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INTRODUCTION 

OBJECTIVE OF THE WORK 

Separation of mosquito species on the basis of external morphology 

alone has often proved to be difficult. It seemed that a kno~ledge of 

the structure of the retrocerebral complex in different species might 

aid in their separation, especially as studies of chromosomes are 

unsatisfactory in this respect. This thesis describes the morphology 

of the retrocerebral complex of certain mosquito larvae, and discusses 

some of the associated physiological aspects. It is hoped that such 

a study ~ill eventually thro~ additional light on the phylogenetic 

relationship of mosquitoes, but so far an insufficient number of species 

has been examined. A general description of the structure and function 

of the retrocerebral complex and of the neurosecretory cells of the 

brain is given here to clarify the literature revie~.

REI'ROCEREBRAL COMPLEX AND NEUROSECRETORY CELLS 

It is ~ell established that[ growth and metamorphosis in insects 

are under the influence of the neurosecretory cells in the brain and 

of the retrocerebral comple~. The retrocerebral complex consists of 

the prothoracic glands (or their analogues, the pericardial and 

peritracheal glands), the corpora allata, and the corpora cardiaca 

(Figs. 14, cc, ca, p gl, and 16, cc, ca). 

The peculiar property of the neurosecretory cells lies in their 

dual capacity as nervous and glandular elements, ~hich allows the 

translation of afferent nervous impulses into efferent endocrine 

messages (B. Scharrer, 1958). A nervous, stimulus received by the 

neurosecretory cells of the brain induces the production of hormones, 

~hich are carried to the retrocerebral complex (Fig~{ 8 and 9). The 
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glands of the retrocerebral complex in turn produce hormones of their own, 

~hich are released into the haemolymph and act on the tissues involved in 

metamorphosis. 

The exact function of the corpora cardiaca is still in doubt, but 

they are involved in hormone storage and in hormone production of their 

o~n, Cameron (1953). The prothoracic gland produces a hormone ~hich

promotes gro~thand differentiation which leads to the adult form. The 

juvenile hormone of the corpora allata inhibits the development of adult 

characteristics. An eventual decrease in the amount of juvenile hormone 

present permits the final development of the adult form. The balance 

between these two hormones is governed by the neurosecretory cells of 

the brain. 

UTERATURE REVIEW 

The morphology and the physiology of the retrocerebral complex in 

insects have been the subject of many studies, but the early ~orkers

contributed only indidental observations. Much confusion was caused by 

the description of the same organ under different names, and only 

recently has uniformity in nomenclature been achieved. 

Detailed historical reviews on the endocrine complex of insects 

have been given by Pflugfelder (1937), B. Scharrer (1941), Bodenstein 

(1945), Cazal (1948), Nov~ (1959). The discussion of the voluminous 

literature on this supject is here limited to the retrocerebral complex 

and the neurosecretory cells of mosquitoes, with selected references 

to studies of other insects. 

Imms (1908) writes, in his description of the circulatory system 

of Anopheles maculipennis: t'ln the thorax the heart is much reduced 

in diameter, there are no alary muscles, and it forms a narrow, well 
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defined tube vhich is usually termed in insects, the aorta. The latt~

extends forward through the occipital foramen and becomes enclosed just 

behind the brain in an irregular mass of tissue vhich forms a kind of 

ttsupporting collar" or flanneau de sontientl • This usupporting collar" 

is the retrocerebral complex (Fig. 13, s col). 

A morphological examination of the corpora allata of Aedes, Culex 

and Anopheles was undertaken by Bodenstein (1945). He described the 

corpora allata of the mature larvae as paired, small, oval bodies, 

located dorsally in the anterior part of the thorax. They lie dorsal 

to the oesophagus, lateral to the aorta, and are attached anteriorly 

to the transverse tracheal trunk. Bodenstein reported further that the 

general anatomy and histology of the corpora allata are similar. in 

the different genera of the Culicidae. The shapes and sizes of the 

glands, however, vary among species, and even more among genera. 

Bodenstein was rather doubtful if the larger cells that make up the 

glandular complex are the corpus cardiacum. Cazal (1948) described in 

Culex pipiens a corpus paracardiacum situated in the ventral wall of 

the aorta and fused with the hypocerebral ganglion. He reported that 

this body consists of medi~sized cells which might be mistaken for 

the ganglion cells of the hypocerebral ganglion, if they did not show 

chromophil secretions. According to Cazal a long nerve extends from 

each of the two posterior angles of this corpus paracardiacum along the 

aorta into the prothorax and ends in the corpus allatum. Before reaching 

the corpora allata, these nerves and the aorta are crossed by a large 

transverse tracheal trunk (Fig. 4, t tr). 

Clements (1956) ,on the other hand, believes that the corpora 

cardiaca are part of the complex. He reports: uTwo groups of cells, 
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previously undescribed, are to be found bet~een the corpora allata and 

the tracheal commissure (Fig. 2, cc). Each group consists of three or 

four large cells with large. nuclei and extensive cytoplasm containing 

granular material. The position of these groups suggests that they 

comprise the corpora cardiacau • 

Mednikova (1956) agrees with Bodenstein as far as the corpora allata 

are concerned, but draws attention to the large cells surrounding the 

corpus allatum and refers to them as the corpus cardiacum (Fig. 7, ca 

and cc). So far there has been no reference to the prothoracic gland 

in mosquitoes, the gland that is the source of the molting hormone. 

In the Higher Diptera as shown by the work of various authors (Weismann 

1864; Burtt 1937; De Lerma 1937; Vogt 1942, 1943a, and 1943b; Bodenstein 

1943 and 1947; Possompts 1950) the corpora allata, the corpora cardiaca 

and the prothoracic gland are united in thes~called ring gland (Fig. 5). 

MATERIAL AND METHODS 

Collections of mosquito larvae were made in three different 

ecologioal areas in Saskatchewan: Shaunavon, Swift Current, Chaplin, 

and Outlook: in the mixed pra.irie region; Saskatoon, Waka'W and Prince 

Albert in the aspen parklands; and from Waskesiu to Lac la Ronge in 

the forested area. Additional collections were made by Mr. E. Evans 

at Lac la Ronge, Cree Lake, and Rapid Falls. The first larvae, those 

of Aedes spenoerii 'Were oollected at the end of April. Larvae of 

Culiseta inornata and Culex tarsalis were oollected as late as 

October 26th, 1960. 

The 1960 collections contained 22 species comprising four 

genera as follo~s:

Aedes aegypti (Linnaeus) 
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Aedes campestris 

Aedes canadensis 

~ cataphylla 

Aedes cOmmunis 

Aedes dorsalis 

Aedes diantaeus 

Aedes excrucians 

Aedes fitchii 

Aedes flavescens 

Aedespionips 

Aedes punctor 

Aedes ripariu§ 

Aedes §pencerii 

Aedes vexans 

Anopheles earlei 

Culex pipiens 

Culex restuans 

Culex tarsalis 

Culex territans 

Dyar and Knab

(Theobald)

Dyar

(De Geer)

(Meigen)

Howard, Dyar, and !\nab

(Walker)

(Felt and Young)

(Mueller)

Dyar

(Kirby)

Dyar and Knab

(Theobald) 

(Meigen) 

Vargas 

Linnaeus 

Theobald 

Coquillett 

Walker 

Cullseta impatiens (Walker) 

Culiseta inornata (Williston) 
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The following species representing five genera were received from 

workers ofLthe United States of America. 

Anopheles guadrimaculatus Say 

Anopheles franciscanus McCracken 

Anqpheles freeborni Aitken 

Orthopodomyia signifera (Coquillett) 

Psorophora ciliata (Fabricius) 

Psorophora howardii Coquillett 

Psorophora ferox (Humboldt) 

Toxorhynchites rutilus (Coquillett) 

WYeom¥ia haynei Dodge 

The equipment for gathering the larvae consisted of a fine mesh 

strainer about five inches in diameter with a long handle, a plastic 

pail, a white enameled pan twelve inches by eight. inches by three 

inches. and a pipette with a rubber suction bulb. In use, the plastic 

pail was kept partly full of water so that the contents of the strainer 

could be washed into it. Then the contents were emptied into the pan 

and the larvae removed with the pipette. To avoid duplication of 

collected material tentative field identification was performed in a 

laboratory set up in a car. Final identification was made later in the 

laboratory. Only fourth instar larvae, preferabll.Y,r in the prepupal 

stage, were collected. This stage is a period prior to the pupal 

molt in which the lateral tergal appendages of the adult are visible 
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through the cuticle. 

Bouin's fixative was used, as it gave best results and is easy to 

handle in the field. Killing and fixation were carried out in shallow 

bottles about two inches in diameter. One-and-one-half to two ml. of 

fixative was found to be sufficient per larva. The specimens were 

fixed for twelve to twenty:-four hours. During fixation, part of the 

gills was removed to allow easy penetration. The specimens were 

washed in 30% ethanol for five minutes and in 50% ethanol for two 

hours and ""ere then stored in 70% ethanol. Du.rlhg;" cooler veather 

the larvae could be left until evening for identification and fixation, 

but in hot weather they had to be fixed immediately after collecting. 

Dissections were made under a binocular dissecting microscope 

at a magnification of X 50. A scalpel, made from a pin, jeweller's 

No.5 forceps,iris scissors, a Syracuse watchglass with a ~ack wax 

insert, a micropipette, and a supply of minuten nadeln were used. 

In preparation, the larvae ""ere placed in a groove in the dissecting 

wax so that the head was extended. Enough Ringer's solution was placed 

in the watchglass to cover the larva. The specimen was held down by 

two crossed needles behind the thorax without piercing the body. 

The thoracic cuticle was loosened with two cuts, one in the centre line 

from the abdomen to the neck region, the other across the anterior part 

of the prothorax. The fat bodies and muscles between the gastric caecum 

and the cervical region 'Were removed. This disclosed the aorta and the 

retrocerebral complex. The transverse trachea, where the glands are 

attached, was cut off from the main tracheal t~unks and loosened from 

the aorta. Then the glands were transferred with a micropipette into 

a drop of distilled water on a slide. The adherent saline and the 
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distilled water were removed from the glands. The glands were then 

stained in a drop of 0.5% eosin or oroein stain for 30 seoonds. Over-

staining should be avoided. The glands were mouhted in a thin layer 

of glyoerol on the slide. In too muoh glyoerol the glands will move 

under the slide oover, but with too little glyoerol the shape of the 

glands beoomes distorted by pressure. Measurements of the maximum 

length and width of eaoh gland were made with an ooular miorometer 

previously oalibrated against a stage miorometer.Whole tmounts of 

retrooerebral glands were stained in 0.5% aqueous eosin, mounted in 

glyoerin and magnified approximately X 250. Material for serial seotions 
o 

was transferred into paraffin (58 C melting point) in the usual manner. 

Embedding was done in one inoh pieoes of one-half by one-quarter inoh 

reotangular brass tubing. Serial seotions"l..rere cut at 7f. To obtain 

good differentiation of the tissue and the hormone-seoreting neuro

secretory cells, Gomori's paraldehyde fuohsin stain as modified by 

Cameron and Steele (1959) was used. Delafield's hematoxylin, Mann's 

methyl blue-eosin and Heidenhain1s azan stain were also used. The 

seotions were mounted in diaphane. 

RESULTS 

MOrphology and Histology 

BRAIN 

The brain or paired supraoesophageal ganglion in Aedes aegypti 

has three enlargements, the fore brain or protooerebrum, the mid brain 

or deutooerebrum, and the hind brain or tritooerebrum (Figs. 14 and 16, 

pr, de, tr). The lateral masses of the brain are joined aoross a 

median line by a large mass of fibrous traots, the commissures (Figs. 

10, ml, 0 com, 53 and 54.) The fibres or neuropiles are surrounded 

by a oellular oortioal layer. This cortex consists almost entirely 
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of small cells with deeply staining nuclei and scanty cytoplasm, though 

larger cells are present in some areas (Fig. 65, a nc). 

The protocerebrum is the most dorsal and the largest part of the 

cerebral mass. It consists of the two protocerebral lobes which are 

extended into the optic lobes (Fig. 16, 1 0). Distinct arrangements 

of cells such as the corpora pedunculata as found in the brains of some 

arthropods have not been observed in the brain of mosquitoes. However, 

four groups of neurosecretory cells in the pars intercerebralis, which 

we call for their stain intensity type flAu and single neurosecretory 

cells apart from the pars intercerebralis in the brain called type 

tJBtI (Fig. 65 flAu and tlB"), were observed. The pars intercerebralis 

is located in the antero-dorsal part of the protocerebrum on both 

sides of the median line (Figs. 10, ml., 8 and 9, 1 nc, m nc). 

The deutocerebrum is joined to the protocerebrum and contains the 

centers of the antennal nerves in the adult mosquito (Figs. 14 and 16, 

de). The tritocerebrum 'Which is joined to the deutocerebrum, lies 

beneath the deutocerebrum lobes and is relatively small. The trito

cerebral lobes are connected to each other by a eommissure and to the 

suboesophageal ganglion by the circumoesophageal commissures as in 

insects generally. 

VENTRAL NERVOUS SYSTEM 

The ventral nervous system consists of a series of segmental 

ganglia and their connectives, constituting the ventral nerve cord. 

These ganglia have a cortex composed of compact cells which surround 

a large mass of neuropiles. The neuropiles are dorsally covered only 

by a thin layer of neurocells, while the lateral and ventral parts 

are surrounded by masses of cells. Therefore, most of the neurosecretory 
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cells type B, that resemble those of the brain outside of the pars inter

cerebralis are seen on the lateral and ventral sides of the ganglia 

(Figs. 61 and 62). Some appear to be large unipolar cells ~ith their 

pointed ends directed to~ards the neuropile (Fig. 60, up c). The 

connectives linking the suboesophageal and the first thoracic ganglion 

are very long (Fig. 61), while the three thoracic ganglia are close 

together or almost fused (Fig. 62). The connectives bet~een the 

abdominal ganglia are longer than those between the thoracic ganglia. 

The thoracic ganglia are equal in size, with the suboesophageal ganglion 

being slightly larger and the abdominal ganglia slightly smaller. 

VISCERAL OR SYMPATHETIC NERVOUS SYSTEM 

This system is made'up of three parts, the stomatogastric system, 

the retrooerebral complex, and the caudal sympathetic system. The 

stomatogastric nervous system is intimately associated with the retro

oerebral oomplex. It consists of the frontal ganglion, the hypooerebral 

ganglion, and the ventricular ganglia which are located anterior to the 

midgut. The frontal ganglion is connected anteriorly to the proto

cerebrum and the tritocerebrum. Posteriorly the recurrent nerve connects 

it to the hypocerebral ganglion which communicates posteriorly by paired 

nerves with the ventricular ganglia. 

RETROCERl1'BRAL GLANDS 

The glands of the retrocerebral complex are not very conspicuous 

and care must be taken to identify them. The retrocerebral glands are 

situated in the cervical region, just behind the tracheal commissure, 

~hich connects the two dorsal tracheal trunks on the dorsal surface 

of the oesophagus. Anteriorly the retrooerebral glands abut upon the 

transverse trachea, which passes over the aorta (Fig. 1, t tr). At this 
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point, there is a sheath of large cells surrounding the aorta and the 

transverse trachea, connecting the retrocerebral glands to the trachea 

(Fig. 20). A bridge of large cells connects these organs to the aorta 

also. This is the only point where the two separate glands of the 

complex are joined. It is reasonable to surmise that the rich tracheation 

serves as a mechanical support as well as for gas exchange. This rich 

tracheation is also very plain around the ring gland in higher Diptera 

(Fig. 5, t tr, 1 tr).Each gland of the complex in Aedes aegypti is 

enclosed by a membrane which is drawn out posteriorly into a threadlike 

structure attaching it to the aorta (Fig. 23, tr 0). Apart from its 

anterior and posterior suspensions, the complex floats in the haemolymph. 

In young larvae large cells only were observed in the glands and 

no corpora allata have been identified. In the mealworm Tenebrio 

Molitor Steele (1960) found that the corpora allata were very~:small in 

young larvae. We have no knowledge as yet if the juvenile hormone in 

young larvae of mosquitoes is produced in extremely small corpora allata 

or in the large cells which may substitute for them. In the late fourth 

instarlarvae the corpora allata appear as small cells in the center of 

the glands (Fig. 22, ca). Later, when the corpora allata have reached 

their full size, the large cells are concentrated in the anterior and 

posterior part of the retrocerebral glands, often forming only a single 

sheath of cells on their lateral aspects around the corpora allata 

(Figs. 49 and 50, ca, Ie). The boundaries of the large cells can be 

defined only when the cells are active. Then the boundaries canL be 

discerned from the stained neurosecretory material deposited in the parts 

of the cell body which contain cytoplasm in inactive cells. Further, 

between the corpora allata and the anterior end of the gland a group of 
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four very large cells, exceeding the size of the large cells previously 

described, have been observed. Clements considers these to be the oells 

of the corpus oardiacum (Figs. 15 and 58, group of 10, lc). 

When the glands are active only a few aotivated cells «an be seen 

at one time. The glands do not seem to increase in size. The aotive 

cells appear to expand at the expense of their inactive neighbours. 

Cytoplasm, nuclei, and nucleoli of the gland cells behave during activity 

in a similar fashion to the neurosecretory cells of the pars intercerebralis. 

NEUROSECRETORY CELLS 

The neurosecretory cells type itA" of Aedes aegypti are located in the 

pars intercerebralis near the median line 'Where the two lobes of the 

protocerebrum are fused (Figs. 10, m nc and 1 no, and Fig. 54). In sagittal 

sections near the median line the protocerebrum and part of the deuto

cerebrum appear somwhat kidney-shaped with the sinus between them (Figs. 

18 and 53). The median line of the protocerebrum divides the neuroseoretory 

cells into median and lateral groups. The two median, groups consist of 

three or four cells each, and are situated dorsal to the lateral groups, 

which consist of six to eight cells each. 

In horizontal sections, the two dorsal-anterior groups of neuro

secretory oells appear close to the median line, and border the sheath 

that envelopes the brain. The ventral posterior oell groups are separated 

from. the d)rsal anterior groups by the axons running from one lobe to the 

other (Fig. 54). The ventral posterior groups are located more lateral 

to the median line than the dorsal anterior groups, and only some of the 

ventral posterior cells border the neurilemma. 

The neurosecretory cells in the inactive state are of 5 - 6 f in 

diameter, and cannot be differentiated from other nerve cells, either in 

size or staining affinity. However, active neurosecretory cells can be 
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easily recognized by their enlarged size and staining reaction. The 

amount of cytoplasm is increased and the nucleus is greatly enlarged 

(Figs. 55 a nc, and 56). In the inactive neurosecreto~ cells a small 

quantity of cytoplasm surrounds a large, oval to round nucleus. The 

cytoplasm is colored bluish-green by the paraldehyde fuchsin stain. The 

large nucleus shows a light green colour and a definite membrane. The 

nucleolus normally cannot be seen when the cell is in its inactive state. 

The neurosecretory cells may be classified into the following three 

size groups: 

1. The largest having a diameter of 16 to 1 microns, with a 
nucleus 7 to 8 microns in diameter, and a nucleolus 2 
microns in diameter. 

2. The middle-sized measuring 13-14 microns, a nucleus of 7 -8 
microns, and a nucleolus of 2 microns. 

3. The smallest measuring 7- 8 microns, a nucleus of 5 microns, 
and a nucleolus of approximately 1 micron. 

At the beginning of their activity cycle, the neurosecretory cells 

are small and only a few droplets of neurosecretion can be seen in them. 

Later, when the cells are at the peak of their activity, the cytoplasm 

and nucleus have doubled in size. The cytoplasm contains neurosecretory 

droplets which stain deep purple, the nucleus stains light green and the 

mucleolus orange with the paraldehyde fuchsin technique (Fig. 58, no). 

During the period of greatest activity the nucleoli are situated 

eccentrically in the almost spherical nucleus. Median and lateral 

neurosecretory cells do not differ in size and staining behavior. No 

axons have been observed connecting the neurosecretory cells and the 

retrocerebral glands. Occasionally, enlarged cells apparently with 

neurosecretory properties, but with a weaker intensity to stain than 

those of the pars intercerebralis have been observed in other parts of 

the brain, outsi~e of the pars intercerebralis (Fig. 65, nc). The 
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cells with the lesser affinity to stain are consequently named type "Btt. M. 

ThomseQ (1951) also described such cells in Tabanus. 

Enlarged cells with light blue stained cytoplasm have also been seen 

in the retrocerebral glands (Figs. 57 and 58). This blue color is not as 

deep as that described for the neurosecretory droplets in the neurosecretory 

cells. There is some question as to whether these large cells of the glands 

have received neurosecretory material from the neurosecretory cells type 

A of the brain or are merely activated by the hormones from the neuro

secretory cells type B of the brain to produce hormones of their own. 

Enlarged cells of the type B with the same light blue color in their 

cytoplasm have been observed in the suboesophageal ganglion, in the three 

thoracic and in the abdominal ganglia (Fig. 61 and Fig. 62, ne). A 

similar observation is described by B. Scharrer (1955) in the suboeaophageal 

ganglion of the roach Leucophaea maderae and by Christophers (1960) for 

Aedes aeiypti. 

Pear-shaped neurosecretory cells also type ,B with visible axons leaving 

the cells at their pointed ends and running towards the mass of neuropile 

have been observed (Fig. 60, up c). The exact relation between the 

neurosecretory cells of the brain and the neurosecretory cells in the 

ganglia remains to be investigated. 

SECRErION 

The process of secretion becomes evident with the appearance of a 

few small, dank-blue, irregular spots or granules (Fig. 52). The granules 

increase their size by individual growth of the single granules as well as 

by the combination of the small ones into larger droplets. Tm granules 

and the larger droplets are not equal in size, as reported by Scharrer 

and Scharrer (1954) for invertebrates. When the whole body except the 
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nucleus is filled with neurosecretory material, then the neurosecretbr.y 

substance has a homogeneous appearance. 

Vacuoles in the neurosecretory cells as reported by B. Scharrer (1941) 

in neurosecretory cells of the suboesophageal ganglion of the cockroaches 

Blaberus craniifer and Leucophaea maderae have not been observed in 

mosquitoes. To what degree the major structures of the cells are involved 

in the production of neurosecretor.y material could not be determined. The 

size of the cell body in the active cell is doubled and the neurosecretory 

material is deposited there, irrespective of the size of its production. 

The nucleus appears to be involved in the production of neurosecretory 

material. In the inactive state the nucleus is small and its chromophil 

substances are concentrated at the periphery along the nuclear membrane. 

When active, the nucleus bas increased in size, and the chromatin is 

dispersed over it (Fig. 59). A participation of the chromatin in the 

production of neurosecretory material is probable, because the amonnt of 

chromatin appears to decrease, 'When the seoretion granules in the cell 

body increase in size and number. The nucleoli, mostly situated centrally, 

are easily observed when the cell ac~ivity is at its peak (Fig. 5$, no). 

Corpora allata 

In Aedes"aegypti larvae, prior to the fourth instar, no core of 

small cells, representing the corpus allatum, 'Was visible. This 'Was 

noticed first in Aedes aegypti by Bodenstein (1945). The cells of the 

corpus allatum are much smaller, more densely packed than the surrounding 

cells and stain lighter, (Figs. 49 and 50, ca, Ie). The cells of the 

corpora allata in mosquito larvae are small. The large nucleus is 

spherical and occupies a central position. Its chromatin is concentrated 

at the periphery of the nuclear membrane (Figs. 49 and 50, ca). Between 
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the corpora allata and the surrounding large cells which are thought to 

represent the prothoracic gland, no membrane is visible. 

Innervation 

A nerve enters each gland at the anterior end ventral to the transverse 

trachea (Figs. 6, n rc c and 20, n). In the gland itself no nerves were 

visible with the staining methods employed. No nerves have been seen 

leaving the pars intercerebralis towards the cervical region to join the 

nerves descttbed above (Fig. 20, n). 

COMPARATIVE DESCRIPTION OF THE CORPORA ALLATA COMPLEX

OF EIGHT MOSQUITO GENERA

Although the general form of the retrocerebral gland complex was 

found to be similar in all the mosquitoes studied, notic~able inter

generic, interspecific, and intraspecific differences were found. 

The size of the corpus allatum complex is not a useful criterion 

for intraspecific differentiation, unless: age, and perhaps sex of the 

larvae are known. Even then, competition, environment, and intrinsic 

differences might influence the size of the individual larvae and hence 

the glands. Nevertheless reference will be made first to the longitudinal 

axis of the gland (A-A) and secondly to the transverse axis (B-B) 

(Fig. 20, A-A, B-B). It was found that generally the shape of the glands 

is reasonably distinct for diagnostic purposes in mosquito taxonomy. 

I NTERGENERIC VARIATI ONS 

Genus Aedes (Figs. 20 and 20a) 

The shape of the retrocerebral glands is generally similar in most 

of the Aedes species studied. Each structure is attached by a wide base 

to the tmnsverse trachea, narrowing somewhat for the first one third 

of its length, then widening again to a maximum at a point 1/2 to 2/3 
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of the distance from the transverse trachea, whence it tapers to a point.

The corpus allatum is always located at the widest part of the structure.

The genus Aedes is represented by numerous species in all continents of

the world. The hordes of mosquitoes in the Canadian Northland belong; to

this genus.

Genus Anopheles (Figs. 21, 21a and Figs. 43 to 46)

The shape of the gland is that of an elongated body, widely attached 

to the transverse trachea, but narrowing sharply and remaining narrow 

for almost two-third's of its length. The gland swells out well beyond 

the middle to enclose the corpus allatum, from where it tapers more 

gradually to end in a thread. Anopheles is mainly tropical and sub

tropical, and in Saskatchewan it is represented by one species, A. earlei. 

Genus Culex (Figs. 22, 22a and Figs. 39 to 42) 

The 'glands of the corpus al1atum complex in the species of Culex 

examined are more triangular in shapetthan in the species of Aedes. The 

widest part of the organ is at its attachment to the transverse trachea 

from where it tapers uniformly to a point. The length varies from one 

species to another considerably. The genus Culex includes a large 

number of species, most of which are restricted to the tropical and sub

tropical regions of the world. Only a fe'W speed-es are found in 

Saskatchewan, among them Culex tarsalis and Culex restuans~and Culex 

te±ritans. The first two species are vectors of Western equine encephalitis. 

Genus Culiseta (Figs. 23 and 23a and 38) 

In this genus the gland complex has a very broad attachment to the 

transverse trachea. The gland itself is short and broad and posteriorly 

narrows abruptly to a fine point which is drawn out into a long, narrow 

thread. Usually there are one or two lateral threadlike outgrowths. 
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This has not been found in any other genera examined. Culiseta is largely 

restricted to the tropical and subtropical regions of the world. In 

Saskatchewan it is represented by five species. 

Genus Orthopodomyia (Figs. 27 and 27a) 

In this genus only the species Orthopodomyia signifera was studied. 

The gland complex is triangalar with a broad attachment to the trachea. 

The glands are very small and extremely difficult to see and to remove, 

A - A axis 70 p; B - B axis 36 p. The genus is represented by a few 

species in North and South America. 

Genus Psorophora (Figs. 24 and 24a) 

In this genus the gland complex shows considerable variation in 

shape. Only the species Psorophora howardii is described in this study. 

The-genus is widespread throughout the tropical and temperate regions 

of North and South America. 

Genus Toxorhynchites (Figs. 26 and 26a) 

The gland of Toxorhynchites rutilus is larger than that in any other 

species studied. The attachment to the trachea is broad, with a prominent 

lateral extension. The gland is very long and narrow, 'With four-fifths 

being uniform in width. At the distal end the gland has a triangular-

shaped expansion. The corpus allatum seems to be located in the basal 

fourth of the gland, A-A axis 445 f; B-B axis 64 p'. The genus Toxorhynohites 

is largely oonfined to the tropical and subtropical regions of both the 

Old and the New World, 'With a few species occuring in the warmer parts 

of the north temperate zone. 

Genus Wyeomyia (Figs. 25 and 25a) 

In Wyeomyia haynei the gland complex is small with the basal attachment 



19 

no wider than the ~idest part of the gland. The complex is U-shaped, 

with the lateral edges parallel and the apex uniformly rounded. The 

members of the genusWyeolTllia, the pitcher plant mosquitoes, are largely 

confined to the tropical and subtropical regions of the New World. 

However"Wyeomyia haynei and Wyeomyia smithii, range far into the north 

temperate zone in North America, A-A axis 54 f; B-B axis 33 f. 
INTERSPECIFIC VARIATIONS 

- Genus Aedes (Figs. 20 and 28 to 37) 

The genus Aedes is represented by 25 species in Saskatchewan. In

this study 15 species were collected, but material from only eight has

so far been examined.

Aedes aegypti, not a native species but easily reared in captivity, 

received most attention in this study. Here the gland is in general more 

elongated than in other species investigated. The basal attachment to the 

transverse trachea does not exceed the maximum width of t~e gland. The 

structure narrows somewhat between its attachment and the locations of 

the corpus allatum just beyond the center, which is the maxim.um width. 

From here it tapers to a point. The average size of the gland is A-A 

axis 125 F and B-B axis 65 f. 
Aedes cataphylla (Fig. 28) 

The outline of the retrocerebral gland in this species is somewhat 

convex on the side towards the aorta. The other side of the gland has 

a broad attachment to the transverse trachea, exceeding the width of the 

gland considerably. Along the outer margin it is first concave then 

convex, providing space for the coppus alIatum. This is best seen in the 

left gland, Fig. 28. Average dimensions are A:A axis 165 F; B-B axis 

51 f. 
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Aedes diantaeus (Fig. 29) 

The greatest width of the gland in this species is about the same as 

that of the basal attachment to the transverse trachea. From the greatest 

'Width which is beyond the oenter; the organ tapers out to a fine thread. 

A-A axis 100 F; B-B axis 80 F. 

Aedes dorsalis (Fig. 30) 

In this speoies both sides are almost straight parallel lines, the 

side towards the aorta for two-thirds, and the other side for three

quarters of their lengths. From there both lines form an angle and meet 

at a point located more to the outside line of the gland. This shape 

has been recognized in all glands of this species. 1-.1 axis 69 j1; 

B-B axis 36 F. 

Aedes fitchii (Fig. 32) 

The outside of the gland is U-shaped, its attachment to the 

transverse tra.irllea does not exceed the width of the gland. A-A axis 

87 F; B-B axis 45 F. 

Aeges punctor (Fig_ 37) 

The attachment of the gland to the transverse trachea does not 

exceed 1/3 of the maximum 'Width of the organ. The gland reaches its 

greatest 'Width at the center and thence tapers off 'With a concave margin 

into a fine tlnead. The dimensions of the glands are A-A axis 90 F and 

B-B axis 40 f-

GENUS CULEX (Figs. 22, 22a and 39 to 42) 

Culex pipiens and Culex restuans were studied in serial sections 

as 'Well as in mounts of the whole gland. 
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Culex pipiens (Fig. 42) 

The base attached to the transverse trachea is the widest part of the 

structure. From there the bodies of the gland have a triangular, long, 

acuminate shape tapering off to a fine terminal thread. The dimensions 

are 123 microns and 40 microns. 

Diagrams reconstructed from serial sections of this species and 

photographs of whole mounts agree well with each other and the photographs 

by Bodenstein (1945). Culex pipiens is a polytypic species and four 

complex popUlations are recognized in North America (Matti~gly ~ ~.,

1951). Members belonging to different groups readily hybridize and their 

rank as species should perhaps be reduced to that of subspecies. The 

material here represented came from Eastern Canada. We have now material 

from California. 

~ tarsalia (Fig. 39) 

Thia species also displays the general triangular shape characteristic 

of the genus. The widest part is at the base. The body tapers off into 

the usual thread. A-A axis 135 u; B-B axis 36 u. 

Culex territans (Fig. 40) 

In this species the triangular shape again prevails. The overall 

length of the structure differs very little from the length of the basal 

attachment. In dorsal view the body on the right side is often shorter 

and somewhat more posterior than that on the left side. This asymmetry 

was also present in the other species. In Figure 22 the size of the 

structure on the right is 100 microns and 75 microns, while that on the 

left side is 75 microns and 75 microns. In both structures large cells 

near the transverse trachea can be observed. Furthermore, in the right-
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hand structure of Figure 22 another small isolated group of distinct cells 

can be seen, probably the origin of the corpus allatum. Between the two 

structures the broken-off aorta can be seen. 

GENUS CUIISETA (Figs. 23, 23a and 38) 

Culiseta inornata (Fig. 38) 

The basal attachments of the retrocerebral glands are slightly shorter 

than their greatest width, which is reached near the center. Thence the 

gland tapers rather abruptly into a thread with one or more lateral threads. 

In Figure 38 the corpus allatumin the right hand gland can be observed. 

The d~mensions of one of these glands are approximately 110 microns and 

80 microns. 

Culiseta impatiens (Fig. 23) 

The width of the basal attachment of the glands to the transverse 

trachea is about one half of the total length of one gland. The margins 

of the bodies are only slightly convex at that point beyond the center 

where the corpora allata are located. From there the bodies taper off 

into a thread, again with one or more lateral threads. 

GENUS ANOPHELES (Figs. 21, 21a and. 43 to 46) 

Anopheles earlei (Fig. 21) 

The bodies of the glands in this species are long, slender structures. 

From a wide attachment to the transverse trachea, they become narrow, only 

'Widening out 2/3 of the way do'Wn the organ. In the swo&len part the corpora 

allata can be seen. Thereafter the structure tapers out into a fine thread. 

The gland is approximately 145 microns long, and 40 microns wide. In 

the photograph the conspicuoas nuclei in the cells may be noted. 
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Anopheles Quadrimaculatus (Fig. 43) 

The form of this gland is similar to that of A. earlei, except that 

the neck is more pronounced in A. auadrimaculatus than inA. earlei, 

A-A axis 165 f; B-B axis 60 f. 

Anopheles freeborni (Fig_ 46) 

Here the shape of the gland agrees generally with that of theLt-go 

previously described species, only the attachment to the transverse 

trahhea extends further laterally and tapers to a point. The neck is 

short and not elongated as in j. QuadrimaOulatus and !. earlei (Figs. 

43 and 44). Distally the gland is rounded and ends in threadlike 

connectives. A-A axis 114 f; B-B axis 36 F-

Anopheles franciscanus (Fig. 45) 

The glands are almost similar to those of A. freeborni, except 

for the basal attachment which ends abruptly at its lateral aspect. 

A~A axis 145 f; B-B axis 50 r. 

GENUS PSOROPHORA (Fig. 24) 

Psorophora howardii (Fig. 24) 

In Psorophora howardii the attachment to the transverse trachea 

is very narrow. The gland increases in width rather abruptly and then 

narrows gradually toward the posterior end where it is drawn out into 

a long, narrow point. It adheres along its inner margin for almost 

its entire length to the aorta. A-A axis 168 f; B-B axis 38 fe 

INTRASPECIFIC VARIATION 

The species Aedes pionips (Figse 33 and 34) and Aedes COmmunis 

(Figs. 35 and 36), most abundant species in our forested Northland are 
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difficult to separate in the adult stages. Matheson (1944) wrote: "Aedes 

pionips is probably only a variety of Aedes communis. The genitalia of 

the male appear identical, and the adults are almost impossible to separate". 

The larvae, however, are separated easily by the number of their dorsal 

headhairs, which are single in!,. communis anti multiple in,A. pionips. 

Rempel (1950) first gave the formula for the prothoracic hairs of the 

larvae, 2 I I-I - 3 1 3 in Aedes cOmmunis and 1 I 1 - I - 3 1 3 in 

Aedes pionips. In each of these species two types of gland complex 

are found, approximately 75 per cent are pointed distally, and 25 per cent 

rounded distally. It would appear that in each o~ these two species 

we have a species complex. MOre work, such as studies of chromosomal 

handing and studies of sex ratio is indicated. 

DISCUSSION AND CONCLUSION 

This study has dealt with the comparative morphology of the retro

cerebral complex of eight genera, inclUding 23 species, of mosquito 

larvae. The size of the complex has not, so far, proven to be a useful 

criterion to separate species, but appears to be significant in separating 

genera. The shape of the complex, on the other hand, is sufficiently 

distinct to permit a separation of genera and species. It should be of 

considerable interest to examine representatives of all genera of the 

world with a few species of each genus to determine to what extent this 

holds true for the entire family of Culicidae. Such a study it seems, 

might add materially to our knowledge of the phylogenetic relationship 

of the mosquitoes. 

Two shapes of the retrocerebral 8lands have been observed in Aedes 

COmmunis and inA. pionips, perhaps indicating species complexes. This 

may prove to be another ~ethod in the investigation~ of species complexes 
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a method of equal importance to that of studies using chromosomal banding, 

hybridization and ecology. 

The brain or supraoesophageal ganglion of mosquito larvae does not 

differ much from that of other insects, except that no corpora pedunculata 

are present in the protocerebrum. Besides the neurosecretory cells Type A 

located in the pars intercerebralis, another type of neurosecretory cell 

type B, differing in intensity to stain, is present in the brain. Neuro

secretory cells of the latter type were also observed in the suboesophageal, 

the thoracic and the abdominal ganglia, as described by Christophers 

(1960). This author noticed in the ventral nerve cord large cells ~nich

agree in [iposition and appearance ~ith the findings of this study. B. 

Scharrer (1955) observed the neurosecretory cells in the oesophageal 

ganglion of the cockroach Leucophae maderae ~hich behave differently 

from normal ones -when the animal is castrated, suggesting that these 

cells playa role in the determination or differentiations of sex. In 

mosquitoes, hoYever, the number and location of the neurosecretory cells 

in the ganglia are not constant, as reported for Leucophae maderae, 

Since Horsfall and Anderson (1961) -were able to change the sex of mosquito 

larvae-by changing the environment in which the larvae were reared, it -would 

be of grea~ interest to repeat those experiments and determine to what 

extent, if any, these neurosecretory cells change. 

The frontal ganglion of the stomatogastric nervous system and the 

recurrent nerve leaving the frontal ganglion posteriorly were seen in 

dissection. Unfortunately the observation of the nervus, recurrens 

ended at the occipitalforamen and the hypocerebral ganglion normally 

connected to it could not be seen. Cazal (1948) describes the "corpus 

paracardiacum lt of Culex pipiens as an unpaired structure fused with the 
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hypocerebral ganglion and situated posterior to the brain in the head 

capsule. In this study a corpus eardmacum fused with thebj,pocerebral 

ganglion, as reported by Cazal, ha$ not been seen. We are more inclined 

to look upon the small group of large cells near the basal attachment of 

the gland complex as the corpus cardiacum (Fig. 15 group of lc) agreeing 

in this respect with Clements (1956). On the other hand, the latter 

considers the remainder of the complex to be the corpus allatum. Since, 

however, the large cells disappear during metamorphosis, they behave like 

the prothoracic gland. According to E. Thomsen (1942) and Vogt (1941, 1942, 

1943 and 1946) in the higher Diptera the corpus allatum, the co~ us 

cardiacum, the prothoracical gland and the hypocerebral ganglion are fused 

in the ring gland and must be present to interact and induce matamorphosis 

and ovarian development. In the retrocerebral glands of mosquitoes the 

corpora allata are recognized and agreed upon among workers. However there 

is disagreement regarding the large cel~s which surround the corpus allatum 

(Figs. 15, 49 and 50, lc). Circumstantial evidence suggests that these 

large cells of the complex represent the prothoracic gland. The evidence 

for this is as follows: First, in the Higher Diptera the large cells that 

make up the prothoracic gland (Fig. 5 Igc) are closely associated in the 

ring gland ¥lith the corpus cardiacum. and the corpus allatum. We may, 

therefore, assume that in Nematocera too the lhree glandsare united in 

one body. Second, the cells of the prothoracic gland degenerate upon 

completion of metamorphosis. In mosquito larvae it is known that the 

large cells around the corpora allata dis~ppear in the pupa. Hence we 

are led to assume that these large cells in reality represent the 

prothoracic gland. The group of the other type of large celilis (Figs. 15, 

group of lc and 58, lc) located between the corp0na allata and the attachment 
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of the complex to the transverse ,trachea, may represent the corpus cardiacum. 

Clements (1956) described a. similar group of large cells (Fig. 2, cc) and 

designated them as the corpus cardiacum (See quotation in literature review). 

The corpus allatum in mosquito larvae in early instal's is not visible and 

seems to be undeveloped. It becomes visible only in the fourth instal' 

larva near pUpation. However, Steele (1960) observed in the first instal' 

larvae of the meal worm Tenebrio molitor a very small inconspicuous 

corpus allatum which increased its size abruptly in the prepupal stage. 

Hence in mosquitoes the corpus allatum may also be present in the first 

instal' larva and that it becomes visible only in the late fourth instal'. 

I NDI CATIONS FOR FUTURE WORK 

It is to be expected that studies in such a relatively new field 

as the retrocerebral complex in mosquitoes would raise a number of new 

problems since this type differs considerably from that described for 

other insects. Of great interest would be to determine what changes 

the gland complex undergoes in the different larval instal's, in the pupa 

and in the adult nale and female. The logical species for such studies 

are Aedes aegypti, Culex pipiens, and Culiseta inornata, because they can 

bet easily raised in the laboratory. The most interesting and perhaps 

the most difficult task would be that of establishing that the retro

cerebral glands in mosquitoes are the homologue of the ring gland in the 

higher Diptera. Such jmrifo~mation would bE!' of interest to the physiologist 

as well as to the morphologist. From the physiological point of view it 

would be interesting to determine what happens to the developing insects 

and to the different parts of the complex when the normal growth pattern 

is upset. This might be acoomplished by extirpation of this part of the 

brain which contains the pars intercerebralis with the neurosecretQry cellS, 
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or by destruction or removal of one or both of the retrocerebr~glands.

The relation between the retrocerebral glands and the stomatogastric 

system is little known, save for the work of Cazal (1948). This deserves 

further investigation. Other questions are: When does the atrophy of the 

large cells of the retrocerebral glands start? Do the retrocerebral glands 

in the adult male and female behave in the same way, or do they differ? 

Do the neurosecretory cells of the pars intercerebralis, of the brain 

outside the pars intereerebralis, and of the ganglia show periods of 

activity alternating with periods of rest, 

SUMMARY 

The shape of the glands of the retrocerebral complex of 23 species 

of mosquitoes, r~presenting eight genera, has been studied. Diagrams from 

serial sections were drawn and whole mounts of dissected retrocerebral 

glands were photographed for comparisons. The retrocerebral glands 

differ in form and size from species to species and even more from genus 

to genus (Figs. 67a, b and c). In a few species difference of the shape 

of the gland suggests a species complex. 

In the pars intercerebralis of the brain of mosquitoes are two median 

and two lateral groups of neurosecretory cells. Active neurosecretory 

cells are almost twioe the normal size and stain dark purple with 

paraldehyde fuchsin. Apart from the four groups of neurosecretory cells 

of ~he pars intercerebralis, a few single neurosecretory cells are scattered 

over the cortex of the brain and are also present in the suboesophageal, 

the hhoraoic and abdominal ganglia. These single neurosecretory cells 

show a weaker intensity to paraldehyde fuchsin than those of the pars 

intercerebralis. Their role has not bean established. 

The corpus allatum. is not noticeable in the first three larval instars, 
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but becomes visible in the fourth instar. The retrocerebral glands 

possess two types of large cells. One type is more numerous and surrounds 

the corpus allatum (Fig. 15, lc). The other less numerous type of large 

cells congregates between the anterior end of the gland and the corpus 

allatum (Fig. 15, group of lc). The former are presumed to be the 

prothoracic gland and the latter the corpus cardiacum, thereby this 

system is in line with what is found in the ring gland of higher Diptera. 

Signs of neurosecretory activity have been observed in both types of 

the large cells. 
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APPENDIX 

FIGURES 



Fig. 1 Aedes aegypti; Retrooerebral glands, aorta, the lateral, 
dorsal and transverse tracheae, semidiagrammatio. 

Fig. 2 Aedes aegypti (form berbericus); Retrocerebral gland, 
sagittal section (after Clements 1956). 

Fig. 3 Aedes aegypti; Retrooerebral gland, brain, oesophagus, 
proventriculus, caecum and midgut, semidiagrammatic. 

Fig. 4 Culex pipiens; Retrocerebral complex. (Note: 
paracardiacum, c pc), (after Cazal 1942). 

oorpus 

Fig. 5 Drosophila viri1is; Weissmann's ring gland; semidia
grammatic (after Bodenstein 1947). 

Fig. 6 Aedes aegypti; Retrocerebra1 glands; semidiagrammatic. 
(from photograph Fig. 20). 

Fig. 7 Anopheles maculipennis L.; Cross section of the tetro
cerebral glands (after Mednikova 1954). 

ao, aorta; ax~ axons; br, brain; ca, corpora allata; 
cc and 0 pc, oorpora paracardiaca; cp, ce11ules 
perioardia1es; gc' gastric caecum; hg, hypocerebral 
ganglion; 1 gc, large thoracic gland cells (Schenke1ze11en); 
1 tr, lateral trachea; mg, midgut; n rc c, nerve entering 
the retrocerebral complex; oe, oesophagus; p, proventri
culus; rc c, large cells of retrooerebral complex; 
tr com, tracheal commissure; t tr, transverse trachea. 
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Fig. 8 Dorsal vie~ of the nervous and endocrine system of an 
insect diagrammatic - sho~ing possible endocrine path~ays;
doubtful endocrine pathYays and actions are marked with ? 
(after Weber 1954). 

Fig. 9 As above, only ~ith the recognized endocrine pathways 
and organs of an insect. (After Weber 1954). 

Fig. 10 Aedes aeiypti; Horizontal section of the protocerebrum 
showing the lateral and median groups of neurosecretory 
cells; semidiagrammatic. 

Fig. 11 Cross seotion of the head posterior to the brain of an 
insect. (After Weber 1954). 

Fig. 12 Anopheles macu11pennis L.; Two cross sections of the 
retrocerebral glands (after Imms 1908). 

]'ig. 13 Anopheles maculipennis 1.; Sagittal section showing the 
ttsupporting collar" (after Imms 1908). 

abd gl, abdominal ganglion; add mand,mandibular adductor; 
a gh, adenotropical hormone of the brain; ao, aorta; ca, 
corpora allata; cc, corpus cardiacum; c com, cerebral 
commissure; cu, outicle; ep, epithelium; hg, hypooerebral 
ganglion; ht, heart; In, ]a tem.l', nerve; I nc, lateral 
neurosecretory cells; met ho, pa~¥ayy of metamorphosis 
hormones; m 1, median line, m nc, median neurosecretory 
oells; m m, muscle attachment to the mandible; ma, medial 
nerve; oe, oesophagus; pee gl, perioardial gland; pn rec, 
paired nerve recurrens; ph wall, pharyngeal ~all; propr nc, 
proprioreceptive nerve cells; pr gl, prothoraoio gland; pr, 
protocerebrum; rec n, receptive nerve fibres; s col and 
s col p, supporting collar; sdi salivary duct; sub, sub
oesophageal ganglion; th g, thoraoic ganglion; tr, 
trachea; unp n, unpaiced nerve; v gl, ventricular ganglion. 
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Fig. 14 Basic plan of a generalized insect head and prothorax; 
retrocerebral complex in black, (after Snodgrass and 
Oazal as modified by Weber 1954). 

Fig. 15 Aedes aegypti; Sagittal section of a retrocerebral 
(riote the groups of large cells and group of Ie). 

Fig. 16 Horizontal view of the retrocerebral endocrine oomplex 
(blaok) • 

Fig. 17 Aedes a;.egypti; Ne]Xroseoretory cells of the pars inter
cerebralis; I, showing a few neuroseoretory droplets 
and beginning of enlargement, II, cella at the peak 
of their activity. 

Fig. 18 Aedes aegypti; Sagittal section of the brain showing 
the posttion of the lateral and median groups of neuro
seoretor,y cells; semidiagrammatic. 

Fig. 19 ~ae~ypt1; Cross section of the retrocerebral glands. 

ant, antenna; ao and a, aorta; ca, corpora allata; co, 
corpora paracardiaca; 0 com, connective commissure; 00 

c, circum oesophagealconnective; c 0, corpora cardiaca; 
de, deutocerebrum; ir g, frontal ganglion; fr con, 
frontal conneotive; gl, g2' thoracic ganglion 1 and 2; 
group of lc c, group of large cells; hg, hypocerebral 
ganglion; Ib, labium, lbr, labrum; lc, large cells; 
1 n c, lateral neurosecretor,y cells; 1 0, lobus opticus; 
mand, madible; max, maXilla; m nc, median neurosecretory 
cells; n con, nervus oonneeti",,"s; n d, neurosecretory 
droplets; no, nucleolus; ns, n.eurosecretory material; 
n proc, nervus procurrens; n r, nervus recurrens; ns c, 
neurosecretor,y cells; nu, nucleus; oe, oesophagus; p gl, 
prothoracie gland; ph, pharnynx; pr, protocerebrum, 
s c, small cells; sub and sub oe g, suboesophageal 
ganglion; tr, tritocerebrum; tr t, transverse trachea; 
v gl, ventricular ganglion. 
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RETROCEREBRAL COMPLEX IN A NUMBER OF MOSQUITO GENERA
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a.bd gl 
add mand 
agh 
ant 
ao and a 
ax 
anc 
band br 
ca 
ce'and c pc 
c com 
co e 
ep 
e cp 
eu 
de 
ep 
f 
fr con 
fr g 
gl,g2, 
group of lc 
h and hg 
ht 
lb 
lbr 
lc 
1 gc 
1 ne 
In 
10 
1 g c 
1 tr 
m 
mand 
max 
met ho 
mg 
m 1 
mm 
m nc 
m n 
nc 
n con 
n d 
nl 
no 
np 

LIST OF ABBREVIATIONS 

abdominal ganglion 
mandibular adductor 
adenotropical homon of the brain 
antenna 
aorta 
axons 
active single neurosecre~ory cells 
brain 
corpora alIata 
corpora cardiaca 
cerebral commissure 
circum oesophageal connective 
cellulas p6ricardiales 
corpora paracardiaca 
cuticle 
deutocerebrum 
epithelium 
fatbody 
frontal connective 
frontal ganglion 
first and second thoracical ganglion 
group of large cells 
hypocerebral ganglion 
heart 
labium 
labrum 
large cells 
large thoracical gland cells ( Schenkelzellen ) 
lateral neurosecretory cells 
lateral nerve 
lobus opticus 
long ganglion connectives 
lateral trchea 
membrane 
mandible 
maxilla 
pathway of metamorphosis hormones 
midgut 
median line 
muscle attachment to the mandible 
median neurosecretory cells 
medial nerve 
active neurosecretory cells 
nervus connectivue 
neurosecretory droplets 
neurilemma 
nucleolus 
neuropiles 



n rc c 
ns 
nse 
n r 
nu 
oe 
p and pr 
pee gl 
ph 
ph vall 
p gl and pr gl 
pr 
rc c 
rc g 
ree n 
s e 
s col and s eol p 
s d 
sub and sub oe g 
th g 
tr 
tr 
t tr 
tr com 
tr c 
up c 
unp n 
v gl 

nerve ente ring the retrocerebral complex 
neurosecretory material 
neurosedretory cells 
nervus recurrens 
nucleus 
oesophagus 
proventriculus 
pericardial glands 
pharynx 
pharyngeal wall 
prothoracie gland 
protocerebrum 
large cells of the retrocerebral complex 
retroeerebral gland 
receptive nerve fibres 
small cells 
supporting collar 
salivary duct 
suboesophageal ganglion 
thoracic ganglion 
trachea 
tritocerebrum 
transverse trachea 
tracheal commissure 
threadlike connective 
unipolar cells 
unpaired nerve 
ventricular ganglion 



Fig. 1 Aedes aegypti; Retrooerebral glands, aorta, the lateral, 
dorsal and transverse tracheae, semidiagrammatio. 

Fig. 2 Aedes aegypti (form berbericus); Retrocerebral gland, 
sagittal section (after Clements 1956). 

Fig. 3 Aedes aegypti; Retrocerebral gland, brain, oesophagus, 
proventrioulus, caecum; and midgut, semidiagrammatic.· 

Fig. 4 Culex pipiens; Retrocerebral oomplex. (Note: 
paracardiacum, c po), (after Cazal 1948). 

corpus 

Fig. 5 Drosophila virilis; Weissmann's ring gland; semidia
grammatic (after Bodenstein 1947). 

Fig. 6 Aedes aegyptii Retrocerebral glands; semidiagrammatic. 
(from photograph Fig. 20). 

Fig. 7 Anopheles ma,culipeMis L.; Cross section of the retro
cerebral glands (after Mednikova 1954). 

ao, aorta; ax, axons; br, brain; ca, corpora allata; 
cc and c pc, corpora paracardiaca; cp, cellules 
pericardiales; gc, gastric caecum; hg, hypocerebral 
ganglion; 1 gc, large thoracic gland cells (Schenkelzellen); 
1 tr, lateral trachea; mg, midgut; n rc c, nerve entering 
the retrocerebral complex; oe, oesophagus; p, proventri
culus; rc c, large cells of retrocerebral complex; 
tr com, tracheal commissure; t tr, transverse trachea. 


	Philip0001
	Philip0002
	Philip0003
	Philip0004
	Philip0005
	Philip0006
	Philip0007
	Philip0008
	Philip0009
	Philip0010
	Philip0011
	Philip0012
	Philip0013
	Philip0014
	Philip0015
	Philip0016
	Philip0017
	Philip0018
	Philip0019
	Philip0020
	Philip0021
	Philip0022
	Philip0023
	Philip0024
	Philip0025
	Philip0026
	Philip0027
	Philip0028
	Philip0029
	Philip0030
	Philip0031
	Philip0032
	Philip0033
	Philip0034
	Philip0035
	Philip0036
	Philip0037
	Philip0038
	Philip0039
	figures.pdf
	rueffel0001
	rueffel0002
	rueffel0003
	rueffel0004
	rueffel0005
	rueffel0006

	figues.pdf
	img218
	img219
	img220
	img221

	figure 26.pdf
	Philip0001
	Philip0003
	Philip0004
	Philip0005
	Philip0006
	Philip0007
	Philip0008
	Philip0009
	Philip0010
	Philip0011
	Philip0012
	Philip0013
	Philip0014
	Philip0015
	Philip0016
	Philip0017
	Philip0018
	Philip0019
	Philip0020
	Philip0022

	figure25_2.pdf
	Philip0001
	Philip0003
	Philip0004
	Philip0005
	Philip0006
	Philip0007
	Philip0008
	Philip0009
	Philip0010
	Philip0011
	Philip0012
	Philip0013
	Philip0014
	Philip0015
	Philip0016
	Philip0017
	Philip0018
	Philip0019
	Philip0020
	Philip0022




