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CHAPTER l 

THE PROBLEM 

The control of destructive insects is usually 

chemical, by the spreading of poisons (insecticides) on 

their habitats. As has been discussed by many people, 

among the most eloquent of whom ~s Rachel Carson 

(1962); this is undesirable. Insecticides lack 

specificity; they kill not only insect pests but also 

harmless and beneficial insects and they are harmful to 

other animaIs, including man. In finding an alter

native to insecticides, the idea arose of turning the 

insect's physiology against itself. 

In 1958, a large number of sterile male screw-

worm flies were released into the southeastern United 

states; these; by competing with normal males, helped 

cause the eradication of the fly from this area 

(Knipling, 1960). This pointed dramatically to the 

vulnerability of the insectls reproductive system and 

to the possibility of controlling insects by steriliza-

tion. Sterility was produced in the screw-worm fly by 

irradiation (Knipling, 1960)0 An alternative means of 

l 



sterilizing insects has been by the use of chaemo

sterilants (Sotkovec, 1966). 

2 

Williams (1967) pointed out the possibility of 

using insect hormones as pesticides. The so-called 

"paper factor;" an analogue of the Juvenile hormone, 

has been found to prevent adult development in some 

members of the family Pyrrhocoridae (Hemiptera), but 

not in other insects. Although the target of the paper 

factor is development" in general, the netresult is 

sterility, since these insects do not reach sexual 

maturity~ A great advantage is the fact that the paper 

factor is very specifie. 

Much research has been done in the last thirty 

years on the endocrine control of insect reproduction. 

This approach may, in the future, be fruitful for 

insect control. One can visualize hormone pesticides 

acting directly on the reproductive processes rather 

than indirectly by their effects on general developmental 

processes o This would have the added advantage of 

allowing sterilized adults to compete with the normal 

adults of the species, with the result that complete 

sterilization of the population might not be necessary 

for control. 



Among the more medically important insect pests 

are the tsetse flies, Glossina Spa These act asVéctors 

of the haemoflagellates Trypanosoma gambien~e and 

T. rhodesiense, the causal agents of African sleeping 

sickness. The control of the tsetse flies and 'the 

consequent eradication of this disease would improve 

health conditions over a large part of tropical Africa. 

Perhaps a knowledge of the endocrine control of repro

duction in the tsetse flies would lead to the eventual 

elimination of this pest. Unfortunately; Glossina is a 

tropical fly and has proved to be quite difficult to 

rear in laboratories (Langley, 1967a). 

The sheep ked, Melophagus oVinus, a dipteran 

ectoparasitic on sheep; may be an acceptable substitute 

for the tsetse fly in studies on endocrines and repro-

duction. These two dipterans have remarkably similar 

reproductive cycles. Both are viviparous and nourish 

the larva, which develops in the ,femalels uterus, from 

secretions of a "milk-gland." At parturition, both 

types of flies ovulate and development of another larva 

starts. Soon after parturition, larvae of these two 

flies pupate. These similarities are remarkable 

examples of convergent evolutiono 
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Melophagus has the added advantage of being 

native ta Canada (as weIl as ta nearly every other area 

where sheep are kept) and easy ta raise. During the 

autumn and early spring, sheep harbour large numbers of 

the parasite. Use of the ked has the disadvantage that 

the parasite is unable to survive off sheep for longer 

than a few days and so is difficult toobserve continu

ously. The advantage8 of using the ked as a model for 

studying the endocrine control of reproduction in the 

tsetse fly far outweigh this disadvantage. 

For these reasons, l studied the endocrine 

control of reproduction in the ked. It is hoped that 

my results may aid researchers working to control the 

tsetse fly as weIl as to add to the general knowledge 

of insect endocrine systems. In addition, l hope 

readers will come away, as l did, with the impression 

that Melophagus is an unusual and interesting insect, 

and that more research will be done in the future on 

this fascinating and little-knawn fly. 

ç '-'-", .~ " ' • ,_ ".' f ..... ., '." 



CHAPTER II 

MELOPHAGUS OVINUS: THE EXPERIMENTAL ANIMAL 

The sheep ked, Melophagus ovinus (Fig. l),is a 

fly ectoparasitic on sheep. According tothe scheme of 

classification given in Imms (1957), it belongs to the 

Order Diptera, the Suborder Cyclorrhapha, the Section 

Pupipara, and the Family Hippoboscidae. 

The most common host of the ked is the domestic 

sheep, ~ aris. It has been reported from wild 

sheepo In fact, Ferris and Cole (1922) made a dis-

tinction between Melophagus ovinus ovinus of domestic 

sheep and Mo ~. montanus of wild sheep; Bequaert (1942), 

considers this distinction to be trivial. Keds are 

sometimes found on goats; especially on those kept close 

to sheep; whether they feed and reproduce on them is 

unknown (Bequaert; 1942). They have been flound occasion-

ally on cattle, horses, dogs, wolves, coyotes, and 

humans. These hosts presumably obtained keds from 

sheep and proved to be dead-ends; the parasites soon 

died (Bequaert, 1942). Rodhain and Brutsaert (1935) 

induced a few keds to feed on guinea pigs; this has 

5 
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not, to my knowledge, been repeated. For aIl practical 

purposes, Melophagus ovinus is completely host specific, 

that host being the domestic sheep, Ovis arise 

A. Life Cycle 

The entire life cycle of the ked is spent on 

sheep; dispersal is by contact. Pupae are attached to 

wool fibres at variable distances From the skin; these 

distances gradually increase as the wool grows (Graham 

and Taylor, 1941)~ 

Newly emerged adult keds first feed 24 to 36 

hours after emergence and continue to feed at approxi

mately 36-hour intervals thereafter (Nelson, 1955). 

Keds can survive off the sheep without feeding for only 

four or five days (Graham and Taylor, 1941)Q 

Maturation and copulation by male keds take 

place around ten days after emergence (Graham and 

Taylor, 1941; Evans, 1950)~ Female keds mate 16 to 24 

hours after emergence, but do not ovulate until they 

are six or seven days old (Graham and Taylor, 1941; 

Evans, 1946, 1950). Spermatozoa are stored in the 

female's receptaculum seminalis (Pratt, 1899). 



One mating is sufficient to last for the kedls 

lifetime, although matings occur frequently when 

possible (Graham and Taylor, 1941; Evans, 1946, 1950). 

This is of probable significance during the summer and 

autumn when sheep become resistant to keds and few of 

7 

the parasites survive (Nelson and Qually, 1958). Evans 

(1950) suggested that this fact might be important for 

the spreading of infestations to ked~free sheep. One 

fertilized female ked, transferred to one sheep by 

contact With another; should be sufficient to pro duce a 

large population Df the parasite on that sheep. However, 

Nelson (1958) found that, at least dn lambs, only newly 

emerged virgin keds are infective; an observation that, 

if true, seriously limits the importance of Evans' 

suggestion. 

Keds (and all.Pupipara) are viviparous. One 

larva at a time develops in the female's uterus and,. 

unlike the case of most other viviparous insects (Oavey, 

1967a; Wigglesworth, 1965), is nourished From secretions 

of her "milk gland" (Pratt, 1899). This type of vivi

parity is very similar to that of the tsetse Fly, 

Glossina (see above, Chapter 1). 

Bequaert (1942) cites Berlese (1899) as being of 
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the opinion that larval keds do not feed on the 

secretions of the milk glands but rather on excess 

spermatozoa and male accèssory secretions. Bequaert 

8 

feels that the true situation is a combination of these 

two views. 

An unknown number of larval stages is spent in 

the uterus (Day; 1943b); the gestation period is six to 

eight days (Graham and Taylor, 1941; Evans, 1946, 1950). 

Parturition occurs Just previous to pupation; one case 

of intra-uterine pupation has been reported eRoot, 

1921) but this observation has never, to my knowledge, 

been repeatedo The pupal stage lasts 19 to 26 days, 

depending on the temperature (Graham and Taylor, 1941; 

Evans, 1950). 

Adult female keds, which live approximately 100 

days, survive about 20 days longer than do males o They 

produce, on the average, 10 to 15 offspring each 

(Graham and Taylor, 1941). 

B. Economic Importance 

Keds are hosts to a number of parasites and 

transmit sorne of these to sheep. Most of these para-

sites are not pathological to the sheep. 



': ~~~~'~'.:; 

~~~:i~~ 

9 

The sheep trypanosome, Trypanosome melophagium, 

is transmitted to sheep by keds. Originally, in fact, 

it was considered to be purely a ked parasite 

(Crithidia melophagium) because it could not be 

isolated from sheep's blood~ Hoare (1923) succeeded in 

proving its existence there by culture techniques and 

demonstrated that its transmission is contaminative, by 

the eating of infected keds by the sheep. 

T~ melophagium is harmless to sheep; however, 

there is sorne evidence that it may cause ked mortality 

by blocking the posterior midgut of the insect (Nelson; 

1956, 1957). 

Keds have been shown experimentally to be sus

ceptible to infection by TrypanoSOma cruzi and 1. lewisi 

(Rodhain and Brutsaert; 1935). This, because of the 

normal host range of these trypanosomes and the host 

specificity of keds, never happens in nature. 

Another experimental infection of Melophagus 

could, conceivably, have quite serious consequences. 

This is that of the virus causing blue-tongue diseaseo 

This virus, usually spread by Culicoides, has been 

found experimentally to be potentially spread by the 

ked (Gray and Bannister, 1961; Luedke et alo, 1965). 
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In nature, ,keds could become quite important vectors of 

the disease in sheep. Nelson~s (1958) observation that 

only newly emerged keds infect lambs (seeabove, p. 7), 

if one assumes that trans~ovarian transmission of the 

virus does not take place, ,probably explains why this 

has not happened. 

Melophagus is also the host of a harmless 

rickettsia; Rib~e~~~i~ ~~i~bh~gi (Bequaert, 1942). 

Arguments as to whether,Melophagus is harmful to 

sheep have been going on for years. Imes (1932) sums 

up the case for the prosecutioM quit~ weIl as follows: 

"The irritation caused by the ticks [keds] makes the 

sheep restless so that they do not feed weIl, and in 

consequence, they do not grow,and fatten as rapidly as 

when free From tick s [keds J. Thu salo ss i s cau sed by 

shrinkage in weight and a general unthrifty condition 

of infested flocks, with a consequent lowering of the 

vitality and a reduction in the resisting power of the 

animal s. " 

On the other hand, Pfadt et alo (1953) and 

Whiting et ai. (1954), in testing the hypothesis that 

the presence of keds causes weight loss in feeder lambs, 

found no significant differences between the experimental 
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and the control observations. 

A recent report by Nelson and SIen (1968) reveals 

that ked-free lambs gain more weight and ked~free ewes 

produce more waal than infested lambs and ewes respec-
.. 

tively. These differences, thay maintain, are apparent 

only after sheep have become resistant ta keds. 

My personal observations reveal that sheep with 

keds are irritable, scratch themselves, and rub against 

objectso The resulting scruffiness may detract from 

the market value of the wool. Sa, economically and 

from a point of view of the sheep's comfort, keds are 

unwelcome pests. 

The most common methods of combatting keds are 

by sheep dips (Imes, 1932; Treeby, 1967) and by 

insecticide sprays (Matthysse, 1967). More than one 

application is usually necessary as ked pupae are 

resistant ta most of the common procedures. The 

expenditure of time, effort, and money in attempting to 

control keds, by themselves, makes the parasite of 

considerable economic importance. 
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Figure 10 The sheep ked, Melophagus ovinuso Dorsal 
view (left) and ventral view (right) of a male o 
CAfter Ferris and Cole, 1922). .. 



CHAPTER III 

THE INSECT RETROCEREBRAL SYSTEM 

The insects comprise an extremely large and 

diverse group of animaIs. It follows that there is a 

correspondingly large and diverse assortment of 

anatomical arrangements of the various organ systems; 

the endocrine system is a case in point. Although 

there are certain unifying characteristics, there are 

so many different arrangements of the organs and their 

nerve supplies that the mind recoils at the thought of 

describing them aIl. Cazal (1948) has describ~d this 

system in a few representatives of the major ins8ct 

groups and his work, though of necessity quite super-

ficial, remains the classic paper on this subject. 

Recent reviews on insect hormones, concerned mainly 

with studies of their physiology, have been written by 

Nov~k (1966), Ralph (1967), and Highnam (1967)0 

The insect endocrine system is very closely 

associated with the central nervous system and the 

retrocerebral nervous system. In fact, the term 

"retrocerebral system" is often u sed as a synonym for 

13 
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"endocrine system ff as, for instance, in the title of 

this thesis. It should be noted that, strictly 

speaking, these two terms are not synonymous. Insects 

have endocrine components with no relation at aIl to 

the retrocerebral nervous system. These will not be 

considered at aIl in this thesis. 

In this chapter; a brief description will be 

given of the retrocerebral system in a "generalized" 

insecte Then descriptions will be given of the 

morphology of several representative dipteran retro

cerebral systems. The role of the retrocerebral system 

in the control of ~nsect reproduction will then be 

briefly discussed. 

A. The Generali~ed Insect Retrocerebral 
System 

The insect retrocerebral system has four main 

endocrine components: neurosecretory cells in the 

brain, the corpora cardiaca, the corpora allata, and the 

thoracic gland or its homologue (Fig. 2). 

Neurosecretory cells are nerve cells that manu

facture and secrete hormones (for recent reviews, see 

Bern, 1966; Knowles and Bern, 1966; S~harrer, 1967). 
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They are characterized,on both morphologi6al and 

physiologieal grounds. Morphologically there are three 

criteria for distinguishing them from ordinary nerve 

cells. l.!l v.:Lvà, they often have a blue appearance 

(Tyndall blue) (E. Thomsen, 1954; Nov~k, 1966). They 

stain in characteristic ways with such stains as 

paraldehyde fuchsin (PAF), chrome~alum~haematoxylin~ 

phloxine (CAHP), performic acid alc_ian blue (PFAAB) 

(Scharrer, 1967), and azan (de Bess~, 1967). In electron 

micrographs, theycontain characteristic membrane-bound 

vesicles (Bern,1966; Scharrer, 1967). Physiologically, 

they are characterized by detectable cycles of manu

facture and secretion that parallel their physiological 

effect. They may be further characterized on physio-. 

logical grounds by the results of extirpation and 

implantation experiments (Nov~k, 1966). 

Neurosecretory cells have been found in most 

groups of multicellular animals, From a somewhat dubious 

report of them in sponges (Lentz, 1966) to the verte

brates and man. (Lentz' report, I consider to be 

questionable because nerve cells have not yet been 

proven to exist in spongese It is all too sel dom 

emphasized that neurosecretory cells must be nerve 

cell s. ) 



16 

In insects, neurosecretory cells are concentrated 

in the mid-dorsal region of the protocerebrum, the.pars 

intercerebralis; however, they are also found elsewhere 

in the supraoesophageal ganglion, in the suboesophageal 

ganglion (see, for instance, m. Thomsen, 1965), and in 

the thoracic ganglia (de Bessé, 1967). In the pars 

intercerebralis are two main groups of neurosecretory 

cells, the medial and the lateral (Fig. 2). These may 

be differentiated by their staining reactions (see 

below,.p. 70) and by their observed cycles of activity 

(Novak, 1966). 

The medial neurosecretory cells have been found 

to secrete several hormones. The earliest discovered 

was the so~called "brain hormone" which is secreted via 

the corpus cardiacum and stimulates the thoracic glands 

to secrete ecdysone which causes moulting (Wigglesworth, 

1954, 1965). A gonadotropic hormone (E. Thomsen, 1952) 

and one that stimulates gut protease synthesis (Thomsen 

and mjZ!'ller; 1963) have also been found; as is discussed 

below (pp. 29-31 ), these latter two effects may be 

caused by the same hormone. A myotropic hormone has 

been found in RhodnJ.us,prolixus (Hemiptera) that is at 

least partially responsible for an increase in the rate 

of oviposition that accompanies mating (Davey, 1967b). 
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The axons of the madial and the lateral neuro-

secretory cells transport neurosecretory material to 

the corpora cardiaca •. Paired nervi corporis cardiaci l 

(NCC 1) and NCC II are formed from these axons, those 

of th~ medial neurosecretory cells forming the NCC l 

and those of the lateral ones forming .. the NCC II (Fig. 

2). Other groups of neurosecretory cells may give rise 

to other NCC's that pass to the corpora cardiaca; there 

are four pairs in several nictyoptera, Isoptera, Orthop

tera, and Heteroptera (8rousse~Gaury, 1967). On the 

other hand, the NCC land NCC II may fuse into a single 

pair of nerves, the NCC. This is the case with most of 

the Diptera (Cazal, 1948). 

The NCC pass posteriorly to the corpora cardiaca. 

These paired organs, often fused into one (Figfl 2), 

have two main components. One consists of the endings 

of the cerebral neurosecretory cells; here the 

secretion is stored and released when neededo (This 

type of structure is called a "neurohaemal organo ,,) 

Intrinsic secretory cells comprise the other componento 

The corpora cardiaca are often closely associated with 

the hypocerebral ganglion and/or the aortal wallo In 

fact, they may fuse with one or both of these structures. 

~~;',"-~ • .'~~~~.~.~~~~~,~_c~ ___ ~ __ ~.~.~~~=======_~~~~~d~=_=.~==c=.~. ========.=--=.=-.-=.-=.--=.=.-=-=-=-========------------------------
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The close association of the corpora cardiaca 

with the aorta is seen from the fact that, in Oysdercus 

koenigii (Hemiptera), the NCC l do not transport neuro

secretory material to the corpora cardiaca but through 

this organ to the aorta. In other words, the aortal 

wall has taken over the function of the corpora cardiaca 

as a neurohaemal organ (Oogra, 1967). 

Other neurohaemal organs have been found along 

the medial nervous system in Carausius morosus (Phasmida), 

schistocerca gregaria (Orthoptera), and Periplaneta 

americana and Leucophaea maderae (Oictyoptera) (de Bessé, 

1966, 1967; Brady and Maddre11, 1967); along the peri

phera1 abdominal nerves in Rhodnius pro1ixus (Hemiptera) 

(Maddre11, 1966); and a10ng the nervi corporis a11ati II 

in Gry110des sigi11atus (Orthoptera) (Awasthi, 1968). 

The intrinsic cel1s of the corpora cardiaca 

secrete a number of hormones. Among these is a hyper

glycaemic factor (Steele, 1961) and a polypeptide that 

stimu1ates pericardia1 ce11s to re1ease an amine that 

acce1erates the heart beat (Oavey, 1961). 

A pair of nervi carporis a11ati (NCA) pass from 

the corpora cardiaca to the corpora a11ata (Figo 2)0 

In sorne species, these nerves contain neurosecretory 
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material and, thus, presumably arise in the brain; 

perhaps they are extensions of the NCC. In sorne insects 

there are a second pair of NCA that travel. between the 

corpora allata and the suboesophagial ganglion (Awasthi; 

1968). 

The corpora allata secrete one or, possibly, two 

hormones; there are two main effects of this (these) 

hormones. In the larva, the Juvenile hormone represses 

the appearance of adult characteristics at moulting; in 

the adult; a gonadotrophic hormona induces vitellogenesis 

(Wigglesworth, 1954, 1965) (see below, p. 28). As 

discussed below, p. 32, most of the present evidence 

supports the contention that these two hormones are 

identical, though this fact has not yet been proven. 

It is, perhaps, somewhat out of place to discuss 

the thoracic glands (Figo 2) with the retrocerebral 

system as these are not, except in the higher Diptera 

(see below, pp. 23-4-5) associated morphologicallyo 

However, they are functionally related and this discussion 

of the generalized in sect endocrine system will end with 

a description of them. 

These glands, usually found in the thorax, are 

qui te loosely aggregated and closely associated with 
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tracheae. Upon stimulation by the brain hormone, they 

pro duce the hormone ecdysone which induces ectodermal 

cells to pro duce new cuticle. The result is a moult 

(Wigglesworth, 1954). Inmost insects, the thoracic 

glands are resorbed in the adult; however; in those 

apterygotes that continue to moult as adults 

(Thysanura)~ they persist (Wigglesworth, 1965)e 

B. The Retrocerebral System in the Diptera 

The Or der Diptera is composed of three suborders: 

the Nematocera, the Brachycera, and the Cyclorrhapha. 

These are generally thought of as being phylogenetically 

primitive, intermediate; and advanced, respectively 

(Imms, 1957). 

1. Suborder Nematocera: 
Tipula sp~ (Fig~ 3) 

Cazal (1948) distinguishes two types of Nemato= 

ceran retrocerebral systems: that of the Family 

Tipulidae (the crane flies) and that of other families. 

His description of that of Tipula sp., the type genus 

of the Family Tipulidae, is described here. 

In the brain are located medial and lateral neuro-

secretory cellso Cazal (1948), it must be emphasized, 
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did not use the term "neurosecretory cell" in his study; 

nor did he use PAF, CAHP, or other neurosecretory 

stains (see above, p. 15)e These cells he describes as 

being. "cellules chromophiles" because of their red 

staining with ponceau in the trichrome technique of 

Masson. From his descriptions of their cytology and of 

their location, it is clear that they represent the 

medial and the lateral neurosecretory cells. 

Paired NCC are formed from axons of these neuro-

secretory cells; they run between the brain and the 

paired corpora cardiaca. The corpora cardiaca are 

comma~shaped organs, rich in glial cells, nerve fibres, 

and large chromophll intrinsic cells. Their posterior 

prolongations (Fig. 3) contain processes of these 

intrinsic cells, as weIl as glial cells and nerve fibresœ 

The corpora cardiaca are entirely separate from the 

aorta wall. 

The paired corpora allata are made up of a large 

number of secretory cells, interspersed with chromophil 

secretory droplets. 



2. Suborder Nematocera: Aedes 
aegypti(Fig~ 4) 
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As an example of the remainder of the Nematocera, 

a description will be given of the retrocerebral system 

of the yellow-fever mosquito, Aedesaegypti, after that 

of Burgess and Rempel (1966). 

Axons of cerebral neurosecretory cells form a 

pair of NCC that pass posteriorly to an organ called 

the "dorsal mass." This is'fused·tEl the hypocerebral 

ganglion and is closely applied to the ao;-ta wall .. ,. It 

contains droplets ofPAF~positive secretion and is thus 

thought to represent that part of the corpus cardiacum 

that stores and re.1:eases cerebral neurosecretion. 

A pair00f nerves pass ~osterio~ly from each 

dorsal mass to the '~land complex" in the thorax. These 

nerves also contain neurosecretory material, presumably 

from the brain. 

Each gland complex contains a region which is 

clearly the corpus allatum; sorne cells that may be 

intrinsic secretory cells of the corpus cardiacum, and, 

in the larva; cells that are thought ta represent those 

of the thoracic glandso 



3. Sùborder Brachycerà: Tabanus 
bovinus (Fig. 5) 

The horse~fly, Tabanus bovinus, is representa-

tive of the Suborder Brachycera; its retrocerebral 
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system was found to be identical to that of four other 

brachycerans by Cazal (1948), on whose paper the 

yqllowing description is based. 

Cerebral neurosecretory cells give off axons 

that form:·a pair of NCC. These pass posteriorly, 

embedded in theaorta wall, and lead to the paired, 

elongate corpora cardiaca. The corpora cardiaca are 

each composed of about twelve large chromo phil cells 

and are closely applied to, but separate from the aorta 

wallo 

A pair of NCA lead from the corpora cardiaca to 

the unpaired corpus allatum which touches the dorsal 

wall of the aorta. This small organ is composed of 

many cells with numerous mitochondria. 

4. Suborder Cyclorrhapha: Larval 
endocrine organs 

The above accounts of the retrocerebr~l systems 

of the Nematocera and the Brachycera apply mainly to 
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the adult insects. The chief difference between larval 

and adult retrocerebra1 systems in insects is the 

presence, in the 1arva, of the thoracic glands or their 

equiva1ents. Thoracic glands have not been found in 

Tipula (Nov~k, 1966). In Aedes, as mentioned above on 

page 22, they form a part of the larval "gland campI ex. " 

Nov~k (19~6)mentions the presence in Tabanus, of a 

thoracic gland (peritrachial gland), but gives no 

details on its location or its structure. 

The larval retrocerebra1 system in the Cyclor-

rhapha is quite specialized, consisting of a ring of 

tissue encircling the aorta. This is located direct1y 

above the brain in Cal1iphora vomitoria (Surtt, 1937), 

above and anterior ta the brain in Drosophila melano

gaste~ (King et al., 1966) and Lucilia sericata (Day, 

1943a), and above and pos~erior ta the brain'in 

Eristalis tenax (Cazal, 1948). This ring, discovered 

by A. llieissmann (1864), is called "llieissmannRs ring" or 

the "ring~gland." 

The ring~gland ismade up of four regions. The 

unpaired corpus allatum is located in the mid~dorsal 

region; the corpus cardiacum and the hypocerebral 

ganglion are fused and are located in the mid~ventral 
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region. The two lateral sides of the ring~gland each 

consists of a NCA between the corpus cardiacum-

hypocerebral ganglion and the corpus allatum, and large 

cells thought to represent those of the thoracic glands 

(Wigglesworth, 1954;Nov~k, 1966) (Fig. 6). 

In the pupal stage, the lateral portions of the 

ring~gland begin to degenerate (as do the thoracic 

glands of other insects); this degeneration is completed 

early in the adult stage (E. Thomsen,1942) leaving the 

corpus allatum, th~ fused corpu~ cardiacum-hypocerebral 

ganglion, and the NCA between the two. This is the 

condition in the adult (E~ Thomsen, 19~2). 

5. Suborder Cyclorrhapha: Calliphora 
erxthrocephala (Fig. 7) . 

The retrocerebral system bf .the ~dult blowfly, 

Calliphora erythl'ocephala, has been the object of many 

mol'phological and physiological investigations. Sorne 

of the physiological investigations will be described 

in Section C of this chapter. 

Neul'osecretory cells in the pars intel'cel'ebralis 

give off axons that, aftel' crossing over, leave the 

brain forming a pair of short NCC CE. Thomsen, 1954; 

M. Thomsen, 1965). 



26 

The two NCC join the recurrent nerve to form the 

unpaired cardiacum-recurrent nerve to the fused corpus 

cardiacum-hypocerebral ganglion (E. Thomsen, 1942)~ 

The corpus cardiacum portion of this complex contains 

the endings of neurosecretory axons from the brain, 

along with intrinsic cells that show ultrastructural 

evidence of being neurosecretory (Normann; 1965). 

Paired NCA arise from it, travel around the aorta, and 

innervate the corpus allatum. 

The corpus allatum is an unpaired gland that 

shows a definite cycle of secretion correlated with the 

ovarian cycle (E. Thomsen, 1942) (see below, p. 28)~ 

6. Suborder Cyclorrhapha: Glossina 
morsitans'(Fig~ 8) 

The close similarity between the reproductive 

systems of the tsetse flies and the Pupipara (Wiggles-
. . 

worth, 1965, p. 660) is interesting from the point of 

view of convergent evolution. It might be asked whether 

this similarity extends to the endocrine systems of these 

twa groups. The following description of the retra-

cerebral system of Glossina morsitans is based on a 

study by Langley (1965)0 As will be seen below (Chapter 

IV), this system is, in fact, morpholag~cally quite 
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different from that of melophagus; i.e., the conver

gence between these two dipterans ends with their 

reproductive systems. 

In the brain of the tsetse fly are medial and 

lateral neurosecretory cells. The axons from these 

cells give rise to a pair of Nee that emerge from the 

postero~ventral edge of the brain and pass along the 

dorsal oesophagêal wall to the corpora cardiaca. One 

Nee, usually the right one, fuses with the recurrent 

nerve behind the brain. 
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The corpora cardiaca, which are elongate organs 

fused posteriorly, are closely associated with the 

aorta wall. They contain irregularly shaped intrinsic 

cells with well-defined cell borders. Secretions from 

the cerebral neurosecretory cells are stored in the 

tissues of the cardiaca close to the wall of the aorta. 

The corpus allatum is a spherical unpaired organ 

on the dorsal wall of the aorta over the paired anterior 

portion of the corpus cardiacum. Its cells are irregu-

larly shaped with indistinct cell boundaries o 
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In the thirty-two years since lliigglesworth (1936) 

first demonstrated an endocrine control of insect repro-

duction, this topic has been the subject of numerous 

investigations. The volume of the papers published on 

this topic necessitates that its review in this thesis 

be quite brief and superficial. Review articles have 

been written recently by Highnam (1963), Davey (1965), 

and Engelmann (1968), to which the reader is referred 

for more detailed accounts on the subject. 

In 1936, lliigglesworth showed that, by decapitating 

fed adult female Rhodnius prolixus (Hemiptera) posterior 

to the corpus allatum, yolk deposition is prevented and 

immature oocytes are resorbed; decapitation anterior 

to the corpus allatum does not have this effect. He 

concluded that a hormone controlling vitellogenesis is 

secreted from the adult corpus allatum. 

Ellen Thomsen, in a series of experiments on the 

blowfly Calliphora erythrocephala, showed that the corpus 

allatum has aneffect on vitellogenesis (1942) but that 

that of the medial neurosecretory cells is greater (1952)0 

One or both of these two endocrine systems have 
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been implicated in the control of vitellogenesis in 

most insects investigated. However, it soon became 

apparent that non~endocrine factors, such as nutrition 

and mating, are of equal or greater importance in the 

control of ovary development. 

One example which has been quite weIl worked out 

is that of the blowfly;Calliphoia eiyth~6cephala. As 

mentioned above (p. 28); the corpus allatum and the 

medial neurosecretory cells of these flies have been 

implicated in the control of vitellogenesis. A source 

of protein in the diet is also required (Thomsen and 

m~ller, 1963)0 

The secretion of the corpus allatum depends on 

the presence in the haemolymph of the fly of " pro tein 

metabolites" (presumably free amino acids). Prior to 

vitellogenesis, the flies eat meat and the haemolymph 

protein concentration increases; the corpui allatum 

then increases in size and activity. During vitello-

genesis, when proteins are removed from the haemolymph 

and are used in yolk formation, the corpus allatum 

decreases in volume and activityo If excessive protein 

is fed the fly or if the fly is ovariectomized, this 

decrease in allatum volume does not take place because 
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the quantity of "protein metabolites" in the haemo1ymph 

remains high (Strangways-Dixon; 1961, 1962). 

Thomsen and Mp1'ller (1963) state that the synthesis 

of intestinal proteases in the blowfly is dependent on 

a hormone from the medial neurosecretory cells. They 

feel that, since proteases are themselves proteins, the 

mbde of action of the medial neurosecretory cells may be 

to stimulate protein synthe sis in general. 

Davey (1965) proposed an interpretation of the 

results of these two groups of experiments. 

The eating of meat (protein) by the blowfly in 

some way stimulates the medial neurosecretory cells to 

produce their hormone. This hormone stimulates gut 

protease synthe sis and, thus, the digestion of the 

pro tein meal. 

Digestion of protein results in the presence of 

"protein metabolites" in the haemolymph; these stimulate 

the corpus allatum to secrete its hormone which induces 

the ovaries to take up protein for manufacturing yolko 

In addition, as the primary effect of the medial neuro-

secretory cells' hormone is to stimulate protain· 

synthesis, it aids in the synthesis of these yo1k 
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proteins. Vitellogenesis removes the "protein metabo-

lites" from the haemolymph; this "shuts off" the corpus 

allatum. The net result of this is ovarian development. 

Highnam and his associates have given evidence 

that a similar system is in operation in the desert 

locust, Schistocerca gregaria. In this case, however, 

the primary stimulus for the release of cerebral neuro

secretory material is thought to be mating (Highnam, 

1962). Here, as in Cailiphora; the medial neurosecretory 

cells regulate protein synthesis and the corpora allata 

regulate protein uptake by the developing oocytes 

(Highnam et al.; 1963). 

Of interest as regards the endocrine control of 

reproduction in the viviparous sheep ked, is that of 

the viviparous cockroaches, Leucophaea maderae and 

Diploptera punctata. In these insects, thecorpora 

allata, but not the medial neurosecretory cells, are 

necessary for egg maturation (Engelmann, 1968)0 

In virgin females of these two species, the 

corpora allata are under inhibition by nervous impulses 

from the brain and suboesophageal ganglion via the NCAo 

These inhibitory impulses are aboli shed by copulation; 

the corpora allata th en secrete their hormone and the 
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ovaries develop (Engelmann, 1960). 

In these species, the ootheca is retained for a 

considerable length of time in the genital ducts. Thus, 

it is important,that further egg development be halted 

until parturition occurs. This retardation of further 

ovarian growth is brought about by the resumption of the 

inhibitory nervous impulses to the corpora allata from 

the brain. This reimposition of inhibition may be 

brought about by one of two means: nervous (Via the 

ventral nerve cord) or humoral (via a secretion from 

the ootheca) (Engelmann, 1962). 

Parturition has the same effect that mating has 

on virgin females, i.e.; it abolishes the inhibition of 

the corpora allata and allows for the maturation of the 

next batch of eggs. 

The endocrine control of reproduction in the 

viviparous cockroaches will be of sorne interest later 

(po 74) when the control of reproduction in the ked is 

discussed. 

Before ending this brief review of the endocrine 

control of insect reproduction, l feel it would be weIl 

ta say a few words on the identity of the gonadotrophic 
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hormones. To my knowledge, there is no evidence of the 

identity of the medial neurosecretory cells~ gonado~ 

trophic hormone. However, the corpus allatum hormone 

has elicited much interest by its apparent similarity 

to the Juvenile hormone (see above, p. 19)~ As discussed 

by Davey (1965), although mu ch evidence has accumulated 

recently linking the two hormones, it has not yet been 

proven that they are identical. With the identity of 

the Juvenile hormone now established (Williams, 1967), 

this problem may be close to a final solution. 
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adu1t of 
Caza1, 

Figure 40 The retrocerebra1 system of the adu1t of 
Fedes aeqypti (Diptera ; Nematocera)o (After 
Burgess and Rempe1, 1966). 
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Figure 5. Theretrocerebra1 syst~m of the adu1t 
of Tabanus bovinus'(Diptera : Brachycera). 
(After Caza1, 1948). . 
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CazaI, 1948)0 
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Figure 7. The retrocerebra1 system of the adu1t of 
Ca11iphora erythrocepha1a (Oiptera": Cyc1orrhapha) •. 
(Aftet the description giveh in E. Thomsen, 1942)0 
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Figure 8. The retrocerebral system of th~ adult of " 
Glossina morsitans (Oiptera : Cyc1orrhapha). (After 
the descriptiongiven in Langley, 1965)0 
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CHAPTER IV 

THE KED RETROCEREBRAL SYSTEM 

A necessary preliminary to any study of the 

endocrine control or reproduction in an insect is, of 

course, a knowledge of the morphology of. that insect·s 

retrocerebral system. For this reason, a study was 

made of this system in Melophagus. Conclusions are 

based on examination of 148 keds of both sexes. 

In the supraoesophageal ganglion (the "brain" 

sensu strictu), between the two hemispheres, is a 

region characterized by the presence of large nerve 

cells. This region (Figs. 10 and 18) comprises the 

pars intercerebralis. However, none of these cells is 

recognizable as being neurosecretory by the light 

microscopical techniques used (PAF, azan, CAHP). 

After staining with the PAF technique, the large 

nerve cells of the pars intercerebralis stain orange or, 

if permanganate oxidation is overly prolonged, light 

purpleo This purple col our is not at aIl like the 

dark purple seen in the medial neurosecretory cells of 

38 
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Rhodnius Erolixus brains stained simultaneously with 

PAF. 

Sections of sixt y-six keds of bath sexes and aIl 

developmental stages were stained with PAF and exarnined 

closely ta determine whether Srnall amounts of neuro

secretion are present in the nerve cells of the:pars 

intercerebralis. If secretion is continuous, stainable 

neurosecretory granules would'not be expected ta be 

present in large amounts at any one tirne; however, 

small amounts might be present. No evidence is found 

of any PAF-positive neurosecretory granules. 

This is further substantiated by the fact that 

the few larvae and pupae that were processed and stained 

with PAF also did not appear ta possess neurosecretory 

cell s. 

The results of azan staining are less conclusive. 

Sorne of the pars intercerebralis nerve cellsoccasion-

ally stained red; however, the appearance of these cells 

is not similar to that of azan positive neurosecretory 

cells described by de Sessé (1967, Figs. 1-4) in 

Leucophaea maderae and Periplaneta americana. The red 

colour is probably due to incomplete differentiation of 

the azocarmine during staining. 
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CAHP staining was not at all successful, for 

unknown reasons. 

Between the brain" ahd"the endocrine glands in 

the thorax are the paired nervi corporis cardiaci (NCC) 

(Fig s. 9; ll~16). These nerves presumably are formed 

From a~ons of the pars intercerebralis nerve cells (see 

below; p. 72). They emerge fro~ the brain alongside 

the oesophagus as it emerges From the "oesoph~geal 

channel and; passing alongside the oesophagus, travel 

posteriorly and attach to the corpus cardiacum (Figs. 20 

and 21). 

The corpus cardiacum (Figs. 9; 15~17) is an 

unpaired gland composed of large intrinsic ce11s, sm~ller 

cells, and nerve fibres. There is no evidence of any 

stored neurosecretory material, an observation that 

supports my contention that there are no cerebral neuro-

secretory cells. This organ is entirely separate From 

the aorta wall (Figso 15-17). 

The intrinsic cells (Figsa 20-23) have vacuolar 

cytoplasm, implying that they are actively synthesizing 

and storing a hormone which is soluble in the fluids 

used in processing the tissues. Nuclei are generally 

smaller than those of the allatal cells and cell 
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boundaries are distinct, especially in Zenkerls fixed 

material stained with azan. 

The remainder of the corpus cardiacum is confus-

ing, ta say the least. Nerve fibres are present; but 

the small cells that are associated with them are 

puzzling (Figs. 2l~23). l feel that they may be glial 

cells or small neurons. This will be discussed in more 

detail below (p. 73). 

Between the corpus cardiacum and the paired 

corpora allata are the nervi corporis allati. These 

nerves are often very reduced and may be unrecognizable. 

On the other hand, in a few keds with corpora allata 

located an unusually great distance From the corpus 

cardiacum, they may be quite prominent. 

The corpora allata (Figs. 9, l4~16, 24) are 

located above the corpus cardiacum and lateral ta and 

separate From the aortao They consist of a variable 

number of secretory cells (Fig. 24) which, in most keds 

studied, male and female, appear to be actively 

synthesizing; storing, and releasing hormoneso This is 

discussed in more detail in the next chapter and in 

Chapter VI • 

• _0 •• ,'-, 
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There are two other features of the ked retro-

cerebral system that deserve mention. One is the large 

suboesophageal ganglion; the other is the lack of a 

recurrent nerve. 

In the ked, there is but little external differ

entiation between the brain and the suboesophageal 

ganglion. It is Evident; however; in saggital sections 

passing through the oesophagus and the oesophageal 

channel (Fig. 19). Here it is often observed that the 

suboesophageal ganglion is, in fact; larger than the 

brain. 

Careful examination of the ked oesophageal 

channel has failed to reveal any trace of a recurrent 

nerve; there is also no trace of it between the brain 

and the corpus cardiacum. In most other insects, this 

nerve runs through and behind the brain dorsal to the 

oesophagus. In the Cyclorrhapha, it often fuses with 

one or both of the nervi corporis cardiaci posterior to 

the brain (see above, pp. 26 and 27). It is formed 

anteriorly from the frontal ganglion and forms the 

hypocerebral ganglion at about the level of the corpus 

caridacum (Fig. 2). 

In the ked, no frontal ganglion is seen by dis-

sections or in histological preparationso 
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F~gure 9. The retrocerebr~l system of the adult sheep 
k ed, Melophagu s ovinu s, dor sal view. Level s "1" through 
·"8" refer to Figures 10 throug!l 17. 
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figut~ 10. Level 1. CrQss section through a ked at the 
lev~l of the brain ~nd the suboesophageal ganglion. 
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Figure 110 Level 2. CrDsssection through a ked posterior 
to the brain but anterior to the level at which the sub~ 
oesophageal ganglion merges with the ventral nerve cord. 
Note the newly formed nervi corporis cardiaci (ncC)a 
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,Figure 12. Level 3. Cross section'through a ked in 
'the area of the structure around the ventral nerve 
cord iA the neck (AppendixE). Note the close 
assoc~ation of this structure (x) with cuticle (c) 
and with tracheae (t). . 
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Figure 13 0 Level 4. Cross section through a ked 
between the neck and the corpora allata and corpus 
cardiacumo 

w 
, , 



~. . ' ... 
L" 

. ~ . . ' .. 

.. ', 

" ". 

'. '. 
. ~" '" . 

'.'.:", 

. ," 

',' 

';! " 

, .... 

o 

-r=-----sd ---
vn------______ ~~- ,l-_----nl 

figure 14. Level 5. Cross section through a ked at 
the level of the anterior end of the corpora allata. 
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Figure 15. Level .6. Cross section through a ked 
midway through the allata and at the anterior end of 
the cardiacum. 
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Figure 16. Level 7. Cross section through a ked 
at the posterior end of the a11ata and midway 
through the cardiacum. 
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Figure 17. Leve1 8. Cross section through a ked 
posterior to the a11atao Note that th~ nervi 
corporis cardiaci have merged with the corpus 
cardiacum .. 
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Figure :18. . Pars inter.cerebra1is of·, a, 'ked stain'ed wi th 
PAF'~' . No.té the large nerve ce11s •. , Fix:\:'Bouin' s' •. x420~; 

Figure 19 •. Near1y saggita1 sectio.n through the brain 
and suboesophagea1 ganglion of a ked~ Note the large 
size of the suboesophageal ganglion~ Bouin's; PAF. x220. 
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Figure 20. Saggital section of a ked showing Nee 
enteri~g corpus cardiacum~ Note nerve fibres and 
~ntriQèicsecretory ce11s o Zenker's, PAF without 
oxidat;ion. x640 0 

:"nr 
fj 
1 • 

Figure 21. Oblique frontal section of a male ked's 
thora>, showing one of the Nee entering the corpus 
cardiacum. Bouin's, Hansen'sox400. 

49 
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Figure 22. Saggital section of the ked corpus cardiacum 
showing very c1ear1y the nerve fibres and intrinsic 
secretory cells and, 1ess clear1y, the sma11 ce11s. 
Bouin's, PAF. x 330. 

Figure 230 Details of corpus cardiacum~ Note the 
"smal1 cel1 s" and severa1 in trin sic secretory ce11 so 
Zenke~.s Heidenhain~s azano x770. 
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Figure 24. 
female ked. 
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Section through the corpus allatum of a 
Bouin~s, Heidenhain~s azan. x820. 
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CHAPTER V 

THE KED RETROCEREBRAL SYSTEM 
AND REPRODUCTION 

The rel ation ship of the activi ty of the ked\~(s 

retrocerebral system ta its reproductive cycle was 

studied after the morphology of the retrocerebral 

system had been worked out. The terms "reproductive 

cycle" and "ovarian cycle" are defined in the ked as 

the time involved in maturing each oocyte. In other 

words, they represent the time between the start of egg 

maturation and ovulation~ They are described in more 

detail in the next section of this chapter o 

AD The Reproductive Cycle 

Studies on the endocrine control of insect 

reproduction usually begin with observations of the 

normal cycles of the suspect organs and then graduate 

to extirpation and implantation experiments. In this 

investigation, only the former technique was found to 

be feasible. 

Extirpation and implantation experiments require 

52 



53 

that the experimental animals be kept confined for 

observation. Keds, because of their ectoparasitic 

existence on sheep, are very difficult animals to 

observe in this way. Nelson (1955) succeeded in feed

ing them throu~h'a membrane and Evans.(1946, 1950) . . ' 

successfully confined th~m on shee~ in ~ knittedcag~. 

HOlliever~ both of these methods would be quite difficult 

to use to raise keds for experimentation in numbers 

sufficient for statistical analysis. 

With this in mindi it was decided to correlate 

the reproductive cycle in the normal ked with the 

secretory cycle of its endocrine system. To indicate 

the stage of the reproductive cycle, the length of the 

larva in the .. female' s uterus was measured. Pratt 

(18~9) made the following observation: u •• 0 when the 

larva [in the uterus] has attained its maximum size and 

is ready to be borni the largest ovum 0 • • has 0 • • 

attained full Bize and is ready to be extruded. • • • 
1 

The larva in the uterus is then born and that organ' 

being emptied, sQon afterward the ripe ovum passes in 

its turnfrom the ovary through the receptaculum 

seminalis, where it is fertilized, into the uterus." 

According to Ulrich (1963), vitellogenesis and 
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deve10pment of another oocyte then begin. Thus, the 

ovarian cycle and the gestation period very closely 

para11e1 one another, so the growth of the 1arva in the 

uterus may be taken as an ·indication of the growth of,· 

the oocyte in the ovary. 

The prob1em now becomes one of defining more 

precise1y the re1ationship between the 1ength of the 

1arva and the stage of the reproductive cycle. This 

was determined indirect1y as fo110ws: 

Each fema1e ked was fixed in modified Bouints 

f1uid as in the morpho10gica1 study (Appendix B) and 

her 1arva was 1ater dissected out of the uterus in 70% 

a1coho1. The 1ength of the 1arva was measured by 

projecting its image with a projecting microscope, 

measuring the image, and ca1ibrating the image with a 

stage micrometer. The ked was then assigned to a group 

on the basis of the 1ength of her 1arva, thus: 

A < 1000 mm 
B 1.01-10 25 mm 
C 1.26-1.50 mm 
o 1051-1.75 mm 

E 1.76-2.00 mm 
F 2.01-2025 mm 
G 2.26-2.50 mm 

H 2051-2.75 mm 
l 2.76-3 0 00 mm 
K 3.01-3025 mm 
L > 3.'26 mm 

As samp1ing of the keds ruas done as random1y as 

possible, it was reasoned that the proportion of the 

total population in each group shou1d be equa1 to the 
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proportion of the total gestation period-(and thus of 

the total ovarian cycle) spent in that group. For 

instance, 26% of the population belong to group B; 

therefore, 26% of the ovarian cycle is represented by 

group B. The length of time represented by a given 

group is designated by the percentage of the repro

ductive cycle that has passed at the beginning and at 

the end of that "age group." 

Figures obtained are in Table 1. 

B. Endocrine Aètivity During the 
Reproductive Cycle 

Keds used for the determination of the 

reproductive cycle mere also used in the study of the 

activity of the endocrine system. These had aIl been 

uniformly fixed in modified Bouin's fluid and mere nom 

processed as in the morphological study (Appendix B). 

They mere sectioned at 8 ~ and stained mith paraldehyde 

fuchsin, azan, or Hansen='s iron trioxyhaematin (~'pp8ndix 

B). 

With the pars intercerebralis dismissed as a 

source of hormones detectable by the techniques used 

(Chapter IV), attention mas focused on the activity of 

the corpora allata. This mas inv~stigated from tmo 

approaches: one qualitative and the other quantitative. 

~"----------------=--~~~~~~~~~~~~~~~~~~~~~~~~~~~~==~~~~~~~ - "~o. . . .-. • . :,' .~. -;'"';' . . ~ .. :)f.'''';::'''.'',:-. ".' " : '; . . . ".' ... :.~ ::::'!.:~~ :?:.:- ".j.,- ~;!:_ ... a.~:~~.:' .~~._. ':'~,.;. ~ ,,-Ç~::"î:'~~~ ~:' ... :,' :'.~'.:': _*~';"\!~':;:~'~'Ù'~ ~'~J~':'~{:::: '-';"'i:~;::;~~:~'x~~;~~~1~~:~~:<,~;;:~:g:~.\~:.I~~!~~~~~ 
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1. Qualitative approaoh to 
allatal aotivity 

The qualitative approaoh oonsisted of studying 

the oytology of the allatal oells and attempting to 

oorrelate oytologioal evidenoe of aotivity, or laok of 

it, with the reproductive cyole~ SUoh things as nuolear 

and oytoplasmio appearance and the presence or absence 

of vaouoles and nuoleoli were observed~ 

The oytology of the allatal oells was found to be 

very variable, even between animaIs of the same group. 

To illustrate this~ I will give examples from my notes: 

Ked 
no. 

Group A 

E45 Cell boundariesquite distinot, oytoplasm fairly 
vaouolar, nuolei large and regular with large 
nuoleoli. 

E59 Quite indistinot oeIl boundaries, numerous small 
vacuoles, large nuolei and nucleolio 

E82 Cell boundaries indistinct in places, very vaou
olar cytoplasm, regular nuclei with large nucleoli. 

Group B 

E15 Distinct oeIl boundaries, cytoplasm vacuolar, 
nuolei varying in size and regularity with large 
nuoleoli. 

E25 Vaculoles small or laoking, large nuolei and 
nucleoli. 
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E26 Distinct cell boundaries, large peripheral vacuoles 
in most cells, smaller vac~oles in sorne; regular 
nuclei with large nucleoli. 

Groups A and 8 represent.fairly long durations 

(9% and 26% of the total reproductive cyc~e respectively). 
1 '" _. 

It might be asked whether an age group of shorter dura-

tion is more regular in the appearance of its allata. 

That this is not sa is shown~ for instance, by a 

selection of observations from group H(6% of the total 

reproductive cycle): 

Group H 

E21 Many medium-sized vacuoles, medium-sized nuelei, 
large nucleoli. 

E23 Large and small vacuoles that are not too numerous, 
large nuclei and nucleoli. 

E44 Numerous.small vacuoles, a few larger cnes, 
nuclei m~dium-sized with large nucleoli. 

Emerging from this is the observation that at 

aIl times during the reproductive cycle of the ked, the 

allatal cells give the appearance of being active, 

though the degree of activity is very variable o Nuclei 

are usually regular, often with quite large nucleoli, 

and never appear pycnotic. The cytoplasm is usually 

vacuolar, indiQating that a secretion is there which is 

soluble in the liquids used ta process the tissues. 
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illhether this secretion is being stored or released is 

not clear. One might postulate that secretions are 

continuously synthesized and stored until they fill the 

cytoplasm and are then released. In this case, large 

vacuoles would indicate late storage of secretions and 

small vacuoles would indicate release or early storage. 

The question now arises as to whether these 

secretions are, in fact, responsible for the control of 

the female ked~s reproductive cycle. This is, of course, 

impossible to say; however, approximately the same cyto-

logical picture as is found in the female ked is also 

found in the male. So, it seems that the corpora allata 

of both the male and the female sheep ked are continu-

ously active. 

2. Quantitative approach to 
allatal activity 

The second approach to determining the activity 

of the corpora allata consisted of measuring and cal cu-

lating four factors. These were: the volume of the 

allata, the estimated volume of the allatal cells, the 

cytoplasmic volume of the allatal cells, and the ratio 

of cytoplasmic to nuclear volume of the allatal cellso 

Methods used to determine these factors are described in 

Appendix Co 
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Nov~k (1966), Watson (1967), and Engelmann (1968) 

state, in effect, that the magnitude of these factors 

is directly related to the activity of theallata. In 

the case of the ked, where~ as was Just shown, the 

allata appear to be continuously ~ctive; it might be 

more accurate to say that high values forthese factors 

imply storage of secretions, low values imply release o 

a. Allatum volume 

Many researchers have used the volume of the 

corpus allatum as a measure of the activity of the 

gland. It is by far the easiest parameter to measure; 

however, one must keep in mind the fact that it might be 

misleading as a measure of activityo A large gland 

containing many small cells might be less active than a 

smaller one with a few large cellso For this reason, l 

have not relied wholly on this one criterion. 

The results of my measurements of allatal volume 

are summarized in Table 2, column 3, and in Figure 25 0 

The most obvious feature is the great variation. This 

is not unexpected from the results of the cytological 

observations (above). 

As seen in Figure 25, there does not seem to be 
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any patternto the Mariations in allatal volumeduring 

the reproductive cycle. However, an analysis of vari

ance (Appendix D) (Table 3) gives a result indicating 

that there is a significant difference, at the 0.05 

level; between age groups (0'~05> p> 0.02). U~tests 

(Appendix D) quickly show that group F is the cause of 

this difference. There seems to be no logical reason 

for the low values obtained for group F and, if it is 

ignored, the analysis of variance shows that the 

variation within each age group is so great that no 

meaningful comparisons can be made (see below, 

(P> 0.05) (Table 3). 

b. Allatum cell volume and 
cytoplasmic volumes 

As indicated above, the other three criteria may 

be bette~ indications of the activity of the corpora 

allata than their volumeo The results of the measure-

ments of the estimated volumes of the allatal cells and 

their cytoplasmic volumes are summarized in Table 2, 

columns 4 and 5, and in Figures 26 and 270 Again there 

seems to be no pattern to the large variation and the 

analysis of variance confirms it (Table 3). Once again, 

the variance within each age group is so great that 

comparisons between groups are meaningless (P> 0.05)0 
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to nuclear volume 
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This last measurement might be the most meaning

ful of the four (Nov~k, 1966); however, once again; 

internal variatilion is too great for meaningful compari

sons to be made CP> 0.05) Tables 2 and 3, Fig. 2S)e 

The results of these qualitative and quantita-

tive observations are discussed in more detail below 

(pp. 73-77). 
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TABLE 1. Me10phagus ovinus reproductive cycle 

(1 ) 

A 

B 

C 

o 
E 

F 

G 

H 

l 

K 

L 

(2) 

8 

23 

23 

10 

5 

4 

5 

5 

2 

3 

1 

(3 ) 

9 

26 

26 

Il 

6 

5 

6 

6 

2 

2 

1 

(4) 

1- 9 

10-35 

36-61 

62-72 

73-78 

79-83 

84-89 

90-95 

96-97 

98-99 

100 

(5 ) 

0.44 

1.15 

1.37 

1.62 

1.90 

2.13 

2.44 

2 0 63 

2092 

3 0 16 

3.57 

(6 ) 

4 

25 

47 

66 

76 

81 

88 

92 

96 

98 

100 

Total s 89 100 

(4 ) 

Group 
Number of insects in that group 
Percentage of observations in that group, rounded 
offto the nearest whole per cent. That of 
group K is altered by 1%. 
Percentage of the reproductive cycle that has 
passed at the beginning and at the end of that 
age group. 
Average length of larvae in that group (mm.) 
Average percentage of the reproductive cycle 
represented by that age group. This is a 
meaningless statistic in itself, and was 
calculated for ease in plotting data (Figso 25-
28) • 
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TABLE 2. Means and standard deviations of the quanti
tative measurements of allatal activity 

(1 ) (2) (3 ) (4) (5 ) (6) 

A' 7 225.:!:124 + ' 1.89-0.58 
+ . 

1.78-0.56 + . 16.9 -5.0 

B Il 277.:!: 67 + 2.49-0.62 + 2.35-0.59 + 19.3-10.0 

C 10 320.:!: 90 
+ . 

2.64-0.73 + 2.52-0.72 20.7 + -6.8 

D 9 304.:!: 61 + ' 
2.39-0.74 

., + 
2.12-0.68 16.0 + -5.1 

E 5 310.:!: 85 + 2.52-0.21 
. + 

2.38-0.17 17.1 + -3.8 

F 4 162.:!: 35 + 1.75-0.39 
' .j. . 

1.65-0.37 15.6 + -2.6 

G 5 281± 73 2.22±0.49 2.08±0.48 17.2 ±1.8 

H 5 243:!: 75 + 1.94-0.28 + 1.84-0.28 18.1 + -3.6 

l 2 227:!: 29 + 2.04-0.10 + 1.94-0.28 19.4 + -1.1 

K 3 *311:!: 4 
. + 

2.91~0.48 + 2.45-0.33 21.0 + -2.4 

~~l 
Group 
Number of observations~in that group (see (3)) 
Volume of corpora allata (x 103 ~3) (*Group K was 
figured from two observations) 

103 (4 ) Estimated cellular volume of corpora allata ex 

t~~ 
~3) 
Cytoplasmic volume of corpora a11ata (x 103p3) 
Ratio of cytoplasmic to nuclear volume 
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TABLE 3. Results of analysis of variance of quantitative 
measurements of allatal activity 

...... , 

corpora allata 
volume 

cell volume 

cytoplasmic 
volume 

cytoplasmic: 
nuclear volume 
ratio 

corpora allata 
volume less 
group f 

(1 ) 

2.32 

1.81 

0.92 

0.27 

1.42 

I
l) Value of F 
21 d.f. between groups 
3 dof. within groups 
4 Probability 
5 Significant? 

(2) 

9 

9 

9 

9 

8 

(3 ) (4) (5) 

50 0.05-:-0.01 yes 

51 "> 0.05 no 

51 >0.05 no 

51 >0.05 no 

·47 '» 0 .05 no 

_o, .\. __ ;. .•• t_ .... • ,_,,,._ .9 
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25 50 75 100 

Percentage of Reproductive Cycle 

Figure .25 0 Graph showing the variation~ in the 
volumes of the corpora allata with the reproductive 
cycle of the sheep·kede The verticle lines in this 
and in the following three figures (26-28) represent 
the standard deviations of the observations. Note 
the large'amoun~ of variationD 
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Percentage of Reproductive Cycle 

Figure 26 0 Graph showing the variations in the 
estimated volumes of the ce11s of the corpora 
a11ata with the reproduct~ve cycle of the kedo 
Note the large variationso 
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Peroemtage of Reproduotive Cyole 

FigOr~ 27. Graph showin~ the variations in the 
estimated cytoplasmic volumes of the cells of the 
corpora allata with the reproductive. cycle o Note 
the large variationso 
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Figure 28. Graph showing the variations in the 
ratio of cytoplasmic to nuclear volumes of the cells 
of the corpora allata with the reproductive cycle of 
the kedo Note th~ large var~ationso 
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CHAPTER VI 

DISCUSSION OF RESULTS 

From the results of this investigation described 

in the previous two chapters, it is clear that the 

retrocerebral system of Melophagus is, in many ways, 

unique. In this chapter, sorne of these peculiarities 

will be discussed in the light of what is known about 

insect endocrines. 

One peculiarity of the ked is the apparent lack 

of neurosecretory cells in the pars intercerebralis. 

It must be pointed out that the existence of these 

cells in the ked has not been disproven. Secretion and 

release may be continuous so there is no accumulation 

of neurosecretory material at any time or, alternatively, 

neurosecretory material may be present which is not 

detectable by the techniques used. 

Langley (1967a, 1967b) has shown that in the 

tsetse fly, Glossina morsitans, secretion from the 

medial neurosecretory cel1s may 1eave these ce11s devoid 

ofstainable neurosecretory materia10 However, this is 
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not true of aIl flies examined (Langley, 1965) as it is 

in the ked. In addition, there are no apparent cerebral 

neurosecretory cells in ked larvae or pupae. It seems 

reasonable that at sorne stage in the insectis life 

cycle there would be a detectable amount of neurosecret-

ory material present in the nerve cells of the pars 

intercerebralis if these are, in fact, neurosecretory. 

These same comments apply to the lack of apparent 

secretion in the nerve tracts of the brain, in the NCC, 

and, especially, in the corpus cardiacum. Even if 

cerebral neurosecretory cells secrete continuously, 

one might expect to find sorne accumulation of neuro-

secretory material in one or aIl of these placese This 

is not the case. 

There exist, of course, neurosecretory cells that 

do not stain purple with PAF. The lateral neurosecretory 

cells of the pars intercerebralis stain with orange G 

in Halmi;s mixture, the counterstain used in the PAF 

~echnique. Sorne neurosecretory cells in the thoracic 

ganglia of sorne insects are azan positive and PAF and 

CAHP negative (de 8essé, 1967). 

However, Arvy and Gabe (1962), in their study of 

the histochemistry of the medial neurosecretory cells, 



showed that these cells, in aIl insects examined (15 

species), are PAF positive. It seems more likely that 

there are no medi~l neurosecretory cells at aIl in the 

ked than that they are present and are PAF negative~ 
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To this argument must be added the fact that 

neurosecretory cells are not detected by the other stains 

used. It would be interesting to examine the pars inter-

cerebralis under the electron microscope to see whether 

membrane bound vesicles characteristic of neurosecretory 

systems (see above, p. 15) are also absent. 

Ulrich (1963), in his study of Hippoboscan endo-
". 

crine systems, found medial neurosecretory cells in 
. . . 

Ornithomyia, stenepteryx, and Crataerina and lateral 

neurosecretory cells in Ornithomyia. He does not describe 

these cells in Melophagus; however, he does describe 

neurosecretory cells in the suboesophageal ganglion of 

sorne newly emerged female keds. l examined the suboeso-

phageal ganglion of four such newly emerged female keds 

stained with PAF and failed to find evidence of these 

neurosecretory cells. 

The lack of a recurrent nerve in the ked is 

surprising; however, Ulrich (1963) also failed to find 

one here, ev en using the vital dye methylene blue, 



which is often used ta detect nerves (Pantini 1964). 

The lack of a frontal ganglion is l~ss surprising. 

Pratt (1900) claims that the frontal ganglion rudiment 

in ~~i6bh~g~~ disappears early in the larval develop

ment of the insecte Langley (1965) suggests that this 

lack may be a general feature of the Cyclorrhapha. 
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There is a single pair of nervi corporis cardiaci 

(NCC) in the ked. This is in accord with the situation 

in the Diptera in general (Caz~l, 1948). Though not 

provable from the results of this investigation, the 

origin of the NCC is probably the'nerve cells of the 

pars intercerebralis. As this is the case in other 

insects (p. 17), l feel it is a fair assumption that it 

is al sa sa in Melophagus. 

The corpus cardiacum of the ked is an interesting 

structure. Day (1943b) describes it as being fused 

with the hypocerebral ganglion and very degenerate, in 

fact almost absent in the adulte 

l am at a loss to explain these observations. 

The only sign of so~called "degeneration" l have noted 

is the fact that the cardiacum is a loosely knit organ. 

Perhaps Day confuses the intrinsic cells (Figs. 20~23) 
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wi thl argE? nerue: ce11 s of .the hypocerebral ·g2).nglioli . and 

the smal:l çells(below) (Figso 2l~23)withintrin~ic 

cells; his figures would lead one to suspectthis. 

As mentioned above (p. 40) the large cells appear 

to be quite active secretory cells. The rest of the 

cardiacum is somewhat confusing. There is a network of 

nerve fibres and sorne ~mall ·cells •. These small cells 

may be glial cells assoc1ated with the·nerve fibres pr 

they represent neurons.of the hypocerebral ganglion. 

The small size of thesecell·s and the lack of a rEl-

current nerve in the ked make this latter possibility 

seem somewhat unlikely but do no not entirely ruleit 

out. 

Apart from the fact that the corpora allata of 

the sheep ked are paired, an uncommon situation in the 

Oyclorrhapha, this organdoes not differ appreciably 

from that of other Diptera (E. Thomsen, 1942t Cazal,. 

1948; Langley, 1965; Burgess and Rempel s 1966). My 

observations on this organ confirm, for the most part, 

those of Day (1943b). 

The corpora allata of the sheep ked appear to be 

almost continuously active o This activity cannot be 

correlated with events of the reproductive cycle. 
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This lack of an apparent cycle oF allatal activity 

does not eliminate the possibilitythat such a cycle 

exists. It is possible that, although each ked~s allata 

undergo cycles of secretion, those of different keds 

differ From each other, for instance, in the phase oF 

the cycle. This type of situation is illustrated 

diagrammatically in Figure 29. In this case, there is 

considerable variation in the activity of different 

allata at any one time. 

However, in most other insects studied, the

allata increase in activity prior to vitellogenesis and 

decrease afterwards~ This is the case, for instance, in 

the blowfly Calliphora erythrocephala (E. Thomsen, 1942) 

and in the viviparous cockroaches Leucophaea maderae 

and Diploptera punètata (Engelmann, 1968). In Leuco

phaea and Diploptera, in fact, the allata are inactive 

for most of the duration of the gestation period (see 

above, pp. 31-32). Why is this pattern of allatal 

activity not followed by melophagus? 

The answer to this question perhaps lies in the 

form viviparity takes in the ked. As mentioned above 

(p. 3), the Female ked nourishes the developing larva 

with the proteinaceous "uterine-milk" From her milk-gland 

.... Lx .............. ,'. '_', 
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(Pratt, 1899). This does not occur in Calliphora, which 

is not viviparous, or in Leucophaea or Diploptera, which 

are. Thus, there is, in the female ked, a constant 

need for protein metabolism, not only for vitellogenesis 

as in most other insects, but also for the synthe sis of 

milk proteins. The function of the hormone of the 

ked~s corpora allata may be to control protein metabolism. 

Of interest relative to the hormonal control of 

reproduction in the ked is the situation in the tsetse 

fly; Glossina. As mentioned. above (Chapter 1), the 

form viviparity takes in the tsetse fly is remarkably 

similar to that in the.ked. Langley (1967a, 1967b) 

showed that the neuroendocrine system of Q. morsitans. 

is active during the adult life span of the fly but 

that there is no detectable cycle of secretion and 

release, a situation similar to that of the ked. He 

gives evidence relating the activity of the neuroendo

crine system (the cerebral neurosecretory cells) to 

protein metabolism, specifically to the synthesis of 

gut proteases (Langley, 1967b). 

There are at least two explanations of the way 

in which a hormone from the ked~s corpora allata might 

influence protein metabolism. One is to influence 
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protein synthesis; the other is to regulate protein 

uptake b~ variousorgans. 

The function of the hormone of the corpora allata 

of the ked may be to stimulate protein synthesis, 

including that of gut proteases. This would explain 

the activity of the allata of the male as well as of 

the female. Blood, on which keds feed, is rich in 

proteins. The digestion of these proteins is, of course, 

of great importance o Fluctuations in allatal activity 

might be correlated with feeding times. In this con-

nection, it would be interesting to starve keds for a 

few days and then toexamine their allata o If protease 

synthesis is controlled by a hormone of the corpora 

allata, the allata of starved keds might be expected to 

be inactive. 

The situation in female keds is more complexe 

They, of course, require protease synthesis for 

digestion; however, they also require protein synthe sis 

to make yolk proteins and uterine milk. 

Alternatively, a hormone from the corpora allata 

might influence protein uptake by various organso It 

seems reasonable, in this case, that there would be 

fluctuations in allatal activity of the female keds 
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that correspond to fluctuations in the need for protein 

uptake by the milk~gland. This latter event might be 

mediated by the feeding of the larval ked in the uterus. 

Pratt (1900) observed that this event in keds is an 

active discontinuous process; this is unlike the vivi-

parity of human beings in which the foetus is nourished 

passively and continuously through the placenta. It 

seems likely, though this has never been investigated, 

that the larval ked feeds at unpredictable times during 

the gestation period and, for this reason, the activity 

of the milk~gland fluctuates irregularly. This would 

explain the variations in allatal activity of the female 

kedo 

If this explanation is, in fact, correct, one 

would expect the allata of male keds to be less 

irregular in their activity than those of female keds, 

as males need protein uptake only for normal growth 

and activity. This has not been examined in enough 

detail for any conclusions to be made on the subject. 

It must be emphasized that the above suggestions 

are merely hypotheses; they make sense according to 

known facts, but are unsupported by any but the slimmest 

experimental evidence. They do, however, show a direction 

for further experimentation on ked endocrines to follow. 
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~~--------------~------------~---------------------
Time (Arb1trary Units) 

Figure 29. Graph of three hypothetical allata showing 
def~nite cy61es of activi~y that are each one out of 
phase with theothers •. Note·that at àny one time 
'(vertical line) there is a large amount of variation in 
activity between the different allata o 



APPENDIX A 

REARING AND COLLECTING KEDS 

Keds were reared on several sheep kept at the 

Institute of Parasitology. No special arrangements 

were made in deference to the keds; sorne of the sheep' 

were ev en used as sources of blood for immunology 

research. Most of the keds were obtained from only 

two of the sheep, 1'Clem" and 1IMurphy," because these 

two were tarner than the others. 

There was no problern in keeping a large infesta

tion during the autumn, winter, and spring. Luckily, 

by the time the sheep developed a resistance ta the 

parasite (see above, p. 7) (around June; 1968), aIl the 

experimental work had been cornpleted. 

Collecting keds was done by sirnply patting down 

the wool and detaching them as they were exposedo 

Those used for comparative studies were kept for a few 

hours on a piece of wool in the laboratory for the 

effects of the stress to wear offo This stress did not 

appear to have an adverse effect on themo 
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APPENDIX B 

TECHNIQUES USED IN THE 
MO RPHOLO.GICAL STUDIES 

The morphology of the ked retroberebral sy~tem 

was stùdied from two approaches: by dissections and by 

histological methods. 

1. Dissection technigues 

Dissections were carried out on live keds in 

1.1% NaCl and on keds fixed previously in a modified 

Bouin "s fluid (see below, pp. 81-:-82) and stored in 70% 

alcohol. Most were performed on the fixed material. 

Live keds were immobilized for dissections by 

exposure to chloroform fumes for a few seconds. They 

were then placed in a wax-bottomed Petri dissecting 

dish and a small area of the wax was melted with a hot 

probe. The ked was placed in the desired orientation 

in the molten wax and the wax was then allowed to cool 

and harden. The dish was then filled with 1.1% NaCl 

under which the dissection took place. 

Fixed keds were handled similarly except that 
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the abdomen, if it had not been completely removed at 

fixation (s8e below, p. 82) and the legs were generally 

cut away and the remaining head-thorax dried on a piece 

of tissue paper. The ked was then affixed to the 

dissecting dish (as above), covered with 70% alcohol, 

and dissected. 

Dissections were performed under a Zeiss dissect-

ing microscope. Instruments used were fine jeweler's 

forceps (number 4), razor-blade scalpels (Pantin, 1964), 

and fine dissecting needles made by attaching a number 

000 insect pin to a glass rod with sealing wax. 

To aid in interpreting structures, fixed keds 

were often hydrated and stained in situ in Hansen's 

iron trioxyhaematin, Halmi's mixture, or Hubschman's 

aniline blue-orange G counterstain (see below, p. 85). 

A few unsuccessful attempts were made to render nerves 

visible by the vital dye methylene-blue by the method 

of Burgess and Rempel (1966). 

2. Histological techniques 

Histological techniques were performed exclusively 

on tissues fixed in either a modified alcoholic Bouin's 

fluid utilizing trichloracetic acid instead of ·the usual 
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acetic acid component (Halmi, 1952; Oavenport, 1960), or 

in Zenkerls fluid (Oavenport, 1960). The abdomenwas 

routinely cut away from the rest of the body at fixation 

as this was found to be necessary for adequate penetra-

tion of the fixative. 

Bouinls fixed tissues, after being kept in the 

fixative for 24 to 72 hours, were transferred to and 

stored in 70% alcohol. Those in Zenker's were fixed for 

four to eight hours and washed in running water over-

night, after which they were gradualLy_dehydratéd to 70% 

alcohol where they were stored. 

Keds were either processed whole and sectioned' 

with tape (below) or the brain, thoracic ganglion, and 

surrounding tissues were dissected out and processed. 

llihole keds were dehydrated in ethyl alcohol, 

cleared in benzene, and embedded in paraffin in a 

vacuum ovene Sectioning was done on a Cambridge rocking 

microtome at thicknesses of from 8 u to 12 Uo A piece 

of cellulose tape was placed over the paraffin block to 

prevent crumbling of the tissues caused by the hard 

exoskeleton of the insecte This is the "tape method" 

of Palmgren (1954) and Becke1 (1959). 
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The major problem "in ,using ·tape is rern,oving l.t 

before. processing the sections. As aIl. previous methods 

(Palmgren, 1954; Beckel, 1959; Feuer, 1967}'were found 

to be unsatisfactory, 1 developed an easy and effective 

technique to accomplish this. 

A microscope slide·is smeared with glycetine-

albumen adhesive and 1s then coated with liquid paraffine 

Tapes a~e cut to the desired length .and' width and are 

floated on the liquid paraffin, tissue side down.: 

Curling is ve~y limited and ~s controlled by pressing 

the tape firmly to the slide •. llihen aIl the required 

ribbons of tape are attached, a second microscope slide 

is placed oVer the tapes to keep them fIat and the 

slides are kept overnight on a slide warming tray. 

The slides are now stored until needed. 

When processing the slides, the tapels adhesive 

may be dissolved in chloroform leaving the tissues 

ready to be stained. Dewaxing, hydration~ and staining 

may now be carried out in the usual way. 

This technique worked very weIl, but sinee the 

tape method is rather awkward and time consuming, its 

use was confined to the preliminary stages of this 

•• > ....... , F .• :.' .' j> •••• 1 •• 
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investigationo It was found to be much easier to 

dissect the desired tissues From keds and to process 

them, rather than to work with thewhole animal and 

use tape. 

Dissections to remove the brain, thoracic 

ganglion, and surrounding tissues were performed with 

the ked~s dorsal side exposed. The thoracic and most 

of the head cuticle was cut away leaving a collar of 

cuticlein the neck region. A sharp scalpel was 

inserted under this and it was carefullyremoved. 

This procedure exposed the desired tissues. 

Scalpel cuts then separated these tissues From 

those surrounding them and the brain~thoracic ganglion 

compl~x could be gently teased out. Sorne cuticle 

generally remained around the neck, but this was found 

to be inconsequential. With practice, this dissection 

could be carried out successfully in nearly 100% of the 

attempts. 

Dissected Bouinl"s fixed tissues were kept for 

another 24 hours or more in fresh 70% alcohol to wash 

out residual picric acido 

Before embedding dissected tissues, they were 

placed in a dilute solution of eosin in 70% alcoho+ 



85 

for 15 to.20 minutes; this rendered them a·red co10ur 

which was easy ta see during sub~equent processing. 

This step was made necessary by the sma11 size of the 

dissected tissues. 

Dehydration, clearing, and embedding were done 

as described above (p. 82) for who1e keds. .Sectioning 

was done on a Cambridge rocking microtome at thicknesses 

of from 5 }J to 12 }-J, the usual being at 8 }J; sorne thin 

and thidk sections wers cut at 3 ~ and at 25 }J. 

Paraldehyde fuohsin (PAF) afterpermanganate 

oxidation~ a stain adapted for the study of neuro

secretion, was the most common usedo Ewe~~s (1962) 

preparation of the stain with Cameron and Stee1e1 s 

(1959) use of Halmi's (1952) mixtu.re as a counterstain 

was used. The technique was a1so performed once without 

prior permanganate oxidation. Aabrain of Rhtidnius 

prolixus (Hemiptera) was run simu1taneous1y to check 

the reaction of the stain to known neurosecretory ce11s. 

This stain was also used in situ by the method of Dogra 

and Tanden (1964)~ 

Two azocarmine (azan) methods were used: that of 

Heidenhein (Pantin, 1964) and that of Hubschman (1962)0 

Hansen 2 s Iron trioxyhaematin method (Pantin, 1964) was 
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a1so used, both a10ne and with the aniline b1ue~orange G 

counterstain of Hubschman"s aza'n technique-. 

These three stains ~ PAF, azan, and Hansen~s -

were the most common1y used in this investigation. 

Other stains tried were Gomori'"ts chrome":"a1um~haematoxi1in~ 

ph10xïne (CAHP) (Humason, 1962), Masson~"'s, trichrome 

(Pantin, 1964), and Mann.s methy1 b1ue-eosin (Pantin, 

1964). None of these latter three techniques contributed 

mu ch to the study. 



APPENDIX C 

CALCULATION OF ALLATUM MEASUREMENTS 

The quantitative measurements used in estimating 

the activity of the corpora allata are best described 

bythe use of an example. l will describe ked E15, a 

female kedwith a larva 1.23 mm. in length in her uterus~ 

The brain and thoracic ganglion were dissected from 

her, sectioned at 8 p and stained with PAF. 

1. Corpus allatum volume 

The volumes of the corpora allata were found by 

a simple, though indirect, technique o Images of each 

section of the gland were projected onto a piece of 

typewriter paper from a projecting microscopeo They 

were drawn onto this paper, and the drawings were cut 

out and weighed. Weights obtained in this case for the 

two allata were 0.096 gm. and 0.101 gm. 

The paper was "calibrated" by projecting, at 

this same magnification, the image of a stage micro-

me ter onto a piece of graph papero A known distance on 

the graph paper could, in this way, be seen to correspond 
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to a given length on the stage micrometer. A square wa~ 

then drawn on the graph paper with sides eorresponding 

to this known length; this square was transposed onto 

the typewriter paper by redrawing it over a piece of 

carbon paper. The square of white paper was eut out and 

weighed and the volume it represented was ealeulated on 

the basis of the 8 ~ thick sections. The final figure 

obtained was.found to be 1~59 x 106 ~3/gm. 

Thus, the volumes of the two allata were calcu

lated to be 1.52 x 105 ~3 and 1.60 x 105 ~3; the total 

allatal volume was 3.12 x 10
5 ~3. 

20 Estimated allatum cell volume 

The estimated volumes of the eells of the corpora 

allata were calculated by dividing the number of cells 

in .both allata into the total volume of the two allata: 

Vcell 
Vallata 

(1) = N 

where: 

Vcell = Estimated cell volume 

Vallata = Total volume of the allata 

N = Number of cells in the allata 
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.The .volume of the allataUJasfound as in. 

section 1 of this Appendix. The valUe of N UJas found 

by using Floderus~ (1944) formula ~s cited by marrable 

(1962): 

UJhere: 

T = 

D = 

k = 

n = 

N = (T + 
T 
D 

ThLckness of the sections 

Average nuclear diameter 

(2) 

Thickness of the smallest visible nuclear 
fragment 

Observed number of nuclear fragments 

The value of "T" UJas 8 ~ for aIl keds used in 

the study of the endocrine control of ked reproduction. 

Nuclear diameters UJere measured with an ocular micro-

me ter and averaged to find "D"o In ked E15, "D" UJas 

found to equal 5.4 p. The ~mallest visible nuclear 

frag~ent was 4.3}J. The value of "kil was calculated: 

r = radius of nucleus. 
2.70 }J 

s = i smallest visible 
fragment. 20l5}J 
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So, by the Pythagorean theorem,: 

r 2 2 s2 = x + 

x = ,Jr2 - s2 

= 12.29 p2 - 4.,65 pZ 

:x = 1.62 }J 

k = r - x 

-' 2.70 J..I -1.,62 J..l 

k = 1.08 }J 

The value of "nU was found by simply counting 

aIl visible nuclear fragments in each allatumo Here it 

was found to equal 64 and 69 respectively for the two 

allata. 

" 

Sa" from formula (2) 

NI ~ ( 8 
) 64 8 + 5.4 - 2(1 0 08) 

= 45 ..... 

N2 =( 8 
) 69 8 + 5.4 Ge 2(1.08) 

= 49 

The total number of cells in the two allata is 

45 + 49 = 940 



The estimated volume of allatal cells may be 

calculated from formula (1): 

Vcell = 

= 

3.12 x 106 1J3 
94 cells 

3. Cytoplasmic volume 

One can~ knowing the average diameter of the 
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allatal cells~ nuclei, calculate the average volume of 

these nuclei, assuming the nuclei to be spherical (an 

assumption which is not strictly true but, as comparative 

rather than absolute values are important, is permissible. 

The same might be said of my calculation of "k" in the 

previou5 section). 

The formula for volume of a sphere is: 

where: 

v = volume 

r = radius 

In ked E16, "r" was found to be 2070}..Jo "V" 
3 th use quaI s 80 }..J • 
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The cytoplasmic volume can be found as follows: 

where: 

so: 

Vctpl = Cytoplasmic volume 

Vcell = Cellular volume 

Vnuc = Nuclear volume 

= 3.24 x 103tJ3 

4. Ratio of cytoplasmic to 
nuclear volume 

This is calculated straightforwardly: 

Cytoplasm 
Nucleus = 

3~24 x 103 !l3 
80 p3 

= 40 0 5 
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APPENDIX D 

STATISTICAL mETHODS 

The statistical tests used in this study were 

the analysis of variance and the mann~Whitney u-test. 

Here, as in the previous appendix, l feel that the best 

way of explaining my methods is to cite examples. 

1. Analysis of Variance 

The analysis of variance was performed on the 

data used in the quantitative estimation of allatal 

activity; i.e., the allatal volume, the estimated 

allatal cell volume, the cytoplasmic volume of allatal 

cells, and the ratio of cytoplasmic to nuclear volumes 

of the allatal cells. This test compares the groups 

CA, B, C, etc.) within the total population and examines 

whether the variance between the groups is greater than 

or less than that within each group. The test is in 

the form of an "F11 test. A statistically significant 

result Chere at the 0.05 level) implies that there are 

real differences between the groups; lack of signifi-

canee implies that aIl the groups are from the same 
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universe or that the variance within the groups is too 

great for meaningful comparisons to be made. 

The technique used was the short method of 

Moroney (1958). As an example, 1 will examine the data 

of estimated cellular volume of the allatal cells. 

The data are arranged in tables 4 and 5. The 

sums of aIl values in table 4 (the sum of column 3 in 

table 5) (T) is 140.79; the ttital number of observa

tions (N) is 61. These two figures are used to 

calculate a "correction factor 11 (C. F.): 

C.F. = 

= 

C.F. = 

T2 

'Kr 

(140.79)2 
61 

325 

The "total sum-:-of-:-squares" is calculated by 

squaring each observation in table 4, summing these 

values, and subtracting the correction factor. The sum 

of these squares (table 5, column 4) is 349 0 64; thus, 

the total sum-of-:-squares" is 350 - 325 = 25 .. 

The "between-:-groups sum-of-squares" is calcu

lated by squaring the sums of the observations of each 

group (table 5, column5), dividing this by the number 
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of observations in that group (table 5, co1umn 6), 

summing the se, and subtracting the correction factor. 

This is 331 ~ 325 = 6. 

·The "within~groups sum~of~squares" equ~ls the total 

sum~of~squares minus the between~groups sum~of~squares; 

i.e., 25 ~ 6 = 19. 

The degrees of freedom (d.f.) for the total 

samp1e is the total number of observations minus one 

(61 - 1 = 60). The between~groups d.f. equa1s the 

number of groups minus one (10 ~ 1 = 9) •. The within~ 

groups d.f. equa1s the total d.f. minus the between~ 

groups d.f. (60 - 9 = 51)~ 

Variances may now be computed. These are equa1 

to the sum~of-squares divided by the degrees of freedom. 

So, the between-groups variance is 6/9 = 0.67; the within

groups variance is 19/51 = 0.37. With this, one dan 

ca1cu1ate: 

F 
Variance between-grou[!s = Variance within-groups 

0.67 = 0.37 

F = 1.81 
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Entering the F table with 6 d.f, as that of the 

greater variance and 51 d.fo as that of the lesser, one 

finds that the probability is greater than 0.05 that 

the differences between the individual groups is not 

real; this is not significant. As discussed above on 

page 92, this implies either that the data are aIl of 

the same universe or that the data for each group are 

too variable for any meaningful conclusions to be made. 

This latter conclusion, I feel, represents thetrue 

situation. 

2. The mann~Whitney U~test 

The U~test is used to compare two populations 

and determine whether they are significantly different 

from each other. A more usual test of this is the 

t~test; howe~er, as discussed by Siegel (1956), the 

U-test is much more reliable for this purposeo my 

procedure is after Siegel (1956). As an example, I 

will compare the corpora allata volumes between groups 

F and H. 

There are two values of U; the formulae are: 

U = (1 ) 

and 

-
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U = nI n2 + 
n2 (n2 + 1) 

R2 (2) 2 -
where: 

nI = Number of observation s' in the smaller 
group 

n2 = Number of ob servation s in the larger 
group 

RI Sum of ranks in the smaller and the = larger (see below) • R2 groups 

The value of U used in this test is the smaller. 

It is related to the other (u 1 ) by this equation: 

(3 ) 

To find RI and R2' one first arranges the data 

in or der of magnitude. In this case: 

Group F: 125 103 ; 134 >~ 103 ; 165 3 224 103 x x 10 ; x 

Group H: 159 x 103'; 176 X 103 ; 246 x 103 ; 267 x 103 ; 

269 x 103 

As group F is the smaller one, nI = 4 and n 2 = 50 

Ranks are noUJ assigned ta the data, the rank 1 

for the sma11est value, 2 for the next largest, etc. 80: 

Group F: l, 2, 4, 6 

Group H: 3, 5, 7, 8, 9 

These ranks are summed to determine RI and R2 : 
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Substituting these figures into formulae 1 and 2, 

one finds U = 3, and U~· = 17. These figures may be 

confirmed by substituting UI into formula 3. 

A table of values of U, such as is given in 

Siegel (1956), is now entered with n2 = 5, and 

nI = 4, and U = 3. The probability that the two 

groups are different is 0.056. This is nearly, but not 

qui te, significant at the 0.05 level. Thus, the two 

groups are not significantly different From each other. 
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TABLE 4. measurements of cellular volume of the corpora 
al1ata, for analysis of variance (x 103 f3) 

Group A Group B Group C Group D Group E 

1.82 2.,38 2.20 1.58 2024 
3.00 3.,39 3.98 3.04 2 .. 86 
1.76 1.73 1.31 2.32 2.51 
2.26 2 • .96 1.,72 1.97 2049 
1.00 2.14 2~.45 2';,90 2052 
1.84 2.57 2.86 3.74 
1'~52 2 •. 51 2 •. 85 1.49 12.62 

3.32 3.27 2.81 
13.20 2.38 2.94 1 .• 64 n = 5 

7 2 084 2.85 
n = 1" 21 21.49 

26.43 
n = 9 27.43 n =10 

n =11 

Group F Group G Group H Group l Group K 

1 084 1.65 1.97 2.15 2 0 50 
1.12 3.07 1 .. 46 1.93 2019 
2.09 2~ 25 3024· 3,,03 
1 .. 97 2.28 1085 4'.08 

1.83 2 .. 20 7072 
7002 n = 2 

Il.08 9072 n = 3 
n = 4 

n = 5 n = 5 
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TABLE 5. Data for calculation ,of analysis of variance. 
Cell volume. 

(1 ) (2) (3 ) (4) (5) (6) 

A 7 13.20 27.22 174 25.0 

B Il 27.43 .72.59 753 68.4 

C 10 26~'43 75.11 700 70.5 

D 9 21.49 56~21 462 51.3 
.. 

E 5 12.62 32.05 159 31.8 

F 4 7.02 12.89 49.3 12.3 

G 5 Il.08 25.71 123 24.6 

H 5 9.72 19.29 94.5 18.9 

l 2 4.08 8.34 16.9 8.5 

K 3 ,7.72 20.23 59.6 19.9 

Totals 61 140.79 349.64 330.7 

(3 ) 

(4) 

Group 
Number (n) of observations in that group. The sum 
of column (2) is N of p. 93. 
The sum of the observations in that group. The 
sum of column (3) is T of pe93. 
The sum of the square of each observation in that 
group. The sum of column (4) is used to calculate 
the "total sum~of":"squares" on p. 930 
The square of the items in column (3) 
The items in column (5) divided by the items in 
column (2)0 The sum of column (6) is used to 
calculate the "between":"groups sum~of",:"squares on 
p. 94. 



APPENDIX E 

A CURIOUS STRUCTURE IN THE NECK OF THE KED 

In the preliminary course of this investigation, 

a curious and hitherto undescribed structure Was dis-

covered surrounding the ventral nerve crird in the neck 

region. It mas first noticed in a saggital section eut 

by the tape method and stained mith PAF. It had the 

appearance of purple blotches (resembling neurosecretory 

material) in an expanded region of connective tissue 

surrounding the ventral nerve cord. It mas tentatively 

suggested that this might be a neurohaemal organ of yet 

undiscovered neurosecretory cells. 

Later investigations failed ta reveal any neuro-

secretory cells in the ked and the problem mas reinvesti

gated. In transverse sections; the PAF positive regions 

mere seen ta consist of coarse fibrils running trans-

versely above and belom the nerve cord (Figso 12, 3D). 

The colour of these fibrils mas seen; mi th aIl stains 

used, ta be identical ta that of tendons and a fem 

sections mere obtained of muscles attaching by tendons 

ta this region (Fig. 31). Thus, the neurohaemal organ 



concept was abandoned and the idea was advanced that 

this is an area of muscle attachment~ 
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The structure arises as a great expansion of the 

connective tissue sheath surrounding the ventral nerve 

cord in the neck region. It is cellular and is close~y 

associated with cuticle and.with large longitudinal 

tracheal trunks (Figs. 12, 30). Muscles from the 

thorax attach to it (Figs. 31~ 34) and their tendons 

make up a large proportion of its bulk. Sttands of 

cuticle have also been seen to enter it (Figs. 32, 33). 

A close superficial resemblance of this structure 

to the vertebrate spinal column is apparent. It is a 

connective tissue sheath composed, in part,' of the 

skeletal element (cuticle) of the insect, forming muscle 

attachments and protecting thé major nerve trunk in a 

region of flection. Of course, 1 would be the last 

person to suggest that this structure and the vertebrate 

spinal cord are homologous; 1 merely point this out as 

an interesting case of parallel evolution. 
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Figure 30. Cross section through the structure in the 
neck of the ked around the ventral nerve cord. Note 
its make-up of fibrous tissues. Tendons can be seen 
running transversely (for instance, at the arrow). 
Zenker's, massonJs trichrome. x700. 

Figure 31. Enlargement of an area of Figure 30 showing 
a muscle attachment entering the structure in the neck 
around the ventral nerve cord (arrow). xllOO. 
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Figure 32. Section of the junction between the neck 
cuticle and the structure around the ventral nerve cord 
of the ked. Note the strands of cuticle entering this 
structure (arrow). Bouin's, Han~en·s. x1280. 

Figure 330 5ame as Figure 32, a different view. 
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Figure 34. Oblique frontal section of the thorax of a 
ked, showing a muscle passing beside the thoracic 
ganglione Although this section does not show its 
attachment, it is on the structure around the ventral 
nerve cord in the neck. Bouin's, Hubschman's azan. 
x260. 



REFERENCES 

Arvy, L. and Gabe, M. 1962. 
Histochemistry of the neurosecretory productof 
the pars intercerebralis of pterygote insects. 
mem. Soo. Endocr. 12: 331-344. 

Awasthi, V. B. 1968. 
The functional significance of the nervi corporis 
allati 1 and nervi corporis allati 2 in Gryllodes 
sigillatus. _ 
J. Insect Physiol. 14: 301-304. 

Beckel, W. E. 1959. 
Sectioning large.heavily scle~otized whole insects. 
Nature, Land. 184: 1584-1585. 

Berlese, A. 1899. 
Osservazioni su fenomeni che avvengono durante la 
ninfosi degli insetti metabolici. I. Tessuto 
adiposo (trofociti). 
Riv. Pathol. veg., Florence. ~: 1-155. 

Bequaert, J. C. 1942. 
A monograph of the Melophaginae, or ked-flies, 
of sheep; goats, deer and antelopes (Diptera, 
I-lippoboscidae)o 
Entomologica am. (N. S.) 22: 1-220. 

Bern, H. A. 1966. 
On the production of hormones by neurones and the 
raIe of neurosecretion in neuroendocrine mechanisms. 
Sympa Soc. exp. Biol. 20: 325-3340 

Bofkovec, A. Bo 1966. 
In sect Chemo sterilants. 
Adv. Pest Control Res. 7. J. Wiley and Sons, 
New York, London~ Sydne~. 

Brady, J. and maddre11, S. H. P. 1967. 
Neurohaemal organs in the media1 nervous system 
of insectso 
Zo Zellforsch. mikrosk •. Anat. 76; 389-404. 

105 



106 

Brousse~Gaury, P. 1967. 
G~n~ralisation ~ divers insectes de l'innerva
tion deutoc~r~b~ale des corpora cardi~ca, et 
r~le neuros~cr~toire des Nervi corporis cardiaci 
IV. 
C.R. Acad. Sci., Paris. 265: 2043-2046. 

Burgess, L. and Rempel, J. G. 1966. 
The stomodaeal nervous system, the neurosecretory 
syptem, ,and. the gland com121ex in Aedes .§..ê.9ypti 
(L.) (Oiptera :Culicidae). 
Cano J. Zool. 44: 731-765. 

Burtt, E. T. 1937. 
,On the corpo~a allata of dipterous insects. 
Proc. R. Soc. (B) 124: 13-23. 

Cameron, mo L. and Steele" J~ E. 1959. 
Simplified aldehyde~fuchsin staining of neuro
secretory cells. 
Stain Technolo 34: 265-266. 

Carson, R. L. 1962., 
Silent Spring. 
Houghton mifflin, Boston. 

Cazal, P. 1948. 
Les glandes endocrines rétDo~c~r~brales des 
insectes (Etude morphologique)." 
Bull~ biol. Fr. Belg. (Suppl.) 32: 1-227. 

Oavenport; H. A. 1960. 
Histological and Histoqhemical Technics. 
Saunder's Philadelphia. 

Davey, K. G. 1961. 
The mode of action of the heart accelerating 
factor from the corpus cardiacumof insects. 
Gen. comp. Endocro 1: 24-29. 

____ 0 1965. 
Reproduction in the Insects. 
Oliver and Boyd, Edinburgh and London. 

____ 0 1967a. 
The physiology of reproduction: Sorne lessons from 
in sects. 
IN: Beament, J. W. L. and Tr~hern, J. E. (eds.). 
Insects and Physiology. Oliver and Boyd, Edin
burgh and London: 351-364. 



1 

107 

Dav~y, K. G. 1967b. 
$9m~"99D~equences of copulation in Rhb~~l~~ 
prolixus. 
J. Insect Physiol. 13: 1629~1636. 

Day, M. F. 1943a. 
The homologies of the ring gland of the Diptera 
Braqhycera. 
Ann. ente Soc. Am. 36: 1-10. ' 

____ a 1943b~ 

The corpus allatum of the sheep ked, Melophagus 
ovinus L. 
p syc~e,' Camb. 50: 1~8.' 

, , ' 

de Bessé, N.1966. 

Dogra, 

Dogra, 

Recherche des organes neurohémaux associés ~ la 
chainenervéuse ventrale~e,deuxblattes, 
Leucophaeamaderae et Peripl'aneta americana. 
C. R. Acad. Sci., Paris. 265: 404-407. 

1967. 
Neurosécrétion dans la chaine nerveuse ventrale 
d~,de.u~bl .. atte~,.' ~euco~h~ea maderae (F.) et 
Periplaneta americana L.) 
Bull. Soc. zool. Fr. 92: 73-86. 

G. S. 1967. 
Studies on the neurosecretory syst~m and the 
functional sign~f~cance,of NSM in the aortal wall 
of the bug Dysdercus koenigii. 
J. Insect Physiol. 13: 1895-1906. 

G., S. and Tanden, B. K.1964. 
Adaptation of certain histological techniques 
for in situ demonstration of the neuro-endocrine 
systëm of insects and other animalso 
Quarto J. micro Sci. 105: 445-466. 

Engelmann, F. 1960. 
Mechanisms controlling reproduction in two vivi
parous cockroaches (Blattaria)." 
An n. N. V • Ac ad • Sc i • 8 9: 516 - 536 • 

____ o. 1962. 
Further experiments on the regulation of the 
sexual cycle in females of Leucophaea maderae 
(Blattaria) 0 

Gen. comp. Endocr. l: 183-192. 

~~----------------------------------------------~----~--~------~--------------------



Engelmann, F. 1968. 
Endocrine control of reproduction in insects. 
A. Rev. Ent. 13: 1-26. 

Evans, G. O. 1946. 
A method of observing the life cycle of Melo-phagus ov!nus (~~nn.). 
Nature, LoOd. 167: 773. 

• 1960. 
-------Studies on 

Melophagus 
Bull. ente 

Ewen, A. B. 1962. 

the bionomics of the" sheep ked" , 
oVinus, L., in West Wales. 
Res. 40: 469-476. 

108 

An improved aldehydefuchsin staining technique 
for neurosecretory products in insects. 
Trans. Am. microsc. Soc. 8'1: 94-96. 

Ferris, G~ F. and Cole, F~ R. 1922. 
A contribution to the knowledge of the Hippo
boscidae (Diptera Pupipa~a). 
Parasitology li: 178-206. 

"" 

Feuer, R. C. 1967. 
A simplification of Palmgren~s method for pre
paring microsections of dens~ or friable specimens 
using transparent cellulose tape. 
Trans. Am. microsc. Soc. 86: 339-340. 

Floderus, S. 1944." \ " 
Untersuchungen uber den Bau ~er menschlichen 
Hypophyse mit besonderer Berucksichting~ng der 
quantitativen micromorphologischen "Verh~ltnisse. 
Acta path. microbiol. scand. Suppl. 63. 

Graham, N. P. H. and Taylor, K. L. 1941. 
Studies on sorne ectoparasites of sheep and their 
control. I. Observations on the bionomics of the 
sheep ked (Melophagus ovinus). 
Au st." Council Sci. Ind. Re s., Pamphlet 108: 7; 9-26. 

Gray, D. P. and Bannister, G. L. 1961. 
Studies on bluetongue. I. Infectivity of the 
virus in the sheep k~d, Melophagus ovinus (L.). 
Cano J. comp. Med. 26: 230-232. 



~ 109 

Halmi, N. S. 1952 
Differentiation bf two types of basophils in the 
adenohypophysisof the rat and the mouse. 
Stain Technol. 27: 61-64. 

Highnam, K. C. 1962. 
Neurosecretory control of ovarian development in 
the desert locust. 
Quart. J. micro Sci. 103: 57-72. 

---_. 1963. 
Endocrine relationship in insects reproduction. 
Symp~ R. ente Soc. Lond~ ~: 25-40. 

___ • 1967. 
Insect hormones. 
J. Endocr. ~:123-150. 

Highnam, 'K. C.; UJsis, O.; and Hill, L. 1963. 
The raIe of the corpora allata during 08cyte 
growth in the desert 10cust,Schistocerc~ gregaria 
For sk. 
J. Insect Physiol. 9·: 587-596. 

Hoare, C.A. 1923. 
An experim~ntal study of the sheep trypanosome 
(T. melophagium Flu, 1908), and its transmission 
by the sheep ked (Melophagus ovinus L.) 
Parasitology 15: 365-424. 

Hubschman, J. H. 1962. 
A simplified azan process weIl suited for 
crustacean tissue. 
Stain Technol. 37: 379-380. 

Humason, G. L. 1962. 
Animal Tissue Techniques. 
W. H. Freeman and Co.; San Francisco, London. 

Imes, M. 1932. 
The sheep tick and its eradication by dippingo 
U.S.D.A. Farmers' Bulletin, no. 798: 1-22. 

Imms, A. D. 1957. 
A General Textbook of Entomo.logy. 
(Revised by O. W. Richards and· R. G. Davies). 
Methuen and Co., Ltd. London. 



110 

King, R. C.; Aggarwal, S. K.; and Bodenstein,D. 1966. 
The comparative submicroscopic morphology of the 
ring gland of Drosoghila me1anogaster during the 
second and third larval instars. 
Z. Zellforsch. mikrosk. Anat. 73: 272-285. 

Knipling, E. F. 1960. 
The eradication of the screw-worm Fly. 
Scient. Am. 203 (4): 54-61. 

Knowles~ Sir F. and Bern, H. A. 1966. 
The function of neurosecretion in endocrine 
regulation. 
Nature, Land. 210: 271-272 • 

. ~ 
Lan 9 1 e y , P • A. 1965 • . : .. 

The:, neuroendocrine system and stomatogastric 
nervous system of the adult tsetse fly Glossina 
morsi tans. 
Proc. zool. Soc. Lond. 144: 415-425. 

____ a 1967a. 
The control of digestion in the tsetse fly, 
Glossina morsitans: A comparison between field 
flies and flies reared in captivity. 
Jo Insect Physiol. ~: 477-486 • 

----• : 1967b. 
Experimental evidence for a hormonal control of 
digestion in the tsetse fly, Glossina morsitans 
Westwood: A study of the larva, pupa, and tenera1 
adult fly. 
J. Insect Physiol. 13: 1921-1931. 

Lentz, T. L. 1966. 
Histochemical loca1ization of neurohumors in a 
sponge. 
J. exp. Zool. 162: 171-180. 

Luedke, A. Jo; Jochim, M. M.; and Bowne, J. G. 1965. 
Pre1iminary bluetongue transmission with the sheep 
ked Melophagus ovinus (L.). 
Cano J. comp. Med. 29: 229-231. 

Maddrell, S. H. P. 1966. 
The site of release of the diuretic hormone in 
Rhodnius ~ A.new.neurohaemal system i~ insects. 
J. exp. Biol. 45: 499-508. 



Marrable, A. li. 1962. 
The counting of cells and nuclsi in microtome 
sections. 
Quart. J. micro Sci. 103: 331-347. 

Matthysse, J. G. 1967. 

111 

Sheep ectoparasite control. 
application methods for keds 
Jo econ. Ent. 60: 1645-1650. 

I.Insecticides and 
and biting lice. 

Moroney, Mo J. 1958. 
Facts from Figures. 
Penguin Books, Ltd.; Harmondsworth, England. 

Nelson, li. A. 1955. 
Artificial feeding of certain ectoparasites 
through membranes. 
Jo Parasita 41: 635-636. 

____ .• 1956. 
Mortality in the sheep ked, Melophagus ovinus 
caused by Trypanosoma melophagium Flu. 
Nature, Lond. 178: 750. 

____ ,. 1957. 
Population behavior of the sheep ked, Melophagus 
ovinus (L.), in relation to endocrine mechanisms 
in sheep .. 
Ph.D. Thesis, Dept. of Entomology, McGill 
University, Montreal. 

1958. 
Transfer of sheep keds, Melophagus avinus (L.), 
Nature, Lond. 181: 56-57. . 

Nelson, li. A. and Qually, M., C. 19580 
Annual cycles in numbers of the sheep ked, 
Melophagus ovinus (L~). 
Cano J. Anim. Sci. ~: 194-198. 

Nelson, lio A. and SIen, S. B. 1968. 
lieight gains and waal grawth in sheep infested 
with the shsep ked Melophagus ovinuso 
Expl. Parasite 22: 223-226. 



r 

• > 

~ 
" 

112 

Normann, T. C. 1965. 
The neurosecr~tory system of the adult Calli
phora erythrocephala. I. The fine structure of 
the corpus cardiacum with sorne observations on 
adjacent organs. 
Z. Zellforsch. mikrosk. Anat. 67: 461-501. 

Nov ~k, V. J. A. 1 966 • 
Insect Hormones. 
Methuen and Co., Ltd., London • 

• ,.1 ~. 

Palmgren, Ao 1954. 
Tape for microsectioning of very large, hard or 
brittle specimens. 
Nature, Lond. 174: 46. 

Pantin, C. F.A.1964. 
Notes on Microscopical Technique for Zoologists. 
Cambridge University Press, Cambridgeo 

Pfadt, R. E.; Paules, L. H.; and de Foliart, GoR. 1953. 
Effects of the sheep ked on weight gains of 
feeder lambs. 
J. econ. Ent. 46: 95-99. 

Pratt, H. S. ,1899. 
The anatomy of the female genital tract of the 
Pupipara as observed in Melophagus ovinus. 
Zo wiss. Zool. 66: 16-42. 

____ a 1900. 
The embrY9nic bistory of imaginaI dises in 
Melophagus ovinus L., together with an account 
of the earlier stages in the developlnent of the 
insecte 

. Proc. Boston Soc. nat. Hist. 29: 241-272. 

Ralph, C. L. 1967. 
Recent developments in invertebrate endocrinology. 
Am. Zool. 1: 145-160. 

Rodhain, Jo and Brutsaert, .P. 1935. 
L'évolution des Trypanosoma lewisi et Trypanosoma 
cruzi chez Melophagus ovinus. 
C.R. Soc. Biol., Paris. 118: 1228-1231 • 

nf"l.,.l_",'._, .... J. ,J'"- ,.' •• <., . 



Root, F. Mo 1921. 
A case of intra-uterine pupation in thesheep 
ticko 
J~ Parasite 1: 190. 

Scharrer, B. 1967. 
The neurosecretory neuron in neuroendocriné 

'regu1atory mechanisms~ 
Am. Zool. 7: 161~169. - .. 

Siegel, S. 1956. 
Nonparametric Statistics for the Behaviora1 
Sciences. 

113 

McGraw~Hi11 Book Co., Inc.; New York, Toronto, 
London. , 

Stee1e, J. E. 1961. 
Occurrence of a hyperg1ycBemic factor in ~he 
corpus cardiacum of an ins~ct. 
Nature, Lond. ~: 680-681. 

Strangways-Dixon, J. 1961. 
The re1ationships between nutrition, hormones, 
and reproQuction in the b10wf1y Ca11iphora ~
throcepha1a (Meig.). II. The effect of removing 
the ovaries, the corpus a11atum and the median 
neurosecretory ce11s upon selective feeding and 
the demonstration of the qorpus a11atum cycle. 
J. exp. ~io1.38: 637-646. . 

----• 1962. 
The re1ationship between nutrition, hormones and 
reproduction in the p10wf1y Ca11iphora erythro
cepha1a (Meig.). III. The corpus a11atum in 
relation to nutrition, the ovaries, innervation 
and the cor~us ca~diacum. 
J. expe Biol. 39: 293-306. 

Thomsen, Eo 1942. 
An experimenta1 and anatomica1, study of the. 
corpusal1atum in the blow~f1y Ca11iphora 
erytbrocephala Meig. 
Videnske Meddr. dansk. naturh. Foren. 106: 319-405. 

_____ 0 1952. . 
Functiona1 significance of the neurosecretory 
brain ce11s and the corpus cardiacum in the 
fema1e b10wf1y Ca11iphora erythrocepha1a. 
Jo exp. Biol. 29: 137-172. 



114 

Thomsen, E. 1954. 
Studies on the t~~nsport 9f,neur9secretory 
materials in Calliphora erythrocephala by means 
of ligaturing e~periments. 
J. expa Biolo 31: 322-330. 

Thomsen, E. and MJlÜler~ I~ '1963. 
Influence of neurosecrstory cells and of corpus 
allatum on intestinai,protease activity in the 
adult Calliphora erythrocephala Meig. 
J. exp. Biol. 40: 301-321. 

Thomsen, M. 1965. 
The neurosecretory system.of the adult Calliphora 
erythrocephala. II. Histology of the neuro
secretory cells of the brain and sorne related 
structure s. " 
Z. Zellforsch. mikrosk. Anat. 67: 693-717. 

Treeby, P. J. 1967~ 
Carbophenothion as a sheep dip for the control 
of blowfl y, ,lice, and ,keds.' 
Veto Rec. 81: 332-335. 

Ulrich, H. 1963. 
Vergleichend~histologische und zyklische Unter
suchungen an den weiblichen Geschlechtsorganen 
und den innersekretorischen Dr~sen adulter 
Hippobosciden (Diptera Pupipara). 
Dt. ente Z. 10: 28-71. 

Watson, J. A. L. 1967. 
The growth and activity of the corpora allata in 
the larval firebrat, Thermobia domestica 
(Packard) (Thysanura, Lepismatidae). 
Biol. Bull., Woods Hole ~: 277-291. 

Weissmann, A. 1864. 
Die nachembryonale Entwicklung der Musciden nach 
Beobachtungen an Musca vomitoria und Sarcophaga 
carnaria. 
Z. wiss. Zool. 14: 187-336. 

llihiting, F.; Nelson, W. A.; SIen, S. B.; and Bezeau, L. M. 
1954. 
The effects of the sheep ked (Melpphagus ovinus 
L.) on feeder ,lambs. ' 
Cano J. agric. Sei. 34: 70-75. 



115 

Wigglesworth, V~ B. 1936. 
The function of the corpu~.al+atum in the growth 
and reproduction of Rhodnius prolixus. 
Quart. J. micro Sei.' 79: 91-119. 

• 1954. ----. The Physiology of Insect Metamorphosis. 
Cambridge University Press; Cambridge, England.· 

.1965. ----The Principles of Insect Physiology. 
Methuen and Co., Ltd.; London. 

Williams, C. M. 1967. 
Third~generat~Qn pesticides. 
Scient. Am. 217 (1): 13-17. 




