtained by Spielman on the in• 

heritance of autogeny among the different strains of this group. 

In a series of crossmatings between the autogenous and the anauto­

genous strains of C. pipiens, Spielman showed the existence of 

three autogeny factors on two chromosomes, one of which was the 

sex chromosome. These genes were not inherited as either a simple 

dominant or a simple recessive; there was a continuous relationship 

between chromosome dosage and appearance of autogeny. 

Clements (1956) working with the same strains as Spielman 

provided evidence that the genes governing autogeny acted by a hor­

monal mechanism. Comparison of the fat body of the two strains 

showed that sufficient reserves were present to develop at least 

some eggs in the anautogen.ous forms. In the autogenous strain, 

Clements (1956) found that decapitation or ligation of the female ear­

lier than seven hours after emergence prevented ovarian development. 

Gillette (1957) obtained a slight development of eggs in the an.autogen.­

ous strain by transfusing haemolymph from the autogenous strain to 
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the anautogenous strain, indicating that a hormonal mechanism was 

involved. 

As early as 1936, Wigglesworth showed that the hormone 

produced by the corpus allatu.m was necessary for the formation of 

yolk in Rhodnius prolixus Stal. The corpus allatum was also the 

site of production of neotenin, the juvenile hormone responsible for 

growth and differentiation of the nymph. Later experiments have 

shown that both effects are produced by the same hormone (Wiggles­

worth, 1953, 1961). Wigglesworth {1953) showed that in R. prolixus, 

this hormonal mechanism was triggered by distention of the midgut 

after a blood meal. Larsen and Bodenstein (1959) confirmed this 

finding for the mosquito. A cycle of hormonal secretions from the 

corpus allatum was set off by injection of blood into the midgut. 

Similar results were obtained by sealing the anus with wax, an opera­

tion which resulted also in the distention of the midgut with sugar solu­

tion accumulated from feeding. The autogenous form of mosquito did 

not require such a stimulus, its hormonal secretions occurring auto­

matically a certain number of hours after emergence. These authors 

concluded that the utilization of nutrient reserves was controlled by 

this hormonal mechanism. 

Scharre.r (1958) has provided a recent review on neuro­

endocrine mechanisms in insects, in which the relationship between 

the median neurosecretory cells of the brain, the corpus allatum and 
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ovarian development is outlined. Wigglesworth (1954} points out 

that the corpus allatum has a general effect on metabolism, con.. 

trolling the mobilization and synthesis of materials necessary for 

the growth of the egg. Thomsen and Mt6ller (1959) and Strangeways­

Dixon (1961) showed that protein digesti<~n was controlled by hormonal 

activity. Thus, the early observations that anautogenous strai.ns of 

mosquitoes had some reserves but evidently did not use themt may 

now be associated with the control of metabolism exerted by the 

hormone of the corpus a.llatum, n.eotenin, and the control of the produc­

tion of this hormone by the neurosecretory cells of the brain. 

The pol!.isibility that autogeny is determined environmentally 

within one species or one race cannot be disregarded. Weyer (1934) 

claimed that in a certain strain of C. pipiens. autogeny occu:rred when 

the larval diet was rich in protein, but that anautogenous development 

of eggs was the rule when the larval diet was rich in carbohydrate. 

However, other anautogenous strains of c. pipiens were not similarly 

affected. In black flies, one species.Simulium vittatum Zett. varied 

in the first ovarian cycle from almost complete autogeny in the early 

spring generation to 1lfo autogeny in the summer generation (Davies 

'et al, 196Z). This could be due either to nutritional differences or to 

physiological differences arising from lower winter temperatures. 

In certain Russian simuliids, Rubtzov (1958) postulated facultative 

autogeny in response to environmental conditions. Scharrer (1958} 

http:strai.ns
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points out that external factors of the environment such as nutrition 

act upon the brain neurosecretory cells, which in turn act upon the 

corpus allatum which then releases a hoX'lll~e controlling ovarian 

development. Rozeboom and Kitzmiller (1958) also suggested the 

utilization or synthesis by autogenous forms of a specific food factor, 

which acted on the hormonal system and in this way produced partial 

or complete development of ovaries. Robbins and Sho:rtino (1962.) 

reported that their strain of Musca domestica showed about Zo/o auto­

geny when reared on CSMA medium (see Materials and Methods}; 

this proportion was increased on an enriched larval diet. Addition 

of protein to the larval diet of the oriental house fly, M. vicina Macq. 

did not cause the autogenous development of eggs {Ascher and Levin­

son, 1956) but these authors did not investigate whether other improve­

ments in fecundity, short of actual egg laying, had occurred. 

With a view to the clarification of the role of larval nutrition 

in the reproductive capacity of the adult female insect, the nutritional 

requirements of the house fly, Musca domestica, were investigated in 

this study. This species proved to be well adapted to such studies, 

since it was easily reared, and the nutritional requirements of the fe.. 

males reared on CSMA, under xenic conditions, had already been 

worked out by Morrison (1963). It was also advantageous that it was a 

member of the Diptera, the order in which most chemical and nutri­

tional work has been done. 
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House-fly larvae were first reared under sterile conditions 

by Glaser (1938). Greenberg {1954) succeeded in rearing them on 

sterile CSMA which had previously been incubated for 48 hours to 

allow bacterial growth. The first successful sterile rearing on a semi­

synthetic diet (casein base) was accomplished by Brookes and Fraenkel 

(1958). Levinson and Bergmann (1957), and Chang and Wang (1958) 

also reported moderate success rearing the oriental house fly, M• 

vicina$ on a semi- synthetic diet. House and Barlow (1958) were suc• 

cessful in rearing M. domestica on a completely synthetic diet con­

taining 19 amino acids, in addition to other components; these flies 

were capable of reproducing, although they were about half the nor­

mal size. Monroe (196Z) developed a semi- synthetic diet which he 

claimed gave pupae of almost the same size as pupae from CSMA, 

rather than 30-40o/o lighter which had been found by the previous 

authors using a semi-synthetic casein-base diet. 

House-fly larvae, like all other insects, require the ten 

essential amino acids first shown by Rose to be necessary for verte­

brates (House, 1958). In addition, they require for good growth, a 

number of non-essential amino acids. The only other essential com• 

ponents of their diet are certain of the B,.vitamins and cholesterol, a 

substance which is an essential requirement only for insects (Berg... 

mann, 1962). In addition, RNA and certain fatty acids have a growth 
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promoting effect. House (1962) has provided a recent review of 

larval and adult nutrition. 

The adults of M. domestica used in this study are anauto­

genous, when fed as larvae on CSMA. However, requirements for 

nutrition in the first ovarian cycle proved to be different from those 

of succeeding cycles (Morrison, 1963). Only amino acids, sucrose 

and salts were needed in the adult diet for a first cycle of eggs, while 

vitamins, cholesterol and RNA had to be added to the basic diet if fur­

ther cycles were to be obtained. This suggested that carry-over from 

the larva was occurring, causing a sparing action on these substances 

during the first period of reproductive activity. 

The nutritional differences arising in the adult house fly 

between the first and succeeding cycles of egg production resemble 

the partial autogeny of certain blood-feeding insects, discus sed above. 

Because of this interesting relationship, a program of research was 

undertaken to provide a preliminary survey of those substances which 

might conceivably be stored by the larva and later used by the adult. 

Since rather small differences were expected, a method had to be 

established to detect them, in spite of high biological variability. 

These studies would then form part of the foundation for an eventual 

linkage of the nutritional requirements of the larva with those of the 
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adult, which would lead to an understanding of the role of nutrition 

in the reproduction of holometabolous insects, particularly in those 

displaying autogeny, 



MATERIALS AND METHODS 

Stock Culture 

The strain of Musca domestica used throughout the work was 

obtained in 1958 from Dr. H. L. House, Canada Department of Agri­

culture, Belleville, and maintained for several years (78 generations) 

in this laboratory using a standard rearing procedure developed by 

Morrison (1963). Eggs were collected from stock cages, and new 

stock cultures established about twice a week. Eggs were washed 

in distilled water, those that floated being presumed inviable and 

decanted off. A volume of 0. 5 ml. of eggs was measured out accord• 

ing to the method of Moreland and McLeod (1956) using the bottom of a 

10 ml. graduated pipette of 8 mm. bore closed at one end by bolting silk. 

This gave 3500 eggs. Plastic containers, ZO em. in diameter and 18 em. 

high, were filled to a depth of 3-5 em. with the larval mediu.m. Larvae 

were reared on a standard alfalfa-bran mixture, known as CSMA 1., to 

which a small amount of yeast and NaOH were added (Table I). The 0. 5 

ml. of eggs were washed into this mixture and the containers were kept in 

an incubator at Z50C ±1°C. More medium was added each day from the sec­

ond to the fifth day until a depth of about 13 em. was reached. Pupa­

l. Chemical Specialties Manufacturing Association. 
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tion occurred on the sixth day; emergence took place on the twelfth 

day. Three days before emergence, the drier middle and top layers 

of the medium were removed along with most of the pupae and further 

dried by spreading in shallow flat pans for Z4 hours. The pupae were 

th~n separated from the medium by blowing the dry chaff from the 

heavier pupae with unheated air from a hand hair dryer. The pupae 

were then placed in beakers and adults were allowed to emerge in 

wooden cages for a short time so that the earliest emerging flies, 

a high proportion of which were males, could be removed and dis­

carded (Sawicki and Holbrook, 1961 ). As the peak of emergence 

approached, the beakers with pupae were placed in stock wooden or 

acrylic plastic cages (approximately 1 cubic foot in volume) for 

1Z-Z4 hours until 500-1000 adults had emerged. Adults were kept 

in a constant temperature room at a temperature of approximately 

ZZ°C ±Z°C. For most of the work the relative humidity in this room 

varied from 70-90%. Fluorescent lights, at the same distance 

above each cage, were kept in continual operation. The adults 

were fed 0.1 M sucrose 1• solution ad libidum. The solution was 

contained in two, four or eight ounce, wide-mouthed sample bottles 

equipped with absorbent cotton wicks which extended from the bottom 

of the bottle~ through a small hole in the screw cap to approxi­

1• Certified Reagent, Fisher Scientific Co. Ltd., Toronto. 
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mately one half inch above the cap. A new bottle of sucrose solution 

was provided daily. In addition, for the first three days after emer­

gence, the flies were fed powdered skim milk {Carnation R), reconsti­

tuted by adding two thirds of a cup of water to one third of a cup of 

milk powder. Two layers of paper tissue (Cellucotton R) were placed 

in a stender dish and soaked with the skim milk. From the fourth to 

the sixth day, females !.aid first cycle eggs on the milk-soaked pads. 

These eggs were used both for stock and for experiments. 

_!?es:i.gn of E:<g>.e:riment 

The main purpose of the research was to explore the linkage 

between larval diets and the substances required by the adult for sur­

vival and reproduction. Larvae were reared axenically using a 

slight modification of the synthetic medium reported by Monroe (1962} 

as the standard larval medium (Table II). The value of different com­

ponents in the synthetic medium was tested by deletion or alteration in 

concentration. Two or three media, one being the standard and the 

others being a modification of one component of the standard, were 

used in each experiment. Each medium was assayed by observing 

larval rearing success, adult survival and reproduction on at least 

one adult diet. Four adult diets were used in tMs assay: (i) milk, 

(H) complete synthetic diet (Table VI), (Hi) incomplete synthetic diet 

(Table V) 1 (iv) 0.1 M sucrose solution. 



19 

Experimental Procedure 

Preparation of Larval Medium 

The dry components of the media to be used in each experi­

ment (Table II) were weighed out and ground in an electric mortar 

grinder in 8 gm. lots for three to eight hours. 

3. 0 gm. of powdered medium were then weighed out into 150 

mi. pyrex large-mouthed flasks (Monroe, 1962) chosen because of 

their ability to withstand repeated autoclavingJ their optimum surface• 

to-volume ratio. their low cost and their availability. Twenty-five 

milliliters of agar-vitamin solution (see Tables III and IV) were added 

to each fla.a:k. The flasks were plugged with non-absorbent cotton 

wrapped around a glass rod with flattened ends. In order to strengthen 

the plug, a piece of gauze, 20 mesh per inch, covered the outside 

of the plug, with a glass rod inserted through a hole in the gauze to 

the medium below (Fig. 1). 

After autoclaving at 15 lb. pressure and 1 Zl °C for 20 mins. 

the medium was swirled and placed in an ice bath to promote rapid 

jelling while solid particles remained suspended. When the medium 

had hardened, it was broken up by moving the rod slightly up and down 

and from side to side with the plug still in place. Movement of the rod 

did not introduce contamination from the air since the focal point of 

movement was in the centre of the plug, making displacement at that 
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point slight in compari.son to displacement at the surface of the medimn~ 

and since the cotton of the plug had been wound in such a way as to com­

pensate for these slight movements so that no opening was produced. 

This mixing process was necessary because the small amount of liquid 

(less than 1 ml.) introduced along with the eggs would form a thin film 

over the hard agar surface and prevent the newly hatched larvae from 

gripping the medimn with their mouthparts, thus causing death, appar­

ently from starvation, within 48 hours. The broken, uneven surface of 

the medium allowed the liquid to disappear into the interstices~ leaving 

the eggs behind in cracks near the surface. 

Sterilization and Introduction of Eggs 

First cycle eggs were collected within four hours after the 

onset of oviposition to insure uniformity of hatching and were washed 

with distilled water several times to :remove all traces of milk and to 

help break up clumps of eggs. Eggs were allowed to rest on a wet 

Whatman No. 3 filter paper disc in a petri dish for up to 6 hours after 

oviposition. This was helpful because freshly laid eggs were hydro­

phobic and tended to float, making sterilization difficult. The eggs 

were then suspended in 0.1% solution of sodium hypochlorite (Monroe, 

1962.) and agitated vigorously for several minutes. This procedure broke 

up most of the egg clumps and the majority of the eggs sank to the bottom 

of the container. Those that floated were assumed to be inviable and were 

decanted off. A total of ZOO ml. of sterilizing solution was used in 7 
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rinses of 25-30 ml. each, over a pe:riod of 2.0 minutes. Viability 

of the eggs was found to be seriously affected by prolonged total im­

mersion in any liquid, viability dropping from 67o/o after 1 hr. to 

37o/o after Z hrs. With the 'hypochlorite' method, eggs for the experi­

mental flasks were immersed in the solution for only 20 to 40 mins. 

and those for the CSMA rearing only 45 to 50 minutes. A suspension 

of eggs for each experimental flask was drawn up with a sterile 1 ml. 

pipette. These eggs were then counted and added to the previously 

prepared medium. By this method. 8-10 flasks could be seeded in 

ZO mins.; if more than this number were required, the eggs were 

divided after collection from the stock cages into the requisite num­

ber of batches and the whole process was repeated for each batch. 

The flasks of each diet (series) were arranged for seeding in such a 

way that each series had an equal number of flasks whose eggs had 

been in the liquid an equivalent period of time (i.e., 20-2.5 mins., 

2.5-30 mins., etc.). Standard bacteriological practices were ob• 

served throughout the seeding operation. Transfers were usually 

conducted in a microbiological hood whose interior had previously 

been sterilized by ultraviolet light. Flasks were then placed in an 

incubator at 2.5°C ! 1°C during larval development. 

Three viability tests were set up for each batch of eggs 

used: 
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1. 	 viability before immersion in liquid, as a test for normal 

hatching percentage. 

2. 	 viability after 40 mins. in hypochlorite solution, as a test 

for hatching percentage after sterilization. 

3. 	 viability after 50 mins. in hypochlorite solution, as a test 

for larval rearing success after sterilization. 

The first two tests for viability were determined by the same method 

as that used for viability determinations on eggs laid by experimental 

females (see page 27). The third viability was set up by placing 

about 300 eggs in a small battery jar approximately 11 em. in diameter, 

containing 50 gm. of CSMA medium. After two days another 75 gm. of 

CSMA medium was added. The number of pupae formed wa-s counted 

after seven days, and three samples were weighed. An estimate of 

the hatching percentage could be obtained by comparing the hatch in 

the untreated eggs with the hatch after immersion in hypochlorite solu­

tion. 

Testing Sterility of Larval Medium 

The media were tested for maintenance of sterility after the 

larvae were mature, but just prior to their migratory phase in prepara­

tion for pupation. Those flasks which were not sterile were discarded. 

In early work, a technical d:i.fficulty was encountered with the thiogly­

collate medium used in standard sterility testing techniques. There­
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fore the presence of bacteria was tested by direct smears and by 

using nutrient agar plates. An acidified agar plate was used to 

detect molds. If bacterial contamination was present, it was always 

visible before the time for testing arrived, as a dark greyish area in 

the yellow medium; the sterility test merely confirmed visual evi­

dence of contamination. In later work, thioglycollate broth was in­

oculated with a suspension of the medium, incubated for 48 hrs. and 

tested by direct microscopic examination, staining with Gram stain. 

The presence of mold was detected by the streak plate method using 

Bacto Potato Dextrose Agar medium 1. 

Pupation 

Larvae ceased feeding 24 hrs. before pupation and migrated 

to a drier environment. When movement of larvae up the sides of 

the flasks began, each flask was placed in a 400 ml. beaker. The 

area in the beaker surrounding the flask was then filled to a depth 

of 1 /2" with small pieces of alcohol-extracted filter paper. Some 

of the larvae pupated on the medium, while the rest migrated out 

of the flask into the beaker and pupated among the pieces of paper. 

Two days after pupation began (one day after most of the larvae had 

pupated), the pupae (in their puparia) were removed from each flask, 

counted, and weighed in lots of ten. They were then stored in the 

' Difco Laboratories Inc., Detroit, Mich. 
1 
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incubator in gauze-covered stender dishes or beakers until the 

adults began to emerge. 

Experimental Procedure for Adults 

The adults were allowed to emerge in beakers overnight 

and were then released, one set at a time, into a small wooden 

cage where they were caught individually in vials {60 x 15 mm. ). 

Records of percentage emergence and sex ratio were thus obtained 

for each flask originally set up. The males were usually discarded 

and the females were released into experimental chambers :m the con­

stant temperature room, following the technique of Morrison {1963). 

Each experimental chamber consisted of a glass cylinder. Small cy­

linders, each containing only one female, were used in most experi­

ments to give data on egg production per experimental female, number 

of females laying, number of ovarian cycles per female, average length 

of time required to develop each cycle, viability of each cycle and es­

timates of variance between individuals. Large cylinders, with 10 to 

18 females in each, were used to obtain supplementary data on vi­

ability and survival, and to feed flies on sucrose solution, to be used 

later for dissection. Males were provided from stock cultures, in 

a ratio of one male to every three females in the large cylinders) and 

three males in each small cylinder. 
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The small glass cylindersJ SZ mm. in diameter and 64 mm. 

in height, were mounted in three rows of four each on sheets of acry­

lic plastic (1 ft. x 1 ft. x 3/8 in.). In the centre of the floor of each 

chamber, a hole (Z6 mm. in diameter) was drilled. The surface of 

the plastic around each hole was recessed about 3 mm. to accommo­

date the cylinder. The floor of each chamber was lined with a filter 

paper disc, 7 em. in diameter, with a hole in the centre to correspond 

to the hole in the plastic base. The top of the chamber was closed 

by nylon netting (approximately ZO mesh/inch) held in place with a 

rubber band. Two milliliters of the diet to be fed was placed in a 

shell vial, lZ mm. x 35 mm., containing a short length of cotton 

wick, which protruded a few mm. above the lip of the vial. The 

wicks were cut from a piece of absorbent surgical cotton, that had 

been extracted for Z4 hours in alcohol and Z4 hours in ether. Each 

vial of diet was then fitted into the bottom of a No. 6 rubber stopper 

that had been specially bored to accommodate it. The stopper, 

holding the vial, was then inserted from below, into the hole in the 

plastic base - the diet was now accessible to the flies within the 

chamber. A maximum of 96 small chambers were used in an experi­

ment. 

The large glass cylinders, 15.5 em. in diameter and 18 em. 

high, were accommodated in pairs on aluminum trays (Zl em. x 46 em.). 
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Each tray was covered with chromatography paper, and both tray 

and paper were provided with two holes (one per cylinder) for the 

insertion of feeding vials as de scribed above for the small cylinders. 

The top of each chamber was closed with nylon netting, held in place 

with a spring-released embroidery ring. Feeding was accomplished 

in the same way as described for the small cylinders. The trays 

for both large and small chambers were supported, in the constant 

temperature room, by metal frame shelves, permitting access to the 

underside of the trays for the removal and insertion of feeding vials. 

The fluorescent lights, at a standard distance above the cylinders, 

were in operation continually. 

The stoppers, and vials with diet were renewed each day. 

Vials were washed in Alconoxl. and in alcoholic NaOH before being 

rinsed three to five times each in tap water, deionized water and 

distilled water. Stoppers were scrubbed in Alconox solution and 

rinsed overnight in a pipette washer before being rinsed in deionized 

and in distilled water. Between experiments, the experimental 

apparatus was dismantled and washed thoroughly. 

The two synthetic diets (Tables V, VI) were prepared 

before the experiment and 200 ml. aliquots were stored in poly­

ethylene bottles in a deep freezer at minus 25°C. These diets were 

kept frozen until just before use, and were refrozen between daily 

1 • Canadian Laboratory Supplies Ltd. , Toronto 
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feedings, to prevent bacterial growth. Powdered milk was recon­

stituted daily by adding 6 gm. to 43 ml. glass distilled water. Suc­

rose solution, 0. 1 M, was made up about once a week and stored in 

the refrigerator. 

The female flies laid their eggs on or near the cotton wick 

in the feeding vial. After each daily feeding, the vials and wicks 

were examined under a stereoscopic microscope for the presence 

of eggs. All eggs were transferred by means of a wash bottle 

and forceps to a 7 em. filter paper disc (Carl Schleicher and Schuell 

Co., No. 8, 'ruled'). This filter disc was placed on a larger 9 em. 

filter disc (Whatman, No. 3) in a plastic petri dish, moistened to the 

desired degree with carbon-filtered tap water, and kept at room 

temperature (approximately 23°C) for 48 hours. Hatching occurred 

during this time; the egg shells remained in situ on the filter paper, 

and most of the hatched larvae remained in the dish. Counting was 

usually not convenient until after the experiment, and thus each 

petri dish with egg shells and hatched larvae was stored in a deep 

freezer until after the experiment. The viability was assessed by 

counting the egg shells and relating them to the sum of shells and un­

hatched eggs. This count was supplemented, in later experiments, by 

a count of larvae, because it was often difficult to distinguish dead eggs 

with poorly formed shells from the empty shells. This count was 

always somewhat lower because a few larvae were able to escape from 

the dish. 



RESULTS 

In this investigation~ it was necessary to develop first an 

axenic culture procedure and then a semi-synthetic larval medium which 

fostered a larval development comparable with that found using CSMA 

medium. The performance of this axenic culture, as indicated by 

criteria of growth~ survival and reproduction, are reported in part I 

of the Results. In the following parts the effect of modifications in the 

larval medium on the various criteria is explored. Part n deals with 

the effect of modifications in the quantity of one of the components, the 

sodium salt of a mono-unsaturated fatty acid, oleic acid. In part III~ 

the effect of RNA on larvae and adults is considered, while part IV 

is concerned with the role of cholesterol in larval and adult nutrition. 

I. 	Comparison of Flies Reared on CSMA and on a standard 


Sterile Semi- synthetic Medium 


In all previous work on adult dietary requirements in this and 

in other laboratories, CSMA was used as the larval rearing medium 

(Morrison, 1963). Therefore, it was desirable to compare both the 

larval and adult fly when larvae were reared on the CSMA medium~ and 

on the sterile medium 10 which could then serve as a standard in future 

experiments. 

28 
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Comparison of the Immature Stages 

Larvae reared on standard sterile medium were used as con­

trols in almost all experiments. In addition, in most experiments, 

eggs sterilized in. sodium hypochlorite solution were set up on the 

CSMA medium. The results from these two larval media are com­

pared. The most notable difference between the two media was the 

reduced weight attained by pupae from the sterile medium (Table VII). 

These pupae were only 75'o as heavy as pupae from the CSMA medium. 

Flies reared on the standard sterile medium were also slower in 

developing. taking 13 1/2. days to reach the time of emergence rather 

than 11 days required by those from CSMA medium. This difference in 

time of develQpment was more marked in the larval stage than in the 

pupal stage. There was little difference between the two media in 

larval survival (larvae produced per unit number of eggs seeded) 

(Table VII). The percentage of pupae from which adults emerged and 

the sex ratio of the flies were also not significantly different, being 

approximately 87'o for the former and 1:1 for the latter. 

Comparison of Adult Survival and Reproductio.E: 

Thirty females from each larval medium were divided into 

three groups of ten, and each group of adults was fed a different d~..et; 

(1) milk, (2) an incomplete synthetic diet of amino acids, salts and 

sucrose and (3) a complete diet of amino acids, salts, sucrose, vita­

mins, RNA and cholesterol {see Materials and Methods). Females 
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were maintained individually in. the small cylinders. The influence 

of the sterile larval medium on adult survival and reproduction was 

assessed in comparison to that of the CSMA medium. 

1. Survival 

In general, adults from larvae reared on the stan.dard sterile 

medium survived an average of l 0. 7 days~ which was 2. Z days, or 20'fo 

longer than for flies from larvae reared on the CSMA medium (Table 

VIII). The difference in survival was greatest when the adults were 

fed milk and the incomplete synthetic diet. 

z. Fecundity 

On each adult diet, females from larvae reared on the standard 

sterile medium laid a larger total of eggs, and Z9o/o more eggs per fe­

male, than those from larvae reared on the CSMA medium (Table IX). 

The difference was most marked on the incomplete synthetic diet (40%) 

and least marked on milk (15%). Since this difference might be caused 

by any of several factors, such as differences in pupal weight or in. 

survival, it was desirable to express the number of eggs as an average 

per female alive at the time the eggs were collected - henceforth called 

the "average number per living femalen. When the average number of 

eggs laid per living female per cycle was determined (Table X}, it was 

apparent that the increase in survival, reported above, of flies from 

larvae reared on the standard sterile medium was partly responsible for 

the greater total number of eggs laid. Although the milk diet appeared 
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to induce longer survival among flies from larvae reared on the CSMA 

medium, so few individuals are involved that the effect of adult diet 

is not clear. 

Dissection of most flies after they died revealed that mature 

eggs were often retained in the ovaries. These unlaid eggs were added 

to those that had been already laid, giving the average number of eggs 

developed per living female per cycle (Table XI). In nearly every case, 

the average number of eggs developed is higher than the average number 

of eggs laid. It is now evident that on all three adult diets, the flies 

from larvae reared on the CSMA medium developed more eggs in the 

first two cycles (although not laying more) than those from larvae on 

the standard sterile medi'urn, and on the milk diet more eggs in the third 

and fourth cycles as well. On the synthetic adult diets, however, redu­

ced survival counterbalanced this increase. 

The greater number of eggs developed by females from the 

CSMA medium, as compared to females from the standard sterile 

medium, can be attributed in part to the greater weight of the pupae 

{1. 36 times). Pupal weight is one of the main criteria indicating 

the number of ovarioles which will develop eggs. 

The surprising observation that axenically reared flies fed 

the incomplete synthetic diet developed and laid four cycles of eggs 

contradicted earlier work in this laboratory. Previously when adults 

from larvae reared on the CSMA medium were fed an incomplete diet, 
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only a first cycle of eggs developed~ with a subsequent cycle develop­

ing in very few cases; moreover when a second cycle was laid, the vi­

ability was very low (Morrison, 1963). 

Since the number of flies in this experiment was too small to 

permit a statistical interpretation of these results, a second experiment 

was set up using 24 flies of each type individually fed an incomplete 

diet. In this experiment,. it was confirmed that second cycle eggs 

were laid by almost all females from axenically reared larvae, third 

cycle eggs by over half the flies, and fourth cycle eggs by a few flies. 

As in the first exper:i.ment, the average number of eggs developed per 

female for each cycle was calculated by adding the number of unlaid 

mature eggs, as found by dissection, to the number of eggs laid 

(Table XII). 

For the first cycle, the average number of eggs developed 

was proportional to the average weight of the pupae. The :ratio of 

eggs developed was 

En-CSMA 161. 6 
En-Sterile • 120.4• 1 • 34 • 

As seen above under 11The Comparison of Immature Stages", the pupal 

weight ratio equalled 1. 36. Thus both figures were alm.ost identical. 

In the second cycle, three of ten CSMA-reared females deve­

loped no eggs although they lived sufficiently long to do so. Discount... 

ing these flies,. the average number of eggs developed in the second 
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cycle was still very high, although 11 eggs per female lower than in 

the first cycle. Six flies reared as larvae on the CSMA medium lived 

long enough to, but did not, develop third cycle eggs. All had retained 

a part of their second cycle eggs which appeared to inhibit development 

of the third cycle. 

All seventeen living £lies from larvae reared on the stan.dard 

sterile medium developed a third cycle, and six out of eight females, 

still living, developed a fourth cycle. 

Thus, in general, the same response to an incomplete syn­

thetic adult diet was obtained in both experiments {Figs. Z and 3), 

with the number of eggs developed per female dropping off sharply 

to zero after the second cycle in the case of flies reared as larvae on 

the CSMA medium, and with only a slow drop from the first cycle to 

the fourth cycle in the case of flies from larvae reared on the standard 

sterile medium. 

3. Viability of eggs 

It was possible that the increase in the number of eggs laid 

represented no real increase in the reproductive potential of the adult. 

Therefore, viability records for each group of eggs were kept. In 

addition to establishing viabilities of all eggs from the individual cy• 

linders, three large cylinders were used each containing ZO females 

from larvae reared on the CSMA medium. In one of the large cylinders, 
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flies were from the same population as in the sec;ond individual 

experlment1 but the other two contained different sets of flies. In 

addition to these three cylinders, there were two large cylinders 

each containing 19 flies from larvae reared on the standard sterile 

medium. The results were somewhat variable, even with strictly 

comparable groups (Table XITI}. Viabilities for the eggs of those 

females from larvae reared on the CSMA medium were unusually 

low even for the first cycle, varying between Z1% and 47o/o, with an 

average of Z8o/o {of 7034 eggs). The viability of second cycle eggs 

was only 1/4 as high~ varying between zero and 16. Zo/o with an average 

of 7% (of 2068 eggs). On the other hand, viabilities for eggs of flies 

reared as larvae on the sterile medium were moderately high in the 

first cycle (65o/o) and in the second cycle dropped somewhat less sharp­

ly to half the early value, but in the third cycle they were 1/4 the first• 

cycle value. By the fourth cycle, the egg viability had fallen to zero. 

Thus, the egg viability data also tended to support the conclusion that 

with at least the second cycle, in addition to the first cycle of eggs .. a 

real increase in reproductive potential was achieved in females from 

larvae reared on the standaTd sterile diet. 
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II. ~ect of Dieta!y Oleate on Immature Stages 

and on. Adults 

Comparison of Flies from Larvae Reared on CSMA and on a Sterile 

Medium Lacking Oleate 

In the previous experiment no significant difference in 

fecundity~ other than that caused by weight, was observed between. 

flies reared as larvae on CSMA and the standard sterile medium, 

whether the adults were fed milk or a complete synthetic diet. It 

was of interest to observe whether any difference would arise be• 

tween flies from larvae reared on CSM.A, or on the standard sterile 

medium lacking sodium oleate. Milk was chosen as the adult test 

diet because flies from different larval media had shown little dif­

ference in fecundity on this diet while a difference had been found 

on the incomplete diet. Females were reared individually for 27 

days in small cylinders. 

1. The Effect on the Immature Stages 

The larval response (Table XIV) to the two media was the 

same as that observed in the previous e:s:periments; the weight of the 

pupae from the CSMA medium was 1.56 times as great as that of 

pupae from the sterile medium lacking oleate; the total time requil'ed 

for the flies to develop to adulthood was greatly increased for the 

flies from larvae reared axenically {14.5 • 1.41 times as long).
10.3 



36 

Both these effects were more pronounced than in the first set of 

experiments (c£. Table Vll). 

z.. The Effect on Adult Survival and Fecundity 

Adults from larvae reared on the sterile medium lacking 

oleate did not live as long as those from .larvae reared on the CSMA 

medium; the 50tfo survival level was reached in 15.6 and 2.0. 7 days 

respectively at l9°C. This was in contrast to the previous experiment 

(in part I) where adults from larvae reared on the sterile medium 

supplemented with 2tfo oleate was beneficial to survival of the adult 

female. 

The flies from larvae reared on the CSMA medium laid a 

significantly greater number of eggs than those from larvae reared 

on the sterile medium lac;;king oleate {Table XV). A consistently lower 

value for the average number of eggs laid in each of the four cycles 

was obtained with flies from larvae reared on the sterile medium (Fig. 

4). The mean values were :n.ot significantly different for each cycle 

individually (P>0. 05) but the cumulative effect. measux-ed as the 

average total number of eggs per female~ was significant (P < 0. 02.5). 

Since no dissection data was available~ only the number of eggs laid 

could be compared to the previous experiment. 
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This comparison of the average number of eggs laid per 

female per cycle obtained on the milk diet in the first experiment 

and on the same milk diet in this experiment indicates that the stan­

dard sterile larval medium with oleate increases fecundity over that 

obtained with an oleate deficient larval medium.(Table XVI). The 

average total number of eggs per female was not significantly dif• 

feren.t (P • 0.40) between flies from larvae reared on the CSMA med­

ium and flies from larvae reared on the standard sterile medium 

(part I}~ while there is a significant difference (P<0.02.5) betw~e:n. 

flies from CSMA-reared larvae and these from laryae reared on a 

sterile medium lacking oleate. 

Comparison of Flies from Larvae Reared on Sterile Diets Containing 

Different Amounts of Oleate 

A difference had been found previously in the response between 

flies from larvae reared on the standard sterile medium {which con­

tained 2.% oleate) and on the same medium lacking oleate~ when each 

was measured against CSMA-reared flies. An experiment was de­

sigD;ed to test the previous results directly~ by setting up three aetfl 

of sterile larval media with 00/o, 0., 50/o and 2.0/o oleate, the set contain­

ing the 2.0/o oleate being the standard medi'um. 

1. The Effect on the Immature Stages. 

Rearing success~ measured as the percentage o£ mature 

larvae produced from the eggs seeded" dropped slightly as the per• 
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centage of oleate in the medium decreased (Table XVII), but this 

difference was not significant at the 950/o level (P =0. 20). 

The pupae reared from the sterile medium containing 20/o 

oleate were significantly heavier than pupae from either the 0. 5o/o or 

the Oo/o oleate media (P< 0. 005). Although the pupae from the 00/o 

oleate medium were heavier than the pupae from the O. 50/o oleate 

medium, the difference in weight was not significant (P= 0.11). 

The difference between the pupae from the Zo/o oleate and from the 

00/o oleate media was slight compared to the difference obtained in 

the first experiment between pupae from either of these media and 

the pupae from the CSMA medium. Nonetheless, it confirmed 

earlier observations that the ratio of the average pupal weight from 

the CSMA medium to the average pupal weight from the standard 

sterile medium containing 20/o oleate was greater (1 : 0. 74) than the 

ratio of the average pupal weight from the CSMA medium to the 

average pupal weight from the sterile medium lacking oleate (1 :0.64). 

The predicted value for the weight ratio was thus 1.15 (0. 85-1. 29) 

and the observed value from Table XVII was 1.08 (0.99-1.25). 

No significant difference was noted in the percentage of 

adults emerging from the pupae in the three media. 

Flies from larvae reared on the sterile medium lacking 

oleate required an average of one day longer to reach adult emer­

gence than did flies reared on the standard sterile medium. Flies 

http:0.99-1.25
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from a 0. 5% oleate medium were as slow to emerge as flies from 

the medium lacking oleate. 

z.. The Effect on Adult Survival and Reproduction 

A previous experiment, using milk as the adult diet, and 

comparing females from larvae reared on a sterile medium lacking 

oleate had some reduction in fecundity. Such an impairment was not 

evident in adults reared from larvae on. the sta.udard sterile medium 

containing oleate, in eor.nparison to adults reared from the CSMA 

medium. Thus, there was indirect evidence that the presence of 

dietary oleate in the larval stage en.hanced feeundity in adulthood. 

This suggested that oleate in the larval medium might have been res• 

ponisible for the increase in the number of cycles laid on an adult 

diet of amino acid, by females from larvae reared on a sterile med• 

ium containing oleate, in comparison to the number of cycles laid by 

females from CSMA·reared larvae. 

Twenty-four females from larvae on each of the three con• 

centrations of oleate were maintained individually on the incomplete 

diet for approximately 17 days, or 400 day•degrees, in order to 

test the role of oleate in the production of third and fourth cycles. 

Only a small difference was :n.oted in the survival of adults 

from the three different larval media. Adults from larvae reared 

on the standard sterile medium lived an. average of one day longer 
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than those from the medium lacking oleate, and two days longer 

than those from the 0. 5'fo oleate medium (Table XVID). The survi­

val curves of females from. the three larval media were alike within 

biological variation (Fig. 5). 

Females from all three larval media were capable of develop­

ing and laying four cycles of eggs~ although the percentage of .thing 

females laying eggs dropped sharply in all three cases after the set:­

ond cycle.(Fig. 6). This indicated that oleate waJB not the factor res• 

ponsible for the presence or absence of the second~ third artd fourth. 

cycles noted in. the previous expe:d:ment on an incomplete synthetic 

adult diet. However, 2'/o oleate in the larval medium resulted in 

14o/o more females laying second, third, and fourth cycles. 

Females from. a larval medium containing %o/o oleate laid more 

eggs per living female in each cycle than fem.ales from either the 0. 5o/o 

or the O% oleate medium, but there was no significant difference be• 

tween the fecUlldity of females from 0. 5'fo a:ad O'fo media (Table XIX, 

Fig. 7). The increased number of eggs .laid by each female from the 

Zo/o oleate medium was due partly to the effect of oleate in increasing 

the percentage of females which laid {Fig. 6),. and partly to its effect 

in increasing.the actual number of eggs per laying fem.ale (Table XX, 

Fig. 8). An approximation of the actual number of eggs developed in 

each cycle was made by stu.dying the number of eggs per female lay­
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ing a full cycle of eggs and, using dissection data, excluding the 

few flies in each group,which had an aberrant laying pattern. Again, 

the females from the 2. O'fo oleate medium developed, in all cycles, 

a significantly higher number of eggs than the other two groups 

(P< O. 05). 

An analysis of this data showed that the number of eggs 

developed and laid in the first cycle was directly proportional to 

the weight of the pupa from which the female had come (Table XXI). 

This proportionality was maintained in succeeding cycles, although 

the number of eggs developed in succeeding cycles dropped in all 

three cases. An analysis of the ratios 

En-z. O'fo oleate d En-z. 00/o oleate { h E . h b f an w ere 1s t e num er o eggsEn-0. 5% oleate En-o. O% oleate 

developed (D) per female per cycle) shows that the number of eggs 

developed per female per cycle is maintained as well by females from 

larval media with 0. 5% or O% oleate as by females from the medium 

containing Z% oleate, since these ratios never, even in the fourth 

cycle, exceed the extreme limits of the weight ratio. 

Viability records were kept for all eggs laid by females 

in individual cylinders. In addition, 15 large cylinders, each con.. 

taining 18 females and six males, were set up, using the flies from 

the same three larval media as those used in the individual cylinders. 

Flies in six cylinders, two from each group, were fed the incomplete 
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adult diet. while flies in the remaining nine cylinders, three cylinders 

from each group, were fed the complete synthetic adult diet. Vi­

ability records were kept for eggs laid in these cylinders. On both 

adult diets the viability of the eggs varied greatly from lot to lot. 

However. the larval medium showed no effect on viability (Table XXII). 

III. 	Effect of Dietary Nucleic Acid on Immature Stages 

and on Adults 

Part II demonstrated that oleate was not the factor respon­

sible for the greater number of cycles developed by females from 

larvae reared on a sterile medium as compared to the number laid 

by females from larvae reared on the CSMA medium when fed an 

incomplete synthetic adult diet. It was possible that the presence of 

RNA in the larval medium was responsible for this observation. The 

effect on fecundity of RNA in the larval medium was tested by an 

experiment in which larvae were reared in flasks on sterile media, 

each group of six flasks having a different concentration of RNA 

(by dry weight), i.e. • O'fo. 3'fo (standard} and 6'fo. 

Effect on the Immature Stages 

An analysis of the data showed that as in previous experi­

ments, a lack of a non-essential. but advantageous. component of the 

larval medium had no effect on the percentage of eggs resulting in 

mature larvae, or the percentage of adults emerging from the pupae 

(Table XXIII). 
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This lack during larval growth did affect the average weight 

of the pupae from each of the larval media. Pupae from the stan.. 

dard medium containing 3'fo RNA were Z mg. heavier than pupae from 

the medium lacking RNA (P < 0. 005). Pupae from larvae reared on 

the medium containing 6'fo RNA, double the concentration of the stan­

dard medium, were the same weight as the standards. 

The time required for completion of pre-imaginal stages was 

also increased by one day for flies from larvae reared on the medium 

lacking RNA. Thirteen days were required to reach the adult stage 

for larvae reared on the 3'fo and 611/o RNA media, while fourteen days 

were needed for flies on the larval medium lacking RNA. 

Effect on Adult Survival and Reproduction 

Since no differences in the immature stages had been found 

between groups reared on larval media containing 6Gfo and 3Gfo (stan­

dard) RNA, only adults from the latter medium were considered 

further. Females were maintained in individual cylinders~ each 

with three males from stock CSMA culture. Three diets fed to 

the adults were used to compare the response of females from lar• 

vae reared on media containing OGfo and 311/o (standard) RNA. Twelve 

adults from each larval medium were fed on milk, eighteen others 

from each larval medium were given the complete synthetic diet and 

eighteen from each larval medium were fed the incomplete synthetic 

diet, making a total of 96 cylinders. 
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1. Survival 

On milk and on the complete diet. there was no difference in 

the survival of females from larvae reared on media with RNA or 

without it (Table XXIV). However, a difference appeared when the 

two groups of females were fed the incomplete synthetic diet; in thia 

case the adults reared from larvae on the standard sterile medium 

{30/o RNA) lived 1. 5 days longer than. those from larvae reared on 

the medium lacking RNA. 

z. Time Required by Females to Develop and Lay each Cycle. 

Females from the larval medium lacking RNA lagged slightly 

behind females from a 3% RNA medium in the time required to deve~ 

lop the first cycle of eggs when the complete synthetic adult diet was 

fed (P <0. 005). The development time., in succeeding cycles. is the 

same for the two groups. as is shown graphically by the similar 

slopes of the lines in Fig. 9. Females fed milk or the incomplete 

diet required the same time to develop the first cycle of eggs no 

matter from which group of larvae they came. However, on the 

incomplete diet, the time required to develop the first cycle of 

eggs was retarded in both groups. 

3. Fecundity 

On the incomplete diet, both gx-oups of females laid only two 

cycles of eggs. Thus, the question of whether RNA was the factor 
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responsible for an increase in the number of ovarian cycles in fema... 

les fed an incomplete diet remained unanswered. The actual survi­

val (expressed as 50o/o survival) and the time required to develop and 

lay the various cycles of eggs must always be considered together 

because the interaction of the two affects to some degree the accura• 

cy of the figures for the average number of eggs laid per female in 

the third and fourth cycles. This is because the 50% survival time 

will cut the curve for the development time at an earlier point if the 

curve is displaced to the left (i.e., if development of each cycle is 

slowerh and fewer flies will be alive to lay succeeding cycles. This 

was particularly evident when the incomplete diet was fed to the 

adults; in this case both groups of flies were late in laying the first 

cycle of eggs. Few flies from either larval medium were alive to 

lay a second cycle and none to develop a third cycle. 

On all three adult diets, the average number of eggs laid 

per living female was considerably higher for females from larvae 

reared on the 3% RNA medium than for those reared from larvae 

on the medium lacking RNA (Fig. 11). Over the four ovarian cy... 

cles, the former laid twice as many eggs on every adult diet as 

the latter (Table XXV). 

However, the presence of RNA in the larval medium also 

affected the percentage of females which laid eggs (Fig. 10). By 

using the number of eggs per laying female, differences caused by 
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variation in the percentage of females which oviposited were elimina­

ted. Such an analysis showed that the variation in the number of ovi­

positing females accounted for an ave:l:'age of 26.4'fo of the above.. 

mentioned increase in the number of eggs per Hving female (Table 

XXVII). For all three adult diets,. females from larvae reared on 

the sterile medium containing RNA laid over twice as many eggs per 

experimental female as females from larvae reared on the medium 

lacking RNA (Tables XXV and XXVII). Thfi number of eggs per 

laying female, on the other hand, is only one and one half times as 

great for females from the larval medium containing RNA, indica• 

ting that approximately three quarters of the inerease in fecundity 

per Hving female from the standard larval medium (containing 3'fo 

RNA) is due to the actual increase in the number of eggs laid, while 

the other quarter results from an increase in the percentage of fe• 

males ovipositing. 

The average number of eggs developed by each female is an 

approximation of the reproductive potential of the two different groups 

of flies (using both laying and d.issecdon data}. and it shows that the 

adults from the larval group reared on. the 3% RNA medium develop 

more eggs on all adult diets, in all cycles,. than those from larvae 

on a medium lacking RNA (Table XXVI). The number of eggs deve­

loped in the first cycle both by females fed milk and those fed the 
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complete synthetic diet were proportional to the weight of the pupae,. 

Pupae from larvae reared on the medium containing 31fo RNA were 

1. 06 to 1.18 (average 1,.13) times as heavy as pupae from the med­

ium lacking RNA, and eggs developed per female from the larval 

medium with 31fo RNA were 1. 14 and 1,.12 times as many when adults 

were fed milk and a complete synthetic diet respectively. This pro­

portionality was not apparent in the fema.les maintained on the in­

complete diet where the ratio was 1. 35 times as many fo:r:- those from 

RNA-fed larvae. This is well outside the extreme limits of the 

weight ratio. 

The number of eggs developed per female remained propor­

tional to the weight~ at least in the second cycle (Fig. 12.). On the 

other hand, in the third cycle, the fecundity of flies from the larval 

medium containing RNA was slightly greater than that of flies which 

received no RNA as larvae. The data for the fourth cycle are un• 

reliable for both the milk and the complete synthetic adult diets be• 

cause of the few flies still alive. 

Viability of eggs in all cycles from flies reared on both 

larval media was similar wi.thin each diet fed the female. 

rv. Effect of Dieta;ry Cholesterol on Immature Stages and on Adults 

Di;.ring the ~ourse of this work,. a report appeared stating 

that high levels of cholesterol in the larval medium allowed adults fed 

only on sucrose solution to develop eggs a..n.d lay them (Robbins and 
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Shortino, 1962). In part I above, evidence was obtained that adults 

from larvae reared on the sterile mediuxn• which contained 0. 250/o 

cholesterol, developed more ovarian cyeles than adults from CSMA• 

reared larvae, when both groups were fed an incomplete synthetic 

diet. In parts II and III_, two other larval dietary factors, oleate 

and RNA, were found to be unsuccessful in eliciting this development. 

Two experiments were carried out to verify the response to choles• 

terol reported by Robbins and Shortino. 

In the first experiment of this series with cholesterol, lar• 

vae were reared on the CSMA medium and on two sterile media, one 

containing no cholesterol and the other containing cholesterol in a 

concentration of 0. 250fo of the dry constituents (which was_, in fact, 

the same as the standard sterile mediuxn). In the second experiment, 

CSMA and a sterile mediuxn containing 0. 50o/o cholesterol_, twice the 

normal concentration# were used as the larval rearing media. 

Females in both experiments were kept in large cylinders 

(each containing 12-18 females) and were fed only a 0.1 o/o solution 

of sucrose. Five females were selected at random and removed for 

dissection from each of two cylinders on the eighth and thirteenth 

days in the first experiment, while in the second experiment, two fe­

males from each of five cylinders were removed for dissection on 

the sixth, eighth, tenth, twelfth and fou:rteenth d.ays. 
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Effect on lm.mature Stases 

Because the results from GSMA.. reared larvae were similar 

in both experiments, both sets of data have been grouped together 

{Table XXVIII). Cholesterol is an obligatory requirement for larval 

growth, as is shown by the larval survival approaching zero for the 

group reared on the medium lacking cholesterol. Most larvae on this 

medium died between 7 and ZO days after hatching, not growing beyond 

the second instar. Only two extremely small pupae were obtained 

after 20 days; each had an incompletely hardened puparium with an 

abnormal shape and colour. No adults were produced. 

Both sterile media containing f.:ho.lesterol produced pupae 

of approximately the same weight, but about 1. 6 mg. less than the 

average weight (i.e., 18. 6 mg.) obtained in other experiments with 

sterile media (cf. Table VII). However, as the GSMA•reared flies 

were also slightly lighter, it was felt that the difference was the re­

sult of the population rather than the medium. The usual lag in 

growth rate between larvae reared on the GSMA medium and on any 

sterile medium was observed, with GSMA-reared flies requiring 

only 12 days, or ZO'fo less time, to reach adult emergence than those 

reared on the standard sterile medium with 0. 2511/o cholesterol. 

Doubling the cholesterol did not improve the medium for the 

immature stages. Indeed, indications of adverse effects were in evi­

dence (Table XXVIII). Pupae from one flask which contained 0. 50o/o 
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cholesterol had the lowest adult emergence of any experiment, and 

the average, 75. 00/o~ was also somewhat lower than usual (cf. 

Table VII). The grGwth rate for flies reared on the medium contain• 

ing 0. 500/o cholesterol~ i.e.~ the double concentration, was also slow­

er with an additional day required to reach the time of emergence, 

lengthening the total pre-imaginal period to 16 days. 

E;ffe cts on the Adults 

Of the flies from the CSMA larval medium fed only a sugar 

solution as adults, ZO females in the first experiment and 42 females 

in the second were remGved for dissection begimrlng on the sixth and 

ending on the fourteenth day after emergence. None had oocytes 

developed beyond the initial stage of yolk deposition. The greatest 

length attained by any oocyte in both experiments was 0. 34 mm. 

Previous experience in this laboratory with flies from larvae reared 

on the CSMA medium, and fed sucrose solution as adults strengthened 

the conclusion that none of these flies were capable of developing eggs 

on an adult diet containing only carbohydrate and no protein. 

In the first experiment, sugar-fed females from larvae reared 

on the the standard sterile medium containing 0. 250/o cholesterol showed 

only the initial stages of yolk deposition after eight days and were simi• 

lar to sugar-fed adults from laxvae reared on the CSMA medium. 

However~ after 13 days~ one fly from a total of ZO dissected up to that 

time showed almost complete yolk depasition-' and the 36 eggs averaged 
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0. 65 x 0. 20 m.m,. in size. 

In the second experiment, using sugar-fed females from 

larvae reared on the sterile medium containing 0. 50% cholesterol~ 

oocyte development~ which had previously been found to be related 

to oocyte length, was measured every second day from the sixth to 

fourteenth day. By the end of the fourteenth day, 8. 6o/o or fi-ve flies 

out of a total of 58 dissected, had oocytes with at least half of the 

total yolk deposit required for full development (Table XXIX}. 

Development may begin in some cases before the eighth day, as is 

shown by the presence in one fly of eggs almost fully developed on 

this day. A second fly contained eggs about one half developed by 

the eighth day. 

Even after 14 days, however, no fly developed eggs to the 

stage where they were ready to be laid. Although development pro• 

ceeded almost to completion in two cases, a small cap of nurse cells, 

O. 08-0.12 mm. long, remained at the top of eggs that were 0,. 80 and 

0.83 mm. long, indicating that further gro~mh was necessary before 

oviposition could take place. 

Of the six flies in both experiments with some oocyte develop­

ment, three, one from a larva reared on the standard sterile medium 

containing 0. 25o/o cholesterol and two of five from larvae reared on thft 

medium containing 0. 50% cholesterol, had eggs sufficiently developed~ 
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with vitelline membranes and partly formed c:horions, that they 

could be counted easily. The three haci apprQximately the same num.• 

ber of developed oocytes., 36~ 37 and 45 respectively. The rest of 

the ovarioles in both ovaries of each fly were undeveloped, and had 

remained at the stage of the initial stage of yolk deposition, appearing 

similar to undeveloped &oc:ytes in flies reared from the CSMA medium.. 

The number of ooc:ytes developed was approximately 1/3 the number 

ordinarily developed by females from larvae reared on the standard 

sterile medium when fed an incomplete synthetic adult diet (cf. 

Table XII). 

In the second experiment, in order to obtain viability data, 

three additional large cylinders containing females from larvae reared 

on the high cholesterol medium and two containing females from CSMA• 

reared larvae were fed the incomplete synthetic diet. On the incom­

plete adult diet, females from larvae reared on both these media laid 

eggs on which viabilities were determined. In general, the viability 

was the same in first cycle eggs of both groups, whereas in eggs of 

the second ovarian cycle, viability was higher for females reared 

from the sterile medium containing 0. 50% cholesterol than for fe.. 

males reared from the CSMA medium (Table XXX). The egg vi• 

abilities in the first two cycles for flies from a larval medium -eon• 

taining 0. 50'fo cholesterol were the same as those noted previously 
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for females reared from the standard sterile medium containing 

0. ZSO/o cholesterol {cf. Table XIII). This similarity has some re• 

liability because in both experiments~ eggs from flies reared on the 

CSMA medium had the same viability also. 



DISCUSSION 

When studyin.g the nutrition of an insect~ one must select a 

control diet as close to an. optimum as possible (Sang, 1956; Akov~ 

1961 ). Only then can the effect of changing a component of the diet 

be correctly interpreted without the masking effects of disturbed meta• 

boHc pathways. In order to evaluate the effects of larval nutrition 

upon the adult, the larval medium must be at least semi-defined chemi• 

cally. In addition, larvae should be reared axenically because bac.. 

teria in the medium contribute compounds not originally present. or 

otherwise alter the definition of the medium. 

The semi•defb.ed medium developed by Monroe (196Z) for the 

axenic culture of house-fly larvae was ~loser to an optinum than any 

reported previously. The formula for Monroe's medium was used 

essentially unchanged in this study. and gave uniform results i.n. 

replicate experiments. In addition, with the sterile medium the 

average weight per pupa was only lOo/e less than that obtained by 

Monroe (1962h although it was considerably less than the weight 

of pupae reared on the CSMA medium. The small differen.ce be­

tween the present result and that of Mon.roe may have arisen fram 

slight differences l.n the way in which he prepared his sterile medium 

or from strain differences in the flies. 

54 
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There were, however, sHght indications of metabolic in• 

balance. The puparium was of a redder colour than those of the 

controls, and puparia of the pointed type (formed when the larva 

fails to retract the mouthhooks) appeared somewhat more frequentl-y-. 

These abnormalities occurred too infrequently to reduce emergenc;:e 

significantly. One m.ay conclude that this diet, while not yet optimum, 

is sufficiently close to an optimum that it £Ou!d be used to test the 

effect of val"iations i:n. it upon adult reproduction. 

Larvae reared Q.n the CSMA :medium grew faster and were 

larger than those reared on the standard sterile medium. The de­

crease in growth rate on the sterile medium may be related to its 

physical properties. Sang {1956) found for E• melanogaster that the 

first and early second stage larvae had difficulty in feeding on a non• 

particulate medium in an agar gel. When the larvae were largtn·, 

they were physically able to do so. On the CSMA medium, by the 

end of the second day, the larvae were in late second or early third 

instar, while the experimental larvae did not reach this stage until 

about the fourth day, after which they proceeded to grow at the no;l."• 

mal rate. A medium which is judged optimum. by one criterion m.ay 

not be optimum by an.other, and therefore, several criteria must be 

used. The CSMA medium, judged by larval growth rate and pupal 

weight, was better than. the sterile semi-synthetic medium. How­
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ever, it appeared that certain nutrients supplied by the sterile mediumJ' 

and not by the GSMA medium, produced adults that lived longer and 

laid more eggs than thGse from the GSMA medium even though fe• 

males from the latter developed more eggs in proportion to thei.r 

inc:reased weight. For all females on the adult diets the numb&r of 

eggs laid was lower than the number of eggs developed, because a 

certain percentage of females which developed eggs• retained them 

without laying. This occurred more often with females reared from 

the GSMA medium~ thus explaining why the females from the stan• 

dard sterile medium laid more eggs than those from the GSMA med­

ium. This may be an indication of mo:t<e vigorous flies resultin.g 

from the sterile diet. since it coincided with the improved survival 

of adults from that group. 

One major difference in pe:rformance was found between fe• 

males reared on the GSMA medium and those reared on the stan.dard 

sterile diet. The latter, when fed on an incomplete synthetic diet,. 

developed, and in some .:ases, laid four Gycles of eggs while the for• 

mer laid 9nly first cyc:le eggs, and some of these did not even deve• 

l0p a second c:ycle. This contradit:ted the findings of Morrison 

(1963) who showed that the house fly required a complete synthetic 

adult diet in order to lay more than one cycle of eggs. This wa$ 

thought to be because his larvae,reared on the CSMA medium, stored 
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enough o£ the nutrients required to develop the first cycle but no 

more. In studies :reported here, flies from the sterile semi• 

synthetic medium evidently did possess enough nutrients to dev{!tlop 

more than first cycle eggs~ even though the·y were lightel" than the 

flies from the CSMA medium. The specific constituents of the 

larval medium involved were not yet apparent~ because. although the 

constituents of the sterile medium were known, those of the CSMA 

medium. were :uot. FlJ.rthermore, bacteria an.d yeast probably 

provided the actual soul"ee of food of the larva in the CSMA medium, 

since freshly prepared sterile CSMA medium did not support larval 

growth. 

The first expt!olrim.ent on the role of oleate compared a 

sterile larval medium lacking oleate to the non-sterHe CSMA med­

ium.. It indicated that the house-fly larva benefitted in rate of 

growth an.d in increased weight by the presence of oleate in its diet. 

The second experiment was a comparison of larvae reared a.xenical­

ly on the standard sterile medium containing Zfo oleate with those 

reared on the same medium lacking oleate. This also showed that 

the rate of larval growth was improved and that there was a wai.ght 

increase. These results agreed with those found by House and Barlow 

(1956), for the sa.rcophagid, ~S~ia affinis (Fall.),. whose growth :t>ate 

and survival we:re increased by the addition of lard to the larval cl.iet. 
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A mixture of palmitic, stearic, oleic, .linoleic and linolenic acids 

was found to work equally well, most of the activity of the mixture 

being due to oleic acid, with some benefit from stearic and palmitic 

acids. It is assumed here that sodium oleate and oleic acid ha.d the 

same activity. 

In general, fats are important in the metabolism of insects, 

comprising ZO% of the dry weight of the mature larva, 13. 6'fo of the 

late pupa, 9'fo of the :new.ly•emerged adult and 120/o of the egg {calcu• 

lated from data for Musca vicina given by Levinson and Silverman 

(1954): corroborated by Pearincott (1960) for his strain of _M. 

domestica). Fats provide most of the energy for metamorphosis 

(Wigglesworth, 1953; Levinson and Silverman, 1954). However, 

most of the lipids found in the insect body, with the exception of a 

sterol, can be synthesized from protein (Sedee, 1956; Brookes and 

Fraenkel, 1958• Levinson and Bergmann, 1957). This is in con• 

trast to other animal groups, such as..- the mammals, which require 

several fat-soluble vitamins and unsaturated fatty acids (Prosser 

and Brown, 1961}. 

That lipids, other than cholesterol, are not an essential 

dietary factor of the house•fly larva is shown by the moderately good 

results obtained in these experiments on the casein-base synthetic 

medium without added oleate. However, the possibility that fats were 

present as a contaminant in the sterile media lacking oleate cannot be 
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completely excluded, even though the vitamin-free casein was alco­

hol and ether extracted for twenty-four hours as was the small a:m.ount 

of cellulose powder used, because a commercial preparation of yeast 

RNA {Calbiochem) was used as obtained. 

The improvement in pupal weight noted when 2.% oleate was 

present in the larval medium was similar to that obtained by Sedee 

(1956) for another cyclorrhaphous fly, Calliphora vicina; in his study, 

fatty acids added to a semi-defined larval medium (casein-base) in­

duced an improved growth that could not be attributed to this consti­

tuent being merely a source of carbon. Unsaturated fatty acids with 

one or more ethylenic bonds were more effective in their growth­

promoting action than saturated fatty acids. Other authors, however, 

have disagreed that dietary fatty acids exert any beneficial effects. 

Some lower molecular weight saturated fatty acids, having from six 

to twelve carbon-atoms, were toxic to larvae of Musca vicina, acting 

as contact or stomach poisons (Levinson and Ascher, 1954). ln. the 

house-fly, Brookes and Fraenkel (1958) found that caproic, caprylic, 

capric and myristic acids (with six, eight, ten and fourteen carbon­

atoms respectively) aU retarded growth while palmitic and stearic 

acids, although non-toxic, had no effect on growth whatever. Brookes 

and Fraenkel also tried oleic acid, but found that it had no effect,. 

The contradiction between their results and those obtained in this study 

have several explanations; their st:t>ain of flies was different and may :h.ave 
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had differing requirements. However, a more likely explanation 

may be that their synthetic medium had quite a different proportion 

of casein, as well as additional compounds. Indeed, as Sang (1959) 

has pointed out, the optimum requirements for one chemical will 

depend on the concentrations of the other compounds included in the 

diet, since the several compounds may be metabolically interrelated. 

The metabolic role of dietary oleic acid in the house-fly 

larva is unknown, but there are indications in Agria affinis that it is 

unconnected with the need for biotin (House and Barlow, 1960). On 

the other hand, biotin has been implicated in other organisms in the 

conversion of saturated fatty acid tounsaturated fatty acid (Gilmour, 

1961). The improvement noted in this study was obtained in the 

presence of a small, but adequate, supply of biotin. 

The promoting effect of oleate on adult survival and reproduc­

tion was not as marked, however, as it was on larval growth. Adult 

survival was least affected; there was an increase of one day in the .50o/o 

survival time between females reared on a larval medium containing 

2o/o oleate and that of females reared on one with O. 5o/o oleate, and a 

difference of two days between females from larval media containing 

2o/o and Oo/o oleate. Oleate in the larval medium increased the weight 

of the pupa and presumably also of the adult fly, thus increasing its 

capacity to develop a proportionally larger number of eggs because of 

a proportional increase in the number of ovarioles. Thus, although 
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the total number of eggs developed per female increased, the number 

of eggs developed per unit of female weight was unchanged.. as was 

egg viability.. The number of eggs actually laid was increased, also, 

because the percentage o£ females laying more than one cycle of 

eggs was greater. This was interpreted as an indication of a slight 

increase of vigour in these flies, accompanying the slight increase 

in survival mentioned above. The fact that oleate in the larval medium 

did not result in an increase in the number of eggs developed per unit 

of adult weight suggests that exogenous fatty acid was neither stored 

in an increased amount nor involved in a metabolic process bringing 

about the increased storage of another compound such as glycogen 

or protein in larvae, pupae or newly•eme rged adults reared on a. 

larval medium containing fatty acid. 

In the insect's own body, the larva has 75'fo unsaturated fat­

ty acids and Z5'fo saturated acids (Sedee, 196la). Sedee reared 

Calliphora vicina on a medium containing only casein, indicating 

that the ratio of saturated to unsaturated fatty acid was under genetic 

rather than dietary control. Since the degree of unsa.turation, prin­

cipally found as oleic ac:id, is so high in the dipterous larva,. an exo­

genous source of oleic acid could conceivably aid the larva's own syn... 

the tic mechanism in supplying its requirements. 



The lack of utilization of unsaturated fatty acids by the 

adult noted in the results may be related to the observations of L«vin­

son and Silve:r:m.an (1954)~ on the degree of saturation of fatty acids 

in the oriental house fly., M. vicina.. The iodine number dropped from 

98. 0 in the third stage larva to 63.8 in the newly-emerged adult a:o.d 

to 55. 3 in the egg~ in<ilicating a breakdown and utilization of unsatu:.t"a­

ted adds during metamorphosis and a later utilbation of predominant• 

ly saturated acids in reproduction. Thus~ the demand for unsaturated 

acids would be kept within the synthetis ~apacities of the adult_, making 

an exogenous supply., either in the diet or carried over from the larval 

stage~ unnecessary. 

The addition of RNA to the sterile medium in this study had 

a growth promoting effect on the larva of the house fly., similar to that 

with oleate_. increasing its weight by lS~. An increase in the :rate 

of development, with pupation and emergence occurring one day_, or 

14%, sooner in the presence of RNA was also noted. These results 

are similar to those obtained by p:revio\1.1!1 workers with other dipter• 

ous larvae (Sedee (1956) for Calliphor!. vicina; Hinton (1956) and 

Sang (1956) for Drosophila melanogaster; Brookes and Fraen.kel {19.58) 

for Musca domestica). House and Barlow (19.51) found that the larva 

of Agria affi~s grew faster when a small amount o£ RNA was added to 

its medium_, but they found that concentrations above 0.1 gm. per 100 

ml. exerted an adverse effect, by lowe:ring pupation and. adult emergence. 

http:Silve:r:m.an
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Brust and Fraenkel (1955) had already observed similar adverse effects 

with Phormia regina. In the experiment in this study~ adult emergence 

did not go below 90o/o,. regardless of the concentration of RNA (0 to 6o/o) 

used, indicating that RNA :In the larval medium does not affect adult 

emergence of the house fly. It is possible that the inhibitory effect 

of RNA in the larval medium, noted for P. regina and Agria affinis, 

was manifested only because their basic lar-val medium was much below 

optimum, as was shown by the low emergence (41%) obtained for A. affinis 

even under the best of conditions. In a near optimum medium, such as 

that used in this experiment, a non-optimum concentration of RNA would 

not put a metabolic load~ in addition to those already. present, upon the 

organism. 

Although the results obtained in this study indicate that the 

house-fly larva grows faster and larger when its diet contains RNA~ 

it can also grow successfully without it., although more slowly. One 

would conclude that it can synthesize its requirements for RNA, but 

that synthesis is not fast enough to allow the maximum rate of growth. 

Sang 0. 9S7) has shown that the larva of Drosophila melano­

gaster also benefits from the presence of RNA in its medium, but that 

adenylic acid, adenine, adenosine, guanosine and guanylic acid each 

had a stimulatory effect as well. He concluded that it was actually these 

compounds~ as purine bases in RNA~ that exerted a stimulatory effect. 
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Brookes and Fraenkel (1958) also found that adenine and guanine could 

partly replace RNA in the larval medium of the house fly. Other ani­

mals, as a rule,. do not exhibit a dietary requirement for RNA or its 

bases, except for some specialized Protozoa~ in which obligatory re• 

quirements for a purine,. adenylic acid or adenosine, and a pyrimidine,­

cytidylic acid or cytosine, has been shown {Kidder, in Bourne and Kidder, 

1953). 

The need for RNA in insects depends on the level of folic acid 

in the diet (House., 196Z). In the present study the improvement noted 

in rate of larval growth and in pupal weight when RNA was present in 

the larval medium was obtained in every case in the presence of folit 

acid. Brookes and Fraenkel (1958) found that folic acid could partly 

replace the need for RNA in the larval house fly. Sang (1959) showed 

that the need for RNA in Drosophila melallo,gaster was doubled when 

folic acid was lacking in the larval medium. Folic acid is important 

in methylation and group-transfer reactions; one type of reaction in 

which it takes place is the conversion of uridine to thymidine, and 

Sang (1959) showed that.,- in _E. melano,gaster, the ill effect of aminop­

terin was reversed by addition of thymidine to the larval medium. 

Folic acid is also involved in the direct synthesis of the purine ring 

structure from formate {Brown and Roll~ 1955); since dietary experi­

ments have indicated that it is the purine ring which cannot be syn.. 
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thesized at a rate sufficient for the demand• this reaction is prob­

ably the one most concerned with folic. acid and RNA requirements. 

Because a large amount of RNA is formed by nurse cells 

during the development of an egg (King and Sang.., 1959} and because 

insect eggs contain an unusually large amount of RNA~ one would ex­

pect that RNA or its purines would be required for adult reproduc:tion 

as well as for larval growth. However, few studies have shown. its 

necessity. Sang and King (1961) reported that adults of E• me.lalao­

g<iulter required no RNA~ and that egg prflfduetion and viability was 

not reduced in its absence. If no folic acid was supplied• however. 

a n.eed for RNA became apparent. and faulty oogenesis resulted. In 

the strain of Musca domestica used in this laboratory~ RNA was re­

quired in the adult diet for continued egg production• folic acid alone 

was insufficient to produce more than one cycle of eggs on an amino 

acid diet (Morrison~ 1963). He obse"ed even better fecundity when 

adenylic and cytidylic acids were substituted for RNA. Previous wor­

kers~ however~ have not investigated the effects of RNA in the .larval 

medium on the adult after emergence. 

In this study, the reproduction of adults from larvae reared 

on the sterile medium containing RNA was compared with that of adults 

from a larval medium lacking RNA. These female flies that had been. 

deprived of RNA as .larvae were slow to begin ovipositing when afJ adults 
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they were fed the incomplete synthetic diet (lacking RNA) and even 

the complete synthetic diet (with RNA), but did not show a delay when 

fed on milk. In addition, adults that had received RNA as larvae 

were also slow to begin ovipositing when they were fed the incomplete 

synthetic diet, but showed no delay when fed the complete diet or milk.. 

These results suggest that the addition of RNA to the larval medium 

enhanced later adult reproduction, and that some carry,...ver occurred; 

the inadequacy of this carry-over was only apparent, however., when the 

adult diet was deficient. Once deposition of the first cycle had been 

initiated, however, the deposition of the second, third and fourth cycles 

followed at a constant rate that was independent of the presence or ab• 

sence of RNA in the larval medium. One may tentatively conclude 

that the rate of synthesis of adenine and cytidine in the adult 1$ unaf­

fected by the presence or absence of RNA in the larval medium. 

The presence of RNA in the larval medium resulted in a 

striking increase in the number of eggs laid. This increase was ap­

parent on all three adult diets, and was due to at least two factors. 

The largest faetor was the increase in weight of the pupa and presum• 

ably also of the adult fly, thus increasing its capacity to develop a 

proportionally larger number of eggs. The other factor was the ln­

crease in the percentage of females laying each eycl.e of eggs. Both 

these factors recall the beneficial effect of oleate in the larval medium, 

in that the actual reproductive capacity per unit of female weight as 
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measured by the eggs developed, was not increased. On the com• 

plete synthetic adult diet and on milk.- the increase in weight accounted 

for 75o/o of the increase in number of eggs. while the remaining 25'fo of 

the increase was a result of the increased number of females laying 

more than one cycle. On the incomplete adult diet, however, a third 

factor was in evidence. Eggs developed by females reared from lar• 

val media lacking RNA were fewer than expected on the basis of the 

weight of the fly. The number of eggs developed by females that were 

reared on larval medium containing RNA.t was more comparable to 

the number laid by females fed milk and the complete diet. This 

indicated that a deficiency of RNA in the larval medium resulted in 

some reduction in the reserves of the pupa and adult. These flies 

were unable to develop eggs in the number of ovarioles that would be 

expected on a weight basis. However, if the adult diet contains RNA~ 

this deHciency can be rectified in the adult stage, almost all of the 

ovarioles producing fully developed eggs. Therefore, one may con­

clude that storage and .later utilization of RNA takes place when it is 

present in the larval medium. 

Sang and King (1961) showed that for Droso;ehila melanogaster• 

RNA was not required in the adult stage., while Morrison (1963) found 

that the adult house fly required RNA in its diet after the first eycle of 

eggs had been laid, in order that oogenesis could proceed.. Sang and 
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King explained their results as being due to a difference in the quan­

titative RNA requirements between adults and larvae, but they might 

also be explained by carry-over from the .larva of RNA in an amount 

sufficient to supply the adult needs. This study lends support to the 

hypothesis that such a storage in the larva can take place, influencing 

the fecundity of the resultant adult, particularly if the component is 

lacking fro.m the adult diet. From qualitative preliminary dissection 

data, Sang and King were aware that newly emerged adults had dif­

fering amounts of fat and other storage products, depending on the lar­

val nutrients, but they did not investigate whether the RNA or other 

adult requirements were changed by a different larval medium. 

The present results might have quite a different explanation 

than that the purine and pyrimidine bases accumulated by the larva 

were utilized directly. It is well known that RNA is involved in the 

synthesis of protein within living cells, and the effect of RNA in the 

larval medium may have resulted from increased levels of other sub• 

stances in the larval and pupal bodies. Thb possibility should be 

checked by chemical analyses of groups of larvae, pupae, newly 

emerged adults, later adults, and newly-laid eggs, testing particu­

larly for total nitrogen, tissue nitrogen, lipids, and glycogen. 

A lack of cholesterol in the larval medium prevented full 

development of the immature stages. This result, establishing the 

essential nature of cholesterol, has beel'l obtained for all insects thus 
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far studied (Horning, 1958; Grant, 196Z). In. the present study 

most house-fly larvae on the medium lacking cholesterol were unable 

to grow beyond the second instar, and died after a larval period of 7 

to ZO days. Sedee (1956) using Calliphora vicina and Levinson {1960) 

using Musca vicina also found that lack of sterol was manifested early 

in larval development. Levinson stated that the need for cholesterol 

decreased with increasing larval age. 

The formation of two very small improperly formed puparia, 

from which adults did not emerge, was probably due to cannibalism 

which was noticeable with a medium deficient in nutrients. Since 

the eggs from which the laryae hatched contained cholesterol, a 

small amount of cholesterol would be present in each larva, although 

none was present except as a very small amount of contaminant in the 

medium itself. Cannibalism would thus ten.d to give the larva the 

greatest possible concentraHon of cholesterol. A similar phenome­

non was noted by Levinson {1960) for Dermestes vulpinus Fabr., a 

carnivorous larva. House (1958) grew his house-fly larvae in indivi­

dual cylinders to prevent cannibalism, but this effect was ordinarily 

so slight for Musca domestica that it could be neglected. 

While this research was in progress, Robbins and Shortino 

{1962} found that with their strain of!::!.· domestica the addition of 

cholesterol in a concentration of O.lZ5fo to 0. 500fo of the dry weight 
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of the larval medium,. caused over half the adults from that medium 

to develop eggs when fed on sugar solution only. This re~Sult was not 

confirmed in our work when a concentration of o. Z5o/o cholesterol iu. 

the larval medium (the standard for all previous experiments) was used, 

although there was some indication that egg development did proceed 

farther than wal!l the case in females from CSMA-reared larvae. Wh.en 

the concentration of cholesterol was doubled (to 0. 5o/o dry weight} this 

effect on oogenesis was more marked., thus partly substantiating the 

results of Robbins and Short:i.no (196Z). However.. in Gur work,. no 

eggs were laid and dissection data showed that egg development never 

reached completion,. even after 14 days. This may have been due to 

a strain differe:nce; the strain used by Robbins and Shortino (19,Z) 

already displayed Z% autogeny" indicating that some genes for this 

character were already present in. the gene pool. As mentioned in. 

the introduc:tion,autogeny in mosquitoes is partly hered:ttary,. being 

conferred by one or several genes. In our strain, reared for 60 

generations, no autogeny had ever been manifested, indicating that 

the gene or genes were probably not present and that the st:rain was 

homozygous for their lack. Therefore, the effect noted was be.Ueved 

to be a response to a nutritional., rather than a genetic cause. 

There were no indications that other substances tested in 

the la:rval medium, RNA and oleate, caused autogeny or partia1 auto­

geny. Differing casein .levels were :not tried, b'~-.1t the results of 

http:Short:i.no
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Ascher and Levinson (1956) on Musca vicina indicated that higher 

protein levels in the larval medium were not involved in. the autogenous 

production of eggs. 

Consistent differences were noted, however, when two groups 

of females fed amino acids (the incomplete diet) were compared, one 

from CSMA•reared larvae and the other from larvae reared on the stan• 

dard sterile medium even when it lacked RNA or oleate. The produc­

tion of second., third and fourth cycle eggs by these axenically reared 

flies, and the lack of production by CSMA-reared flies is suspected to 

be linked to the level <:>f cholesterol in the larval medi.um since this 

factor was sufficient to produce such striking differences between 

CSMA-reared and axenically reared flies when the adults were fed 

sucrose solution. Further experiments should be performed, using 

only axenically cultured flies, with cholesterol levels in the larval 

medium varying from subminimal to very high levels, in order to 

establish this point more clearly. 

It should be pointed out that cholesterol alone, when admini­

stered to the adult, did not have the effect of producing autogeny (Mar• 

rison, 1963). There have been reports that cholesterol is important 

in the reproduction of insects (Chauvin., 1949 • for Blatella ge:rrnanica; 

Levinson, 1960 for Musca domestka; Monroe., 1960 for M. domest:l.<:a). 

It is known that the adult of~· dome,li>tica is unable to synthesize choles­
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an adult diet of milk~ found that egg viability rather than egg production 

was affected by lack of cholesterol in the adult diet. Results in this 

laboratory using the complete synthetic adult diet (containing cholesterol) 

did not confirm this, probably because the concentration of cholesterol 

used was much lower than that used by Monroe. A further series of 

experiments testing the role of cholesterol alone or in combination with 

other substances,. in adult reproduction,. are needed. 

In view of the essential nature of dietary cholesterol or some 

closely related sterol for insects and its non-essentiality for all other 

groups of organisms, with the exception of a few specialized Protozoa~ 

it is surprising that few biochemical studies have dealt with sterol 

metabolism and utilb:ation in this group. 

Dietary experiments have shown that the specificity of this 

compound is rather high, with very few alterations in the molecule 

being accepted by any insect. To some extent,. the compounds cap• 

able of being utilized are governed by the normal diet of the insect,. 

zoophagous insects such as Dermeste~ ,!_Ulpinus being c;apable of utiliz• 

ing only cholesterol and 7-dehydrocholesterol, the normal sterols found 

in animal bodies, and phytophagous insects being capable of utilizing, 

in addition, compoun.ds such as ergoste:rol and ;S•sitosterol, the normal 

sterols of plants {Levi-nson, 1960a; Horning, 1958). Levinson and 

http:compoun.ds
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Bergmann (1957). studying Musca vidn.a a species in which the larva 

eats both plant and animal material~ found that both the ring structure 

and R group at C17 were :required, with a few minor changes in each 

area being tolerated., 

In mammals~ much of the synthetic pathway for sterols is 

known, with synthesis proceeding from acetate by way of mevalonic 

acid to squ.alene~ a triterpene, and thence to cholesterol (Grant, 196Z). 

In insects, Clark and Bloch (1959) investigated the effect of mevalonic 

a<:id and squalene, finding that neither had any sparing effect o:n. the 

need for cholesterol. Sedee {1961) fed squalene to the larva of Calli;• 

phora vicina, finding th.at in this fly there was also no mechanism for 

proceeding from squalene to cholesterol. Sedee and the preceding two 

authors conducted studies with radioactive tracers concurrently with 

the dietary experiments and both found that c-14 acetate was not incor• 

porated into mevalonic acid (Clark and Bloch, 1959a)1 into squ.alane 

nor into cholesterol (Sedee, 1961; Clark and Bloch_. 1959a). This in• 

dicates th.at almost the whole of the known pathway is absent in. insects. 

In mammals, the only group on which extensive studies have 

been performed~ cholesterol plays both a structural and a metabolic 

role and it is reasonable to suppose that it does this in insects also. 

In its structural role, bound cholesterol forms a part in. all lipid layers 

of the cell, particularly in protein phospho-li.pids. Free cholesterol 
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is essential for the maintenance of membranes such as those forming 

the mitochondria of the cell {De Robertis ~ .!:!~ 1960). The sparing 

action of analogues of cholesterol with side chains shorter than eight 

carbons, noted by Bergmann~ al, (1959) for Musca vicina larvae 

was attributed by Levinson (1960) to the use of these compounds in a 

structural role. A .like conclusion was reached by Clark and Bloch 

(1959a) for the sparing action of /3 -sitosterol (which ordinarily cannot 

be used at all by Dermestes vul:pinus). Labelled fl -sitosterol was 

recovered unchanged after feeding. One milligram of cholesterol per 

gram of medium was ordinarily needed by this insect, but when 1 mg. 

of f. -sitosterol was fed. only 0. 03 mg. of cholesterol was needed in 

the medium. Clark and Bloch (1959b) pointed out that this amount 

was now within range of values expected for a substance with a meta­

bolic function, such as, a vitamin or a hormone. 

Two major hormones, neotenin or juvenile hormone~ and 

ecdyson or moulting hormone, are involved in the growth and meta• 

morphosis of insects. The juvenile hormone, neotenin~ has been 

obtained in pure form in ether extracts from many sources by a num• 

ber of workers. This hormone is responsible for larval growth and 

the differentiation of larval characters (Wigglesworth, 1961), but it, 

or a very closely related compound, is also necessary for adult repro­

duction. Recently_. Wigglesworth {1961) reported that one of the com­

pounds in a crude hormone extract, farnesol~ an open... chain terpene 
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alcohol~ had all the attributes of the juvenUe hormone when applied 

externally to Rhodnius prolixus 7 causing the retention of larval charac­

ters in the moulting fifth stage nymph, and inducing yolk formation in 

the adult. 

Levinson (1960) pointed out that cholesterol also acts in a 

manner similar to the juvenile hormone; as was shown, cholesterol is 

required in a metabolic role in the larva. and excess amou.nts in the 

larval stage have the effect of inducing yolk formation in the adult fe­

male. 

Farnesol, or its acid, farnesenic acid, has been impEcated 

in the biosynthetic pathway of cholesterol in mammals,. two units of 

£arne senic acid possibly condensing to make one unit of squalene. 

This compound would thus be a good starting point for an investigation 

into the hormonal action of cholesterol in insects. 

Of the six components of the larval medium, three, RNA,. a 

mono-unsaturated fatty acid (oleate), and a sterol (cholesterol) were 

tested for their effects on adult survival and reproduction. The first 

two affected the survival and vigour of the adults and the number of 

eggs laid, but neither the number of cycles produced nor the attain­

ment of autogeny. The third, cholesterol,. influenced the last two 

features, both evidently related to one another. In the house fly, there­

fore,. adult reproduction cannot be explained FSolely on the basis of adult 
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nutrition. The adult :must have ah'eady, before feeding, some n.utrlent 

stores, sufficient to deve.lop at least a few eggs. Indeed protein., given 

in adulthood, is required not only ·to rep.le:.uJ.t.ih the supply carried ovEtr 

from the larval stage, but to release or trigger the release of a hormone 

or hormones. The workers reviewed in the introduction# were correct 

in their belie£ that the larval medhun did play a role; however, the sterol 

content of the larval medium probably acts as a hormone or hormone pre... 

cursor causing the utilization of available reserves. 

http:rep.le:.uJ.t.ih


SUMMARY 

(1) Larvae of the house fly# Musca domestica L., were reared 

axenically on semi- synthetic media and their performance both as 

larvae and as adults was assessed in comparison to that of larvae and 

adults reared on the CSMA medium, an undefined medium used in most 

previous work on adult house-fly nutrition. The standard sterile larval 

medium contained casein, RNA, sodium oleate, cholesterol, 

B-vitamins and inorganic salts. 

(Z) The major difference arising from the two larval diets 

was in the number of ovarian cycles completed. On an incomplete 

synthetic adult diet,. containing only amino acids in addition to sugar 

and salts, females from larvae reared on the standard sterile medium 

laid as many as four cycles of eggs, whereas females reared from 

the CSMA medium completed a maximum of two cycles. 

(3) Three components of the standard sterile medium, i.e., 

oleate, RNA and cholesterol were assessed as to their effects on 

both the larval and adult stages. 

(4) Sodium oleate and RNA were non-essential but their 

presence in the larval medium improved larval growth rate and 

pupal weight. The third component, cholesterol, was an essential 

dietary requirement for larval growth. 
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(5) Larval nutrition influenced the reproductive ability through 

its effect on three adult features, the adult survival and vigour, the 

number of eggs developed, and the adult hormonal system. 

(6) The number of eggs laid was affected by adult survival 

and vigour, since less Yigorous flies more often retained mature 

eggs without laying them. The presence of oleate slightly improved both 

adult survival and the percentage of females laying eggs, while RNA 

in the larval diet produced a greater effect. 

(7) The number of ovarioles present in the female was found 

to be proportional to the pupal weight. All three larval dietary factors 

investigated influenced the pupal weight, thus affecting the number 

of ovarioles. 

(8) The proportion of the ovarioles present in a female which 

are active in developing eggs depended both on the adult diet and 

certain components of the larval medium .. 

(9) Oleate in the larval medium did not affect this proportion 

while RNA affected it when the adult was fed an incomplete synthetic 

diet, but not when fed milk or a complete synthetic diet (one with 

B·vitamins, cholesterol and RNA added to the incomplete diet). 

(10) With cholesterol in the larval medium and with no source 

of protein in the adult diet1 there was a partial development of eggs 

in some ovarioles. 
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(11) The hypothesis that the dietary factor, cholesterol, acts 

as a hormone, triggering the autogenous, or partially autogenous, 

development of eggs, is discussed in the light of previous work on 

the utilization of larval nutritional stores for autogenous oogenesis. 
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Constituent 

CSMA a 

Brewers' yeast 

NaOH 5 N. 

Water 

TABLE I 


Composition of the CSMA medium 


Amount 

600 gm. 

2.2 gm. 

20 ml. 

1205 ml. 
- ----·-·--·--·-------------"·-···---- ....________________________ ., 

Source 

Ralston Purina Company# St. 
Louis, Mo. 

Nutritional Biochemicals Corp.# 
Cleveland, Ohio. 

Fisher Scientific Co. Ltd.# 
Toronto, Ont. 

carbon-filtered tap water 

a. Chemical Specialties Manufacturing Association. 



TABLE II 

Composition of dry ingredients of the standard sterile medium for house-fly larvae 
. 

Constituent %of dry 
weight 

gm. per 
100 ml. 

diet 
Source of component Grade 

casein 87.50 10.50 General Biochemicals, 
Chagrin Falls, Ohio. 

"vitamin free 11 

alcohol extracted 
fine grind 

RNA 

salts- W ! 

3.75 

. 

4.75 

0.45 

0.57 

California Corp. for Biochemical 
Research, Los Angeles, Calif. 

Nutritional Biochemicals Corp., 
Cleveland, Ohio. 

"yeast RNA" 
grade C 

Wesson modifica­
tion * 

celluflour l.Z5 0.15 II II " powdered, non-
nutritive fibre 

sodium oleate Z.50 0.30 Fisher Scientific Co., Toronto, 
Ont. 

purified 

cholesterol 

-

O.Z5 

---­ -­

0.03 

-

California Corp. for Biochemical 
Research, Los Angeles, Calif. 

grade C; m. p. 
149°C 

*Wesson modification of Osborne and Mendel salt mixture (Science, 75:339. 193Z). 

~ 
w 
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TABLE III 


Composition of agar - vitamin solution 


Constituent 

agar-agar, B. B. L. a 

glass-distilled water 

yitamin solution (see Table IV) 

Amount 

3gm. 

85 ml. 

15 ml. 

a. Baltimore Biological Laboratories, Baltimore, Md. 

TABLE IV 

Composition of solution of B vitamins 

Constituent(a) mg./100 ml. 
glass-distilled water 

thiamine 50.0 
riboflavin 25.0 
niacin 100.0 
Ca.-pantothenate 50.0 
pyridoxal hydrochloride 25.0 
choline chloride 1000.0 
inositol 500.0 
folic add. 5.0 
biotin 1.0 

(a) all from California Corporation for Biochemical Research, Los Angeles. 
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TABLE V 

Composition of the incomplete synthetic diet for adult house flies 

·~~-···~~~--~~-T~-.~=~'""''···~~~~~"···~ 

Constituent j gm. /litre 

L-arginine hydrochloride 
L-histidine hydrochloride 
L-isoleucine 
L-leucine 
L-lycine hydrochloride 
L•methionine 
L•phenylalanine 
L•threonine 
L-tryptophan 
L•valine 
L•glutamic acid 

salt mixture tWt 

sucrose 

glas,s-distilled water 

3.8 
1.5 
Z.5 
7.5 
7.5 
1.5 

1Z.O 
1.5 
3.0 
5.0 

10.0 

1.5 
34. z 

' All amino acids were obtained from California Corp. for Biochemical 
· Research, Los Angeles, Calif. 

Salt mixture 'W' was obtained fr.om. Nutritional Biochemicals Corp.~ 
Cleveland, Ohio .. 

Sucrose was obtained from Fisher Scientific Co. Ltd., Toronto~ Ont. 



96 

TABLE VI 

Composition of the complete synthetic diet for adult 

house flies 

Constituent Amount/litre 

RNA 2. 0 gm. dissolved in 
5 ml. lN, NaOH 

vitamin 
solution 

(Table IV) 
10.0 ml. 

cholesterol 0. 1 gm. 

incomplete 
synthetic 
diet 

(Table V) 

to make up 1 litre 
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TABLE VII 

Comparison of rearing success when larvae are reared on CSMA and 

on standard sterile medium 

Average 
Larval Larval Sex Days TotalEmergenceweight 

of adults day s tomedium survival a. of pupae asratio 
·£em/total emer genceafter 	 e. larva 

2 days X 100 e.I I
'~ ~---· 

CSMA 

.. ---~-~·-·------

Standard 
sterile 
medium 

_....... ...
_.~ 

I 	 I 
11.225.22 mg. 5.662. 17% 86. O% 49. Oo/t 

(14) (3) (5) (14) ! (14)(14) b. 
(46.6- 50.6)(41. 9-75.4)c. (23. 0-27.5) (78.5- 90.7) e-( 5:_~11-1 2} 

r---- ­
59.6% d 

(23) 
(31.1-80.0) 

·-·---- ­

-
18.56 mg.: 	87.5% 

(23) 1 (18) 
(15.0-21.9) (62.5-96. 7) 

--~---"~-------....J-·-·-..-··--····""'""""'" 

51.2% 7.4 ~ 13.5 
(15) f (23) ' (23) 

(37.7-59.5) t (7-9) 17.0)1 (12.5­
·-- ............ ' ................ """~··· ,_____:...... ··-··~ 


a. - Survival, measured as a % of mature larvae per unit number of eggs 

b. - Number in brackets indicates the number of flasks observed 

c. 	 - Numbers in brackets indicate the range of values obtained; CSMA flasks 
contained approximately 250 eggs and sterile flasks approximately 
80 eggs 

d. 	 - In one experiment some larvae escaped from the flasks, lowering the 
"/o of mature larvae 

e. - This 	data recorded for only some of the experiments 
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TABLE VIII 

Survival of adults from larvae reared on 

CSMA and on standard sterile medium 

Larval Adult Diet'--------- --------------- -····----.---------~--·- -- - ­
Complete Incomplete 

medium Milk synthetic synthetic 

CSMA 7.1 days 8. 6 days9. 9 days 

Standard 
sterile 10.4 days 11,.8 days 
medium 

9. 9 days 

All diets 


Average 


8. 5 days 

10.7 days 

------"---------J'----------L----- ... ----·· 

Figures shown are average survival of females on each diet. 
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TABLE IX 

Total number of eggs laid and average number of eggs per femalef 

a comparison of females fed three different adult diets~ from larvae 

reared on CSMA and on standard sterile medium 

Complete Incomplete 
----~M~il_k~~---4-------~~y~n~t~h~e.~ti~c~--~----~syn~1t~h~e~t~i~c__ 

Larval 

Total Eggs/fern. Total Eggsffem. Total Eggslfe~--;medium 
(a) 

CSMA 589 74.1 684 97.71372 171.5 

Standard 

sterile 
 984 164.0 

medium 


1834 201.6 884 110.5 

_____---~.-____________J__,__,_________________t_________ 

(a} average eggs /female was calculated here by using the total 
number of females living at the beginning of the experiment. 
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TABLE X 

Average number of eggs laid per living female per cycle; a cornpari­

son of females fed three different adult diets, from larvae reared on 

CSMA and on standard sterile medium 

-·­
Adult 
diet 

Larval 
medium l 2 

Cycle 
3 4 

Total 
3 cycles 

Total 
4 cycles 

.. 

Milk 

Complete 
synthetic 

CSMA 

sterile 

CSMA 

sterile 

70. 4(8) 

107 (8) 

48.4(8) 

40. 8(8) 

68.4( 5) 

80. o(8) 

so. 5(4) 

40. 1 (8) 

120. o( 2) 

56.5 (4) 

0 (2) 

(4)52.8 

106 (1) 

56. s(2) 

-
8. 7(3) 

258.8 

243.5 

98.9 

133.7 

364.8 

300.0 

98.9 

142.4 

Incomplete 
synthetic 

CSMA 

sterile 

73. 9( 7) 

86.4(6) 

33. 4(5) 

67.3(4) 

0 

48.3 

(1) 

(3) 

0 (1) 

17.3(3) 

107.3 

202.0 

107.3 

219. 3 

Figures in brackets indicate the number of living females used to obtain 
the average. 
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TABLE XI 

Average number of eggs developed per living female per cycle; 

a comparison of females from larvae reared on CSMA and on 

standard sterile medium. First experiment. 

Total 
diet 

TotalLarvalAdult c cles 
4 cycles4 3 cycles2 3medium 1 

143.o(7) 140. o< 3> 120. o(Z) 113. o< 2> 403.0 516.0 
Milk 

sterile 

CSMA 

117.4(7) 98. o< 2> 340.0 438.0109. 6<7> 113. o< 2> 

(1)1o6. 5(Z)126. a(6) 233.3CSMA 0 233.3-
Complete 
synthetic 111. o(7) 98. o(3) 1oz. 6(3) 99. o(1) 410.6311.6sterile 

uz. 5(2) 76. o(1)121. a(6) 316.3CSMA 316.3-
Incomplete ' 

52. o{ I)77. 3(3) 72. 5(Z)103. 6( 5) 253.4 305.4synthetic sterile 

Figures in brackets indicate the number of females included. 

Females whose cycles were irregular, or for which no dissection data 

were available, were disregarded. 
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TABLE XII 

Average number of eggs developed per female on an incomplete synthetic 

adult diet; a comparison of females from larvae reared on CSMA 

and on standard sterile medium. Second experiment. 

Larval 
medium 1 r 


·-·~-~~--~·-·~. 

CSMA 161.6(17} 

I~ycle 
z 3 4 

I 
---·-·-­ J I 

··t-· 
149. 4(7) o(6) 

I ... 
--+-~_Q_1_•_-~(_!_~~a 

Standard 
sterile 1Z0.4{.Z3) 96. o(ZO) 90. s(l7) 66. 3(6)I 
medium i 

Figures in brackets indicate the number of females included in the 
analysis. Both dissection data and laying data were used. 

a. - Three out of ten flies did not develop any eggs although they 

lived six to eight days after they laid the first cycle. The average 

time until laying was four days (two to five days). Therefore the 

three flies should be taken into account when the development of the 

second and following cycles is considered; the lower figure is re• 

gcarded as more accurate. 

http:1Z0.4{.Z3
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TABLE XIII. 

Viability of eggs laid by females from larvae reared on CSMA 

and on standard sterile medium 

-------.--·------~--------..·-·-··- ....................____, ___~---------- ----- .......... _____
_ 
Larval Type of Percentage of viable eggs in each cycle1------- _.........-- ·--·-··-----··-- r--...---------·-·------~---:----
medium cylinder 1 2 3 4 

IND 21.6% Oo/o 

IND 22. 8o/o 10.8% 

----- .... ­------- "'-----·-­- - - - - ·------ ­
CSMA 16.2%LG 29. 3o/o 

LG 47. Oo/o 1.4% 

LG 25.7% 4.4% 


---·--.---!-------------·-· ............ .. ..............._______,__ 
-------·---------..--r----···· ---------­

av. 28. 2o/o 6.8% 
-

IND 39.2% 40.2%. 14.8% 3.8% 

Standard 
sterile 
medium 

r­ -
IND 

- .. - ~ 

LG 

79. 7o/o 29.5'/o 
- ­ ~ - ­ - ­ - - ... .. -­

49.4% 16. 2'/o 

8.1% 

- ~-------
8.8% 

Oo/o______ 

0'/o 

... 

LG 53.5% 46. O% 

1------+-------t-'---------· 

av-. 65.2% ZB. 3o/o 

35.2% O'Yo 

--··-···-··- --····---·---··---- ­

15.3% 0.4% 

IND - adults maintained in individual cylinders. 

LG - adults maintained in large cylinders {10 to 18 females per cylinder) 
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TABLE XIV 

Comparison of rearing success when larvae are reared on CSMA and 

on sterile medium lacking oleate 

Average 
weight ! 

i %of eggs I Time 
Larval of pupae 

I 
I producing as 


medium 
 after 2 mature larvaI 
days larvae (days) 

------f---···-·---------+----·-·--+-·----­

Z7. 0 mg. 53. 5'Yo 5.3 

CSMA 
 (3) 

(Z6. 9-27. 5) b 
(3} a (3) 

(5-6)(51.4-59. 2) 

...... 

Sterile 17.3 mg. 5Z.4'Yo 9.0 
medium (2) (2) (2) 

(47.9-56.8); (9)lacking (16. 9-17. 6) 

Time Total 
as time 

pupa to 
(days) emergence 

-··· ·-----········ ··--------·--·-·- -· ·-· 

5.0 10. 3 days 
(3) 
(5) 

5.5 14.5 days 
(2) 
(5-6) 

oleate i 

---·-·-----~---~--L--·-~···-··-·--- ...· 1-L-----~-------'----------~-~-------~----·-·· 

a. - number in brackets indicates the number of flasks included. 
b. - numbers in brackets indicate the range of values obtained. 
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TABLE XV 

Average number of eggs laid per living female; a comparison of females 

from larvae reared on CSMA a.nd on sterile medium lacking 

oleate 

Adult diet - Milk ,_.,.......__,.,..._..........,,..,,.,.._.... _,_........
~·--
c cle ______,_.......,_
Larval 

~-.,._,._,, 

2 
.. ....~ _,.,........~..-~~"'· . '"""""'' ,..._......,."" ,_,._, 


medium 3 41 

CSMA 109.389.0 46.5 45.4 
(4)(6) (6) (6) 

Sterile 
0 o/o 68.4 57.8 31.4 35.4 
oleate (13)(14) (1 Z) (10) 

Figures in brackets indicate the number of living females used to 
obtain the average. 
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TABLE XVI 

Average number of eggs laid per female; a comparison of females 

from. larvae reared on CSMA~ on standard sterile medium and 

on sterile medium lacking oleate 

-
larval m.ediumExpt. Probability

·CSMA ster.-2tyo ster,-Otyo 
oleate oleate 

--..~~ ' 

Part I 

Total 
 243.5 >0.05(Table X) 258.8 -

3 

Cycles 
 Part IIa 


(Table XV) 
 244.8 <O. 025157.6-

! 


Part I~ 
Total ~ (Table X) 364.8 300.0 >0.05-i 

I 
4 I 


Cycles I Part IIa 

(Table XV) 
 .. <O. 025290.2 193.0 
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TABLE XVII 

Comparison of rearing success when larvae are reared on standard 

sterile medium 1 on sterile medium containing O. 511Jo oleate and on 

sterile medium lacking oleate 

Larval 
medium 

IIJo of eggs 
producing 
mature 
larvae 

Average 
weight 

of pupae 

Days 
as 

larvae 

Days 
to 

emergence 

IIJo 
emergence 

% 
females 

__, 

standard 
2. O% 
oleate 

70.4% 
(8) a. 

(62. 5-83. 2)b. 

18.7 mg. 
(8) 

(18.1-20. 8) 

7.4 
(8) 

(7-8) 

13.4 
(8) 

(13-14) 

89. 311Jo 
(8) 

(81. 7-92. 3) 

50.6% 
(8) 

(37. 7-59. 5) 

o. 5% 
oleate 

65. 5% 
(9) 

(50. 5-79. 6) 

16.8 mg. 
(9) 

(14.7-18.9) 

7.9 
(9) 

(7-9) 

14.1 
(9) 

(13-15) 

82.5% 
(9) 

(48. 6-100) 

48.4% 
(6) 

(44.4-52.1) 

0% 
oleate 

62. 211Jo 
(9) 

(27.7-76.8) 

17.3 mg. 
(9) 

(15. 8-18. 3) 

7.9 
(9) 

(7-9) 

13.9 
(9) 

(13-15) 

91. 9% 
(9) 

(77. 8-97. 7) 

48.5% 
(9) 

(39. 5-56. 9) 

From the above table, 

W2. OIIJo oleate 18 7
: • = 	1.08 (0.99-1.25)

Wo. O% oleate 17.3 

a. - Number in brackets indicates the number of flasks observed. 
b. 	 - Numbers in brackets indicate the range of values obtained; each flask 

contained approximately 80 eggs. 

http:0.99-1.25
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TABLE XVIIT 

Survival of adults; a comparison of females from larvae reared on 

standard sterile medium~ on sterile medium containing 0,. 5o/o oleate 

and on sterile medium lacking oleate 

Larval mediumSurvival 
r---~-----------.----~- z. Oo/o oleateO'fo oleate 0. 5o/o oleate 

340a• .. 14 .. zb. 3ZO- 13.3 360- 15.0 

365 "'; 15. z 340 - 14.Z 385 - 16.0ST5o 
_____.:l_.________...________._________ 

ST6o- time when 60% survival is reached. 

ST50 - time when 50'fo survival is reached. 

a. -time expressed in day-degrees. 

b. - time expressed in days at Z4°C. 

Temperature - Z4°C '! Z°C. 

Relative humidity - 55o/o !: 5% • .. 
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TABLE XIX 

Average number of eggs laid per living female on an incomplete synthetic 

adult diet; a comparison of females from larvae reared on standard sterile 

medium, on sterile medium containing 0. 5o/o oleate and 

on sterile medium lacking oleate 

Larval 
medium 

Total 

4 


Cycles 


·-----..-----·-· 

4 

O. O% 107.Z 60.7 3Z.4 5.5 205.8 
oleate (Z4) (Z4) (Zl) (17) 

,..,...,.___..,..__ .... "'"'"--~,_-

0.5% 104.9 67.8 35.3 5.7 213.7 
oleate 

~ 

' -~-~----r· 

(23) (24) 
-=~.........­ ......." 

(21) 
..,,,,,.,L.,._...,.,~~--=· 

(14) 

2.0% 
I 
i 117.3 79.8 46.9 18.1 262.1 

oleate {23) (22) (21) 
1.. -

(13) 
. -­ - -­ .... -

j 
.l . ·-- -- ~--· 

Figures in brackets indicate the number of living females. 
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TABLE XX 

Average number of eggs developed per female on an incomplete synthetic 

adult diet; a comparhlon of females from larvae reared on standard sterile 

medium., on sterile medium. containing 0. 5'fo oleate and 

on sterile medium. lacking oleate 

·----~- -,-------­
Cycle l TotalLarval Total 

medium. z 3 4 3 41 

ICycles Cycles 

r------- -­
110.6 sz. 31 74.4o.o% 7Z.O Z67.3 339.3 

oleate (23) {17} (1)(9) 
'-••"·---·c•••••• ··- ""''•-· ,. ··--·--·--:-------·---------­

107.4 86.10. 5'fo 78.7 80.0 Z7Z.Z 352.Z 
oleate (ZZ) (18) (1)(9) 

z. O'fo 9Z.8 377.3119.8 73.8 303.590.9 
oleate (ZZ) (18} (1 0) (4) 

I 
~'-~ -
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TABLE XXI 

Ratio of pupal weights compared to ratio of eggs developed per female per cycle; 

. .a comparison of females from la:t"Vae reared on standard 

sterile medium, o·n sterile mediu:m containing 0. 5o/o oleate 

and on sterile medium lacking oleate 

W 2.. OGfo • 1. 08 
W 0. OGfo (o. 99-1. 25) 

------------·· 
W 2.. O% • 1.11 
W O. SGfo (0.96.. 1.15) 

En. 2.. OGfo 

En-o. O% 

--·-·---····· 

ED-~OGfo 
ED-0.5% 
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TABLE XXII 

Viability of eggs laid by females on an incomplete synthetic and 
on a complete synthetic adult diet; a comparison of females from 

larvae reared on standard sterile medium, on sterile medi urn 
containing 0. 5o/o oleate and on sterile medium lacking oleate 

- Percentage ?f viable eggs in each cycle 

Adult Larval 1 2 

Diet medium Egg Larval Egg Larval Egg 
Count Count Count Count Count 

-
48.6 42.2 46.4 

20fo 52.8 35.4 39.3 
oleate 47.9 28.0 - 2.8 

49.7 48.1 34.7 22.6 26.2 

39.6 1!.4 23.0 
Complete 0. 50fo 61.9 26.3 6.3 
synthetic oleate 20.8 3.6 

48.1 39.7 21.7 19.2 9.7 

I 60.2 32.8 10.7 
O'lfo 70.1 13.7 
oleate 35.0 47.4 33.3 

-­
54.3 46.8 28.4 23.7 17. 1 

79.7 29.5 8.1 
2% 49.4 16.2 14.0 
oleate 53.5 46.0 35.2 

60.9 50.8 30.6 19.9 19.1 

80.1 45.4 8.0 
Incomplete o. 5% 41.9 24.9 15.4 
synthetic oleate 39.2 46.2 10.7 

53.7 43.6 38.8 29.9 11.4 

67.7 41.5 25.7 
O'lfo 34.7 22.9 21.4 
oleate 50.0 31.6 0 

50.8 35.5 32.0 18.5 15.7 
- . - -­

3 
Larval 

Count 

-
14.8 

6. 2 

11.2 

14. 1 
. ·----­

6.8 __..,, 

12.4 
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TABLE XXIII 

Comparison of rearing success when larvae are reared on standard 

sterile medium, on sterile medium containing 6% RNA and on 

sterile medium lacking RNA 

··-----·· ·····-- ·- -·-·--··········-T------------------~-------T----T% ofe~~~------- Average I j Days Time 
Larval producingJ weight I Emergence · as to 

medium 
 mature of pupae larvae emergence 

larvae 

OOfo RNA 63. 7% 16. 70 mg. 89. 00/o 8 I 14 
(4) a (4) (4) 

(35. 4-74. 6) b (16. 5-16. 9) (78. 2-95. 5) I 
------+-----·-+--------·····--··· ..,.. ·-----+·----i--·----···-···--···-··--·-·--··· 
3. O% RNA 1357. 40/o 18.91 mg. 90. 00/o 7 
(standard) (4) (4) (4) I 

(40. 9-64. 6) (17.9-19.5) (87.1-92.2) 


------+--------------- ------·--+--­

6. O% RNA 62. 40fo 18.75 mg. 91.10/o 7 13 
(6) (6) (6) I

(54. 9-71. 6) (18. 2-19. 0) 'I (76. 9-95. 0) i 
I I···-----·----'-----------·-··········--···---····· ·················- ··-········ ·"·----··------------------~------

a. - number in brackets indicates the number of flasks included. 

b. - numbers in brackets indicate the range of values obtained. 
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TABLE XXIV 

Survival of adults; a comparison of females from larvae reared 

on standard sterile medium and on sterile medium lacking RNA 

Larval Adult Diet 
medium Milk Complete Incomplete 

---· ., .. -­ -~·--·------- ~--~--...-,.........,....~......-,~--

Sterile­
00/o RNA 10.1 days 11.7 days 9.4 days 

Sterile­
3. 00/o RNA 10.1 days 11.7 days 10.9 days 

Value given is the average survival. 

Temp.: 24° - 25°C. 
RH: 850/o (74-912). 
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TAB~ XXV 

Average number of eggs laid per living female; a comparison of 

females fed three different adult diets, from larvae reared on 

standard sterile medium and on sterile medium lacking RNA 

--;--------·-~ 

Total 
4CycleAdult Larval 

4 cyclesDiet medium 1 z 3 

Sterile 
z. o(Z)61.5(1 Z) 37. o(9) Z7. o( 3) 127.5O% RNA 

"'.,_ ·-- ~ ­ --~-·- r- -- - --- 1-- ---- ~ Milk -------­
Sterile 

97.o(9). 15. 6(5)82. 5 (8) 112. 3(9) 307.43. 00/o RNA 

Sterile 
(5)76. 4(17) 48. 8(13) 29. 8(9) 0 155.0O% RNA 

Complete 1-------""- -- - -~ --- ­ - ---·~--- ----- ·­·-- -·- ~ 

synthetic Sterile 
41. 5(8)110.3(17) 105. 2( 1 3) 63.8(12> 320.83. 00/o RNA 

-
Sterile 

(3)(6)35. 4(13) 6. o(9) 0 41.4000/o RNA ------- - ·- ...... ·- ..__ ---~---·--·~------·---­Incomplete ------ ­
synthetic Sterile 

(7)(9)64.4(17) 18.1 (12) 0 82.503.0% RNA 

Figures in brackets indicate the number of females living during the cycle 
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TABLE XXVI 

Average number of eggs developed per female; a comparison of 

females fed three different adult diets, from larvae reared on 

standard sterile medium and on sterile medium lacking RNA 

.. 
Total 

Adult 4 
Diet 

CycleLarval 
4 cycles1 z 3medium 

81. 5(Z) 40. o(l)115.5(6)117.8(10) 354.8O%RNA 
-~Milk 1----·-- - ---- ­ ·- - - - - ------ ­-- -· - ­

117.3(6)1Z4. 7(7) 11o.o<4 > 486.7134. 7< 7 >3% RNA 

llZ. 6(15) 91. o(4) 91.5(Z)97. 7(7) 39Z.8O!fo RNA 
1---·-·- ­ -- ·--··-··--·--­·-- -- ­·-- - ­ --·--­Complete 

1Z6. o(16) 119.4(13) 107.7(4)1Z4. 4(9) 477.5synthetic 3o/o RNA 

87. o(IZ) 69. 3( 3) 156.3O% RNA - ·-·- .._- ·­1--- ·-- -· --~ -- ­·-- -·-­Incomplete 

synthetic 
 117.1(14) 88. 3(3) Z05.43% RNA --

Figures in brackets indicate the number of females included in the analysis. 
Females whose ovarian cycles were irregular or for whom no dissection 
data was available were not included. 
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TABLE XXVII 

Influence, on total eggs laid per living female~ of females failing 

to oviposit; a comparison of females from larvae reared on stan• 

dard sterile medium and on sterile medium lacking RNA 

I
Ratio Ratio I Difference 'fo of ELi accountableAdult 
ELi-30/o ELa-30/o between to differences in 0/o ofDiet 
ELi-0% ELa-00/o ! ratios females laying 

---·--------+-·---·-··-----------~---·---+-------------· 

Milk Z.41 0.76I 
 0.,76 X 100 • 31.5% 
Z.41 

Co:mplete Z.07 1. 68 0.39 0. 39 X 100 • 19.0% 

synthetic 
 Z.07 
-·-----+------+---~----11--------+----------··--···· 

Incomplete 1.99 1.44 0.55 0. 55 X 1 00 ;t 21 • 60/o 

synthetic 
 1.99 

Average 0,.57Z.16 0.57 X 100 =Z6.4% 
Z.16 

ELi is average of total eggs laid per living female .. 


ELa is average of total eggs laid per laying female. 
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TABLE XXVIII 

Comparison 	of rearing success when larvae are reared on CSMA 
and on varying concentrations of cholesterol 

Larval 
medium 

% 
survival 

Average 
weight 

of pupae 

Emergence 
of 

adults 

Days 
as 

larvae 

Days 
to 

emergence 

CSMA 
69.80/o 

(3) a. 
(64.1-75.4)b 

23.5 mg. 
(3) 

(22. 5-25.0) 

84.5% 
(1) 

6 
(3) 

12 
( 3) 

Sterile 
medium 
with O% 
cholesterol 

0.4% 
(4) 

(0-1. 2) 

6.1 mg. 
d. 

O% 20 
(most 
died 

sooner) 

... 

Sterile 
medium 
with 0. 25% 
cholesterol 

40.9% c. 17.lmg. 
(4) 

(15. 0..19.5) 

80.4% 
(4) 

(73.3·96.4) 

7.8 
(4) 

(7-9} 

15.0 
(4} 

(14.. 17} 

Sterile 
medium 
with 0. 50% 
cholesterol 

62.1% 
(7) 

(51. 6-76.6) 

16.9% 
(7} 

(16. 2-19.0) 

75. O% 
(7) 

(50. o.. 93.7) 

no 
data 

16.0 
(7) 

(15-17) 

a. - Number in brackets indicates the number of flasks 

b. - Numbers in brackets indicate range of values observed 

c. - An unknown number of larvae escaped 

d. - Only two pupae are involved. 
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TABLE XXIX 

Oocyte development in females fed sucrose solution; 

a comparison of females reared on CSMA and on a 

sterile medium containing 0. 50% cholesterol 

%of femalesLengthAverage 
showingof largestDays length of 

advanced stagesoocyte (mm. )oocyte s (mm. )after 
of yolk depositionadult 

emergence SterileSterileSterile 
CSMACSMACSMA mediummediummedium 

000.380.340.286 0.29 

3.400.800.310.25 0.338 

3.400.240.2510 0.24 0.22 
-

0 6.90.28 o. 830.32o. 2412 

0 8.60.30 0.510.24 0.2814 
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TABLE XXX 

Viability of eggs laid by females on an incomplete synthetic adult 

diet; a comparison of females from larvae reared on CSMA and 

on sterile medium containing 0. 50o/o cholesterol 

Percentase of viable esss ;eer cx:cle 
I 2 

Larval Cylinder egg larval egg larval 

medium 
 no. count count count count 

..-
CSMA 1 20. So/o29. 3o/o 16. 2o/o 13.3o/o 

2 47.0o/o 44. 1o/o 1. 4o/o o. 8o/o 

average 36. 9o/o 30.6o/o 6. 80/o 5.30/o 
.......... -. 

sterile 1 27. 40/o 17. 80/o I. 90/o I. 60/o 

medium 
 2 47. Oo/o 44. 1o/o 39. 8o/o 36. 5o/o 

with 0. 500/o 
 3 40. Io/o 36. 1o/o 26.8% 20. 30/o 

cholesterol 
 ·-·· 

average 37. 50/o 30.20/o 28. 20/o 25. 30/o 
·-- ~.._,, .. _,__ ,""--'~~.....~~""''"~-------~*~~- '·-·= -



Fig,. 1. Rearing flask for axenic culture of larvae. 
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t---400 ML. BEAKER 

I---t---PYREX FLASK 
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- ­



Fig. z. 

Fig. 3. 

Average number of eggs developed per female in 

each ovarian cycle; a comparison of flies rear~d 

from CSMA medium with those from standard 

sterile medium. First experiment. 

a. Adults fed milk 

b. Adults fed complete synthetic diet 

c. Adults fed incomplete synthetic diet. 

Second experiment (similar to first experiment). 

Adults fed incomplete synthetic diet. 
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Fig. 4. Average number of eggs laid per living female; 

a comparison of flies reared from CSMA medium 

with those from a standard sterile medium lacking 

oleate. 

Adults fed milk,. 

Fig. 5. Survival of adults; a comparison of females reared 

from sterile media containing Oo/o 1 0. 5o/o, and z. Oo/o 

sodium oleate. 

Fig. 6. Percentage of living females laying eggs in each 

cycle; a comparison of flies reared from sterile 

media containing 0. Oo/o, 0. 5o/o and z. Oo/o sodium 

oleate. 
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Fig. 7 • Average number of eggs laid per living female in 

each ovarian cycle; a comparison of flies reared 

from sterile media containing 0. 0'/o, 0. 5'/o and 

z. 0'/o sodium oleate. Adults fed incomplete syn­

thetic diet. 

Fig. S. Average number of eggs developed per female in 

each ovarian cycle; a comparison of flies reared 

from sterile media containing 0. 0'/o, 0. 5'/o and 

z. 0'/o sodium oleate. Adults fed incomplete syn­

thetic diet. 
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Fig. 9. 	 Average time required to develop and lay each 

cycle of eggs: a comparison of females reared 

from standard sterile medium with those from 

sterile medium lacking RNA. 

a. Adults fed milk 

b. Adults fed complete synthetic diet 

c. Adults fed incomplete synthetic diet. 

NOTE: 	 The figures plotted are the averages 

for the time of laying each cycle of 

eggs. In 9c, seven females laid a 

first cycle whereas only one female 

laid a second cycle; this female laid the 

first cycle after 4 days~ then the second 

cycle after 7 days. 
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Fig. 10. 	 Percentage of living females laying eggs in 

each ovarian cycle: a comparison of flies 

reared from standard sterile medium with 

those from sterile medium lacking RNA. 

a. adults fed milk 

b. adults fed complete synthetic diet 

c. adults fed incomplete synthetic diet. 
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Fig. 11. 	 Average number of eggs laid per living female 

in each ovarian cycle: a comparison of flies 

reared from standard sterile medium with 

those from sterile medium lacking RNA. 

a. adults fed milk 

b. adults fed complete synthetic diet 

c. adults fed incomplete synthetic diet. 
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Fig. lZ. 	 Average number of eggs developed per female, 

in each ovarian cycle: a comparison of flies 

reared from standard sterile medium with 

those from sterile medium lacking RNA. 

a. adults fed milk 

b. adults fed complete synthetic diet 

c. adults fed incomplete synthetic diet. 
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