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A study of the nutritional requirements of adult house flies

has shown that liquid diets of natural and purified products are
n

capable of supporting continued oogenesis.

Chemically defined liquid diets containing nine 1-amino acids

fed to newly emerged female flies were necessary for ovarian maturation
i .

and oviposition. Water, salts and carbohydrate were the other basic 

dietary requirements for this process and for survival. The addition

of cholesterol to this synthetic diet also influenced fecundity.

For the maturation and oviposition of rore than one ovarian 

cycle the synthetic diet had to be supplemented with the amino acid 

1-methionine, certain B-vitamins and nucleic acid bases. Flies fed 

diets deficient in these supplements showed a lower fecundity and

survival.

A dry synthetic diet was developed which supported egg produc-

tion.

ii

http:AUI%27E.OR


ACIOO/LEDGMESSTS

I wish to acknowledge ay deepest thanks to Dr. D. M. Davies 

for his supervision and generous assistance throughout this study, 

and to Dr. P. F. Nace and Dr. I. D. Spenser for their continued 

interest and advice. I am indebted to Dr. D. B. DeLury, Head, Depart

ment of Mathematic®, University of Toronto, and to Dr. J. D. Bankier, 

Professor of i-fethematies, McMaster Univeisity, for their advice in the

statistical treatment of the data. To Miss M. Moule and Mrs. T.

Goodman particularly, and also to others, I am grateful for technical 

assistance. I acknowledge with gratitude the encouragement and 

assistance given by ay wife during this study and in the preparation

of this thesis.

I am indebted to the Department of Biology for an assistantship 

and to the Ontario Research Foundation for scholarships.

>.

iii



TABLE OF COBTEHTS

Page

DESCRIPTIVE BOTE................,..................................................... .. ........................................... 11

ACKHOWIEDGMEBTS ............................................... ill

TABLE OF COBTEBTS..................... ........................ iv

HttRODUCTIQB.............................   1

METHODS AMD MATERIALS.............................................................................................................23

Constancy of the Fly Strain and Larval Medium ..........23

Preparation of Larval Medium..............  24

Seeding the Culture Medium with Eggs .. .........  24

Larval Rearing........ ...............................27

Separation of Pupae ............................... 27

Stock Cages of Adults ..................................28

Experimental Adult Flies ....................... . 29

Cleaning of Experimental Apparatus....... ............. JO

Preparation of Diets ....... ...........................32

Dissection and Measurements of Ovaries ................. j6

Histological Techniques ......... ...................... 58

RESULTS

Part I Determining Experimental Standards and Ovarian

Development in Relation to Undefined Diets ............  39

[a] The appropriate ratio of males to females

in experiments .................................... 39

iv

a.-.



RESULTS (Continued)

Part

Part II

Determining E^erlmental Standards and Ovarian 

Development in Relation to Undefined Diets (Continued) 

Eb] Variation in fecundity of individual milk-

fed females ............................ kl

[c] Rate of ovarian development in adult

females fed milk or sugar-water diets ........ k2

[d] Some morphological changes in the ovary

during the first gonotrophic cycle ........... k5

te} Delayed presentation of the milk diet to

newly emerged flies and the effect on

fecundity and survival............ ........... k6

[f 3 Fecundity and survival in relation to

adult diets of yeast extract, two purified 

preparations of casein, and milk......... . k7

Egg Production, the Essential Amino Acids and

Other Dietary Supplements ........................ . 50

[a] The need for salts, a carbohydrate and

water in the adult diet ........ .......... 50

Eb] Determination of the amino acids necessary

for ovarian maturation ................. 51

[c] The substitution of nitrogen compounds

for glutamic acids in the defined diet ....... 55
- I ’

[d] The effect of eliminating cystine or

methionine in the synthetic diet ............. 5k

v



RESULTS (Continued)

Part II Egg Production, the Essential Amino Acids and

Other Dietary Supplements (Continued)

[e] The role of the sulphur-containing azaino

acid, methionine, in egg production ........... 55

[f] Variation in fecundity of groups of

females fed on amino acid diet C or milk....... 57

Part III The Role of Supplementary Nutritional Factors

on the First and Subsequent Gonotrophic

Cycles ............................................. 57

[a] The fecundity of individual females fed

on amino acid diet C or milk.... ............. 58

[b] The value of cholesterol added to araino

acid diet C......... ......................... 59

[c] The value of eight B-vitamins added to

amino acid diet C.... ........................ 60

[d] The value of combining cholesterol, B- 

vitamins and ribonucleic acid with the

amino acid diet C ............................. 62

[e] The Importance of vitamins in amino acid

diet D for repeated oogenesis and female 

survival..... ................................ 6U

[f3 The replacement of ribonucleic acid by 

nucleic acid bases in diet D and its

effect on repeated oogenesis and female

survival.... ........................ ........ 68

vi

http:A%2Cc%3BI.ds
http:replaceme.nt


RESULTS (Continued)

Part III The Role of Supplementary Nutritional Factors

on the First and Subsequent Gonotrophie

Cycles (Continued)

[g] Feeding dry chemically defined diets to

adult flies .................... ,............. J1

DISCUSSION................................................... 74

SUMMARY........................................................................................................................ 106

PLATES.......................................  108

TABLES ..................,......................................................................................... .. 124

FIGURES......................................................  l6C

REFERENCES...........................................     167

I,I

vii

. 5-,



INTRODUCTION

In the last decade research on insect nutrition has been

increasing. Earlier studies were concerned with the effect of natural 

diets on growth and development of the rapidly growing immature stages 

but the more recent research has emphasized the use of defined diets.

This is evident from the reviews in this field (Uvarov, 1928; Craig 

and Hoskins, 1940; Brues, 1946; Wigglesworth, 1950; Träger, 1953;

Lipke and Fraenkel, 1958; Fraenkel, 1959; and House, 1958, 1961).

There exist few studies on the nutritional requirements for

insect reproduction and those that have been conducted are almost 

exclusively confined to the Diptera. However much work has been done

on the nutritional requirements for growth and development of the

immature stages. Since the environment of the immature stages ultim

ately affects egg production in the adult females, a review of the 

major studies on the nutrition of immature as well as of mature insects

is presented.

The number of eggs laid by the adult female ('fecundity’ as 

used by Robertson and Sang, 1944; and Hagen, 1958) change under vary

ing conditions, and further a part of the environment, the diet of 

the adult, may be considered as a major influence. This influence may 

act directly, or indirectly through its effect on the survival of the 

adult. However, as Wigglesworth (1950) and Träger (1953) concluded, 

fecundity may be greatly influenced by the nutrition of the immature 

stages. Alpatov (1932) showed that underfed fruitfly (Drosophila) larvae 

had a reduced number of eggs. Boissezon (1934) observed that larval
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nutrition of the mosquito, Culex pipiens L., has a narked influence on 

adult fecundity. Webber (1955) also noted that the sheep blow fly, 

Lucilia euprina (Wied.), laid fewer eggs when the larval food was 

restricted, and Msll&nby (1958) observed that the fecundity of another 

blow fly, L. aerlcg.ua Ifeig., is greater in larger flies. • SbMM larger 

adults can be obtained if the larvae drink water before pupation. 

Similarly Golightly (19U0) reported that for two species of Psychoda, 

if food sux^ply is quantitatively limited, the larvae will develop into 

small adults with a potential egg output lower than would occur in 

larger flies reared under better feeding conditions. Adklsson et al 

(i960) have recently shown that one artificial diet fed to the pink 

bollworm larva, Pectinophora gossypiella (Saund.), can produce a more 

fecund female than another diet which is efficient in producing a few 

more adults. In Anopheles elutes Edw., ovarian development up to stage 

2 can be achieved either at the expense of reserves or by feeding on 

raisins (jfer, 1956). Hbwever, with poor larval food, development to 

stage 2 was impaired, and a single blood meal was insufficient to 

complete oogenesis. Hecht (1955) reported that with certain races of 

Culex pipiens the unfed female will produce eggs if the larvae receive 

a diet rich in proteins, but no eggs will develop on a predominately 

carbohydrate diet. Thus autogeny and anautogeny in the same species 

may be influenced by the adequacy of the larval diet, and the quality 

of the larval diet will determine the level of egg production.

It was soon recognized by those interested in nutrition and 

reproduction that a wide range of nutritional requirements for the adult 

exist in holometabolous insects. However, generally the adult sale

i

■ - ~ . in
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insect is less affected by nutrition (Wigglesworth, 195û). In fact, 

many reach the adult stage with the testes and the spermatozoa developed 

or almost fully developed. Yet Buxton (l9J0) found that the males of 

Khodnius appear less fertile if they are starved in the adult stage. 

Christophers (i960) concludes that in the male Aedes aegypti (L. ) the 

formation of new sperm after successive matings appears to depend on 

either reserves or the food fed. Hagen (1952) has shown for the oriental 

fruit fly, Dacus dorsalis Hendel, that only after protein and minerals 

are ingested along with carbohydrate are the males able to copulate.

These reports disagree with the unqualified statement by Trager (1953) 

that it is only among female insects that special nutritional require

ments for reproduction have been observed, that is, in addition to 

dietary needs for energy. Mich more information is needed to clarify 

the effect of age and nutrition on male fecundity and ultimately on

female reproduction. It is these apparent conflicts which serve to 

emphasize the paucity of Information on insect reproduction.

The great differences existing in the nutritional needs for 

reproduction among adult female insects havebeen noted repeatedly 

(Wigglesworth, 1950; Trager, 19^7; Roeder, 1953). Soæe insects have 

simple requirements for food during the adult stage as evidenced by the 

saturniid moths and cattle grubs which take neither food nor water 

during the adult stage and yet develop hundreds of eggs to maturity 

(Roeder, 1953 and Scharff, 1950 respectively). The adult phycitid moth, 

Ephestia kuhniella Z. needed only water, and the absence of a carbo

hydrate (sugar) had no effect on fecundity; also two related species 

E. cauteULa Wlk. and E. elutella Hb. required only water without which

http:dor.saJ.is
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fecundity was about halved (Norris, 1954). The autolysis and mobilization 

of body tissues in the adult may also eliminate the need of a protein 

meal for ovarian development. For example a northern species of mosquito, 

Aedes communis (DeG.), and teehlonyx cullciformis (DeG.) are considered 

to provide nitrogen from the autolysis of the adult flight muscle to 

ensure ovarian development (Hocking, 1952, 1954). However Beckel (1954) 

considered that A. cummunls utilized mainly those reserves stores in the 

fat body for egg development. Recently it was observed that embryonic 

development in alate aphids is unaffected by products of muscle break

down, yet ovary development is considered to be associated with these 

products in ants and termites (Johnson, 1957).

In most insects however, the adult female requires a protein 

diet for egg production. Bor example, as early as 1925 Glaser reported 

that the house fly, Musea domestics L., and the blow flies, Calliphora 

erythrocephala (teig.) and Phormia regina (teig.) all required a protein 

meal if eggs were to develop* Kobayashi (1954) and Derbeneva-Ukhova 

(1955) both confirmed that a protein was essential for reproduction in 

the adult house fly. This protein requirement for egg production has 

been established for the mosquito, Aedes aegypti (Yeoli and ter, 1958), 

the fruit fly, Drosophila melanogaster (teig.) (Robertson and Sang,

1944; Bodenstein, 19^7), the apple maggot, Rhagoletis poraonella (Walsh) 

(Dean, 1958), the oriental house fly, tetsca vicina (tecq.) ^Ascher and

------- .....   ............... ....  —,—.»--------- --- -------- - ---------- - ----- -------- -- --- ------------- „-------—.
- 1

1
Now known as tesca donestica vicina tecquart, Bull. But, Soc.

Am. i960. 6:185 and 201.

http:ewru-Qcephe.la
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Levinson, 1956) and the blow flies, Protophormia terrae-novae (R.D.) 

(Barlow, 1956', Lucilia sericata (Mackerras, 1933; Hobson, 1938)#

Phormia regina (Basso and Fraenkel, 1954).

The fact that the house fly, M. domestica, exhibits India- 

criminate feeding habits followed by the develojsaent of mature eggs 

had been noted by Hewitt (1914) and West (1951). From the literature, 

it is evident that the food of the adult house fly was important in 

two main ways: (l) for the maintenance of body functions necessary in 

survival and (2) for those requirements essential in development and 

maturation of the reproductive products. Glaser (1923), Derbeneva-Ukhova 

(1935)» and Kobayashi (1934) all confirmed that the house fly required 

an assimilable carbohydrate, in the form of a sugar or starch if the 

fly was to survive. There is little evidence that carbohydrates play 

an essential role in insect reproduction (Bouse, 1958) but they may 

be Important to egg production through their effect on survival. On 

the other hand House (1958) concluded that proteins, or products of 

protein hydrolysis, were needed if insect eggs were to mature. Further

more, the rate of ovarian development in the house fly was shown to 

vary with the type of food ingested (Derbeneva-Ukhova, 1935). Hot only 

is the right food important for reproduction but Tischler (1931) also 

found that the number of times the adult house fly feeds is important

for survival. Fecundity and survival of the adult house fly are then

closely related. ,

The type of protein required varies in different insects, and 

Insects normally feeding on a specific diet show varied responses when 

changes are made in the normal diet. It has been found that diets
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differing from the normal, although allowing for varying levels of 

fecundity, are seldom as successful as the natural diet, Woke (1957) 

reported that for egg development in the blood-feeding mosquito, Aedes 

aegypti, the ingested protein could be in many forms, either as washed 

blood cells, serum, or whole blood. lea et al (1956) have shown that 

A. aegyptl will also lay eggs after a meal of milk, casein, or egg 

albumin, but the number of eggs were fewer than when whole blood was 

the protein source. Glaser (1925) showed that the blood-feeding stable 

fly# Stomoxys ealcitraas (L.), only laid eggs when on a diet of whole 

blood or defibrinated blood, and not on a diet of serum or washed whole

blood cells alone.

The type of host also has a bearing on fecundity in blood

sucking mosquitoes, Tate and Vincent (1956) observed that when adult 

female mosquitoes, Culex pipiens, fed on various vertebrates, differences 

in egg production occurred. On man, fewer eggs were produced than when 

the mosquitoes fed on rats, rabbits, or guinea pigs. More recently, 

Jordan (1961) reported similar differences in the quality of blood and 

egg production for the mosquito, C. quiaquefasc iatus Say. She found 

that the source of blood had a bearing on the average number of eggs 

produced; fewest eggs and egg rafts were laid when feeding was on the 

hog-nosed snake (Heterodon platyrhlnos Latrielle) while the greatest 

number of eggs came from mosquitoes fed on the domestic chicken.

The amount of food taken by the adult influences the number of 

eggs laid. Working with another mosquito, Aedes aegyptl, Roy (1936) 

found that the female required at least 0,82 rag of blood at a meal to 

produce eggs. Ltore eggs were laid, however, if the mosquito ingested

. S'.

http:w%7EslJ.ed
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a larger quantity of blood, an average of 2.0 mg. per meal. Woke et al 

(195^) also established that A. aegypti feeding on human blood showed 

a marked increase in egg production if successively larger quantities 

of blood were ingested. He also found that, if the mosquitoes took 

their blood meal 28 days after emergence, significantly fewer eggs (a 

mean of 56 eggs) were laid than if they took blood 5 or l4 <2ays after 

(a man of 89 and 86 eggs respectively). From the above at least two 

factors, the quality and quantity of the ingested food, are considered 

to have a direct bearing on fecundity in the mosquito.

To appreciate present concepts and recent advances in insect 

nutrition it is desirable at this stage to present a short discussion of

early work on protein and amino acid metabolism in animals.

As is evident from the literature the relation of protein and

amino acid metabolism to growth has received considerable attention, 

more than any other field of nutrition. The first major advances in 

the metabolism of proteins and amino acids were made at the beginning 

of this century by Osborne and Mendel (1917) and Rose (1937). The 

early observation that some proteins failed to support growth, sub

stantiated the implication that these proteins also failed to provide 

the constituents for the synthesis of tissue proteins (Fisher, 1954). 

However it was not long before a direct relationship between diet and 

nitrogen metabolism was demonstrated in the animal and this relationship 

was related to changes in cytoplasmic proteins (Addis et al, 1936; Luck, 

1936). They showed that the protein content of an organ (liver) 

reflected the immediate diet. From the effect that certain dietary 

proteins had on growth, these proteins became classified nutritionally

http:hu.rn.an
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as complete or incomplete. Incomplete proteins were only able to support 

growth when certain amino acids were added to the diet. It was these 

amino acids that were designated as ’’essential, or indispensable amino 

acids” (Osborne and Mandel, 1917; Fisher, 195^). The means of determining 

the value of these dietary proteins were made by measuring animal growth, 

longevity, erythrocyte number, change in tissue protein, urinary urea 

and urinary amino acids.

The certainty that amino acids could replace proteins in the 

diet and provide adequate growth awaited the contribution of Rose (1957). 

It is now accepted that the amino acids required for growth were needed 

mainly for the synthesis of proteins (Mitchell, 1959). Rose (1957) was 

the first to demonstrate that certain amino acids could be considered

as essential or non-essential for normal rat growth. In this respect
2the 10 found essential were arginine , histidine, isoleucine, leucine, 

lysine, methionine, phenylalanine, threonine, tryptophan and valine 

(Rose, 1957# 1956). Of these the adult rat does not require arginine.

In comparison to the young rat, the young chick requires in addition 

to the above 10, the amino acid, glycine (Almquist, 1959)> while the 

adult human does not require arginine and histidine for nitrogen balance 

(Berg, 1959; Frost, 1959). If is apparent then that this requirement 

for amino acids, whether in vertebrates or insects (Gilraour, 1961), 

depends upon the physiological process being measured, and the concept

implied by the term "essential amino acid" is dependent upon the criterion
1.• 1

2
Arginine can be synthesized by the young rat but not at a 

sufficient rate for normal growth (Rose, 1957, 1958).

4.

. S.-t
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employed. Thus the classification of "essential" or "indispensable amino 

acid" is distinctly a matter of definition (Bose, 1958).

Although growth of young rats fed these 10 essential amino acids 

occurred, it was found that growth was slow. The fact that an increased 

rate of growth was possible when the essential amino acids were supp

lemented with ammonium citrate, ammonium acetate or 1-glutamic acid 

suggested to Rose et al (19^9) that some conversion of these to the non

essential amino acids occurred. Significant but smaller increases in 

growth were also produced by urea and glycine supplements. Frost (1959) 

has pointed out in his review that to replace all other non-essential 

amino acids, glutamic acid is an efficient source of nitrogen. It was 

evident however that the conditions of experimentation are important 

in assessing the utilization of non-specific nitrogen (Frost, 1959)«

One conclusion, based on the addition of a non-specific nitrogen source 

to an axaino acid diet, has been that the animal can synthesize most or 

all the other required non-essential amino acids from a suitable nitrogen 

supply (Fisher, 195Uj Frost, 1959).

In recent years, by use of chemically defined synthetic diets, it

has been established that certain amino acids are also essential for

complete insect growth. These amino acids found essential, in a wide 

representation of insects, have been tabulated by Albritton (195U) and 

the more recent reviews summarizing the amino acid requirements for insect 

growth have also been presented by -/igglesworth (1950), Boeder (1955), 

Lipke and Fraenkel (1956), Levinson (l955)> and Bouse (1961). From the 

information presented by these authors it is evident that insects

usually require the same 10 amino acids classified as essential for
4 f 
'I *

http:classif:tcati.on
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growth in the rat (Rose, 1937; Maddy and Elvehjem, 19^9)« This

substition of amino acids for proteins, required by the rat for growth, 

did not necessarily establish that the same amino acids were needed 

by all insects. It is known, and Williams (1959) has emphasized, that 

there exist fundamental qualitative and quantitative differences in 

the amino acid needs of an organism because of age or individual

variation. It is necessary then to ascertain whether and which amino

acids are satisfactory for the process of reproduction in insects.

For reproduction in the mosquito, Aedes aegypti, the work of 

Dimond et al (1956) indicated that a mixture of 12 amino acids: arginine, 

cystine, histidine, Isoleucine, leucine, lysine, methionine, phenylalanine, 

threonine, tryptophan, valine, and glutamic acid along with a carbo

hydrate (sucrose) and salts, were all that was required by the mosquito, 

Aedes aegypti, for reproduction. Dimond (195?) considered that the 

inclusion of glutamic acid in the diet acted principally as an additional 

nitrogen source which contributed to the synthesis of non-essential 

amino acids. He found that the stimulatory action of glutamic acid on 

egg production could be matched by aspartic acid or ammonium acetate.

As for the amino acid cystine it was found that althou^i not 

absolutely essential, it was required to maintain a high level of 

fecundity (Dimond et al, 1956; Dimond, 1957)« Because of this, cystine 

was considered essential for fecundity* In fact he and his colleagues 

were unable to obtain eggs when arginine, isoleucine, leucine, lysine, 

phenylalanine, threonine, tryptophan or valine were eliminated 

individually from the amino acid diet mixture;; when histidine, cystine, 

methionine and glutamic acid were omitted, a significant decrease in
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fecundity occurred although a few eggs were laid.

In contrast, the work of Singh and Brown (1957) indicated that

only 10 of the above amino acids were required for reproduction in this 

mosquito and that the omission of cystine and glutamic acid were without 

effect on reproduction. They were concerned only with the production 

of eggs, however, and not a high level of egg production.

At first glance, the siaqple fact that amino acids were the 

principal dietary requirements for egg production seems striking. In 

comparison, Harlow C1956) concluded from her work on the blow fly, 

Protophorrala terrae-novae, that a mixture of 19 eiaino acids substituted 

for a homogenized protein diet was Inadequate for maturation of the 

ovaries. Some other accessory factor(s) was required. Of the amino 

acids she used to substitute for protein, the 10 essential amino acids 

required for raafiinal and insect growth were included. Hagen (1952) found

that for the oriental fruit fly# Dacus dorsalis, egg production followed
a

when a mixture of 15 amino acids , plus minerals and a carbohydrate, 

were fed to the adults. There was no reference to which of the 15 

amino acids were absolutely essential for egg production in this fruit 

fly. Although it appears that the same 10 amino acids are required by 

insects for growth as by laaianals, it is not clear whether the same amino 

acids are the only requirements for continued reproduction in insects.

It would not be surprising to find that for insect reproduction these 10 

amino acids were either all that was required or the basic amino acid

3
Arginine, cystine, isoleucine, leucine, lysine, methionine, 

histidine, phenylalanine, threonine, tryptophan, tyrosine, valine, and 
glutaMc acid.

‘ , J * '
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requirements of any synthetic diet for reproduction.

In addition to the inclusion of proteins or amino acids in the

adult diet a number of dietaiy supplements have been found to contribute 

to the fecundity of insects. Considerations of the specific role that 

minerals play as requirements for reproduction have been few (House, 

1958). In 193^, Boyce reported that the walnut hush fly, Bhagoletls 

coagleta Cresson, showed an increase in fecundity and longevity when 

zinc and copper were added to the adult diet, Bkao (1935) found that 

zinc had an important role in egg formation in the silkworm, Bombyx 

xaori L. Dean (1936) working with the adult of the apple maggot, 

Bhagoletis postpone .Ila, similarly found that potassium phosphate slightly 

increased egg production, but a mixture of calcium, sodium, iron and 

zinc chlorides, magnesium sulphate and potassium phosphate, roughly in 

the same proportions found in cow’s mill;, gave the greatest increase.

In 1951/Barker end Tauber reported that there was a significant reduction 

in fecundity of the pea aphid, 1-fe.crosiphum pisi (Harris), when this 

insect was reared on garden peas deficient in sodium, potassium, phos

phorus, calcium or magnesium. The greatest reduction in fecundity 

resulted when nitrogen or phosphorus was lacking whereas a deficiency 

in potassium, calcium or magnesium was less effective in reducing egg 

production. tor the blow fly, Phormia regina, Basso and toaenkel (195^) 

concluded that potassium phosphate by itself had the same effect as a 

eowlete salt Mxturs to tto diet. Ovartoa develop®.* was unaffected 

by other individual minerals, such as sodium chloride, potassium 

carbonate, magnesium sulphate, potassium chloride, and tricalcium 

phosphate, tore recently Pinlsyson (1961) observed that significant

1

http:phospbo.te
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differences occurred in egg production when different levels of manganese 

sulphate were added to the diet of the adult hymenopterous parasite,

Aptesis basizona (Grav.). However the above author reported that ferric 

citrate had no significant effect on reproduction in this parasite. It 

is worth noting that many of the semi-synthetic diets, available or those 

synthetic diets formulated in the laboratory, contain as impurities 

sufficient quantities of some minerals to meet or mask the true picture 

of mineral requirements. This is certainly why investigations on the 

exact mineral requirements for ovary development are so few. House (1961) 

considers that in the field of insect nutrition knowledge of the mineral 

requirements of insects probably remains the most neglected. However, It 

is probable that minerals have a definite role in the relationship between 

the adult diet and fecundity.

Since the larval stages of most insects are considered to store 

much of their energy supplies as lipids (Gilmour, 1961), it is not sur

prising that lipids have been found to play such an in^ortant role in the 

diets (Trager, 1947). Some of the lipid-soluble factors known to be 

required by immature or adult insects include the fatty acids, phospholipids 

and sterols. From reports in the literature, the requirements of immature 

insects for lipids during growth is not always the same (Trager, 1947).

In regard to the fatty acids, House and Barlow (i960) reported 

that for the growth of the parasitoid, Agria affinis (Fall.), oleic acid 

promoted growth, and this requirement was independent of other natural 

lipids. Yet linoleic and arachidonic acids, but no oleic acid, promoted 

growth of the moth, Fphestia kuehniella (Kroenke1 and Blewett, 1946,

1947). In the pink bollworm, Pectinophora gossypiella (Saund.), linoleic

, s-

http:ing%3B%253eorta.nt
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and llnolenic acids had a definite effect on the moth emergence although 

llnolenic acid appeared more beneficial (Vaaderssant et si, 1957)• Yet 

linoleic and llnolenic acids were not required in the diet by the 

larvae of Aedes aegypti (Goldberg and DeMsillon, I9U8). Recently Dadd 

(1961 is reported that good growth and development of the locusts,

Locusta migratorla L. and Schistocerca gregarla (ibrsk.) was only- 

possible when the unsaturated fatty acids, linoleic and llnolenic, were 

supplied in the diet. Yet for larval growth of the oriental house fly 

(Silverman and Levinson, 195M and the house fly (Brookes and Eraenkel, 

1958) no fatty acids are required.

This lack of evidence supporting the requirement for a specific 

fatty acid does not exclude the possibility that fatty acids may be 

required for some other role in the insect, for instance in fecundity 

or fertility. In this connection, the work of Pepper and Hastings 

(19^3) on the sugar beet webworxa Loxoatege stiticalis (L.), is of 

interest. In their analysis of the immature stages of this webwona 

they showed that linoleic acid was essential as a body lipid for 

metamorphosis and reproduction. Ho linoleic acid was found in sterile 

females when the webwona adults were fed only a diet of water and nectar 

which lacked, any fatty aaterials. They concluded that lipids were 

required for growth and the development of fecund females. It is quite 

clear,then,that Insects show varying nutritional requirements for fatty 

acids.

Although it has been established that many immature insects 

require a dietary source of lipids for growth and development (Trager, 

19U7; Albritton, 195 Levinson and Bergmann, 1957), the substances

S.A
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known as sterols are, to date, by far the wet important lipid soluble 

factors required by insects. Souse (195^ - and House and Barlow (i960) 

found that cholesterol promoted larval growth of Agria affinis. The 

lack of this sterol was most evident during the growth of the second 

instar. Silverman and Levinson (195M reported that for the oriental 

house fiy, Musca vicina, the steroids appear to act as both growth 

and pupation factors. The sterol found in the medium was sitosterol, 

but cholesterol, cholesterol acetate, and cholest-len-3-one give the 

вайе biological activity. Similarly it has been found that the lipid 

needed during growth and metamorphosis of the larvae of Aedes aegypti 

may be supplied by cholesterol or ovolecithin (Goldberg and Dejfeillon, 

I9U8). Brookes and Fraenkel (1956) also reported that for larval 

growth of the house fly cholesterol could satisfy the sterol require

ments. Levinson (i960) in his paper on the evolution of sterol 

requirexaents in animals concluded that the larvae of insects may be 

divided into two major groups: the phytophagous insects capable of 

converting the Cgg-g© sterols found in their food plants to cholesterol, 

and the carnivora adapted to cholesterol utilization only.

There are few reports in the literature of adult insects requiring 

lipids for reproduction. In 19^8, Grison found that the potato beetle, 

Leptinotarsa decemlineata (Say), showed an increase in fecundity when 

young potato leaves were painted with a sucrose and lecithin emulsion. 

However, the research of Singh and Brown (195?) and Dimond (1957) 

indicated that for reproduction, the adult mosquito, Aedes aegypti, 

required no lipid, whether a sterol or fatty acid. Yet, recently Monroe 

(1959t I960) reported that for the adult house fly the sterol, cholesterol,

http:evoluti.on
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was necessary for the sustained reproduction of viable eggs although 

the quantity of eggs oviposited was little reduced by a lack of

cholesterol in the diet. When the cholesterol concentration was

lowered the viability of the eggs decreased, tfore recently, Mcnroe 

et al (1961) established that if the larval medium was supplemented 

with cholesterol, viable egg production was almost double that found 

when a non-supplemented medium was used; however, there was no increase 

in total fecundity. Prom his observations Monroe (i960) suggested 

that the female house fly lacks the biochemical mechanisms for sterol 

biosynthesis. This was confirmed by Robbins et al (i960). Eaplanis 

et al (i960) substantiated Mbnroe’s observations by Injecting 4-C14- 

cholesterol into adult house flies and establishing that it was 

efficiently utilized in egg production.

Unsaturated fatty acids in the diet may satisfy the require

ments of an insect during growth (Dadd, I96I; House and Barlow, i960), 

and of the sterols cholesterol can meet, at different developmental 

stages, the requirements for a dietary sterol while the need for sterols 

by insect larvae differs (Levinson, 1960a). Furthermore there are 

marked differences between insects and vertebrates in their require

ments for fat-soluble-factors during growth (Trager, 19^7). It is 

of interest that adults of dipterous insects have as yet shown no

requirement for fatty acids during reproduction.

Relatively few reports can be found in the literature that

indicate the direct requirement for vitamins by the adult insect for

egg production. This is surprising for the water soluble B-vitamins 

play such an important role in insect growth. It is interesting that

http:dieta.ry
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Rasso and Eraenkel (195^+) should state that vitamin-free casein was 

inadequate for ovarian development in the adult blow fly, Phormia 

regina but the casein’s inefficiency was due only to its insolubility 

in water. They did note, however, that the addition of B-vitamins 

accelerated egg development. As early as I9U+, Robertson and Sang 

noted that different strains of yeast will influence female fecundity 

and egg viability of Drosophila melanogaster. They associated these 

reproductive differences with the different vitamin contents of the 

yeast strains fed to the fruit flies. Working with the tephritid 

fruit fly, Dacus dorsalis, Hagen (1952) indicated that there is for 

the male fly a subtle fertility factor present in the enzymatic protein 

hydrolysate of soy. He indicated that this fertility factor raay be 

one or more of the tocopherol vitamins.

Mere recently the use of antiaetabolites, and in particular 

antivitamins, have become one of the standard procedures in the study 

of nutritional requirements in many organisms (Wooley, 1952). Egg 

formation was inhibited in Drosophila melanogaster (Goldsmith and 

Frank, 1952) and l-ltsca domestica (khtlin et al, 1957) fry feeding of 

4-aminopteroylglutamic acid, a folic acid antivitamin. Levinson and 

Bergmann (1959) noted that ovaries were undeveloped in J-fasea vicina 

when the flies were fed 4-aminopteroylglutamic acid, 3-acetylpyrldine 

(a nicotinic acid antivitamin), desoxypyridoxine (a pyridoxine anti

vitamin), neopyrithiamine (a thiamine antivitamin), and pantothenol 

(the pantothenic acid antivitamin). This use of aativitamins in 

relation to the nutritional requirements is enlightening, but further 

research is needed. It would be of Interest to compare, during the
tL*
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«
active period of oogenesis, the need of an organism fox' vitamins in 

the diet and the consequences of feeding antivitamin®.

The general list of dietary vitamins required by insects for

growth includes thiamine, riboflavin, pyridoxine, niacin, pantothenic 

acid, biotin, pteroylglutamic acid, p-amino-benzoic acid, choline, 

and inositol (Trager, 1955)« H was shown that growth of the beetle, 

Trlbollum destructor, was influenced by the nutritional value of the 

flour given to the parent (Reynolds, 1945). Individual larvae of 

this insect fed a wholemeal flour and larvae from parents fed this

diet developed more rapidly than those larvae in tests in which a 

white flour, known to be deficient in B-vitamins, was used. He con

cluded that the rate of development of the offspring of this grain 

beetle was influenced by the nutritional value of the food on which 

their parents fed. The larvae of the flour beetle, Tenebrio moljtor L., 

do not grow if thiamine, riboflavin, i^yrldoxine, nicotinic acid, or 

pantothenic acid is omitted from the medium (Martin and Bare, 1942).

For sometime then vitamins have been known to be required for insect

growth.

Until recently, it was considered that insects required for 

growth only the water soluble B group of vitamins, while the fat

soluble vitamins A, D, E, and K, and the water soluble vitamin G were 

not required. Ifo nutritional requirement for vitamins other than

those of the B grow had ever been substantiated fLipke and Eraenkel, 

1956). Yet earlier Bay (1949) identified vitamin C histochemically in 

the tissues of some insects represented by the orders Orthoptera, 

Coleóptera, and Biptera. Recently Dadd (1957, i960) was able to show

i
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that the locusts Schlstocerca gregaria and Locusta migratoria required 

vitamin C for growth. Even the vitamin requirements can be shown to 

vary for an insect. That is, the level of the vitamin, folic acid, 

required in the diet of Drosophila melaagaster for optimum growth 

depends on the levels of protein (casein) and amino acid (glycine or 

serine) in the diet.

ibr egg production the bed bug, Cimex lectularius L., required 

thiamine and folic acid (Deifeillon and Goldberg, 1946, I9U7). They 

found that this bed bug laid a markedly reduced number of eggs when

fed on rats deficient in folic acid and thiamine. From their studies

on nutrition and reproduction of the adult mosquito, Aedes aegypti, 

neither Dimond (1957) nor Singh and Brown (1957) found that vitamins 

were necessary for egg production. However when B-vitamins were 

present in the diet fed to Dacus dorsalis adults, longevity was 

improved (Hagen, 1952). Since the survival and fecundity of an insect 

are closely interdependent, vitamins were important indirectly to 

reproduction in this fly. Even from such xaeager information it is 

evident that in insects vitamins bear directly on adult reproduction 

and indirectly influence reproduction through survival.

The requirement for nucleic acids by insects has been shown 

by those experiments in which growth was the unit of measurement.

The first suggestions of nucleic acid requirements came when it was

observed that yeast, yeast extract, or wheat-germ extract, were all
. I, '

found to have nutritional value. This was evident early in this 

century when insects were grown on partially purified diets (Delcourt 

and Guyenot, 1910; Dei-feillon and Goldberg, 1945; Trager, 194-7; and
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Praenliel, 1959). It was only when semi-synthetic or synthetic diets 

were devised that nucleic acids were clearly established as growth

factors. That the nucleic acids should be found important for growth 

night be expected because the rate of growth in insects is extremely 

rapid and heterogonic (Roeder, 1955). In the house fly, Musca 

domestica, the larva increases its original weight 54 tines in 4 days 

(Larsen and Thomsen, 194o). Just which part, of the nucleic acid 

molecule, consisting of phosphoric acid, pentose sugars, and hetero

cyclic bases of purines and pyrimidines, is responsible for the 

stimulation of growth was not immediately established. Only with the 

work of Villee and Bissell (1946), Hinton (1956), and Sang (1959) on 

Drosophila was it certain that the growth promoting effect lay in the 

’’nucleic acid” purine and pyrimidine bases, particularly adenine, 

rather than in the entire ribonucleic acid molecule. In the growth 

studies of the mosquito larvae, Aedes aegypti, Singh and Brown (1957) 

found that although nearly all the larvae reached the 4th instar, 

growth and pupation were inhibited when ribonucleic acid was absent

from their synthetic diet. Generally ribonucleic acid cannot be sub

stituted by deoxyribonucleic acid, however, House and Barlow (1957) 

have reported that for growth of Agria af  finis these nucleic acids 

have an equivalent effect.

On the other hand when the adult dietary needs for reproduc

tion are considered it is of interest to note that for fecundity and 

fertility of three tephrited ff-uit flies, there was no need for nucleic 

acids (Hagen, 1952). Also neither Dlmondet al (1956) nor Singh and 

Brown (1957) reported that the nucleic acids or their bases were
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required in the adult diet for egg production in Aedes aegypti. In fact 

Dimond et al (1958) reported that no stimulation to fecundity was ob

served in this species upon the addition of vitamins, nucleic acid and

sterols to the amino acid diets.

Studies on insect nutrition have passed through a transitory, 

purely descriptive phase, when raw materials or refined natural foods 

were used (Uvarov, 1929), to the present basic quantitative stage when . 

synthetically pure chemicals comprise the test diet. It Is anticipated 

that dietary differences between species, in addition to those now 

evident will be elucidated at the molecular level. For exauple, dif

ferences in nucleic acid synthesis have been reported between two 

strains of the fruit fly, Drosophila melanogaster (Hinton, Noyes, and 

Ellis, 1951; Hinton, Ellis and Hoyes, 195l). Most physiologists now 

consider nutrition as a chemical process and the apparent genetic 

basis for these metabolic differences substantiate this concept (Albanese, 

1959). In addition to dietary differences of genetic origin, it is 

likely that differences in nutritional requirements will be found in 

insects harbouring microorganisms or larger parasites. Some intra

cellular symbiotes are already known to synthesise and provide those 

nutrients lacking in the normal diet and so indicating a certain self

sufficiency.

In the field of insect nutrition it is obvious that most of the

attention has focussed on the basic requirements for growth and that
- ! ’

studies on chemically defined nutrients for reproduction are rare.

Since reproduction is considered as the most characteristic feature of 

living systems, it Is surprising then that this process and those known

. $7.
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to be intimately associated with it have been so neglected.

It is commonly known that the house fly# Muses, domestiea, is

of considerable medical and economic importance (Hewitt, 191^; Patton 

and Evans, 1929; West, 195l) and is in the adult stage a polyphagous 

feeder (West, 1951). Other muscid flies have diverse adult feeding 

habits. For example the stable fly, Stomoxys calcitraas, is considered 

an obligatory blood feeder, whereas the face fly, Musea automnalis De . 

Geer, shows somewhat intermediate feeding preferences. Since these 

divergent feeding habits occur in this family it will be of interest 

to investigate whether such behavioural differences also indicate a 

significant difference in the nutritional needs for ovarian growth 

and fecundity.

A beginning to this problem Is made here by evaluating the

specific nutritional requirements for egg production In the house fly.
A

In this thesis the chemically defined dietaiy requirements for the 

first gonotrophic cycle are compared with those for subsequent cycles. 

These results will lead to further studies on the influence of changing 

larval environments on adult dietary requirements for reproduction.

This research is thus basic to an understanding of the vital process, 

reproduction, and of the other basic functions associated with fecundity.

. J,
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METHODS AMD MATERIALS

Constancy of the Fly Strain and Larval Medium

To aid in comparing experiments and to insure their reproduci

bility, variables in the methods were reduced to a minimum. Firstly, 

a single strain of house flies was used throughout. These were 

obtained in 1958 from Dr. H. L. House, Entomology Research Institute

for Biological Control, Canada Department of Agriculture, Belleville,
4

Ontario . The maintenance of house flies in the laboratory for use 

in these experiments continued through U8 generations. The culturing 

techniques were a synthesis of features from several reports but 

followed those of Ireland and IfcLeod (1956) most closely.

For the culture of the immature stages of the house fly, the

standard C.S.M.A. medium (Standard Chemical Specialties Manufacturers 
5

Association) was used. The standard dry larval medium used in the 

Peet-Grady Method (Anonyraous, 1955) is this C.S.M.A. mixture, com

posed of alfalfa meal, dried brewers’ grains, end soft-wheat bran in 

equal amounts by weight. It has been shown that the size and the 

number of pupae and, of course, adults produced from a fixed quantity 

of the medium is largely a function of the interrelation of the

. 1,4r
Dr. House received his house-fly culture from the Science 

Service Laboratory, London, Ontario, where it had been maintained for
three years (House and Barlow, 1958;.

■ #
5

Ralston Purina Company, St. Louis, Missouri, Ü.S.A.
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amount of water mixed in the medium,and the number of larvae growing 

in the medium (Moreland and Mcleod, 1957). Since it was regularly 

observed that the pupae at different times varied in size and numbers, 

a slight modification was made in our original C.S.M.A. mix in an 

attempt to reduce this variation. This later modification was used 

at the time that experisaents on individual female flies commenced.

Preparation of Larval ifedium

The first medium used for rearing larvae contained the following

ingredients :

Dried Brewers’ feast ................ ..... 22 g.

C.S.M.A. ........ ......................... 600 g.

Water ........................... ......... 1250 ml.

Tiie dry components of the medium, dried brewers’ yeast and C.S.M.A., 

were mixed together, then moistened with the water by thorough hand

mixing. These proportions gave a mix whereby a few drops of water 

could be readily squeezed from a handful of the mixture.

The second type of rearing medium was a slight modification 

of the above but gave a more uniform yield of pupae. The change made 

to the medium consisted of the addition, to the water portion, of 

20 ml. of 5 H sodium hydroxide solution so that the final liquid 

remained at 125 ml. This was then added to the mixed brewers' yeast 

and C.S.M.A. The resulting medium had an initial pH of about 7.
; . - I

Seeding the Culture tedium with Eggs

From our observations and others (Basden, 1947; Wilkes et al,

. <74
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1$48; Smith and. Harrison, 1951; and I-foreland and IfcLeod, 1957)> it has 

been demonstrated that a medium seeded with large numbers of eggs 

produces small flies. Ireland and ifcLeod also showed that emergence 

and sex ratios change with the actual numbers of pupae per jar.

Since the last authors established that a more uniform number

and size of pupae could be obtained if the quantity of eggs seeded in 

a standard amount of medium were constant, rearing procedures were 

standardized by following their pipette-tube method of seeding house

fly eggs to the culture medium. Hewly laid house-fly eggs were 

collected from ’milk’ dishes placed in the stock cages IS to 24 hours 

earlier. The egg masses were then transferred by spatula to a 50 ml. 

beaker containing tap water at room temperature, and mixed to separate 

the egg clumps. Floating eggs were poured off with the surplus tap

water. The remaining eggs in the beaker containing about 25 ml. of 
< A • . . ■

tap water were poured into the open end of a 3-ml. portion of a cut

10-ml. graduated pipette. The other end was closed with a circle of

bolting silk. Water was drained from the pipette tube by placing the

base on a cellulose sponge about | inch thick. This was held upright 
s

by a strip of ‘plexiglas' holed to fit the measuring tube (Moreland 

and i-fcLeod, 1957'. The dispersed eggs were poured into the pipette 

tube to give the desired 0.6 ml. volume of eggs. These measured eggs 

were added to the correct amount of prepared C.S.M.A. medium. The 

initial amount of fresh C.S.M.A. medium added to the clear plastic

e
An acrylic resin product of Rohm and Haas Co., U.S.A.

. ir.<
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rearing jars at the time of seeding was only 520 g. (wet) or 84 g.

(dry) and this covered the bottom of the jar to a depth of approximately 

2 inches. A volume of 0.6 ml. of eggs seeded into each plastic jar 

gave consistent yields when a total of 756 g. (dry) of the medium, over 

the entire rearing period was used. With any change made in the number 

of eggs seeded to the medium there was a corresponding change in the 

amount of medium presented to the growing larvae. All rearing jars 

were covered tightly with double weight, tightly woven cheesecloth to 

prevent the possible introduction of eggs from stray flies. When the 

C.S.M.A. medium is not neutralized, molds regularly grow throughout 

the medium forming a moldy crust on the surface, as was reported also 

by Moreland and McLeod (1957)« However, with neutralized medium the 

larvae work through the fresh medium and a dried crust does not form.

On the 2nd, 3rd, 4th, and 5th days after seeding, a minimum of 590 g. 

(wet) or 56 g. (dry; of newly prepared C.S.M.A. medium was added to 

the top of the old medium so that the total larval rearing medium was 

at least 2080 g. (wet) or 756 g. (dry). Within 4 to 6 hours larvae 

work actively through the medium which by this time shows evidence of

heat of fermentation. This amount of C.S.M.A. medium added to each

jar ensured optimum rearing conditions. On the day that the first

pupae are observed no medium is added. The larvae then pupate in the 

loose upper layer of the old medium and are collected from this region 

only. 5

These were 7|- inches high and 8 Inches in diameter and were 
obtained from Tri State Plastic Molding Coc©any, Henderson, Kentucky,
U.S.A. * I * *

i
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In the experiments determining the requirements for production 

of the first hatch of eggs, the adults used were reared from the first, 

second, or third egg collections from a stock cage. However, in those 

test where requirements for second and third gonotrophic cycles were 

investigated, the females used were all reared from stock eggs of the 

first gonotrophic cycle unless indicated otherwise.

Larval Rearing

Rearing jars, containing eggs or newly hatched larvae, were 

placed in an incubator maintained a 78 - 0.2 F [Plate 4]. Both growing 

larvae and pupae were kept at this temperature and at a mean relative 

humidity of approximately 55$ varying occasionally between 3 to 99$.

Under these conditions the length of the larval period lasted 6 days,
a

and pupae first appeared near the end of the sixth day . The pupae 

were usually separated from the larval medium on the eighth or ninth 

day. On the eleventh day the first adults appeared (males were regu

larly the first to emerge), while peak emergence began one day later.

Separation of Pupae

Pupae and the upper dry layer of the C.S.M.A. medium were placed 

in flat trays to dry, and then transferred into a wooden-framed plastic 

sieve, 10§- inches by 12 inches and 2j- inches high. The nylon mesh of

O 5
All ages in the life cycle of the house fly refer to the 

time of egg laying as the first day in the age of the fly unless noted 
otherwise.



28

the sieve contained rectangular holes ( l/S inch by 5/52 inch). Gentle 

sieving of the dried medium and pupae left large cltmps of C.S.M.A. 

medium in the sieve while pupae and loose dried medium were collected 

below. The sieved pupae and medium were transferred into a slightly- 

tapering polyethylene bowl 6 inches high and 15 inches inside diameter. 

With gentle agitation and unheated air from a hand hair dryer the medium 

was blown off and cleaned pupae remained in the container. These pupae 

were placed in coded 6-oa. jars, covered with cheese cloth and stored 

in the incubator until the beginning of emergence.

Stock Cages of Adults

When the first adults began to emerge the jars of pupae were 

placed in stock cages and the cheesecloth covering was removed until 

sufficient numbers had emerged. Each stock cage held between 500 and 

400 flies [Plate 1]. All stock cages were kept in the same incubator 

with the growing larvae under constant fluorescent lighting from a 

50-watt, 55-inch General Electric Fluorescent light. Emerging adults 

were fed a 0.1 M sucrose solution by a cotton wick through a stoppered 

20-ml. sample bottle and given fresh milk or dissolved powdered milk 

(Carnation powdered milk) within 24 hours after emergence. Mik 

feeding was continuous, with changes made every 24 hours until the end 

of the third day. This is the day before the eggs of the first gono- 

trophic cycle are mature. Should the maintenance of the stock colony 

or experimental tests require that eggs be collected on the fifth or 

sixth day, then further milk feeding and subsequent egg laying of the 

stock culture was delayed until that time. This meant that females,

http:begim:d.ng
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although ripe with eggs on the fourth day, retained their eggs until 

a suitable substrate was presented for oviposition on the fifth or 

sixth day. By this method of feeding and egg collecting, a stock fly- 

cage receiving milk in the morning would yield by afternoon sufficient 

eggs to seed a new cylinder of medium; or if feeding was withheld until 

late afternoon, sufficient eggs would be deposited by the following

morning.

In the course of the preparation of experimental diets for 

the adults, it was noted that individuals within a given lot varied

less in size than individuals from different lots. This made it

desirable to set up a series of tests and replicates with flies from 

a single lot of males and females. Thus daily rearing was standardised 

and each lot set up was large enough both for nutritional experiments

and for stock culturing. Since under our rearing conditions the life
A

cycle of the house fly from egg to adult was 12 days, experiments 

were planned two weeks in advance of actual emergence and feeding of

-the adults.

Experimental Adult Flies

When flies were to be used for experimental diets, male and 

female adults were allowed to emerge in a stock cage until adult 

emergence was at a maximum. The remaining pupae were transferred to 

a clean cage and emergence continued for U to 6 hours until there were 

sufficient adults in the new cage fox- experiments. These young male 

and female adult flies were then caught in shell vials, 50 jma. by 20 ma. 

diameter, and transferred to experimental cylinders [Plate 2], set up
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in the rearing incubator.

Cleaning of Experimental Apparatus

The pyrex glass cylinders used to confine the test flies during 

these nutritional studies were of two sizes, 18.0 cm, high by 15.0 cm. 

outside diameter [Plates 2 and 4], and 6.0 cm. high by 5-0 cmi. outside 

diameter [Plate 4], The former will now be referred to as large and 

latter as small cylinders in 'this thesis. The large cylinders were 

used for those diets that determined the amino acid requirements for 

egg laying and contained 15 adults, 12 females and 5 males. The small 

cylinders were used to determine the nutritional requirements for 

individual female flies and contained 1 female and 2 or 5 males. All 

cylinders were washed first with Alconox (sold by Canadian Laboratory 

Supplies Ltd., Toronto) and rinsed clean, then just before use, rewashed 

with Express (Proctor and Gamble? in an automatic glassware washer 

rinsed for 2| minutes with hot tap water, | minute with deionised (resin 

filtered) water and then drained dry. All cylinders were topped with 

Alconox-washed nylon netting. This was held in place with 7-inch 

expansion hoops, while the smaller cylinders had the nylon netting held 

in place with elastic bands.

The large cylinders were placed on aluminum trays covered with 

two layers of Whatman No. 1 filter paper cut to size from 46 cm, by 

57 cm. sheets. Each aluminum tray, 20.5 cm. by 46 cm., was long enough 

to hold three large glass cylinders and in the centre of each section, 

holding each cylinder, a 2.8 cm. diameter hole was bored to take a No. 6 

rubber stopper [Plate 2]. The small cylinders were arranged on clear

. 5-i
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plastic trays, 50.5 cm. square and. 0.8 cm. thick with 12 cylinders on 

each tray, and, as above, there was a hole in the tray under each 

cylinder. In the centre of each rubber stopper a hole was bored, into 

which a 12 m. by 55 mn. shell vial was easily introduced. The bottom 

of this vial was pushed level with the large end (bottom) of the 

rubber stopper. In the rearing incubator the experimental cylinders 

and trays were placed on shelves which were 50 cm. below two Uo-watt, 

47-inch long fluorescent lights.

Between experiments rubber stoppers were brushed with a

solution of Alconox, rinsed over night in running tap water, then

thoroughly rinsed five times in deionised water and five times in 
B

discilled water before drying at 105 The shell vials used to con

tain the diets were similarily washed in Alconox with a test-tube

brush and rinsed in tap water. These vials were cleaned further in
*■ ,

stender dishes in units of 15 by immersion in a dichromate cleaning 

solution for 5 or more hours. They were then rinsed individually in 

tap water before being placed in a battery jar and rinsed for 6 to 12 

hours in running tap water. The vials still in stender dishes were 

rinsed repeatedly in deionized water and five time in distilled water 

before being dried in a drying oven with the rubber stoppers.

In presenting the liquid diet to adult house flies, wicks pro

vided the feeding surface [Plate 5]. These were prepared from absorbent

cotton. To remove possible dietary contaminants, such as unsaturated
- I,

B
Always refers to distilled water redistilled la a glass

still*
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fatty acids (Pollock, 19U8), the absorbent cotton was washed by Soxhlet 

extraction as described below. Wicks were prepared from a 5 inch by 

6 inch piece of absorbent cotton cut from a 1 lb. roll. The 5 inch 

by 6 inch piece of absorbent cotton was then rolled in Kleenex tissue, 

to prevent packing, and inserted into a Soxhlet exbract ion thimble 

(55 ma. by 80 mm.). The cotton was next washed in a Soxhlet extractor 

with two washings of distilled water and two final washings of 95 per 

cent ethyl alcohol, each washing lasting for at least 8 hours. These 

washing© always removed a soluble yellow substance from the cotton.

The washed cotton was then removed, unrolled with clean forceps and 

dried in the drying oven. This cotton was stored in large 20 m. by 

150 mm. glass dishes. When wicks were required they were cut from

this cotton.

Preparation of Diets

[a] Preliminary tests with more or less modified natural pro

ducts fed to adult flies:

In these experiments adults were fed natural foods, or their 

products, as diets. In some cases fresh homogenized whole silk was 

used as a ’control' diet and hereafter is known as milk diet or simply 

milk. The milk diet was fed to adult flies to determine whether egg 

maturation, oviposition and adult survival were consistent rather than 

as an absolute standard within, or between experiments. The variations

evident on this diet resemble the differences found when blow flies
10

were fed on milk (Harlow, 1956). When 5.^2 g. of sucrose (a 0.1 molar

10
Fisher Certified Reagent

http:pack%21l.ng
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11 12
solution), and 0.15 g. of salt mixture W were dissolved in 100 ml.

13
of solution, this was known as sugar-water diet. All purified casein

io
preparations were dissolved in 0.1 N sodium hydroxide , and with the

above amounts of sucrose and salt mixture added, this was known as
14

casein diet. A yeast diet was prepared by dissolving various amounts 

of yeast and the above quantities of sucrose and salt mixture W to make 

100 ml. of solution. The amount of casein or yeast extract employed in

each diet is indicated in the results. All the constituents of these

diets were weighed in the dry state and dissolved in enough distilled 

water or sodium hydroxide solution to make 100 ml. of diet.

[b] hater tests with chemically defined diets fed to adult

flies:

The diets used in these experiments, were all solutions of dietary

10
Fisher Certified Reagent.

11
A Wesson modification of a salt mixture of Osborne and Msndel 

(1952) and purchased from Nutritional Biochemical Corporation, Cleve
land, Ohio as the prepared salt mixture W containing calcium carbonate, 
copper sulphate, ferric phosphate, manganous sulphate, magnesium sulphate, 
potassium aluminum sulphate, potassium chloride, potassium dihydrogen 
phosphate, potassium iodide, sodium chloride, sodium fluoride, tri
calcium phosphate.

12
All water used in the preparation of diets was distilled 

water redistilled in a glass still and hereafter is referred to as 
distilled water.

• ».
13

Sold as "vitamin free" casein by Nutritional Biochemicals 
Corporation, Cleveland, Ohio or vitamin-free or vitamin-test casein 
by General Biocheaicals, Chagrin Falls, Ohio, or as low-vitamin casein 
by Genatosan Ltd., Fison Chemicals, England.

14
A product of Nutritional Biochemicals Corporation sold as 

yeast extract powder.

. 4.4
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mixtures ia 100 ml. quantities. All diets contained 3Л2 g. of sucrose 

and C.15 g. of salt mixture W as in the above diets [Part 1] unless

otherwise specified. All amino acids used in the diets were of the 1-
18

form and of the highest purity . In the first experiment they were 

mixed in the quantities listed in Table I (diet A) in the заде pro

portions as in the diet ’D* of Dimond et al (1956) and Dimond (1957).

3h all further experiments the proportions of amino acids used were as 

in Table I (diet S). Only distilled water was used in the preparation 

of all chemically defined diets. Those components of the diets, i.e. 

sugar, salts, and amino acids, requiring continual stirring to dissolve 

them, were mixed by a glass-covered magnetic stirrer and heated by a 

hot plate warmed to 50 to 60 F. This initial mixing was performed in 

a 150 ml. glass beaker covered with a clean 100 mm. by 15 xam. petri

dish. After the various components of the diet were dissolved and cooled, 
le

the diet in solution was neutralised with about 5 ul. of 5 Я sodium
IT

hydroxide . This neutralized solution was then diluted to 100 ml. in 

a volumetric flask with 15 to 25 ml. of distilled water, rechecked for 

its pH, and immediately stored at 10 C. Diets were replaced daily and

15
California Corporation for Biochemical Research, Los Angeles,

California.

is
Neutrality was determined when the Beckman model Seromatic 

(R) pH meter indicated a pH of 7, The initial pH of the diet before 
neutralizing was usually about 4.

17
The 5 N sodium hydroxide solution was prepared from Fisher 

reagent grade pellets dissolved in distilled water.

Й-ч
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freshly made for each experiment as a precaution to obviate contamination 

(Praenkel, I9U0) and old diets were never reused.

Wen nucleic acids were added to the diets at concentrations of

0.4 g. per 100 ml. diet they were dissolved in about 2 ml. of 2» 

sodium hydroxide before being added to the amino acid mixture and before 

neutralisation of the prepared diet (House, 1954a). Sucleic acid bases, 

at 0.2 g. per 100 ml., were used in other diets.

The amount of vitamins added to the diets were chosen from those 

concentrations found by Sang (1959) House and Barlow (1958) as suit-

able for growth of the larvae of the fruit fly, Drosophila melaaogaster,

and the house fly, Musca domestics., respectively. The vitamin solution 

used in these studies was first prepared as a concentrated solution 

(Table II) and kept at 5 C. To obtain the desired concentration of 

vitamins a 1 ml. sample of the concentrated vitamin solution was pipetted 

into the non-neutralized amino acid diet under preparation. For each

new series of test diets a fresh vitamin solution was prepared.

Because of the importance of cholesterol in egg viability, as

shown by Monroe (1959/ I960) for the house fly, this sterol was added

to some of the test diets of the adults. The addition of cholesterol

to the liquid test diets, at the concentration we found optimal for egg

laying, was conducted as follows. In 5 ml. of hot 95$ ethyl alcohol was 
is

dissolved 0.25 g. of cholesterol . Then to a weighed 50 ml. volumetric

..  1»^... 1 ....I. .... ... ....... .. .....  ..... ...,^1» ...... .... I,

IS
California Corporation for Biochemical Research, los 

Angeles, California.

http:t%253ee:t.ng
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flash were added 0,25 g. of the emulsifier Tween 30 (polyoxyethylene 

sorbitan monooleute) and approximately 20 ml. of hot distilled water.

To this solution was added the hot cholesterol solution. Care was 

taken to prevent the precipitation of the cholesterol on 'the sides 

of the volumetric flask during the addition of the cholesterol solution. 

This was prevented by pouring the cholesterol solution through a warmed 

glass funnel into the detergent water mixture. The resulting fine 

cholesterol suspension was diluted with hot distilled water, then 

cooled to room tei^rature before final dilution to 50 nl. To obtain 

a 0.01$ cholesterol suspension in a test diet, 2 al. of the above 

cholesterol solution were pipetted into -the aaiao acid solution while 

it was being stirred. Other concentrations of cholesterol used in 

test diets were similarly prepared and added in 2 al. quantities, за 

that the solvent, ethyl alcohol, and emulsifier Tween 80, were in the 

sene quantity for all test and control diets.

Dissection and >feasuxwents of Ovaries

Ifeasurerentc similar to those of Harlow (1956} on ovary growth

of Ысж flies теге made house flies selected from individuals that 

emerged within a 6-hour period. Each cage contained both male and fexaale 

test flies which ware fed nil! every 2U hours. A 0.1 M sucrose solution 

and fresh milk each In separate containers, were the only nutrients

fed these flies. Sendee samples of these flies were taken and dissected 
*.

- *• • ..
1»

A saE©lfi from the Atlas Powder Company, Canada, Ltd., 
Brantford, Ontario.

http:cholesterol-solut%7E.on
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at 24-hour intervals. Another cage containing flies fed only sugar water, 

a 0.1 M sucrose solution, were similarly fed and selected for dissection. 

All adults used for a series of dissections were reared together. Dis
sections and measurements of ovaries were made2u using insect Ringer’s

21solution as dissecting medium and at a magnification of 50 times.

Each ovary was removed and manipulated by the branches of the trachea 

entering the ovary. Ovary measurements were then made on their in situ 

shape. This was not the technique used by Harlow (1956); sbe flattened 

each ovary before taking measurements. Our measurements of the ovarian

length and width were made on the medial surface of the ovary and thick

ness was measured from the medial to lateral tracheated surface. The

product of these measurements, although having no absolute meaning, 

gives an approximate volume measured in arbitrary units (Harlow, 1956).

All eggs deposited by the flies (on the feeding wicks and the
Afew laid on the stoppers) were counted and included in the values 

reported as fecundity. Before eggs were counted the wick was removed 

from the vial and placed on the dissecting dish containing wax blackened 

with carbon. The white illuminated eggs were then readily counted under 

a binocular microscope against the black background. (Eggs were collected 

from each cylinder once every 24 hours at the time of replacement of 

diets and later counted.)

1953)

20 .
With a linear ocular* micrometer.

ax
Drosophila Ringer’s solution according to Bodenstein (Roeder,

http:S/U%27fa.ce
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ifast of the eggs of the first gonotrophic cycle are laid on the 

fourth or fifth day after emergence, and eggs laid after this time can 

be ascribed to further cycles. This information was used when studying 

fecundity of individual flies. In some cases the determining of relict 

eggs by dissection further aided in establishing gonotrophic cycles.

Histological Techniques

The ovaries of adult female house flies were removed in Bodenstein’s 

insect Ringer solution (Roeder, 1953) at periods Immediately following 

emergence until after oviposition of the first gonotrophic cycle. The 

ovaries were fixed in Bonin's, Zenker's, Helley's or Carnoy and Lebrun's 

fixatives (Kennedy, I9U9). In these studies Bonin's was the fixative 

used most extensively. The tissue was dehydrated in three changes of 

cellosolve (ethylene glycol raonoethyl ether), cleared in benzene and 

embedded in Tissuemat 6G-65 c- Mierotoiiie sections were made at 10 

microns. Delafield's hematoxylin gave the most satisfactory results 

for routine staining of the sectioned ovaries.

*,1

r
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RESULTS

To facilitate the présentâtion of the results, this section is 

divided into three parts. Parts I and II deal with undefined and

chemically defined diets in relation to general fecundity. Part III

establishes the role of supplementary nutritional factors in the first

and subsequent gonotrophic cycles.

Before the nutritional requirements for ovarian development 

could be determined, parameters applicable to this line of experimen

tation had to be chosen. M?re precisely it was necessary to measure 

and record some evidences of physiological processes in the house fly, 

processes whose values could be observed and compared. These processes 

had to be sensitive to the experimental conditions. The nutritional 

experiments in this thesis were concerned therefore, with three values: 

female survival, ovarian growth and egg production.

Consequently, some of the following preliminary tests were 

undertaken, firstly to develop satisfactory experimental methods and 

secondly, to determine the optimum values under the experimental con

ditions designed for this study.

PARC I

Determining Experimental Standards and Ovarian Development in Relation
*

to Undefined Diets

[a] The appropriate ratio of males to females in experiments :

Twelve adult females per large cylinder were chosen arbitrarily

59
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as the experimental nusher. Fresh homogenised milk was fed daily. Gen

erally the number of eggs laid over a lU-day period under these conditions 

was approximately 2800 eggs. It was now necessary to determine whether 

the number of males present in the cylinder had an effect on egg deposition

not with the viability or size of the eggs. Since it was possible that

impregnation of the females had a bearing on ovarian development and on 

egg laying, 5 adult males were placed with the 12 females. Test flies

were from one group of larvae and therefore of the same age. This

of males to females was the same in all cylinders until the

On the third day males were removed in most cylinders so that

female ratio of 0:12, 1:12, 3:12 or 5:12

The results indicate that the ratio of males to females in a

were present than with any other number. This difference is not as

marked after 10 days, when the cylinders with 3 and 5 males respectively, 

are considered (Table III). However a lower fecundity is evident after

10 days in cylinders containing 0 and 1 male as compared to those with 

3 and 5 males. These calculations confirm that greater Qgg deposition

occurred when 3 or 5 males were present in the large cylinders, 

of these data, a ratio of 3 males to 12 females was used

in all experiments with large cylinders. To ensure that males will be

present throughout an experiment to stimulate egg deposition, each small

http:fe:rna.1e
http:cylin.de
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cylinder had an initial 3:1 ratio of males to females and this ratio

was never allowed to fall below 1:1.

[b] Variation in fecundity of individual milk-fed females:

Preliminary experiments had indicated that it was impossible to 

distinguish between gonotrophie cycles and the variation of individual 

female egg laying when the large cylinders contained 12 female and 3 

male flies. For these two reasons the oviposition of individual females 

was investigated.

Experiments using eighteen small cylinders, each with one female 

and 3 males of the same age which were fed fresh milk daily, continued 

for 22 days (Table IV). Under these conditions 15 of the 18 females 

laid eggs (84$) but of the total number of females, only 7 of the 18 

laid two or more cycles of eggs (39$). When considering only laying 

females, 7 of 15 (49$) laid eggs beyond the first cycle. A little more 

than half (56$) laid eggs within 7 days after emergence. The cosmence- 

ment of the second egg laying cycle in the individual females began 

between the 6th and 13th days. This extensive period Indicates a 

noticeable overlap in the gonotrophie cycles between female flies.

This accounts for the difficulty in distinguishing the cycles by 

observations on oviposition during those experiments using groups of 

females in large cylinders.

The exact reason for these differences between females is obscure.

Differences in the rate of ovarian development may be a factor. These

observations on individual milk-fed flies indicated that females can

develop two or more gonotrophie cycles and that mean survival under

these conditions was two weeks. More than half the females survived two
. J * •

- . . . ..
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weeks or ncre. This variation in reproduction and survival made it

advisable to continue the use of small cylinders for observations on

nutrition and ovarian development of individual female flies.

[c] Bate of ovarian development in adult females fed milk or sugar-

water diets;

To answer a number of questions concerning the rate of ovarian
tfgrowth and the effect of diet on oogenesis in the house fly, measure

ments were iaade and volumes calculated, of dissected ovaries from 

freshly killed flies only. Observations and measurements on both

ovaries were conducted daily on 7 9 females fed milk or sugar-water.

To insure adult uniformity, flies were chosen from larvae reared and 

pupating together in the same rearing cylinder.

Any growth of the ovaries occurring in sugar-water fed females

was evident only between the first and second days; no change in size 

in the ovaries was measurable after the second day. In milk-fed flies

this same early growth pattern was evident. Ovarian change in milk-fed

flies was little during the first day and showed the first measurable

increase during the second day. With a milk diet the time of greatest

yolk deposition, which accounts for most of the ovarian growth, occurs

during the second and third days (Table V, Fig. l), Any yolk deposition 
rt

at the end of the third day was past the period of greatest ooplasm 

increase. Between the third and the fourth days only a slight growth 

is noticeable; this is the timfe^of chorion deposition (see next section) 

Egg laying of the first gonotrophic cycle generally commenced on the

fourth day under our ejqaerimental conditions, Ifeny other dissections of 

females fed milk, and also the amino acid diets, substantiated these

, s.’fc
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results.

The course of ovarian growth in the second gonotrophic cycle 

follows very closely that of the first. But the ovary in older flies, 

which have just oviposited, is slightly larger than those of sugar-water 

fed flies of the same age (Table V). This nay be because the yellow 

body (see next section) is now part of the second cycle ovary. In 

addition, nurse and follicular cells of the first gonotrophic cycle are 

still present although degenerating (see next section).

[d] Sone morphological changes in the ovary during the first gonotrophic

cycle:

Since this work is principally concerned with the nutritional 
«

requirements during oogenesis, it was considered that a histological 

study of the general changes during the maturation of the ovary would 

establish some characteristics of this process, Moreover, this should 

more clearly illustrate those factors contributing to the growth of 

the ovary outlined in the previous section.

The general anatomy of the reproductive system of the female 

house fly has been described by Hewitt (191U) and West (1951), In 1921 

Verhein outlined the basic histological changes taking place in the 

maturing ovary of muscid flies. He established that each maturing 

ovariole of the house fly contains an ovum (oocyte) and 15 nurse cells, 

the result of four mitoses. Each ovary contains about 50 to 75 ovarioles 

(West, 1951). Three typical zones or regions are recognizable in an 

ovariole (Irmas, 1957)•' the slender thread-like apical terminal fila

ment, the germarium containing the primordial differentiating germ

and nutritive cells, and the follicle or vitellarium consisting of the
■ T* .

f
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major portion of the ovariole, The last region contains the developing 

nutritive nurse cells and oocyte, and is hounded by a layer of follicle 

cells (sometimes referred to as the follicular epithelium). These 

cells primarily function in the secretion of the chorion of the egg.

Examination of the histological sections showed that there 

were marked general changes in each maturing follicle of an ovariole. 

Principally these changes are responsible for the growth of the ovary 

during each gonotrophic cycle. All the plates, except 8 and 12, 

illustrate dii-ectly the growth of the ovary since these microphoto

graphs were taken at the same magnification (62.5X). Plates 8 and 12 

are at a higher magnification (107.5X). Under the rearing conditions 

described here changes in the ovary of milk-fed house flies appeared

as follows.

In the ovary of the newly emerged fly the round follicle is 

noticeably enveloped in a layer of follicular epithelium cells. In 

comparison to the nuclei of the follicular cells those of the nurse 

cells are large (Plate 7), being also large in relation to the size of 

the cell. At a higher magnification the chromatin material of the 

nurse cell nuclei appears either diffuse or in clunks (Plate 8). At 

this time differences between the nurse cells and oocyte are less 

apparent than in older follicles. Trecheóles are easily noticeable

between the ovarloles.

After about 24 hours the follicular and nurse cells show further 

differences. The former cells are now much smaller than the nurse cells.

This difference is the result of the growth undergone by the nurse cells.*
Nuclei of these cells are also larger than at the time of emergence and

4. .
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now contain diffuse chromatin. Generally the largest nurse cell nuclei 

lie adjacent to the oocyte and all nurse cells are about the same size, 

la cross section the follicle is now oval rather than round. Up to 

this time ovarian growth is slight as a result of these changes in 

ovarioles (Plate $)♦

Afcer US hours the most obvious change in each follicle is the 

growth of the nurse cells, and the evidence of much yolk deposition 

in the oocyte. These changes mark the beginning of active vitello

genesis. The follicular cells of the developing follicle noticeably
ft .enclose the oocyte. Visible elongation of the follicle is now evident. 

The nuclei of the nurse cells have greatly enlarged and still contain 

a diffuse chromatin (Plate 10).

By the time the female is 3 days old (?2 hours), the nurse cells 

and their nuclei have reached maximum size. This is probably the 

beginning of the most active period of vitellogenesis. This is char

acterised by oocyte growth overtaking nurse cell growth. In cross 

section the oocyte and the nest of nurse cells have grown to about the 

same size (Plate 11). Yolk material is apparently transferred directly 

from the cytoplasm of the two nurse cells adjacent to the oocyte, into 

the growing oocyte (Plate 12).

At approximately 84 hours the most characteristic change evident 

is the degeneration of the nurse cell nuclei. Those most adjacent to

the oocyte become irregular. These changes are also accompanied by a
n

decrease in nurse cell size. In contrast the oocyfce has grown markedly

and approaches the maximum size. Evidently vitellogenesis is maximum 
♦

between 60 and 84 hours under these experimental conditions. Evidence

1
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of the chorion can he seen (Plate 13). These conditions in the follicle 

(and oocyte) indicate that oocyte maturation is almost co®j>lete. Ovi- 

position by the female of eggs approximately one Millimeter in length 

(West, 1951), generally occurs on the fourth day (96 hours).

However, just prior to egg deposition, at about hours, the 

egg is mature and vitellogenesis is complete. This stage in the 

maturation of the ovary is characterized by further degenerative 

changes in the nuclei of the nurse cells and a decrease in size of 

these cells. Initial changes in the nurse cells are apparent in 

those follicles destined for the second ovarian cycle (developed from 

the former germarium) and adjacent to maturing oocytes (Plate 13 and 

l4).

After oviposition the remaining follicle cells and degenerated

nurse cells appear as a mass of tissue which Lineva (1953) called the
7

yellow body. The adjacent follicle, containing the nurse and folli

cular cells next in line for maturation, appear to be in the initial 

stages of oogenesis (Plate 15).

[e] Delayed presentation of the milk diet to newly emerged flies and

the effect on fecundity and survival;

The time at which adult female flies were fed, may have a 

bearing on the rate of ovarian growth or on the numbers of eggs develop

ing. Therefore, individual adult female flies, kept with 3 males In 

the small cylinders, were fed milk at intervals of 1, 2, 10, and 37 

hours after emergence. Under all experimental conditions flies 

generally began feeding 20 to 24 hours after emergence and when flies

were presented with milk 37 hours after emergence, they immediately fed.
i *

i
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During this experiment no appreciable differences were evident in the 

mean total number of eggs laid, the mean time of first egg laying, 

and female survival (Table VI). Thus feeding shortly after emergence 

or after a day and a half (37 hours) did not affect the fecundity or 

survival of the females. Although these results indicate that with

holding food from the adult female has little effect, in subsequent 

experiments flies were always fed within 30 hours after emergence.

[f ] Fecundity and survival in relation to adult diets of yeast extract

two purified preparations of casein, and mill;

After the above results were known, further tests were designed

to determine the effect on survival and fecundity when female flies 

were fed on various protein preparations.

[i] Therefore in this experiment two casein preparations, a

4$ vitamin-test casein22 and a 4$ low vitamin casein23 were compared
7

with, a sugar-water protein free preparation and a fresh milk control. 

The sugar-water diet contained the usual minerals. Both caseins were 

dissolved in 0.1 N sodium hydroxide to give 100 ml. of diet, and con

tained the usual minerals and sucrose. The diets were evaluated by 

comparing both the number of eggs laid and female survival for each

diet. All four dietary preparations were fed to individual female 

flies placed with 3 males, all of the same age and stock. Small cylin

ders were used, 18 cylinders per test.

2Я
A preparation supplied by General Biochemicals, Chagrin 

Falls, Ohio, and sold as vitamin-free or vitamin-test casein.

аз
A product of Genatosan Ltd.: Fisons Chemicals, England, 

and sold as a low vitamin casein.

• ■. J , íl ..
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Although those flies that fed on the lew vitamin casein were 

slightly more fecund in the first cycle, the nutritional value of 

both casein diets for this cycle is considered similar to that of 

milk (Table VII). It is of interest to note that the average number 

of days between the first and second gonotrophic cycles were 4 to 5 

days on the casein diets and 2 days on the milk diet.

With the vitamin-test casein diet, 7 of the l4 laying females 

deposited second cycle eggs whereas with the low vitamin casein diet 

only 4 of the l4 laying females did. In comparison the latter 

represents a lower number of females capable of developing a second 

gonotrophic cycle. Thus the two casein preparations for the first 

gonotrophic cycle were similar, but the vitamin-test casein diet 

seemed nutritionally more successful for subsequent cycles.

Adult house flies fed a sugar-water diet did not oviposit; 

this was expected. ffowever, when female survival was compared (Table 

VIII), this diet was far superior to either of the casein diets or to 

milk, In general female survival on both casein diets showed a marked 

similarity. However, with both casein diets the mortality was similar 

throughout the experiment, the last flies dying in each case between 

the twelfth and thirteenth day (figure 2). On the other diets (milk, 

sugar-water) female survival was at 100$ at least until the sixth day 

after emergence. In this experiment female survival on all these

diets was poor in comparison to other experiments in which survival
. i'

values were similarily graphed.

Both these casein diets satisfy the nutritional requii’ements
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for ovarian development and maturation. This fact would tend to con

firm that proteins are the sole requirement for the initiation of egg 

development in the adult female house fly. However one casein pre

paration, "vitamin free" casein, gave higher fecundity.

C ii] In investigations on nutrition and growth, yeast or a 

yeast fraction has been often used together with more basic components 

in a partially defined diet. However yeast extract alone known to be 

rich in vitamins is seldom, if ever, used as the sole source of food.

To establish whether the female house fly is able to feed, 
lay eggs and survive on a diet of 6$ yeast extract24 , as successfully 

as on milk or 6% "vitamin free" casein25, 2 large cylinders containing 

12 females and 3 males, sad 7 small cylinders containing 1 female and 

3 mies were used for each diet.

Data from the large cylinders showed that of the two diets,

6% yeast extract or 6$ casein, the former diet was the better (Table 

IX). For example, If after 18 days the mean number of eggs per 

cylinder Is compared, the milk, the casein, and the yeast extract 

diets gave values 3353, 636 and 1105 eggs respectively. The data from 

individual females are similar (Table X). The mean number of eggs 

per laying female on the milk, the casein, and the yeast extract diets

24
A product of Nutritional Biocheaicals Corp., Cleveland, 

Ohio, and sold as yeast extract powder.
- * •

as
This casein was a product of Nutritional Biochemicals 

Corp., Cleveland, Ohio, and sold as "vitamin free" casein.
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over lU days was 212, 34 and 77 respectively. This difference between, 

the yeast and casein diets was apparent when fecundity, expressed as 

oviposition ratios, was compared (Table IX and X). However, this 

casein is less successful than the two used in the previous 

experiment (Table VII) which gave oviposition ratios of 0.66 compared 

to that of the present experiment, 0.l6.

Both 6$ yeast extract and 6$ casein diets, fed to adult 

females, supported ovarian development and oviposition. The yeast 

extract diet was the better of the two by far. However, fresh milk, 

as the control diet, proved to be the best of the three diets tested.

BAHT II

ggg Production, the Essential Amino Acids and Other Dietary Supplements

Once experimental conditions, permitting continued ovarian 

development and egg laying were established, it became possible to 

determine chemically defined nutritional requirements for oogenesis 

and oviposition for the adult house fly. bhder the i-earing conditions 

used in these experiments this strain of house fly was anautogenous.

Jbr this reason both ovarian development and the number of eggs laid 

served as criteria of the nutritional adequacy of a diet fed to the

adult.

[a] The need for salts, a carbohydrate and water in the adult diet:

In our formulation of a basic amino acid diet (Table I) used
- t ’

in these experiments, it was found that sucrose, salts (Table XI) and 

water were the only other constituents required for egg production.

The elimination of any of the last three basic components of the diet 

resulted in adverse effects to egg production (Table XI) and to

■ • - . 4h
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20

survival. Any salts present in the amino acids as iE^urities would

have reduced the effect of these deletions. Even when Wesson's

salt mixture or sucrose were eliminated from a "vitamin-free" casein“ 

diet, no eggs were laid. Erom these observations it was evident that 

the addition of both the salt mixture and carbohydrate to the diets

was essential.

[b] Determination of the amino acids necessary for ovarian maturatioxi

Preliminary test with a purified casein hydrosylate supple

mented with 3$ tryptophan (dry weight) fed to adult house flies gave 

viable eggs. Therefore further experiments e^loying a chemically

defined amino acid diet were attempted.

The first problem was to determine whether the amino acid 

diets, which had been fed to other dipteran adults, allowed successful 

ovarian maturation in the house fly. Diraond (1957) had prepared his 

synthetic amino acid diets on the basis of adequate natural protein 

sources, casein and blood (Table XII), and had further established 

the levels which gave the best egg production fox' the adult female 

mosquito, Aedes aegypti, (Table XII,right column). Therefore, our 

first synthetic test diet was prepared with the naturally occurring 

l-foim of the amino acids. This diet (diet A, Table I) contained 

the same concentrations of the amino acids as found optimum by Diraond 

(1957)(Table XII), but the 1-form of isoleucine, methionine, pheny

lalanine, threonine and valine were used instead of the dl-forms used 

by Dimond.

as
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Since the amino acid diet A (Table I) gave sufficient and 

consistent numbers of eggs (Tables XI and XIH), the next problem 

was to determine which of these 12 amino acids were essential for

consistent egg maturation. Therefore tests were made deleting single

amino acids from diet A. Those amino acids found to be required 

(’essential’)# as indicated by no ovipostion, were arginine, histidine, 

isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan and 

valine (Table XIII; section "e" below). Dissections of the females fed 

on these synthetic diets indicated incomplete ovarian developiaant when 

these required amino acids were lacking. The role of a sulphur con

taining amino acid, cystine or methionine is not apparent from these 

results. However, if either of the sulphur-containing amino acids, 

methionine or cystine, were eliminated from the diet, eggs were deposited 

(section ”d” below). It is certain then that only nine of the original 

twelve amino acids were necessary for egg production.

Once the essential amino acids for ovarian maturation were

established a second synthetic diet, diet 3, was prepared and fed to 

adult house flies. This diet differed from diet A by containing only 

half the amount of the 1-forms of isoleuciae, threonine and valine.

The amount of these amino acids was halved in our second synthetic 

diet, djet 3 (Table I), since these d-forms were not utilized by the 

mosquito, Aedes aegypti (Dlmond, 1957).

The results obtained by feeding diet 3 were noticeably better 

than with the original diet A, when comparing egg production after 10 

and 15 days (Table XV). After 15 days 1007 eggs were produced on the 

latter and a comparable 1259 eggs in the former.

■ . J * ■
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[c] The substitution of nitrogen compounds for glutamic acid in the

defined diet:

As shown above (Table XIII)} glutamic acid is not essential 

for fecundity in the adult female house fly but without it egg pro

duction is less. Whether this amino acid can be replaced by other 

non-specific nitrogen compounds in the adult house fly is unknown.

Therefore experiments were tried in which ammonium citrate or 

urea replaced glutamic acid in diet A. Both these diets were compared 

with diet A and with diet A lacking glutamic acid. Three large 

cylinders were set up containing 12 females and 5 males for each diet. 

Apparently ammonium, citrate can be more effectively utilised than 

glutamic acid by the female adult house fly for egg production (Table 

XIV), Urea cannot be considered a non-specific nitrogen source, but

on the other hand appears to interfere with fecundity, for, when
/■ '

glutamic acid is totally lacking from the synthetic diet, wre eggs 

are produced than when urea is substituted.

The data also show a high survival value for the females fed 

ammonium citrate (Table XIV). All twelve of the females were alive 

in all three cylinders after 7 days. This was slightly better than 

for the milk control and for those fed the amino aicd diet A. In both

cases 10 of 12 females survived for the same period.

Although further tests should be undertaken to have a clearer 

picture of the utilisation of these non-specific nitrogen compounds, 

the above results indicate differences in the use of these two com

pounds, ammonium citrate and urea, by the adult female for egg 

production.
j*| * .

t
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[d] The effect of eliminating cystine or methionine in the synthetic

diet:

It was necessary, since eggs were laid with either cystine 

or methionine in the diet, to determine just what part either of
It

these amino acis played in oogenesis. Therefore a series of experi

ments were designed to determine which of these two sulphur amino

acids were essential to the house fly.

In the first experiment the amino acid diet A (Table I) was

used and compared with cystine or methionine deficiencies from this 

diet. Diet B (Table I) was used as another comparison in this experi

ment. Three large cylinders, with 12 females and three males in 

each cylinder comprised a group. After 10 and 15 days, egg production, 

although increasing for each diet up to the 15th day, was always lower

when methionine was lacking (Table XV). There was no meaningful increase
A'in egg production per experimental female after 10 days on the meth

ionine deficient diet,while with all other diets marked increases 

were evident after 10 days. On diet A, egg production per experimental 

female was 89 eggs on the 10th day and 99 on the 15th day. Total egg 

production of flies fed the methionine deficient diet was much reduced. 

This did not occur when cystine was lacking. In fact the cystine

deficient diet gave a better mean total production than the other 

synthetic diets. With all the synthetic diets there was little egg

production after the 10th day, differing from the fecundity with milk.
».

In a second experiment cystine and methionine were deleted

individually from the diet B and methionine from, the diet A. The

s-.
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results (Table XVI) confirmed the first experiment. With the cystine 

deficient diet high fecundity occurred, similar to that with the 

control diet B over the same period, indicating that cystine was a 

non-essential amino acid. Again a methionine deficiency in diet A or 

diet B was followed by a marked reduction in fecundity, evident after 

the 9th and l6th day (Table XVI). Therefore methionine, although 

not essential when cystine is present, is required if egg production 

is to continue at a high level.

An additional observation was the notable difference in

fecundity with the two methionine deficient diets, the deletion of 

methionine from the diet A resulting in a much greater decrease in 

egg production. In both series of experiments with females fed amino 

acid diets A and B there was a noticeable decline in fecundity after 

the 9th or 10th day as compared with that of milk-fed flies (Tables 

W and XVI).

These results suggested that cystine need not be a constituent 

of further synthetic amino acid based diets. Therefore in all further 

experiments amino acid diet 3 lacking cystine will be referred to as 

diet C (Table I, hfethods and ifeterials).

[e] role of the sulphur-containing amino acid, methionine, in

egg production:

The requirement of adult house flies for a particular sulphur- 

containing amino acid was not evident from the earlier amino acid
■

studies (section "b" and "d" and Table XIII). Cystine, according to 

the metabolic studies of Cotty et al (1958) was not essential for the 

house fly but methionine was. However the exact need of dietary

, t.-.
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methionine for ovarian maturation has been obscure. To clarify the 

role of the sulphur-containing amino acid, methionine, the following 

tests were performed.

In this experiment for each of the diets tested, five large 

cylinders were set up in replicate. Each cylinder contained 15 flies 

12 females and 5 males. Except for a specific amount of methionine 

in each diet, the synthetic diet fed to the flies in the cylinders

were based on diet C. The amounts of methionine in each of the four 

test diets were 0, 0.01, 0.0U or 0.15 g*

The fecundity of house flies fed on diet C, in which varying 

amounts of methionine were present, are shown in Table XVII. The 

results indicate the role of dietary methionine in house fly egg 

maturation. That is, some eggs were laid even when methionine was 

lacking from the diet. On this deficient diet egg laying all but 

stopped by the 7th day, yet by the 5th day egg laying had not reached 

a laeak. When increasing amounts of methionine were added to the diet 

fecundity also increased respectively. However as the increase in 

fecundity was less when the methionine was raised from 0.04 g. to 

0.15 g.# it was evident that an asymptote was being reached (Table 

XXXIII in Appendix). The level of 0.15 g. of methionine used through 

out the rest of the experiments was therefore close to optimum.

This procedure of eliminating and varying the amount of the

sulphur-containing amino acids from the synthetic diet resulted in
■ »,

three important observations. The first that eggs were laid by 

females fed a synthetic diet lacking the sulphur amino acids and 

second, the number of eggs laid by females fed on this diet were

■ ■
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by comparison considerable. Thirdly, fecundity increased with the 

addition of increasing amounts of methionine.

[f ] Variation in fecundity of groups of females fed on amino acid

diet C or aiilli;

It became apparent after a number of experiments that the 

fecundity of females in the large cylinders was relatively consistent, 

out depended on the diet fed. In experiments cosparing an amino acid 

diet with milk the mean total number of eggs per cylinder and the 

number of eggs per surviving female were more consistent with diet C 

than with the milk after lU days under the same conditions (Table 

XVIII). With diet G, although the number of eggs laid was aore con

sistent, it was markedly lower. The repeated low fecundity with 

amino acid diet C indicated that this diet was nutritionally deficient

and prompted further experiments using individual females.

PART III

The Hole of Supplementary nutritional Factors on the First and Sub

sequent Gonotrophic Cycles

At this time it may appear that, once the amino acids essential 

for ovarian maturation in the house fly were determined, further studies

in this field would add little. Msreover the literature does not

suggest the need for investigations into the requirements for continued
»oogenesis. However from our investigations, two points required 

further research. The first was that, when adult house flies were 

fed the amino acid diet C, the fecundity was below that of females 

fed milk over the same period. That is, as previously noted, this 

synthetic diet was deficient. The second point was that egg laying

• -
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declined noticeably, after an initial period, with flies fed on an amino 

acid diet but not with those flies on milk. Therefore, it seemed that 

if egg production was to continue some specific additions to the amino 

acid diet were required. To recognize effectively gonotrophic cycles 

and the nutritional requirements for each, the fecundity of individual 

females was emphasized. It was this fact that led to the preparation 

and feeding of the experimental test diets presented in the next section, 

[a] The fecundity of individual females fed on amino acid diet C or

milks

These experiments are presented to elucidate the details of the

differences in egg production between individual females fed the amino 

acid diet C or fresh milk. The decline after the initial period of egg 

laying in flies fed diet C was evidently due to the lack of gonotrophic 

cycles beyond the first (Table XIX)* Of those individual females fed 

amino acid diet C, 8 of the 12 oviposited but only one female laid a 

second batch. Even after the dissection of these 11- to 16-day old 

females, the ovaries of only one other fly (cylinder 7a, Table XIX) 

showed an indication of a second gonotrophic cycle. On the other hand 

this fly may have retained some first cycle eggs. Of those females fed 

on milk, 47$ deposited two or sore gonotrophic cycles (Table XIX). Eggs 

of second and third gonotrophic cycles are regularly laid by milk-fed

flies.

In addition to the above observation, it was often noted that
i

the total number of developing or mature eggs in the ovaries of flies 

fed the amino acid diets (A, B or C) is similar to that deposited by 

milk-fed females when both relict and laid eggs of the first cycle are
'• 4-
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counted (Table XIX). This indicates that the amino acid diet fed to 

the female house fly is adequate for the maturation of eggs of the first 

cycle, with very few follicles failing to nature.

Thus the synthetic amino acid diet known as diet C is adequate 

yet limited. It is adequate, in that it allows, in the majority of 

females, the maturation and laying of eggs of the first gonotrophic 

cycle. However, this diet is obviously limited because eggs of the 

second gonotrophic cycle rarely develop.

[b] The value of cholesterol added to amino acid diet C;

In an attempt to improve the cystine-deficient amino acid diet 

(diet C), cholesterol was used as a supplement. To test the role of 

cholesterol three different concentrations of cholesterol 0.05$> 0.01$, 

and 0.001$, were added to amino acid diet £. These diets were fed to 

12 females and 3 males set up in large cylinders over a lU-day period. 

Each concentration of cholesterol was run in triplicate. In the first 

test, using a concentration of 0.05$ cholesterol, it was evident from 

the number of eggs laid and by comparison of the oviposition ratios

that the concentration of cholesterol fed to the flies was less favour

able than the control (diet £ plus Tween and ethyl alcohol) or even 

diet £ alone (for results and calculations of oviposition ratios see 

Table XX). When the oviposition ratio of the control (amino acid diet 

£ plus Tween and ethyl alcohol) was 1, the same diet containing 0.05$ 

cholesterol produced a ratio of 0.73. As a further cou^arison the 

oviposition ratio on the amino acid diet £ was I.96, considerably better 

than the diet containing cholesterol. It would appear that Tween 80 

and ethyl alcohol together had deleterious effect on fecundity. The

http:fe:ma.le
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milk diet in this experiment produced more than five times as many 

eggs (5.22) as the control diet.

The poor egg production with cholesterol at the concentration 

of 0.05$ suggested that a lower level might confirm the picture re

ported by Monroe (i960). Therefore another series of experiments were 

similarly set up in triplicate using two different cholesterol concen

trations, a 0.001$ and a 0.01$. Two other diets were used for comparison 

with the earlier experiment, a control amino acid diet G preparation 

containing Tween 80 and ethyl alcohol, and diet C alone. This experiment 

indicated a much different picture of fecundity than with the higher 

cholesterol concentration (Table XXI). When either 0.01$ or 0.001$ 

cholesterol was fed, egg production was above that of the control,

(Table XXI). Similarly this improved fecundity is apparent when a 

comparison is made with Mbnroe’s data and diet 0 (Table XXII, Figure 3). 

The addition of 0.01$ cholesterol to diet G gave the best egg production. 

Once again with the addition of the emulsifier and solvent alone, the 

ovlposition ratio was below that of the amino acid diet C (Table XXI).

Therefore cholesterol at concentrations of 0.01$ or 0.001$, are 

conducive to increased fecundity while at a higher concentration, 0.05$, 

egg laying is below that of a diet containing no cholesterol.

[c} The value of eight B-vltamins added to amino acid diet C:

Because even when diet C was supplemented with cholesterol the 

fecundity of flies was much below that found with milk as a diet, 

additional dietary supplements were sought. Studies of insect growth 

have repeatedly shown the importance of the B-vitamins. Because of this 

requirement for B-vitamins by immature and mature insects it was con

. a «
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sidered that some increase in fecundity might result in the house fly

if the B-vitamins were added to the synthetic diet.

Two experiments were set up to test the effect of vitamins on 

fecundity and survival. In the first, diet C supplemented with vitamins 

was fed to 12 females and > males in large cylinders. The other 

experiment was concerned with the effect of vitamins on the fecundity 

of individual females confined to small cylinders. Three large cylinders 

and five small cylinders were used with both the amino acid diet C and 

diet C supplemented with eight B-vitamins (Table II).

With the large cylinders little difference exists in the egg 

production between the two diets (Table XXIII), i.e. the addition of 

eight vitamins is of little effect in mean total egg production after 

7 days. The vitamin supplemented diet produced more eggs after 14 

days. If female survival is considered, then some difference is noticed 

between the amino acid diet C and diet G supplemented with vitamins 

from the 7th to 10th day over the same period (Table XXIV). Almost 

twice as many females are surviving on the latter diet, 59$ as compared 

to 37$ on "the 10th day.

In the second experiment a comparison of individual females 

shows that little difference exists in the number of eggs laid in the 

first gonotrophic cycle (Table XXV). Two females completed a second 

cycle when vitamins were in the diet, while only one female did on diet 

C alone. It is because of these second cycle eggs that a difference is 

apparent between the above two diets, i.e. the mean number of eggs after 

14 days was 106 eggs per female fed diet C and 132 eggs per female fed 

the vitamin-supplemented diet. Differences in female survival were less
0- '
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A

marked in this experiment (Table XXV).

It is of interest that the addition of vitamins to the synthetic

amino acid diet C was of some value when fecundity in the first and 

subsequent gonotrophic cycles was followed over a lU-day period. More

over, female survival was improved initially when vitamins were present,

[d] The value of combining cholesterol, B-vitamins, and ribonucleic

acid with the amino acid diet C;

Although various supplements increased fecundity when added to 

diet C, in no case did this inprovement approach the level with the milk 

diet. Therefore it was evident that even the supplemented diet C lacked 

some nutrient factor(s). Oogenesis as we have shown involves a rapid 

growth of the egg cell. To accomplish this, large amounts of cytoplasmic 

material must be deposited by the nurse cells of each oocyte. In each 

house-fly egg there must be stored those metabolic products required 

for the development of a first instar larva. The limiting nutrient 

factor for continued egg production was, at this stage in the problem, 

likely some nucleic acid(s) which the adult fly was unable to synthesize, 

or in insufficient quantity.

To test the role of nucleic acids in reproduction, amino acid 

diet C was supplemented with yeast nucleic acid (RHA), vitamins and 

cholesterol (diet D see Table I) and compared with diet G Itself. For 

each of the two diets tested 28 small cylinders were set up, each con

taining one female and three males all from the same rearing jar. Indi

vidual females were tested so that for each gonotrophic cycle the 

Individual as well as the group fecundity could be compared.

[i] First gonotrophic cycle: The figures in Table XXVI have
t'f. .
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been condensed from the data and are arranged so that they show gono- 

tropic cycles and egg production. With diet D which contains RNA, 

the fecundity per experimental female during the first cycle shows a 

marked increase over that with diet C, i.e. 103 to 30 eggs per experi

mental female respectively. An analysis of the sample means, by the 

student’s ‘t’ test, showed this increase to be statistically significant 

[KO.OOl]. When the number of eggs per laying female are calculated 

the difference is still evident, i.e. 116 to 85 respectively. The 

difference between these two sets of calculations actually indicates

that female survival is better with diet D than with diet C. This 

difference in survival is shown in Figure 4. Itoreover females fed diet 

D have a fecundity almost identical with those fed milk. The number of 

females laying on diet C is slightly more than one third of the total 

number of females used, while on milk or diet D it reaches 75 and 89$ 

respectively. This indicates again that diet D is as good as, if not 

better than, milk during the first gonotrophic cycle.

[ii] Subsequent gonotrophic cycles: By studying gonotrophic 

cycles beyond the first, the adequacy of diet D for continued oviposition 

can be determined. In the second cycle with diet D, the number of eggs 

per experimental female and the number of eggs per laying female are 6l 

and 123 respectively, while the percentage of laying females was 50. In 

sharp contrast, diet G gave fecundity values of 9 and 132 respectively, 

but only 7$ °i* the females oviposited. This large value of 132 eggs per 

laying female with diet C resulted from eggs laid by two females only 

and as previously observed, two gonotrophic cycles may occasionally be 

completed. A student’s ’t’ test for the significance of the difference
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between these two chemically defined diets, gave a P value < 0.01 for 

the second gonotrophic cycle when considering eggs per experimental 

female. This P value was considered significant.

Further evidence of the adequacy of diet D was noted from the

record of individual females laying more than two gonotrophic cycles 

(Table XXXIV in Appendix). Of females fed this diet 35$ laid three or 

more gonotrophic cycles while 50$ laid two or more egg cycles. Ito 

females laid more than two cycles when fed diet C.

Although earlier, diet C seemed to satisfy the requirements 

for fecundity, it appears now that it is usually adequate just for the 

first cycle of eggs. Only when diet C is supplemented with RKA, B- 

vitamins and cholesterol are subsequent cycles regularly produced.

Thus the real difference, when females are fed these two chemically 

prepared diets, is evident in three ways:

[a] the number of eggs laid per experimental, or laying female, 

was greater on the diet D,

[b] the number of ovipositing females was also greater on this 

diet, and,

[c] egg laying continues past the second gonotrophic cycle 

when females were fed this diet over a 15-day period.

[e] The Importance of vitamins in amino acid diet D for repeated oogensis

and female survival:

From the results of the previous test, a question arose as to the 

role of vitamins in diet D. Thus two diets were studied,, one deleting the 

B-vitamins from diet D (number 58, Table XXVII) and the other adding 

inositol to diet D (number 6$, Table XXXI) and each compared with diet

http:great.er
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D and a milk diet. Eighteen small. cylinders, each containing one female 

and three males were used for a diet. Six small cylinders were set up

as milk ’control’.

[i] Experiment with diet D lacking B-vitamins: In the first 

gonotrophic cycle the mean number of eggs laid by the experimental 

females fed on the vitamin-deficient diet was noticeably lower than 

when flies fed on diet D or milk (Table XXVIII). The difference was 

less marked when considering the number of eggs per laying female. 

However, when examining the number of eggs per laying female, diet D 

appeared to be as successful as the milk diet. On the milk diet all 

the females laid the first batch of eggs, while only 75$ laid when 

fed diet D and 67$ when fed the vitamin-deficient diet (Table XXVIII). 

Although for the first gonotrophic cyele the above differences in 

fecundity and survival were apparent, a statistical analysis of egg 

laying per experimental female fed the vitamin-deficient diet D or 

diet D by itself, showed no significant difference (P < 0.5, student’s 

•t' test).

When egg production beyond the first gonotrophic cycle was 

followed, only one of 15 females fed the vitamin-deficient diet (number 

58) completed the second cycle, whereas with diet D (number 59) and 

with milk, 8 of 16 and four of the six experimental females respec

tively laid a second batch of eggs (Table XXIX). When females fed 

the vitamin-deficient diet were dissected between the 10th and 16th 

days, ovaries were less than a quarter the mature size. In addition, 

with each of these last two diets, two females completed three or more 

cycles. When considering egg production per experimental female in the

. St*
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second cycle, the difference between diet D and the vitamin-deficient 

diet D was greater than in the first cycle, yet was not statistically 

significant (P < O.l) when comparing the number per laying female. 

However, when the second and subsequent cycles were considered together, 

the difference between these two diets was significant (P < 0.05). Thus 

the B-vitamins become increasingly more important in the diet after the 

first gonotrophic cycle in most flies. On the other hand, the fecundity 

of individual flies laying a second batch of eggs with the vitamin- 

deficient diet, was somewhat similar to the mean fecundity of laying 

females fed diet D (Table XXIX, column 2)•

The female survival with the vitamin-deficient diet when com

pared with the milk diet or the other synthetic diets indicates an 

inadequacy (Figure 5). However, female survival with diet D with 

adenine replacing RliA was similar to that with milk.

This experiment was repeated in the same way by using adults 

reared from second rather than first cycle eggs (Table XXX). Again 

egg production for the first and subsequent gonotrophic cycles was 

generally similar to that in the first experiment. Females were fed 

the vitamin-deficient diet (number 6l) and diet D (number 62) and were 

compared with those fed milk. However in this experiment a statistical 

evaluation of the fecundity of the experimental females, during the first 

cycle, showed a significant difference between the vitamin-deficient diet 

and diet D (P < 0.02, t « 2.575). As in the first experiment this diff- 

ence during subsequent cycles was also significant (P =» 0.05, t * 2.028), 

but considering the second cycle only this difference had a P value

< 0.06 (t « 1.980). This difference between the vitamin-deficient diet
L
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and diet D is also reflected in the total fecundity (Table XXX, last 

column).

The survival of females (not graphed) fed on the vitamin- 

deficient diet was equivalent to that with diet D and milk. A com

parison of the time in days at which 50$ of the females were alive 

was of interest (the median time for survival, hereafter referred to 

as STgo), For the vitamin-deficient diet, diet D and milk the SPgo’s 

were 7, 6.5 and 8 days respectively. These supporting observations 

euphasize a different criterion for dietary adequacy in addition to 

that of fecundity.

[ii] Experiments with diet D supplemented with inositol; It 

was anticipated that some improvement in egg production might be pos

sible If the vitamin inositol was added to diet D.

Therefore an experiment was conducted using 18 small cylinders
■ ’

with diet D (number 68) and 18 with diet D plus inositol (number 69), 

and six as milk controls.

For the first gonotrophic cycle the fecundity of the females 

fed the two synthetic diets is similar (Table XXXI), although females 

fed the inositol supplemented diet laid a slightly higher number 

of eggs than those females fed on diet D. This is reflected in the
27

total number of eggs laid in the first cycle, 1J02 to H89 respectively , 

and the number of eggs per experimental female. A similar result was 

seen in the second gonotrophic, cycle (Table XXXI). Records of individual 

females laying eggs after 16 days showed that more than two cycles

This was established from the daily records and by dissecting 
the individual females at the end of the experiment.

27
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occurred, on these two synthetic diets. For diet D and diet D plus 

inositol the number of females laying three to five gonotrophic cycles 

was 2 and U of 18 respectively; this was reflected in the total fecun

dity of females on these diets (Table XXXI, last column).

Ifemale survival was clearly better with diet D than with the 

inositol-supplemented diet, ST5Q 11.9 and 7.5 days respectively 

(Figure 6). The fact that egg production is better with the inositol 

supplemented diet than with diet D, in spite of poorer survival with 

the former, points up the value of inositol in the diet for fecundity 

although this was not shown to be statistically significant.

[f] The replacement of ribonucleic acid by nucleic acid bases in diet
ft

D and its effect on repeated oogenesis and female survival

[i] Experiments with adenine substituted for RHA in diet D;
ft

It was considered possible that oogenesis in the house fly could pro

ceed when EHA was replaced by one or more of the nucleotides, and in 

particular the purine and pyrimidines bases. In the first experiment 

to test this possibility, adenine was substituted for EHA in diet D 

(number 60, Table XXVIII and XXIX) and this diet was compared with 

diet D (number 59) and milk. Eighteen small cylinders were used with 

each of the synthetic diets and six with milk.

In the first gonotrophic cycle the average number of eggs laid 

by the experimental females fed the diet containing adenine was 

noticeably lower than that by females fed diet D or milk (Table XXVIII) 

This difference was even more marked when considering the number of 

eggs per laying female. Of the synthetic diets the diet containing 

adenine gave the highest percentage of females laying first cycle eggs.

■■
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Although the diet containing adenine gave a lower egg production in 

comparison with diet D, this difference was not statistically sig

nificant (P < 0,5).

When the second gonotrophic cycle was considered one third of 

the experimental females fed on the diet containing adenine (number 

60) completed this cycle, whereas with diet P (number 59) one half 

of the females laid a second batch (Table XXIX). When considering 

more than two cycles,only one female fed on this diet containing adenine 

laid saors than two batches of eggs whereas with diet D two females com

pleted three or more cycles. Total egg production on the former diet 

was similar to flies fed milk, and noticeably poorer than diet D 

although this difference did not prove significant. Flies fed the 

diet with adenine replacing ENA laid less than half the number of eggs 

(55^) after the first cycle than did flies fed diet D (73U).

In comparison to those females fed other synthetic diets, the 

survival of females fed on the diet containing adenine was noticeably 

better (Figure 5). This increased longevity is unexplained. However 

the decline in fecundity wag of major interest,

A second experiment in which adenine replaced ENA in diet D 

was carried out in the same way but using adults reared from second 

rather than first cycle eggs (Table XZX), Generally the number of 

eggs per experimental female in both the first and second gonotrophic 

cycles and the total number of eggs laid were similar to these results 

of the first experiment. However again the differences in the number 

of eggs per experimental female between the two synthetic diets was 

not statistically significant for either cycle. In this experiment

s ¡K
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the percentage of females laying first and second cycle eggs was 

noticeably lower, which meant a slightly greater number of eggs per 

laying female in both cycles. The insufficiency of the diet contain

ing adenine (number 63), compared with diet D (number S2), was more 

evident when considering the total number of second cycle eggs (l8S 

and 591 respectively). These results confirmed the first experiment.

Again the diet containing adenine gave a better survival (not 

graphed) than either diet D or milk as shown by Srso*s of 10.5, 6.5 

and 8 days respectively. This extended survival when adenine is 

substituted for ENA is of obvious value to fecundity, but is apparently 

offset by other effects.

[ii] Experiments with adenine and cytidylic acid replacing

ENA in diet D:

The question arose as to whether a purine and pyrimidine base 

together might produce an improved fecundity and survival when they 

replaced SNA. In the previous experiment the substitution of adenine 

for EHA resulted in a reduced fecundity, but an improved survival.

Thus, the addition of another nucleic acid base, cytidine (in place of 

cytidylic acid), might improve egg laying and still maintain a high 

adult survival.

In this experiment, diet D with adenine and cytidylic acid 

replacing EHA (number 67, hereafter diet E, see Table l) was compared 

with diet D (number 68) and milk. For each of these synthetic diets, 

eighteen females were set up individually in small cylinders. Mik, 

as control, was fed to six females, each in a small cylinder.

In the first gonotrophic cycle with diet E the number of eggs
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per experimental female was greater than that with diet B (Table XXXI) 

This is the result of more females ovipositing when fed diet E rather 

than a greater number of eggs per laying female. However with milk 

although fewer females laid eggs than with diet E the number of eggs 

per laying female was higher than found with either of the synthetic 

diets, i-foreover the total number of eggs laid during the first cycle 

was greater with diet E (132U) than with diet D (1189).

In the second gonotrophie cycle the greater number of eggs 

per experimental female fed on diet E was due to a higher fecundity 

per laying female as well as to more females laying eggs (Table XXXI). 

In this experiment both synthetic diets, especially diet E gave better 

fecundity for the second cycle than the milk control. On diet E four 

females laid three to five cycles of eggs whereas on diet D only two

did.
■

Survival of females fed diet E was somewhat better than diet 

D, the SPso’s being 13.O and 11.9 respectively (Figure 6),

Thus it is notable that the substitution of these two nucleic

acid bases, adenine and cytidylic acid for RITA ingxroved overall fe

cundity (Table XXXI, last column) more than in previous experiments 

where only adenine was substituted and also more than when RNA was 

used, i.e. diet D.

[g 3 Feeding dry chemically defined diets to adult flies:

Although the present techniques using xenic liquid diets resulted in
* I . '

no discernible effects of biotic contamination, the development of 

dry synthetic diets in studies of house-fly nutrition would make a 

useful comparison and might ultimately be preferable. Because of the

. ¡¡71
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polyphagous habits of the adult house fly, the feeding of dry synthetic 

diets alone, generally considered Unpractical, seemed worthy of inves

tigation. Unattractiveness and unpalatability of a dry diet was con

sidered the likeliest cause for failure rather than a dry diet 'being 

nutritionally inadequate. Whether house flies would oviposit on such 

a dry medium was uncertain. After initial test powdered sucrose was 

found to stimulate feeding and was the necessary ingredient in the 

preparation of further dry synthetic diets.

To determine that a dry synthetic diet was adequate for egg 

development, experiments were designed so that feeding and ary egg 

laying could be observed. Twelve females and three males, all reared 

identically, were introduced into large cylinders (Plate 5). Six 

cylinders were employed to test each diet. At the time of the daily 

introduction of the dry diet, a 0.1 M sucrose solution in a vial with 

a cotton wick was also presented (Plate 6). Two diets were used and 

ground separately in a mortar. Dry diet no. 73 contained all the 

components previously included in liquid diet C (Table I). Diet no.

72 consisted of all the dry components present in liquid diet D (Table 

I) but with cholesterol omitted. The fresh dry diets were refrigerated 

and portions presented daily la small glass dishes, 12 mm. high, by 

22 mm. Inside diameter. Pour large cylinders were also set up with 

liquid mills; as a "control.” Prom the mean number of eggs per cylinder

after 7 and 17 days it was evident that fecundity on both synthetic
- 1'

diets was exceptionally low when coizpared to that with milk (Table 

XXXII). Also the mean number of eggs per surviving female was un

usually low for diets no. 72 and no. 73; 15 and 11 after 7 days, and

• ' . J . 5'*. . .

http:neces.%24a.ey
http:t.dentica.l.ly
http:previou%7E.ly
http:compone:p.ts
http:exceptional.lt


. T3

21 and 18 after 17 days respectively. By comparison during the same 

period the milk diet gave values of 66 and 158. From earlier experi

ments, it is evident that with this group of experimental flies, egg 

laying on all diets was poor. However, the interest here was the 

comparison between the dry diets and the milk diet. It should be men

tioned that when these females were dissected, they contained additional 

mature eggs. Thus both dry synthetic diets were capable of supporting 

oSgenesis.

In contrast to fecundity female survival on these dry diets 

was much better. For both dry diet C (number 72} and dry diet D less 

cholesterol (number 75) the S3?g0’s were 12.2 and 15 days respectively 

(Figure 7). The survival values on both these dry diets were com

parable to the best STgo’s for all other diets and the initial survival 

after emergence was better than any other amino acid diet.

From these tests two valuable observations are evident. Firstly, 

adult house flies fed chemically defined dry diets can mature and de

posit eggs. »Secondly, fernle survival was as good as with the best 

liquid diet.

I,
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DISCUSSION

The elucidation of the chemically defined dietary needs of 

the house fly, Miseá domestica, in relation to fecundity was considered 

a fruitful beginning to further research aimed ultimately at relating 

the larval and adult nutrition to the reproduction of blood feeding 

and non-blood feeding muscid flies. Information gained from earlier 

work on the nutritional requirements for growth and reproduction in

the adult house fly and in other dipterous Insects indicated that there

existed certain definite food requirements for these processes. For 

exasple Aseber and Levinson (1955) concluded that protein reserves 

laid down in the larval stages cannot be mobilized for egg development 

in adults of the oriental house fly, llisca vicina, but that another 

source of protein was required. In support of this it had been reported 

that for ovarian development adults of various species of flies and 

other insects needed amino acids, carbohydrates, minerals, vitamins or 

nucleic acids (Rasso and Fraenkel, 195^; Barlow, 1956). Yet the food 

reported as required for reproduction represents only part of the pic

ture. Many other factors are known to contribute to fecundity in

insects.
28

The adult house fly, unlike many insects, is polyphagous .

..........................................................................~~ .......................................................................... . ..........
- ' I '

a© > •
Recently Robbins and Shortino {1962) demonstrated that 

adults shew autogeny when the larvae are reared on a high cholesterol 
dieta

, K
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It is this character that certainly facilitates the feeding of artificial 

diets to an immature or adult Insect (Dadd, 1960b). Sbrtunately other 

characteristics of the adult female house fly are favourable for studies 

on nutrition and reproduction. Of obvious value is the short gono- 

trophic cycle. Other, almost equally important, characteristics of the 

female are the need for only one mating (Slngroae et al, 1959) and the 

unspecialized needs for oviposition sites (West, 1951)> and the saccharides, 

non-specific nutrients, which function as attractants and gustatory 

stimuli (Galua and Eraenkel, 1957; Thorsteinson, i960).

It was important Initially, to determine the basic rate of 

ovarian maturation when a diet adequate for egg production is fed. St>r,
M

if other environmental conditions are favourable, the rate of oogenesis in 

the adult bouse fly and related insects should depend on the suitability 

of the food. It was also evident in other Diptera (Harlow, 1956; Hbsoi, 

195^) that variations in the rate of gonadal development of the female 

occur when different diets are fed to the adult. Kobayashi (193M 

observed similar large irregularities in female house flies. These 

physiological variations were found in the present studies on the house 

fly, but these female variants were considered a normal pare of the

data.

Although axenic techniques can present the most reproducible 

picture of insect nutritional requirements, it has been repeatedly 

demonstrated that under xenic conditions many specific dietary needs 

can be determined (Noland et al 19^9; Eraenkel and Printy, 1954; Rasso 

and Eraenkel, 1954; Harlow, 1956; Dimsnd, 1957; Dadd, 1957). In

those eases where xenic techniques were employed investigators have
j

. i *
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attacked the problem by inhibiting the gut flora in the insect (Fraenkel, 

1959), by feeding metabolic antagonists (Levinson and Bergmann, 1959)> 

by feeding dry diets (Frobrich, 1955; Ladd, 1957), or by maintaining 

rigid techniques (Harlow, 1956; Dimond, 1957). Xt is well known that 

by using axeaic culturing methods the feeding conditions of the insect 

and the synthetic foods, in many waysfdo not present the best growing 

conditions. Secondary defects, such as the consistency of the diet, 

may become a primary complication. It is of significance that Fraenkel 

(l959), in a survey of the dietary requirements in insects, should 

conclude that lie was less convinced about the importance of intestinal 

sterility in many insects. Indeed the results of recent nutritional 

studies, in which septic flies and unsterilized media were used, have 

contributed in many ways to the understanding of insect nutrition. In 

the present study contamination was kept to a minimum by storing diets 

at low températures until needed although they were initially unsteri

lized, a procedure used by Limond (1957). Xhe daily renewal of the

diet fed to the adults and the short time required for oogenesis, when 
ae

adults are fed an adequate diet , assisted further in establishing

the diet needed for egg production.

In preparing and feeding these xenic liquid test diets to house 

flies, the most acute complication would be to feed diets changed by 

contamination, for example changes resulting from contamination by 

microorganisms. The contributions of symbiotic microorganisms in the

29
An adequate diet, in this case, is one supporting ovarian

maturation,
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ted. that accessory growth factors in addition to the amino acids,,

contributed no stimulation to egg production in Aedes aegypti. They

considered that undoubtedly microorganisms within this insect were

techniques, reported that for A. aegypti egg production occurred with 

an amino acid diet alone. In any ease in a recent paper, Greenberg 

(1959) observed that in house flies there is a general process of gut

sterilization before adult emergence. If microorganisms were to make an

obvious contribution, then two main observations would be evident

Firstly, erratic and inconsistent results would arise and secondly,

insignificant differences in fecundity would

diets. This was not the case in the present study. îferked consis

of identical diets (Tabletency in egg laying was found during feeding

XVIII) and marked differences were evident between certain other diets

of the fecundity of the adult fly rather than by changes in weight

survival or ovarian growth. This means of measuring the adequacy of

a diet is not without complications. When food, in a sufficient number

of cases, fails to support ovarian maturation, this failure may result 

either from inadequate feeding or the quality of the food. It is well 

known that house flies (West, 1951), blow flies (Fraenkel, 1936, 19A0) 

and flesh flies (Dorman et al, 1958) require an assimilable carbohydrate

for survival, otherwise death results even before ovarian maturation

is possible. Therefore, female longevity or survival may be an effective
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criterion to determine whether sufficient food is eaten by the adult 

house fly. The use of adult survival is not new to nutritional studies, 

for in 1933 bfcCay coEpared growth rate and longevity of rats in his 

experiments. In the present research, then, it was crucial to deter

mine at what stage factors other than the quality of the diet affected 

egg production. Such factors were prevented from operating or were 

evaluated during these studies on house fly nutrition and fecundity.

Robertson and Sang (1944), working with adult Drosophila, found 

that when the quantity of available food is restricted oviposition rate 

is reduced. Because of this, the experimental food, including sugar, 

was always available in excess to the adult house fly and feeding was

ad libidum.

Harlow (1956) noted that for adult female blow flies the pre

sence of males encouraged egg laying. She pointed out however that
A '

males had no effect on ovarian growth. Other research workers (Dean, 

1938; Glaser, 1923; Hagen, 1952) found that unmated female flies, 

whether the apple maggot fly, house fly or fruit fly, all laid fewer 

eggs than mated females. Browne (1958) showed that for the sheep blow 

fly, kaeilia cuprina, the state of the ovaries is important in deter

mining whether females will mate. For this reason it was considered 

essential to establish and maintain under experimental conditions, 

the number of males for optimum egg laying. As we have outlined, males 

were always part of our experiments. Yet it should be noted that the 

absence of males from the experimental cylinders does not prevent egg 

laying by the house fly.
i

Previous research on defined diets and reproduction in dipterous
j

J *
i
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insects was concerned with the preparation of diets adequate for the 

production of eggs or total numbers of eggs laid by large groups of 

adults (Hagen, 1952; Dimond et al, 1956; Singh and Brown, 1957). The 

female house fly is known to lay discrete batches of eggs regularly 

when fed a satisfactory diet (Glaser, 1925; Kobayashi, 1954; Derbeneva- 

Ukhova, 1955). However under our experiiaental conditions the number 

of eggs per fly, the number of cycles, the egg laying rate and longe

vity vary between individual flies. This, as we noted previously, 

was also found for the house fly by Kobayashi (1954) under different 

experimental conditions. Thus individual females must be followed 

if semi-synthetic or defined diets are fed to adults and reproductive 

cycles are measured. For this and other obvious reasons fecundity 

and reproductive cycles were reported rather than the period of each 

oviposition or the time between them. Data comparing female reproductive 

cycles, after the milk control or supplemented graino acid diets (diet 

D and E) are fed, show surprising similarity. Our data consistently 

show a decline in fecundity with continued egg laying, as was also 

reported by Greenberg (1955).

A decline in general fecundity of a house fly population may 
n

result from lowered oogenesis in each female because of inadequate diet 

or from aging or mortality. The longevity of house flies in the labor

atory has been studied extensively by Rockstein (1956) and Rockstein 

and Lieberman (1959)t said is known to depend on the conditions of 

maintenance. Under much different conditions Kobayashi (1954) found 

variation in house-fly survival. Such factors as temperature, humidity, 

diet, and age of parents are found to have the most effect on survival

. 4 «.
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(Bockstein, 1957). Bockstein and Lieberman (1958) reported that under 

laboratory conditions adult males bad a mean longevity of 17.4 days 

and females a mean longevity of 29.4 days. Under the present experi

mental conditions female house flies fed milk had a median survival 

(STso) of 1^ days. However these flies were fed fresh homogenized 

milk only, much different than the diet of sugar, water and powdered 

milk used by the above authors.

To establish in this research whether the eggs laid indicated 

the full expression of oogenesis, a portion of the females were dissected 

and examined for stage of ovarian maturation and for relict eggs. The 

various stages of ovarian change have been reported for the fruit fly, 

Drosophila (King et, al, 19%), the mosquito, Aedes aegypti (Christophers, 

i960), the black fly (Wanson, 195-'), the blow fly, Protophormia terrae- 

novae (Harlow, 1956) and the house fly (Derbeneva-Ukhova, 1955). These 

changes classified into as many as 14 stages, have been reported from 

observations made either microscopically or maeroscopically.

Ovaries in the house fly are of the polytrophic type containing 

between 50 to 75 ovarioles per ovary (West, 1951). The rate of ovarian 

development depends primarily on two main factors, diet and temper

ature (Derbeneva-Ukhova, 1935). In this work temperature was maintained 

approximately constant so that attention could be directed entirely 

to dietary influences. Generally complete ovarian maturation of tire

milk-fed house fly was accomplished within 4 days at 78* F. The
■ »,

greatest and most striking increase in the size of the ovariole was 

due to the growth of nurse cells and primarily to yolk deposition 

between the 2nd and 3rd day (Figure 1 and Plates 7 to l4). Similarly

. i.’t
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in the blow fly, Harlow (1956) found greatest volume change over a one- 

day period, but between the 3rd and 4th day, with oviposition occurring
If

on the Jth day, and for Drosophila the oocyte undergoes an increase 

in volume of over 100,000 times in 5 days (King et al, 1958). This 

rapid yolk formation indicates a notable mobilization of food reserves 

and/or the active utilization of ingested food. This was evident in 

the present study through dissections and observations of those changes
Hin the fat body of females exhibiting rapid oogenesis contrasted to 

that of females fed only sugar water which showed limited ovarian 

growth. From the appearance of our values and the results of Derbeneva- 

Ukhova (1935) for sugar-water flies, ovarian growth for the first and 

some of the second day is due to reserves from the larva.

Recently it has been established for the mosquito that ovarian

development is under control of humoral factors produced in the head 

(Gillett, 1958; Larsen and Bodenstein, 1959)- The work of Day (1943) 

and Thomsen (1940,1956) indicated that changes in metabolism, in the 

fat-body cells, oenocytes, and ovaries in the blow flies, Calllphora,

Incilia, and Sarcophaga are under control of the median neurosecretory 

cells and corpora allata of the brain. Mere recently Thomsen and Jailer 

(1959) showed that these neurosecretory cells influenced as well the 

production of proteinase by the midgut cells, protein synthesis and 

in some way protein metabolism. However, flies without neurosecretory 

cells were able to utilise the,specific protein of the larval fat body. 

Scharrer (1958) questioned whether the central nervous system repre

sented an obligatory way-station for all factors controlling the 

activity of the female reproductive organs, or whether some of them

. 4 a
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acted more directly, i.e. on the corpora allata or even on the gonads 

themselves. That ovaries develop little if diets are inadequate suggests 

that, in addition to insufficiency of nutrients, one or more of these 

neurosecretory processes may not have been initiated. However in this 

study attention was focussed on the effect of diet on the process of 

ovarian maturation, only after these processes were operating. There 

still remains the question of the relationship between an adequate diet 

and the neuro-endocrine process.

The adults of the apple maggot fly, oriental fruit fly, mosquito 

and blow fly have all been fed casein successfully as a protein source 

for egg production (Dean, 1958; Hagen, 1952; Lea et al, 1956; Rasso 

and Eraenkel, 1954 respectively). Ibr studies on insect growth other 

investigators have supplemented purified casein, the protein source, 

with other factors determined essential for growth. Yeast or yeast
p ■

extract added to the diet generally supplied the required vitamins 

(House, 1961). Neither of these last two prepared products were con

sidered as an adequate diet in themselves.

In RESULTS (Part I, section "f") it is evident that yeast extract 

or various brands of low vitamin or "vitamin free" casein added to sugar- 

water, were alone adequate for egg production, but one brand of "vitamin 

free" casein was much less successful even than the yeast. It must be 

remembered that a purified casein is never entirely free of vitamins 

and may contain enough vitamins to influence ovarian development (Rasso 

and Rraenkel, 1954). However differences in the ratio of protein to 

carbohydrates in the diets may have been responsible. Recent investig

ations on selective feeding have shown that quantitative protein and

. 3:,
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carbohydrate requirements account for differences in fecundity during 

the reproductive cycle in the house fly (Greenberg, 1959) and a blow 

fly (Strangways-Dixon, 1961).

Differences between these casein preparations were more evident

when female survival and continued ovarian cycles were observed. Pre

viously it was supposed that only proteins or amino acids were essential 

for continued egg production when fed to the adult house fly. Indeed, 

the results of Singh and Brown (1957), and Diiaond (1957) seem to attest 

to this conclusion. The fact that there were differences in fecundity 

with flies fed the yeast extract and the 6$ casein (Nutritional Bio

chemicals Corporation, - "vitamin free") might be considered as due to 

the quantity of food ingested by the fly, or that yeast was a more 

suitable diet. Also there is the chance that different inpurities are 

present in the casein preparations. This points to the possible import

ance of other factors in addition to protein. With all the above 

questions in mind, a study was initiated to establish the chemically 

defined diet adequate for egg production in the adult house fly.

As previously reported for the mosquito, Aedes aegypti, only 

amino acids, in addition to water, minerals and a carbohydrate, were 

considered essential for egg production when fed to the adults (Singh 

and Brown, 1957; Dimond, 1957)« Yet Harlow (1956) reported that a 

mixture of 19 amino acids were ineffective in producing mature ovaries 

in the blow fly. All the amino acids found essential for A. aegypti 

by the above authors were included in the diet fed to the blow fly.

The lack of success with the blow fly she ascribed to an unidentified 

accessory factor or factors, and suggested these to be certain other

. iU
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mineral salts and 3-vitamins. With this background it was considered 

that for the adult house fly the essential amino acids might he 

identical to those established as indispensable for reproduction in

the mosquito.

The first indication of essential or Indispensable amino acids

in animal nutrition was established by various researchers studying 

vertebrates (Osborne and Mandel, 1917; Bose, 1937). If was soon 

recognized by those in this field of nutrition that the absolute 

quantities of each of these essential amino acids, which must be sup

plied in the diet, will change with the species of animal and will 

vary rather widely with the physiological state of the animal (Block, 

1957). The nutritive classification of the amino acids by Block (1957)> 

with regard for the young growing masanal, lists nine amino acids as 

indispensable, namely; histidine, isoleucine, leucine, lysine, methionine,
ft- ' , .

phenylalanine, threonine, tryptophan and valine. Arginine is included 

if maximum growth is desired (Frost, 1959)•

The data accumulated by previous workers on the amino acid 

requirements for reproduction in Diptera show an interesting uniformity.

In the present study, nine amino acids were considered as the "essential 

amino acids,” i.e. they are required in the diet of the adult house fly 

for the first oogenesis, and include arginine, histidine, isoleucine, 

leucine, lysine, phenylalanine, threonine, tryptophan and valine. When

any one of these is omitted singly from the diet, egg laying falls.
- 1'

This is not due to the lack of an ovipositional response, because the 

ovaries are immature on dissection and appear similar to ovaries of

flies fed sugar-water only. Bxcept for methionine these are the same

http:require%7En.ts
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amino acids listed above as indispensable for the growing rat (Rose,

1957, 1938). Apparently arginine cannot be synthesized by the growing 

chick, pigeon or turkey (Block, 1957; Almquist, 1959)* Thus, the amino 

acid requirements for reproduction in the adult house fly include argin

ine as with the avian species.

The amino acids determined in this study as essential for ovarian 

development and oviposition in the house fly, although generally similar 

to those found necessary for egg laying of the haematophagous mosquito, 

Aedes aegypti, do show several important differences.

Singh and Brown (1957) working with the same mosquito disagree 

with Dimond et al (1956) as to its I’equlrements for cystine. Singh 

and Brown (1957) did not consider cystine essential. Dimond (1957) 

considered that cystine, although not absolutely essential, is required 

to maintain a high level of egg production in A. aegypti, and because 

of this, he includes cystine as an "essential amino acid." As far as 

egg laying is concerned in the house fly, our observations agree with 

the conclusion of Singh and Brown (1957) that the omission of cystine 

was without effect, providing that methionine was present in the diet. 

Initially it was noted that when either these amino acids were deleted 

separately from the diet fed to the house fly, eggs were laid. Also 

when both cystine and methionine are present in the diet, no increase 

in egg production is evident; in fact if cystine is deleted, fecundity 

iwrovea. ,

These observations indicated a need for further information on

the dietary requirements of the house fly for the sulphur amino acids
1»

during oogenesis. Rose (1938) had reported that for the rat methionine
j■ . ’ *

’ 4
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amino acids listed above as indispensable for the growing rat (Rose,

1957> 1958). Apparently arginine cannot be synthesized by the growing 

chick, pigeon or turkey (Block, 1957; Almquist, 1959)« Thus, the amino 

acid requirements for reproduction in the adult house fly include argin

ine as with the avian species.

The amino acids determined in this study as essential for ovarian 

development and oviposition in the house fly, although generally similar 

to those found necessary for egg laying of the haeoatophagous mosquito, 

Andes aegypti, do show several important differences,

Singh and Brown (1957) working with the same mosquito disagree 

with Dimond et al (1958) as to its requirements for cystine. Singh 

and Brown (1957) did not consider cystine essential. Bimond (1957) 

considered that cystine, although not absolutely essential, is required 

to maintain a high level of egg production in A. aegypti, and because 

of this, he includes cystine as an "essential amino acid." As far as 

egg laying is concerned in the house fly, our observations agree with 

the conclusion of Singh and Brown (1957) that the omission of cystine 

was without effect, providing that methionine was present in the diet. 

Initially it was noted that when either these amino acids were deleted 

separately from the diet fed to the house fly, eggs were laid. Also 

when both cystine and methionine are present in the diet, no increase 

in egg production is evident; in fact if cystine is deleted, fecundity 

improves. ,

These observations indicated a need for further information on

the dietary requirements of the house fly for the sulphur amino acids
It

during oogenesis. Rose (1928) had reported that for the rat methionine

. s-.
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was essential and was capable of completely replacing cystine. Yet 

in the mammal a certain level of dietary cystine will spare methionine

and for some mammals cystine is an important dietary constituent 

(Almquist, 1959). For the house fly Hilchey et al (195T) and Cotty 

et al (1958) Indicated that methionine was converted to cystine but 

the adult could not reverse this reaction. For this reason and from 

the reports that methionine is required for growth of other Diptera, 

it seemed that methionine was the most likely of the sulphur-containing

amino acids to exhibit essential characteristics.

However the problem of the role of dietary methionine for
ft

oogenesis in the house fly is not as clearly defined as other studies 

on Diptera fed the essential amino acids. Since a number of eggs 

were laid when both cystine and methionine were deleted from the syn

thetic diet, then certainly methionine cannot be considered as an 

essential amino acid. Certainly the value of methionine for a high

fecundity in the first ovarian cycle was evident in these studies.

For when this sulphur amino acid was added to our synthetic diet at 

increasing concentrations, fecundity increased respectively. Because 

a good number of eggs were laid when methionine was deleted, it is 

probable that the newly emerged fly must possess utilizable stores of 

sulphur metabolites carried over from the larva. It has been reported

that the adult house fly is known to metabolize dietary or injected

Isotopic sulphur confounds in a manner resembling that of vertebrates
-

(Hilchey, 1958; Cotty et al, 1958), However prior to this work the 

significance of methionine for oogenesis was not established. In 

conclusion then, from these experiments involving methionine deletion

i

• . . ia ..
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and in those concerned with the requirements for continued egg produc

tion methionine is evidently an "essential amino acid." Certainly the 

means of determining its essentiality were unusual in comparison to the 

other essential amino acids for house fly oogenesis. Briefly dietary 

methionine is not required for the first ovarian cycle, hut is essential 
for continued egg production.30

Other differences between the house-fly and mosquito require

ments are found in the work of Dimond (1957). He obtained a few eggs 

when one of the amino acids, arginine, histidine or methionine (with 

cystine present) were lacking from his test diet. Hie suggested the 

hypothesis that adults of Aedes aegypti possessed store of amino acids 

sufficiently large in these three amino acids to satisfy the require

ments for a lower level of egg production, fifowever we were unable to

obtain eggs in the house fly when either histidine or arginine were
i

omitted from the amino acid diet.

In addition to the essential amino acids certain nitrogen 

containing compounds are able to provide the extra nitrogen required

for the synthesis of non-essential amino acids. That the female house

fly was able to utilize the non-essential amino acids and other sources
Mof nitrogen during oogenesis is not unusual. Other investigators have 

been able to show that, for growth, mammals and insects can utilize 

glutamic acid, glycine, diaaraonium citrate, ammonium acetate or urea

30
It is appreciated that some would consider that methionine 

be designated as an essential amino acid for egg production, whether 
considering first or repeated oogensis.

. Sr.



88

(Rose et al, 19^9; Frost, 1959; DeGroot, 1955)- It is not surprising 

then that in this study the house fly, when fed the "essential amino 

acids," was able to utilize glutamic acid, ammonium citrate or urea 

as a source of nitrogen. The absence of these was followed by a 

reduction in fecundity. Of these urea was the least effective. Jbr 

egg production in the mosquito fed an amino acid diet, Dimond (1957) 

reported that the stimulatory effect of glutamic acid was matched when 

aspartic acid or ammonium acetate were substituted. Dean (1958) also 

showed that reproduction of the adult apple maggot, Rhagoletis pooonella, 

was increased when non-protein nitrogen was added to a sugar and water 

diet and few, if any, eggs were produced on a sugar solution alone.

The young adult honey bee significantly increased its nitrogen content 

when fed ten essential amino acids along with other nitrogen compounds

(DeGroot, 1955)• He found the nitrogen compounds capable of supple-
A

menting the amino acids to be urea, glycine, glutamic acid, di-ammonium 

citrate and ammonium acetate, and all induced an improvement in growth. 

Thus the ability of adult insects to utilise ammonium compounds agrees 

with the growth response of mammals fed similar coxrpounds. Gilmour (1961) 

points out that glutamic acid occupies a central role in amino acid 

metabolism, it is likely the major point of entry of ammonia nitrogen 

into the metabolic pool.

A suitable carbohydrate and minerals (salts) along with the 

essential amino acids and wafer, are the only other substances required 

under these conditions if ovarian development in the house fly is to be

initiated and oviposifion achieved. The essential nature of these has 

been tested and is discussed below. A carbohydrate solution (sucrose)

. j*
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was found necessary to maintain survival after emergence, and must be 

part of the diet if eggs are to develop. Also without minerals ovaries 

did not develop, hut survival was better on a mineral deficient diet 

than when sucrose was deleted. It is essential therefore, if egg 

production is to occur, that water, a carbohydrate, and minerals be 

included in the diet. This is similar to the mosquito, Aedes aegypti, 

end the blow flies, Phormia regina and Protophormia terrae-novae 

(Dimond, 1957; Hasso and Praenkel, 195^; and Harlow, 1956 respectively).

"Sty the time that the above observations were recorded it was 

becoming increasingly evident that the requirements for egg development 

during the life of the adult house fly were more than the simple amino 

acid diets Initially fed to emerging adults. In xenic studies on larval 

growth and nutrition it is necessary to eliminate specific differences 

in the quality and quantity of the diets in order to compare growth 

requirements, but in adult nutrition it is necessary in addition, to 

consider stored nutrients transferred from the larva (Dimond, 1957).

As Träger (19U7) pointed out, when an insect reaches the adult stage 

with reproductive organs only partially developed, its reproductive 

ability is affected by its nutrition as an adult as well as by that 

during its growing stages.

Earlier observations on the oriental housefly, Maaca vicina, 

(Ascher end Levinson, 1956) led to the conclusion that in some Diptera, 

protein reserves laid down in the larva cannot be mobilized for egg 

production. This fecundity of adult house flies, M. domestlca, fed 

methionine-deficient diets, but not with cystine-deficient diets, 

suggested two points for consideration: either some cystine was being
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converted to methionine, or sufficient xaethionine or utilizable sul

phur was transferred from the larva to support the maturation of a 

few eggs. The first point seemed unlikely since Cotty et al (1958) 

had established by autoradiography that cystine after injection or 

by feeding is not converted to methionine. The second point was more 

likely and suggested quite conclusively that food reserves retained 

from the larvae, were implicated in continued egg development. Earlier 

Gordon (1959) realized the importance of reserves in insects and con

cluded that one of the most striking features of research in insect

nutrition is the difficulty of producing deficiency symptoms such as

those observed in mammals. It is interesting to speculate as to why

a few flies were capable of laying a second cycle on an amino acid diet 

(diet C) and that some first cycle eggs were laid on the amino acid 

diet (diet B) less methionine. This may indicate that more nutrients 

can be stored by some larvae and transferred to the adult. In the 

light of recent reports on the house fly (Robbins and Shortino, 1962) 

if is undetermined whether this is due to genetic or environmental 

causes, and this is in contrast to the observations of Ascher and Lev-
It

inson (1955) fox’ the oriental house fly, that the protein for oogenesis 

is not supplied by the larval reserves.

These results led to a consideration of the role that other

chemicals transferred from the larvae, might play in ovarian growth. 

However, the possibility existed that once these nutrient stores were 

depleted, probably by egg production, there might be found some factors 

that, when added to the amino acid diet, would help to compensate for 

this depletion and to maintain egg production. Since the amino acid
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diet (diet C) still produced fewer eggs than the protein diet (milk), 

the addition of even a single nutritional factor might he all that 

was required. The course to follow then was to supplement the amino 

acid diet so that an optimum egg production would result.

Earlier we had discussed the general dietary requirements of 

insects for lipids, now we shall consider the lipid requirements for 

house-fly reproduction. Both Hamraen (1956) and Monroe (i960, 1961) 

established the value of cholesterol for improved adult weight and 

egg viability when in diets fed to house-fly larvae and adults. In 

fact Monroe (i960) reported that the lack of cholesterol in the diet 

fed to the adult caused nearly an 80$ reduction in egg viability. Of 

much Interest is the recent report by Robbins and Shortino (1962); 

they found that the addition of an unusually high level of cholesterol 

to the larval medium, resulted in ovarian maturation in about half the 

house-fly adults. Sucrose and water only served as their food. Be

cause of Hammen and Monroe’s findings cholesterol was the first supp

lement added to the amino acid diet which gave an increase in egg 

production, with an optimum around 0.01$. As a result of this increase 

in fecundity, cholesterol at this concentration was used in all further 

diets during this study. Nevertheless, even with this increase, egg 

production was much less than that obtained with milk, neither were 

there repeated gonotrophic cycles. In contrast Sang and King (1961), 

using axenic techniques, concluded that for the fruit fly, cholesterol 

seemed unnecessary for egg production.

Nothing was found in the literature pertaining to research 

on the factors necessary for continued oogenesis in adult Diptera.
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Obviously these factors were entirely overlooked or never considered. 

Current interpretations of the nutritional requirements for repro

duction are based, in part, on earlier studies with natural and 

synthetic diets fed to groups of flies. For this reason it was hoped 

that observations on individual females might supply more detailed

information on egg production. Thus it was important to establish 

whether the female house fly fed amino acid diets, laid the usual 

separate batches of eggs as with the milk diet. From experiments 

using individual flies, two sain conclusions were evident. The first 

was that female house flies on a synthetic diet did lay eggs in cycles. 

Secondly, an individual female fed an amino acid diet (diet C) generally 

lays only one batch of eggs, which is the consequence of the maturation 

of the first gonotrophic cycle only'. Rarely does a female develop 

another batch of eggs. This is of great significance and explains the 

reason for the low egg production previously obtained from groups of 

flies maintained in large cylinders. .

It was repeatedly observed In the house fly (from dissections) 

that all the eggs of a single gonotrophic cycle tend to mature simul

taneously and that if gonodal development reaches completion the 

number of mature eggs varies within narrow limits. This characteristic 

of the female house fly we are designating as ovarian synchrony. Al

though there was evidence in our histological sections of ovarian 

degeneration In an occasional fly, never did we observe the maturation 

of one or a few eggs separately in the ovary as Larsen and Bodenstein 

(1959) did for the mosquito, Aedes aegypti. Also, Hosoi (1954) repor

ted that in another mosquito, Culex pipiens, the number of mature
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follicles and the rate of follicle development varied considerably, 

depending on the amount or kind of blood ingested. It may be that 

for the female house fly, one meal is adequate for continued matur

ation of both ovaries if it is sufficient to initiate ovarian growth.

This is in contrast to the observations of the above authors who

showed that the maturation of a mosquito ovaricle can proceed inde

pendently of the other ovarioles within the same ovary. Bodenstein 

(19U7) concluded from his observations on Drosophila that the external 

nutritional factors are not determiners of growth and maturation. We

consider that these factors merely represent one source of raw materials

on which these processes in the house fly depend. The reasons and
Msignificance of the balance between nutrition, hormones and oogenesis 

at this time are not yet clear.

Earlier experiments indicated an inadequacy in the synthetic 

diets. This was apparent with the study of individual females, or 

even groups of females, which were fed amino acid diet C supplemented 

with cholesterol. These diets allowed the laying of first cycle eggs 

but not the maturation of subsequent ovarian cycles. It seemed then 

that to maintain a high level of egg production some other dietary 

factor(s) must be required by the adult female. For ovarian maturation 

in the adult blow fly, Protophormla terrae-novae, Ear-low (1956) re

ported that vitamins were not satisfactory, yet earlier it was reported

for another blow fly, Phormia regina (Rasso and Eraenlsel, 195s) that
-' ' , (".. - ' </ ■ ' ,i'ii ■ ■ i t/i?

the addition of B-vitamins to a basic carbohydrate-protein diet influenced 

the rate of ovarian maturation. Harlow (1956) failed to consider rate 

of ovarian development which miglthave accounted for this conflict. Thus,
•V
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development in the house fly needed investigation. The observations 

resulting from feeding an amino acid diet (diet C) supplemented with 

eight of the B-vitamins (folic acid, nicotinic acid, pantothenic acid 

pyridoxine, riboflavin, thiamine, biotin, and choline) to the adults 

clearly indicates that they were of little value to fecundity (Table 

XXIII). Certainly these B-vitamins were not the answer to continued 

egg production.

Up to this time no additives to the amino acid diet C, pro

duced a marked increase in egg production. The problem then appeared

to be concerned with some dietary factor basic to vitellogenesis

The rapid increases in volume observed in the developing ovary of the 

house fly and blow fly was previously pointed out. It is well known

that any increases in cell size or in cell secretion, particularly 

exocrine, involves an increase in ribonucleic acid (REIA), whether in

the silk glands of the silk worm or in the salivary glands of Drosophila 

larvae (Braehet, 195?). let desoiyribonucleic acid (DBA) synthesis is 

independent of protein synthesis (Braehet, 1957). King and Burnett 

(1959) concluded from studies with tritiated uridine, that DMA syn

thesis in nurse cell nuclei of D. melanogasterj occurs in an asyn

chronous manner, whereas the protein synthesis under the control of 

RHA, occurs both in the nucleoplasm and cytoplasm of all the young 

nurse cells of the oocyte (King and Burnett, 1959> 2alokar, i960).

King and Sang (1959)> have reported that the adults of a hybrid strain 

of fruit flies were able, by de novo synthesis, to supply enough R3JA 

for normal egg production when dietary folic acid is provided and when
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folic acid is not supplied egg production is slowed even when RNA is 

fed. Therefore folic acid and ENA play a key role in yolk synthesis. 

Sang (1959) also reported that for growth of Drosophila larvae no 

extrinsic source of folic acid is needed, but when present in the 

diets, then less ENA is required for optimal growth. In the present 

studies the adult house fly was unable to produce eggs beyond the 

first cycle when either cholesterol or B-vitamins (of which folic acid 

was one) supplemented the amino acid diet C. Obviously then the house 

fly, unlike the hybrid strain of fruit fly, was unable to synthesise 

ENA, or synthesize enough for the requirements of oogenesis.

Once it was apparent that dietary supplements, such as chol

esterol and B-vitamins, were of little value to the adult house fly 

in producing repeated ovarian cycles and that the literature indicated 

a key role for nucleic acids during yolk synthesis, it became likely 

that the nucleic acids or their precursors might he effective as a 

dietary supplement. When diet 0 containing cholesterol and B-vitamins 

was enriched with yeast ENA (diet D), there was a statistically signifi 

cant improvement in egg production (Tables XXVIII - XXX).

This significant increase in total fecundity, with ENA supp

lementing a chemically defined diet, is largely the result of the 

success of this diet in promoting repeated gonotrophic cycles. This 

increase in fecundity was statistically significant in both the 

first and second cycles compared with the synthetic amino acid diet 

C which lacked ENA, Indeed egg production continued into the 

third, fourth and even fifth gonotrophic cycle in flies fed the 

RHA supplemented diet. Therefore the importance of ENA as the

. Sri ..
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main dietary suppleiaent necessary for continued egg production in the 

adult female house fly was obvious.

Now that continuous egg production could be maintained on an 

adequately supplemented diet (diet D), the question of the necessity 

of each component naturally arose. Those additives which seemed most

likely to influence reproduction were the vitamins and the nucleic 

acid bases; B-vitamins, as Basso and Eraenkel (195U) found, influenced 

rate of ovarian maturation in the blow fly, and the rate of larval 

growth in Drosophila (Sang, 1959).

It was reported above that the B-vitamins when added to diet 

C were of some value to fecundity and survival. But it was also impor

tant to know the value of B-vitamins In diet C which had been supp

lemented with cholesterol and BNA. Thus it was found when B-vitamins 

were deleted from the diet (diet D), that In the first cycle there 

was no significant decline in egg production (Table XXVIII and XXX). 

However, in all but one female, eggs of the second cycle grew little, 

producing a statistically significant decline in total fecundity 

(Tables XXIX and XXX). This indicates that under the conditions 

which these larvae were reared, sufficient nutrient reserves may be 

laid down and that the adult utilized these stores during egg matur

ation of the first gonotrophic cycle. On the depletion of these stores, 

if egg production is to continue, a diet must be fed the adult adequate 

to replace the depleted reserves, presumably identical to the needs 

for the first cycle. In the experiment using females reared from 

second cycle eggs the significantly lower fecundity in the first cycle

with the vitamin deficient diet is probably not due to the source of
J

I * •

. g.-A

http:proiia.P.zy


97

the original eggs; but to less satisfactory conditions during larval 

growth which was manifest by a poorer fecundity even with the milk 

diet. This is similar to the report of Hecht (1955) and Wyer (195*0 

on mosquitoes. These authors reported that, when Culex pipiens larvae 

were fed a low protein diet, the adults required a blood meal for 

egg production; on the other hand adults, reared from larvae fed a 

protein enriched diet, laid eggs without a blood meal. It is obvious 

then that although the rearing conditions of the larvae were standard

ized the bacterial flora of the medium was not. Levinson (196Gb) has 

indicated that the bacteria in the larval medium become the diet of

the growing larva of Mxsea vicina. A possible explanation for the 

differences when the vitamin depletion tests were repeated was that

larvae of the second experiment laid down insufficient reserves

because of a poor bacterial flora in the C.S.M.A. medium.
* ■ ■

Hagen (1952) suggested that a tocopherol, present as an im

purity in an enzymatic protein hydrolyzate of whey, was a fertility 

factor for the fruit fly, Daevs dorsalis. Forgash (1956) also 

reported the tocopherol, inositol, improved growth in the cockroach, 

Periplaneta americana. The nutritional value of inositol for the two 

roaches, P. americana and Blattella germanica, was re-affirmed by 

Gordon (1959) and Forgash and l-ijore (1960). In the present study 

the addition of inositol to the diet (diet D) slightly improved fec

undity during the first and further gonotrophic cycles of the house 

fly. This is the first indication that inositol may bring about an 

irgiroveaent in reproduction in Diptera (Lipke and Fraenkel, 1956; 

House, 1961). Hc-wever the significance of this improvement requires
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further study.

Nucleic acid, bases as well as ENA have been found to influence 

the larval growth of Drosophila (Hinton, 1956; Sang, 1958) and Ehonaia 

(Brust and Fraenkel, 1955). These findings together with the notable 

influence of ENA on house-fly fecundity (reported here) suggested that 

nucleic acid bases could take the place of ENA in promoting increased 

fecundity. Moreover, Hinton (1956) reported that although a strain 

of Drosophila larvae could grow without the purines, pyrimidines or 

nucleic acids, the rate of growth was considerably slower in their 

absence. The base, which he found most responsible for an increase in 

growth rate, was adenine. Villee and Bissell (1948) also grew these larvae 

on a semi-synthetic sterile medium, and found that the growth promoting 

effect was not in ENA as such but in its nucleic acid bases, especially

adenine. Also desoxyribonucleic acid (DNA) inhibited growth. For this
A .

reason adenine was the first base investigated as a substitute for ENA.

The substitution of adenine for ENA in diet D was without effect

during the first gonotrophic cycle but a statistically significant de

cline in fecundity was evident during the second gonotrophic cycle 

(Tables XXVIII to XXX). This difference, as a result of the substi

tution between the first and second gonotrophic cycles may again be a

function of the amount of stored nutrients carried over from the larvae.

However another possibility exists, that is, on aging the metabolism of 

the adult female fly changes after the first gonotrophic cycle to the 

extent that it is unable to synthesize the required nucleic acid bases.

In this regal'd Eockstein (1956) has shown that certain enzymes change

in the aging adult house fly, in particular, a degenerative cellular
■ . )
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alteration in phosphorus metabolism. In comparison to the first cycle, 

further continued ovarian cycles indicate that some basic change(s) has 

taken place, since more than one nucleic acid base must be provided if 

ENA is lacking from the diet. It is possible then that this change, 

as evident in the dietary requirement, may be a modification in meta

bolic processes.

Hinton (1956) reported that when Drosophila larvae were reared 

aseptically on a chemically defined medium, the adenine component of 

ribonucleic acid was responsible for meh of the increase in the rate 

of growth. However, only when cytidylic acid or orotic acid was com

bined with adenylic acid in the medium was growth as rapid as with ENA. 

He suggested this to be an interdependence between adenylic acid and 

cytidylic add perhaps for incorporation into the ENA molecule. Hinton 

(1956) found that for these larvae neither cytosine nor cytidlne was 

as suitable as cytidylic acid for growth. For these reasons in the 

present experiments cytidylic acid in addition to adenine was used in 

place of ENA in diet D.

The results of these experiments showed that in the first and 

subsequent gonotrophic cycles fecundity of females fed diets containing 

adenine and cytidylic acid (diet E) was slightly better than of those 

fed an ENA containing diet (diet D), but that adenine alone was not as 

good when it replaced ENA In the diet.

The only reference in the literature to the feeding of ENA 

to adult diptera is in the work of King and Sang (1959) and Sang and 

King (1961). They found that the omission of ENA in the diet fed to 

adult Drosophila had no effect on fecundity over a 16-day period. On
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the other hand., the effect of the omission of ENA from the diet fed 

to larvae is rate limiting due to the larva’s inability to synthesize 

adenylic acid fast enough. These larvae are able to grow when fed 

the two nucleic acid bases, adenine and cytidylic acid, in place of 

ENA (Sang, 1959). Earlier both Hinton (1956) and Sang (1957) concluded 

that the larvae were able to synthesize the required pyrimidines more 

readily than the purines. Thus Sang (1959) generalizes that Drosophila 

larvae, like other insects can make its own ENA, but growth is better 

when a dietary supply is added, Prom the more recent studies noted 

above the fecundity of the adult is unaffected when ENA is omitted

from its diet. This is in sharp contrast to the requirements found

for adult house flies.

In recent years a number of generalizations concerning nucleic 

acid bases have been widely accepted (Swift, 1962). Of much signifi

cance to oogenesis is the broad generality of the requirement for ENA 

during the manufacture of proteins. Considerable attention has been 

drawn to studies of the role of ENA in protein synthesis. There is 

ang>le proof that ENA is required and directly involved in the incor

poration of amino acids into proteins (Brachet, 1957; Berg, I96I;

Swift, 1962). Moreover the synthesis of RNA is concomitant with pro

tein synthesis and fresh ENA synthesis occurs whenever new protein

synthesis has been induced (Brachet, 1957; Berg, 1961). Plcq (1955),
«

in studies on amphibian oocytes, found that the nucleic acid base, 

adenine, was incorporated faster into RNA than phenylalanine into 

proteins. Recently Mitlin and Cohen (1961) have reported that the

composition of RNA in the growing ovaries of house flies was predom-
...... .....
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inately composed, of two bases, the purine, adenine, and the pyrimidine, 

uracil. (It will be recalled that for house-fly fecundity the bases, 

adenine and cytidylic acid, were found as satisfactory as yeast ribo

nucleic acid in the diet.) Of further interest was their observation 

that growing house-fly ovaries, up to a period of 96 hours after emer

gence showed a two-and-one-half-fold increase in ERA content. King 

(i960) similarly speaks of a build-up of ooplasmic ERA in female fruit 

fly. That the present studies should show a significant improvement 

in fecundity beyond the first cycle when ENA or the nucleic acid bases 

were fed to the adult house fly is therefore not surprising. Yet the 

omission of ERA from the diet of the adult fruit fly for a l6-day 

period had no statistically significant effect on fecundity or egg 

viability (King and Sang, 1959) although they concluded that nucleic 

acids play a key role in yolk synthesis. This apparent difference 

in nutritional requirements for fecundity can be due to the amount of 

ERA (or Its components) stored in the adult fruit fly, or to the rate 

of synthesis of these metabolites during oogenesis.

In this connection egg production and nutrition of Drosophila 

adults is of interest. King and Sang (1959) reported that folic acid 

was the vitamin most involved in RHA synthesis, and when removed from 

the diet both egg production and egg viability are lowered. For when 

folic acid is not fed,egg production is slowed down even when ERA is 

fed; this vitamin deficiency appears to inhibit vitellogenesis. The 

omission of ERA from the adult diet had no effect on Drosophila egg 

production (Sang and King, 1961). Furthermore they concluded that the

adult has no requirement for the B-vitamins, choline and biotin^ for
.
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egg formation {Sang and King, 1981). On the other hand the omission 

of pyridoxine and ENA together results in a higher fecundity than found 

with the omission of pyridoxine alone (Sang and King, 1961). Earlier 

Levinson and Bergman (1959) reported that it was only the folic acid 

antivitamin, U-aminopteroglutamic acid, fed at the lowest concentration 

of all the antivitamins tested, which gave a decrease in fecundity, 

i.e, an 82 - 99$ decrease. Already these few observations on the iu^or- 

tance of nucleic acid bases and vitamins are of intrinsic interest.

Further studies in this field will undoubtedly reveal other pertinent 

relationships between the vitamins and the nucleic acid bases during
Itoogenesis.

In regard to the feeding of vitamins and adult survival, Levinson

and Bergmam(1959) reported that the presence of antivitamins in the

diet fed to adult Musca vicina reduced significantly the longevity of 
’ ■

both sexes. Hagen (1958) also observed that the B group vitamins gave 

greatest longevity when in the diet fed to tephritid fruit flies. In 

the present studies when the B-vitamins were omitted from the synthetic 

diet P or when diet P was supplemented with inositol, adult female house 

flies showed a poorer survival than those fed diet P. Piet D gave a

female survival similar to a diet of milk alone. However when further

substitutions were made to diet D, that is, adenine or adenine and 

cytidyllc acid for ENA, the survival of female house flies was io®roved. 

The significance of improved survival when one or two nucleic acid bases

were fed to female house flies is obscure. The actual influence that

nucleic acid bases have on aging processes awaits further studies. There 

is the possibility, however, that by feeding the bases rather than ENA,
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the insect is spared toxic metabolites arising from the breakdown of 

this nucleic acid. Generally during the evaluation of fecundity it is 

of intrinsic value to determine longevity or mortality since a high 

fecundity is impossible without good survival. Yet good survival is 

possible on a sugar-water diet without any egg production. It should 

not be overlooked that, as Lavoipierre (1961) observed, an increase 

in fecundity may be accompanied by an increase in death rate. Cer

tainly of much importance in nutritional studies is the inclusion of 

more than one criterion when evaluating the value of various dietary

constituents.

Dry foods are considered to offer sob© advantage over wet 

diets (Lipke, 1957; Praenkel, 1959; Dadd, 196Ob;House, 1961) although 

chemically synthetic dry diets had never been fed to Diptera. Inves

tigators have always been of the opinion that the feeding of dry diets, 

under xenic conditions, are subject to less contamination than liquid 

diets, especially over periods of extended feeding (Praenkel, 1959; 

House, 1961). As Beck (1956) has pointed out, the understanding of 

the relationship between feeding behaviour and nutritional factors is 

basic to any meaningful interpretation of the experimental results 

on insect nutrition and development. With this in mind a successful 

dry diet was developed after a number of attempts were made to get 

adult house flies to feed on dry synthetic diets. At this time and in

the experiment reported here ovarian growth and maturation and not
• »,

fecundity were considered the essential criteria. Initially dissections

showed ovarian growth in most females. These observations confirmed
* #

that the dry diets were adequate for some ovarian growth. However, later
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when a number of mature eggs were deposited, the dry diets were also

considered nutritionally adequate for oogenesis. Yet few eggs were

oviposited. This was probably due to an unsatisfactory oviposition

site. An oviposition site, moistened with atamonium carbonate, similar 

to that used by i-tonroe (i960}, might well result in increased egg laying 

When a more suitable oviposition site is provided it is anticipated

that a more adequate assessment might be made between synthetic liquid

This study has established that for the adult female house fly

the essential components in tie diet necessary for the first cycle of

ovarian maturation are nine amino acids, a suitable carbohydrate, min

erals and water. These dietary components are closely similar to the

requirements considered necessary for egg production in the haematophsgus 

adult mosquito, Aedes aegypti, by Dimond (l95?) and Singh and Brown 

(1957). These authors were concerned only with gross egg production

and did not suggest that differences might exist in the nutritional

requirements for each gonotrophic cycle. We have noted that four to

five gonotrophic cycles can take place on a fully

fed to the adult female house fly, but not on the

quate for the first egg cycle. Howevei- whether this supplemented diet

is an optimum synthetic diet cannot be established until a more thorough

investigation of gonotrophic cycles has been made

It may be concluded that, up to this time, studies were

concerned with those nutritional needs that allowed general egg

duction in adult Diptera. However, we have shown that there are specific

dietary requirements for different ovarian cycles. As yet for the house
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fly no difference in dietary requirements for ovarian maturation is 

apparent between the second and third gonotrophic cycles. A number 

of physiologists have suggested in a general way that nutritional 

requirements for various processes such as growth, development, or 

reproduction may depend on reserves of substances stored in the body 

or egg sufficient for the needs of the insect for part or all of one 

generation (House, 1959» 19^1; Fraenlcel, 1959; Sang and King, 196l).

The present research has established two concepts new to this field 

of insect nutrition. Firstly that the depletion of reserves during 

reproduction in adult house flies is apparent by the cessation of egg 

production, and a characteristic of a deficiency symptom Previously 

it was considered that adult insects, unlike mammals, were unable to 

show nutritional deficiencies (Gordon, 1959)• The present results answer 

also for the first time that problem which Dimond (1957) was aware of 

in his studies on reproduction and nutrition in adult mosquitoes, 

that is, the need to find a method to overcome differences in the 

amounts of nutrients transferred to the adult from an immature stage.

The second new concept, now established, is that those dietary nutrients 

required and determined as adequate for the first cycle of a repeated 

life process are not necessarily satisfactory for the continuation of 

the same process. These findings allow a new and different physiological 

and biochemical approach to the problem of insect nutrition.

« 1,
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SUMMARY

First cycle oogenesis and oviposition in the house fly took 

place when nine essential 1-amino acids: arginine, histidine, isoleu

cine, leucine, lysine, phenylalaline, threonine, tryptophan and valine 

were substituted for dietary protein in a liquid diet.

Dietary 1-methionine influenced egg production greatly, whereas 

1-cystine another sulphur-containing amino acid had little influence. 

L-methionine was not considered strictly essential.

Experiments showed that nutrient stores transferred from the
li

larva to the adult were utilized during oogenesis. For the production 

of first gonotrophic cycle eggs these reserves supplied the adult fly 

with methionine or sulphur-containing metabolites, purine and pyrimidine 

bases or precursors, vitamins, and other metabolites. Diets deficient 

in cholesterol or salts resulted in a lower fecundity.

For oogenesis to continue the synthetic diet must be supplemented 

with l-methionine, B-vitamins, and certain nucleic acid bases (or RNA). 

Flies fed these supplemented diets deficient in these nutrients showed 

a marked reduction in fecundity. The determination of dietary needs 

for each gonotrophic cycle was only possible because adult females were 

cultured individually-

In the female house fly, during each gonotrophic cycle, the
nsynchronous maturation of oocytes within ovarioles is termed ovarian 

synchrony. In the house fly this precision of ovarian maturation takes 

place only after the feeding of an adequate diet.

106
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A marked increase in female longevity occurred in house flies 

fed a supplemented synthetic diet containing nucleic acid bases as 

compared to those fed a ’’milk" diet.

The adult house fly is capable of feeding on dry synthetic 

diets. Egg iaaturation was observed on one of these dry diets.

I ‘

t



PLATE 1

Stock cages containing adult house flies. Adults are 

emerging from jar containing pupae in lower right cage. Milk 

dishes in lower cages and sugar-water in upper cages constituted

the adult diet.
«

PLATE 2

A shelf of large cylinders. Two cylinders are arranged 

on aluminum trays covered with filter paper. Each cylinder contains 

15 experimental adults fed a test diet.

»,
I
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PLATE 1

. a.



Oil

PLATE 3

A house fly feeding on cotton wick moist with synthetic

diet *

PLATE 4

A shelf of large and siaall glass cylinders containing 

test flies. In the background are plastic rearing jars partly

full of C.S.M.A. medium.

< I.- I
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PLAIS 5

Large testing cylinders containing adults feeding

on dry synthetic diets

i

PLAIE 6

A large cylinder showing adults feeding on sugar- 

water and dry synthetic diets.

I,!
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PLATS 5

1

. 3
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PLATE 7 ’

An ovary from a newly emerged adult containing envelop

ing follicles. Each follicle, hounded by follicular cells, 

contains nutritive nurse cells with large nuclei. Tracheoles 

enter the ovary at the lateral border.

*

fl .

PLATE 8

A higher magnification of the ovary of a newly emerged

adult showing the chromatin in the nuclei of nurse cells in♦
large clumps, although some diffuse chromatin is present. The 

attached germarium contains differentiating cells.

1 <
!
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PLATE 7
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I

PLATE 9 •

A section of a 24-hour-old (l day) ovary. Nurse cells
I

with large nuclei continue to show growth. Only diffuse 

chromtin fills these nuclei. Oocyles (egg cells) and nurse 

cells about the sasae sice.

, i

PLATE 10

A US-hour-old (2 days) follicle showing soxae elongation 

Growth of the oocyte indicates active vitellogenesis. Nurse 

cells and nuclei show further growth.

< t.

<b
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PLATE 9



PLATE U

At 72 hours {3 days), the growing oocyte about equals 

the oasE of nurse cells. Nurse cells in the developing follicle 

show maximum size*. Vitellogenesis is still active.

i

PLATE 12

An enlargement of a portion of the follicle (about 70 

hours) showing the way in which the nurse eells transfer

nutritive material from the adjacent nurse cells into the
u

oocyte during vitellogenesis.

> »,
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PLATE 11

PLATE 12
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PLATE 15

The appearance of the follicle after 84 hours days) 

and the degeneration of sob» of the nuclei of the nurse cells. 

The chorion begins to appear around the elongated oocyte.

PLATE l4

This shows the follicle after 96 hours (4 days) with 

its smaller nurse cells and degenerated nuclei. The mature 

oocyte (with a maximum length of about 1 mm.) is now consider

ably larger than the rest of the follicle.

- ». 1

i
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PLATE 13



PLATE 15

The ovary shortly after oviposition. The remaining

tissue of the old follicle forms a mass below the next

developing follicle.

t,
I
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TABLE I Composition of the chemically defined diets most fre
quently fed to the adult house flies. Values are in 
grams per 100 ml. of diet solution (except for B- 
vitamins in mg.).

Components A B
Diets
C D E

1-arginine 0.58 0.58 0.58 0.58 O.58

1-cystine 0.15 0.15 - - -

1-histidine 0.15 0.15 0.15 0.15 0.15

1-isoleuclne 0.50 0.25 0.25 O.25 0.25

1-leucine 0.75 0.75 0.75 0.75 0.75

1-lysine 0.75 0.75 0.75 0.75 0.75

1-methionine 0.15 0.15 0.15 0.15 0.15

1-phenylalanine 1.20 1.20 1.20 1.20 1.20

1-threonine 0.50 0.15 0.15 0.15 0.15

1-tryptophan 0.50 0.50 0.50 0.50 0.50

1-valine• 1.00 0.50 0.50 0.50 0.50

1-glutamic acid 1.00 1.00 1.00 1.00 1.00

Sucrose 5.42 5.42 5.42 5.42 5.42

Salt mixture ’W*a 0.15 0.15 0.15 0.15 0.15
B-vitamins (in mg.)D * * * 0.45 0.45

Cholesterol * * * 0.01 0.01

Ribonucleic acid (yeast) * « • o.4o -

Adenine
> 1, * * * 0.20

Cytidylic acid * * * 0.20

a See footnote in text.

b See Table II.
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TABLE II Vitamin3, quantities used in preparing 100 ml. of the
concentrated vitamin solution. One ml. of this solu
tion was added to the non-neutralized amino acid diets 
D and E presented in Table I. ' “

Vitamin Mixture Amount (grams)

d-Biotin 0.005

Choline chloride 0.200

Folic acid 0.034

Nicotinic acid 0.030

d-Pantothenate calcium o.o44

Pyridoxal hydrochloride 0.090

Riboflavin 0.016

Thiamine hydrochloride 0.012

TOTAL 0.431 g.

a All vitamins U.S.P. of highest purity available were purchased
from California Corporation for Biochemical Research, Los 
Angeles, U.S.A.

s
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TABXS III The relationship between the amber of ©age laid, within 
a 10-day period end the ratio of iao3.es to feaales.

Mean total number of eggs laid after 6 days for each of the ratios 
in increasing values were 787, 630, 1287, and 84o.

4 i

iao3.es
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TABLE IV Individual egg laying of 18 female house flies fed a
fresh milk diet for 22 days.

Cylinder
Ho.

Ho. of eggs 
(fecundity) Ho. of egg 

cycles
i'fean0' no. of 
egg^cycle

Total no. 
of

eggs laid
First
Cycle

Second
Cycle

1 75 * 1 - 75

2 Ik - 1 » ik

3 93 * 1 - 93

k 108 * 1 - 108

5 105 * 1 - 105

6 » * - - -

7 90 94 2 92 18k

8 102 - 1 - 102

9 117 iok k 83 352

10 109 102 k 8k 336

11 111 - 1 - ill

12 85 - 1 85

13 - - - - -

ik 152 129 5 122 609

15 115 ilk 3 115 3ko

16 lok 110 3 99 298

17 89 9k k 78 312

18 - - -

*
ifean 98 .107 2 96 206

a Arithmetic mean.
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TABUS V Changes in relative ovarian volume of house flies fed
either sugar-water or milk diets.

Days
after
emer
gence

Ovary Size8,

"Sugar-water" flies
.......... jails fed flies

First Cycle Second Cycle

Bight Left Jfean Right Left Mean Right Left I-fean

0 99 ioi ioo 99 101 100

1 223 220 221 296 289 292

2 6oo 663 631 1866 1783 1825

3 6U 660 652 7137 7530 733^

u 720 630 675 7772 6687 7230 75Ob 770 760

5 71U 729 722 1683 1390 1537

e 833 807 820 4396 5173 ^78U

r 923 818 871 7197 5253 6225

• 1,

a Ovary volumes are based on measurements made on both right
and left ovaries*

b Second gonotrophic cycle ovary volumes are based on 3 to 6
ovaries.
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TABLE VI Delayed presentation of a fresh milk diet to newly
emerged individual house flies and the effect on 
female fecundity and survival.

Time of first 
feeding (hours 
after emergence)

14san time of 
first egg 
laying0.

1 6

2 8

10 6

57 7

Maan no. of eggs
Itemale
survival0

Per laying 
female

Per exptl. 
female

190 155 11

159 106 12

210 168 10

166 1^2 11

a Number of days after emergence

I
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TABLE VII Fecundity of -individual feraale house flies fed on 
low vitaiain casein diets cosagpured with ailf. and 
sugar-water diets, ’

Diet ifean no. 
eggs in 
first 
cycle

Jean no. 
eggs in 
second 
cycle

l»feaa of 
total 

no.eggs/
laying
feiaale

% of ; 
females 
Isyiag 
eggs

$ of 
females 
laying

ishsii 1 
cycle

ILsa
femle
survival
(Days
alive
after

w-
gence)

MBc-fresh 127 11$ 268 68 33 7

k\ Cnn<3lilB **v vtWL ...til
salts end 
sucrose

114 $6 in 78 : 68 9

Sugar-
water 
(o.Tm 
sucrose 
and salts)

-■ j

Bone loos Ifene Ifone I'fcnc 13

Casein0 
salt© end 
sucrose

151

__________

rr

_

178 72 ■ 33 9

a Vitaain-test casein, General Bio.-.x .al, Chagrin flails, Ohio,

b Low vitamin casein, Gonatostca Ltd., flisono Chemicals, England.

i
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TABLE VIII A comparison of the survival of female house flies fed 
on different natural products. For each diet 18 snail 
cylinders were used. Each contained one female and 
three males.

Ko. of days 
from

emergence

% Survival

Milk 0.4# casein9, 
salts and 
sucrose

Sugar-water 
and 

salts

0.4# caseinb 
salts and 
sucrose

1 100 10c 100 10.?.

2 100 100 100 93.5

3 100 100 100 9З.5

u 100 100 100 93.5

5 100 86.7 100 93.5

6 50 80.0 100 80.0

7 25 73.4 100 66.7

8 25 60.0 100 6O.O

9 0 53Л 93.9 53.2

10 53.4 93.9 4o.o

11 26.6 93.9 35.З

12 6.7 68.8 13.З

13 0 68.8

14 62.5

15 56.3

16 31.2

17 25.0

18
■ ». 0

a Vitamin-test casein, General Biochemicals, Chagrin Falls, Ohio.

Ъ Low vitamin casein, Genatosan Ltd., Fisons Chemicals, England.

. a-.
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TABLE IX A comparison of egg production from adult house flies 
fed a yeast extract, casein or milk diet for 18 days.

Diet
Egg production over 18 days

Oviposition

ratioa

Msan no. of 
eggs per 
cylinder

№an no. of 
eggs per 
experimental 

female

Milk 5355 280 1.00

6$ Casein 
("vitamin 
free"b)

636 53 0.19

6% Yeast c 
extract 1105 92 0.33

a Oviposition ratio is calculated so that other egg laying values
coiapare with milk. Over ary limited period the

oviposition ratio - Total no. eggs per cylinder - test diet 
Total no. eggs per cylinder - milk diet

b A product of Nutritional Biochemicals Co., Cleveland, Ohio
and sold as ’’Vitamin Free" Casein.

c A product of Nutritional Biochemicals Co., Cleveland, Ohio and
sold as Yeast Extract Powder.

».I
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TABLE X A comparison of egg production from individual adult
house flies fed a yeast extract, casein or milk diet 
for lif- days.

Diet Mean no. of eggs/ 
laying female

Oviposition ratio

Milk 212 1.00

• * • 1

(2 females laid
2 batches of 

eggs)

6$ Casein 
("vitamin 

free")
0.16

6$ least extract rr 0.37

»
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TÄ3LE XI Role of non-amino-acid components of the control diet
for egg maturation and oviposition in the adult house 
fly.

Diet
Egg production

Mean no. of 
eggs/cy Under

Days experiment

Milk (control) 1136 7

Diet A (control) 336 7

Diet A - less salt mixture ’W’ None 9

Diet A - less carbohydrate 
(sucrose) None

a All flies dead after 5 days.

. I,!

f
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TABLE XII Amino acid composition of two preliminary diets and the
optimum diet used by Dimond3. Values are in grams per 
100 ml. of diet.

.. ........... . .

Components
Diet based
on blood

Diet based 
on casein

Optimum diet 
Dimond*s diet

*D*

1-alanine 0.60 0.55 -

1-arginine raonoHCl 0.50 0.55 O.38

1-aspartic acid 1.00 0,60 -

1-cystine 0.20 o.ok 0.15

1-glutamic acid 1.00 2.33 1.00

glycine 0.50 0.05 -

1-histidine monoHCl 0.70 0.21 0.15

dl-isoleucine 1.00 0.63 0.50

1-leucine 1.00 1.00 0.75

1-lysine monoHCl 0.90 0.90 0.75

dl-methionine 0.20 0.3k 0.15

dl-phenylalanine 0.70 0.50 1.20

1-proline 0.50 0.50 -

dl-serine 0.20 0.77 -

dl-threonine 0.80 0.38 0.30

1-tryptophan O.ko 0.12 0.30

1-tyrosine O.ko 0.67 -

dl-valine 1.00
- Î.

0.65 1.00

a Taken from Dimond (l957)> p.29. The diets based on casein and
blood contain the amino acids in the amounts reported by Hawk 
et al (195k) and Albritton (l 5k).

•I • .
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TABLE XIII The effect of deleting individual amino acids from 
amino acid diet A upon house-fly fecundity.

Diet
Number of 
experimental
cylinders

Egg production
Lfean number 
eggs/cylinder

Days/ex-
periment

diet A (control) 13 313 7

1-arginine deficient 3 none 8

1-cystine deficient 3 400 7

1-histidine deficient 3 none 8

1-isoleucine deficient 3 none 9

1-leucine deficient 3 none 9

1-lysine deficient 3 none 9

l-methionine deficient 6 366 7

l~phenylalanine deficient 4 none 9

1-threonine deficient 3 none 8

1-tryptophan deficient 3 none 8

1-valine deficient 3 none 7

1-glutamic acid deficient 3 240 8

« ».
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TABLE XIV Hie effect on egg production and survival of sub
stituting other non-specific nitrogen compounds 
for glutamic acid.

Diet

After 7 days
îfean total no. 
of eggs per/ 
cylinder

Mesa no. of 
surviving 
females

Milk (control) 993 11 of 12

Diet A (control) 275 10 of 12

Diet A - 196aglutamic acid deficient 10 of 12

Diet A -
ammonium citrate replacing 
glutamic acid Uj3b 12 of 12

Diet A -
urea replacing glutamic 
acid o(43)c 11 Of 12

a In one cylinder of the group the first eggs were laid on the
8th day; these 131 eggs gave a mean for the 8th day of 260 eggs.

b In one cylinder of the group the first eggs were laid on the 9th
day; these 381 eggs gave a mean for the 9th day of 560 eggs.

c By the 10th and 11th days, 129 eggs were laid giving a mean of
U3 eggs per cylinder.

. i-l
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TABLE XV A comparison of egg production of house flies fed the
basic and modified amino acid diets and diets deficient 
in the sulphur-containing amino acids, cystine or
methionine,

Diet

Eggs/female (mean number)
Total eggs 
after 15 

days (mean
number)

After 10 
days

After 15 
days

Milk (control) 91 I69 1761

Diet A (control) 89 99 1007

Diet A
TcystTne deficient) 86 117 1425

Diet A
(methionine deficient) 52 54 605

Diet/ S 92 115 1259

- »,
I
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TABLE XVI A further comparison of egg production from house flies
fed the amino acid diets A or B and diets deficient in 
the sulphur-containing amino acids, cystine or methionine.

Diet
Mean no. of eggs/experlmental female

Number of living 
females after

16 days
After 9 
days Total

After l6 
days Total

Milk
(control) n 925 l8l 2166 7

Diet B 
"(control) 56 670 87 io44 4

Diet Ba 
(cystine t 
deficient) 46 555 75 879 4

Dxex, S 
{methionine 
deficient) 19 229 51 566 5

Diet A :
.(methionine
deficient) 7 80 9 112 2

a Saias as diet C.

• I,I
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TABLE XVII Fecundity of house flies in which varying amounts of 
methionine were present in diet C.

Diols
Cumulative fecundity on days after emergence

5th day 7th day 9th day 11th day

Diet C
(methionine
deficient) 95 575 576 576

Diet C 
(containing 
0,01 g. 

methionine) 224 815 857 940

Diet C 
"('containing 

o.o4 g.
methionine) 699 965 1118 1254

Diet C»imm.iM m*. >11 ***
(containing 
0.15 g. 

methionine) 1078 1131 1246

'> >.
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TABLE XVIII A comparison of the variations in egg laying when females 
are fed milk or amino acid diet Ca.

.... ........

Experiment
number

Mean total no. of 
eggs/cylinder 
after 14 days

ifean no. of eggs/ 
surviving female 
after l4 days

Diet Milk diet Diet C Milk diet

52 1222. 1351 113 116

59 820 2190 75 195

61 925 2815 97 276

90 885 1849 98 155

Average 962 2051 96 186

a Values are calculated from 2 to 4 large cylinders per diet,

b For composition of diet C see Table I.

*,
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The adequacy of the amino acid diet C as compared to a 
milk diet for egg laying in individual adult house 
fliesa.

Diet Cylinder
number

Number of eggs 
laid

Total number of eggs 
laid after l4 

daysFirst
cycle

Second
cycle

Milk 10 109 ice 288
(control)
(from 14 152 129 403 '

IV) 15 115 114 >4o

16 104 110 298

Diet C 5a 131 0 131 b
(2 eggs relict)

6a 33 0 33
(108 eggs relict)

Ta 64 0 64
(l55 eggs relict)

lb 136 61 199

2b 11 0 11
(l32 eggs relict)

3b 155 0 155

4b 26 0 26
(20 eggs relict)

5b l4o 0 140
(6 eggs relict)

T

a These results presented here have been condensed from experiment
numbers 60# 88 and 90.

b All dissections were made on the flies at death or when the
experiments were terminated.

j
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TABLE XX The effect of 0,05$ cholesterol on house-fly fecundity 
over a lU-day period.

Diet Msan no. 
of eggs/ 
surviving 
female

Masa no. 
of eggs/ 
cylinder

Oviposition
ratioa

Oviposition
ratio*3

Amino acid diet C 75 820 1.0 I.98

Amino acid diet C 
+ Tween and EtOH~ 

(control) 52 419 0.51 1.00

Amino acid diet G 
+ 0.05$ cholesterol 
+ Tween and EtOH 54 507 0.37 O.73

Milk 195 2190 2.67 5.23

a This is calculated from the mean nua&er of eggs per cylinder
laid by flies fed the diet C divided into the number of eggs 
laid by a similar group of flies fed on test diets over a 
comparable period.

b The denominator of this ratio is the fecundity for the mean
number of eggs per cylinder when flies are fed diet C plus 
Tween and ethyl alcohol. ..

. I
{
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TABLE XXI The results of feeding to adult house flies different
dietary cholesterol concentrations and the effect on 
egg production over a lU-day period.

Diet Mean no. 
of eggs/ 
surviving 
feniale

ifean no. 
of eggs/ 
cylinder

Oviposition
ratio8,

Mik 276 2815 4.65

Diet £ 97 923 1.53

Diet £
+ Tween 80 and EtOH 
(control) 81 605 1.00

Diet £
+ 0.001$ cholesterol 
+ Tween 80 and EtOH 101 99U 1.64

Diet £
+ 0.01$ cholesterol 
+ Tween 80 and EtOH 145 U63 1.92

a The denominator for this ratio is the fecundity for the mean
number of eggs per cylinder when flies are fed diet £ plus 
Tween and ethyl alcohol. “

-
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TABLE XXII A comparison of egg production from female house flies 
fed amino acid diet C, or a semi-synthetic diet, each 
supplemented with different concentrations of chol
esterol”.

Per cent cholesterol 
concentration in

diet C or in ï-fcnroe's 
diet

Ml. of eggs/100 
females 

(Monroe, i960)
Oviposit ion ratio8

0.05 5.4 0.5Î

0.01 6.0 1.26

0.005 T.o -

0.001 6.4 1.08

0 6.5 1.00

a Based on diet C and the mean number of eggs per cylinder after
!>(• days. '

b Mbnroe (i960) fed adult house flies a semi-synthetic diet.

J
i
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TABLE XXIII A comparison of fecundity from groups of 12 female house 
flies over l4 days when fed amino acid diet Q} or diet C 
supplemented with eight B-vitamins.

Diet Cylinder
number

After 7 days After lU days
Total no. 
of eggs/ 
cylinder

Ho. of eggs/ 
experimental 

female

Total no. 
of eggs/ , 
cylinder

Ho. of eggs/ 
experimental 

female

Diet 0 1 1398 117 l4o8 117

2 1127 94 1127 9**

3 1115 93 1150 96

bfean 1213 101 1228 102

Diet C 
plus 
vitamins 1 898 90 1378 138

2 1415 118 1758 146

3 1226 102 1250 IOU

№ an ll80 103 lU6l 122

b
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TABUS XXIV Survival of female house flies fed amino acid diet C, 
or diet C supplemented with eight B-vitamins.

Diet Cylinder
number

Per cent female survival after

7 days 10 days l4 days

Diet C 1 67 25 25

2 67 33 33

3 75 42 8

Mean 70 37 22

Diet C 
plus 
vitamins 1 70 6o 8

2 92 67 42

3 75 50 8

Mean 79 59 19

!

4.
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TABLE XXV A comparison of fecundity from individual female house
flies over l4 days when fed amino acid diet C, or diet 
C supplemented with eight B-vitaminsa.

Diet Cylinder
number

Ho. of 
eggs in 
first 
cycle

Mo. of
eggs in 
second
cycle

Total no. 
of eggs 
laid

Female
survival
(days
after

emergence)

Mo. of 
relict 
eggs

Diet C 1 158 61 199 15

2 11 * 11 14 152

5 155 * 155 10

4 26 * 26 11 20

5 l4o * 140 14 6

Total 470 551

Mean 94 61 106 12

Diet C 1 m 42 155 14 8l
plus”
vitamins 2 152 w 152 12 -

5 5 - 5 14 145

4 162 77 259 15 151

5 151 * 151 14 «*

Total

Ms an

541

108
——

119

60

660

152 15

a Only 5 of 12 females fed on each diet laid eggs within a l4-day
period. The 7 of each diet, which did not lay contained eggs 
in ovaries.
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TABIE XXVI Fecundity end gonotrophic cycles of individual house 
flies fed diet C, or diet C supplemented with choles
terol, B-vitamins and W? during a 15-day period.

Diet First Gonotrophic Cycle Second Gonotrophic Cycle
No. eggs/ 
exptl. 
femalea

Per cent 
laying

No. eggs/ 
laying 
female

No. eggs/ 
exptl. 
female

Per cent 
laying

No. eggs/ 
laying 
female

Milk
(con
trol) 91 75 121 62 50 125

Diet C 
plus 
0.01$ 
choles
terol, 
B-vita- 
mins 
and
0.4$
RNA°

«•
105 89 116 61 50 125

Diet C 50 56 85 9 7 152

a When the fecundity of females fed these two chemically defined
diets were compared, P was < 0.001 for the first gonotrophic 
cycle. For a similar comparison of the second gonotrophic 
cycle, P was < 0.05 (student ’t’ test).

b Or diet D (for composition see Table I).

j.
1

. â-%
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TABLE XXVII Composition of the chemically defined diets 58, 59 and 
60 fed to adult female house flies.

Diet

Constituents8,

ifede up to 100 ml. diet solution

Amino acids 
(Table I) 
(diet C)

B-vitamins 
(Table II)

0.01#
cholesterol

0.4#
RNA

0.2#
Adenine

No. 58 ♦ * ♦ + -

No. 59b * + *

No. 60 ♦ * 4-

a Each 100 ml. of these diets also contained 5.42 g. of sucrose
and 0.15 g. of salt mixture ’W*. For the basic ingredients see 
Table I.

b Dxet D •

»,1

.. ân
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TABLE XXVIII Fecundity of individual house flies fed amino acid diet 
D lacking B-vitamins or diet D with adenine replacing 
SffA compared with diet D or milk during the first 
gonotrophic cycle.

Experimental
diet

(See Table
XXVII for

COE5)OSitiOn)

First Gonotrophic Cycle

Mean no. eggs/ 
experimental

female

Per cent 
laying

ifeaa no, eggs/ 
laying 
female

Milk (control) 107 100 107

Diet D less B- 
vitomins 
(no. 58)

r ■ /•' ’

65 67

10 of 15 
experi
mental 
females

97

Diet D (no. 59) 84 75

12 of 16 
experi
mental 
females

111

Diet D with
Q.2$~adenine 
replacing 0.4$
RKA (no. 60)

61 88

14 of 16 
experi
mental

70

L-,.,,-   ..——
■ females I

I
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TABLE XXIX Fecundity of individual house flies fed amino acid diet 
D lacking B-vitamins or diet D with adenine replacing 
KHA compared with diet D or milk during the second gono- 
trophic cycle.

Experimental
diet

Second Gonotrophic Cycle
Total of 
eggs for 

all 
cycles

Wfeaa no. eggs/ 
experimental 

female

Per cent 
laying

Mean no. eggs/ 
laying 
female

Milk
(control)

75 67

4 of 6 
experi
mental 
females

112 1354

2 females 
laid

5 or more 
cycles

Diet D less
B-vitamins 
(no. 58)

6

f >■ ■

7

1 of 15 
experi
mental 
females

89 1062

Diet D 
”Tno.—59)

34 50

8 of 16 
expert - 
mental 
females

69 2068

2 females 
laid

3 or mere 
cycles

Diet D with 
Q.2$~~aden- 
ine replac
ing 0.4$
BKA (no.
60)

18

. í ,

51

5 of 16 
experi
mental 
females

56 1311

1 female 
laid

3 or more 
cycles

y
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TABLE XXX Fecundity and gonotrophic cycles of individual house flies
fed an amino acid diet D lacking B-vitamins or with adenine 
replacing ENA compared with diet D or milk over a l4-day 
period.a

Experimental
diet

First Gonotrophic Cycle Second Gonotrophic Cycle
Total 
no. of 
eggs 
laid

Mean no. 
eggs/

exptl.
female

$
laying

Mean no. 
eggs/ 
laying 
female

Mean no. 
eggs/

exptl.
female

$
laying

Mean no. 
eggs/ 
laying 
female

Milk
(control) 55 67 85 39 33 98 857

Diet D less
B-vitamins 
(no. 6l)

27 28 107 12 6 121

only 1 
female 
laid

657

Diet D 
("no. 62) 75 67 112 35 33 99 2153

Diet D with 
0.2$"""ade
nine replac
ing O.U$
RNA (no.
65)

65 67 97 lU 17 65 1^77

a Females were reared from second gonotrophic cycle eggs.
» I.- i

?
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TABLE XXXI Fecundity and gonotrophic cycles of individual house flies 
fed amino acid diet D supplemented with inositol or diet 
D with adenine and cytidylic acid replacing RHA compared 
diet D or milk over a l4-day period3.

Experimental
diet

First Gonotrophic Cycle Second Gonotrophic Cycle
Total 
no. of 
eggs 
laid

Mean no. 
eggs/ 

exptl.
female

i
laying

Mean no. 
eggs/

laying
female

Mean no. 
eggs/

exptl.
female

1
laying

Mean no. 
eggs/
laying
female

Milk
(control) 85 67 128 11 17 67 579

Diet D with 
adenine and 
cytidylic 
acid replac
ing RNA°
(no. 67)

74 78 95 38 59 97 2209

Diet D 
(no. 68) 66 61 108 24 28 71 1919

Diet D plus 
inosTtol 
(no. 69)

72 72 100 30 59 72 2497

a Compiled from daily observations and by dissections of individual
females at the end of the experiment.

b Table If dxet E. |
’ " . i'

1

. a.-,
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TABLE XXXII Fecundity of house flies fed dry snythetic diets plus 
sugar-water compared with a liquid xailk diet during a 
17-day period3!

After 7 days After 17 days
Experimental

diet
Mean no. 
eggs/ 
cylinder

Mean no. 
eggs/ 
exptl. 
female

Female
survival

%

Mean no. 
eggs/ 
cylinder

Mean no. 
eggs/ 
exptl. 
female

Female
survival
%

Milk
(control) 725 60 97 1208 107 U7

Diet D dry, 
less"”
cholesterol 
(no. 72)

150

*•

10 100 200 17 47

Diet C dry,
' "(no. 75) 176 15 98 255 20 28

a Flies fed diets 72 and 75 were also supplied with fresh 0.1 M
sucrose solution daily.

1,
!

1



156

APPENDIX

TABLE XXXIII Fecundity of house flies in test cylinders, fed diet C 
containing varying aiaouats of methionine. " ~ "

Diet Cylin
der no. 
(repli
cates)

Total fecundity (cumulative) after

5 days 7 days 9 days 11 days

Diet C 1 ■ w 635 635 635
lacking 2 100 571 571 571
methionine 3 - 513 513 513

4 317 605 613 613
5 59 550 550 550

Ifeaa no. of
eggs/ 95 575 576 576
cylinder

Diet C 1 183 842 855 912
"('contain 2 515 533 556 557
ing 0.01 g. 3 529 962 1117 1269
methionine) 4 86 1028 1057 1057

5 6 702 702 905

Jfean no. of
eggs/ 224 813 857
cylinder

Diet C 1 600 776 1033 1213
(contain- 2 689 829 1279 1279
ing 0.04 g. 3 698 1381 1381 1581
methionine) 4 787 948 950 1250

5 720 883 946 947

Mean no. of
eggs/ ,699 963 1118
cylinder *

Continued

http:conte.in
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TABLE XXXIII Continued.

Diet Cylin
der no.
(repli
cates)

Total fecundity (cumulative) after

5 days 7 days 9 days 11 days

Diet C 1 9l6 l46l l46l 1759
' ’(contain - 2 920 1559 1702 1970
ing 0.15 5 522 959 959 968
g. meth 4 612 612 901 901
ionine) 5 98 517 632 632

Ifean no. of
eggs/ 6l4 1017 1131 1246
cylinder

Milk 1 3235 2354 2642 2646
2 1444 26l4 3518 3811
5 1246 2462 5971 4520
4 1297 2074 2747 3264

Mean no. of 
eggs/
cylinder 1305 2376 3220 3560

« *, 
I



158

APPENDIX

TABLE XXXIV A coniparison of egg production from individual house
flies fed diet C or diet G supplemented with cholesterol, 
B-vitamins and RMA during a 15-day period.

Diet Cylinder
number

No. of 
eggs in 
first 
cycle

Days
between
cycle

Mo. of 
eggs in 
second
cycle

Total no. 
of eggs

. laid

Diet C 1 118 i - 118
3 157 * - 137
4 121 2 121 l4i
9 1 * - 1
10 78 w - 78
14 133 143 176
18 46 » 46
19 104 io4
21 109 * 109
28 3 - * 3

Total
bïfean

28

85 5 132 ill

Mik 1 97 2 83 180
2 126 3 166 5l6a

(control) 3 139 - - 139
4 - - - -

Total

ifean

4

121 3 125 278

1 ,
I

Continued
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TABLE XXXIV Continued.

Diet Cylinder
number

No. of 
eggs in 
first 
cycle

Days
between
cycle

No. of 
eggs in 
second 
cycle

Total no. 
of eggs 

laid

Diet C 1 119 119
plus" 2 67 * - 67
0.1$ 3 127 •
cholesterol, 4 121 3 100 298a
B-vitamins 5 150 6 ISO 26o
and 0.4$ 6 IÚ9 2 137 57ба
RNA 8 io4 W. 104

10 67 - 67
11 165 3 148 575a
12 i43 3 150 508a
13 82 «* - 82
15 137 5 я 171
16 69 *» - 69
17 176 3 1Я 4i?a
18 1 W. l
19 119 2 118 237_
20 i4o 3 135 54la
21 159 3 149 454a
22 109 - 109
23 1U7 - 106 253ft
25 185 3 152 451s
27 32 - - 52.
28 120 2 121 582s

Total
Ifean'0

26 2664

116 3 125 256

a №re than two gonotrophic cycles laid within the period of the
test.

b The mean values are calculated from the number of females laying
eggs in each gonotrophic cycle.

1
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FIGURE 1: CHANGES IN OVARY VOLUME WHEN ADULT HOUSE FLIES 
WERE FED A SUGAR WATER OR MILK DIET FOR 7 DAYS.

DAYS OF FEEDING
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FIGURE 2 A COMPARISON OF ADULT SURVIVAL WHEN FEMALE HOUSE FLIES WERE FED 

VARIOUS NATURAL PRODUCTS.

DATS AFTER EMERGENCE



A
O

FIGURE 3: THE EFFECT ON HOUSE FLY FECUNDITY WHEN VARYING AMOUNTS OF CHOLESTEROL ARE PRESENT IN THE DIET FED TO ADULTS
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FIGURE 4: COMPARISON OF female survival when adult HOUSE FLIES 

FED DIET C OR DIET D .
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FIGURE 5: SURVIVAL OF THE ADULT FEMALE HOUSE FUT WHEN VARIOUS DIETARY SUPPLEMENTS ARE 

ADDED TO THE MODIFIED AMINO ACID DIET. CONTROLS WERE FED A FRESH
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FIGURE G A COMPARISON OF FEMALE SURVIVAL WHEN ADULT HOUSE FLIES WERE FED DIET 0

. J.-,
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FIGURE 7 A COMPARISON OF FEMALE SURVIVAL WHEN ADULT HOUSE FLIES WERE FED 
DRY SYNTHETIC DIETS OR FRESH MILK.

DAYS AFTER EMERGENCE
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