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1. I N T R O D U C T I O N 

1.1. GENERAL INTRODUCTION 

In many insect species individuals from one sex, or both sexes, occur in more 
than one form. This phenomenon is called polymorphism when variation is 
discontinuous and so distinct as to be recognizable without morphometric 
analysis (RICHARDS, 1961). In social insects the castes, although sometimes 
structurally nearly indistinguishable, may show specific behavioural and 
physiological differences (MICHENER, 1961). 

Two different systems exist on which polymorphism can be based. When in a 
population the heterozygote is fitter than the corresponding homozygotes, in a 
number of generations an equilibrium will be attained resulting in the coexisten­
ce of different forms. This situation is called balanced polymorphism. The 
frequency of the different forms is a result of selective forces during a number of 
generations and, as stated, based on differences in fitness. In the other system 
the development of different forms in a generation is induced by the environ­
ment. 

Differences between larvae or adults of the same species may then appear ,as 
phase polymorphism in locusts, pteromorphism in aphids, seasonal polymor­
phism in butterflies and leafhoppers, and caste polymorphism in social insects. 

Metamorphosis, differentiation and regeneration are processes which, on the 
subcellular level, are brought about by activation - or derepression - of groups 
of genes that are involved in the development of larval, pupal and imaginai 
structures and functions. There are indications that during certain sensitive 
periods these nuclear processes are directly or indirectly regulated by the action 
of messengers from the cellular environment such as hormones (WIGGLESWORTH, 

1970). 
Caste polymorphism has developed in close relation with the division of 

labour in a social insect colony. MICHENER (1961) submits that the division of 
labour antedated the morphological features of polymorphism. 

Queen and worker dimorphism in the honeybee is not due to genetical dif­
ferences between individuals. Differentiation is regulated via the food the young 
female larvae receive from the nurse bees (PEREZ, 1889). Therefore, queen and 
worker bee are to be considered as different phenotypes. The queen is the only 
sexually developed female in the colony. She is specialized in reproduction. 
Another important function of the queen is the secretion of pheromones which 
control processes such as building queen cells and the development of eggs in 
the ovaries of worker bees. The worker bee is morphologically unfit to copulate 
or store sperm and therefore cannot produce female offspring. Sometimes eggs 
may develop in the worker ovary, but as these eggs remain unfertilized only 
drones result. The worker bee is adapted to fulfill social duties such as nursing 
the queen, the drones and the brood, maintaining a constant high temperature 
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in the brood nest, comb building (wax secretion) and collecting nectar and pollen. 
As RICHARDS (1961) remarked, the development of the worker caste allowed the 
queen to evolve much further from the ancestral type than might have been 
possible in the absence of the worker. 

Caste dimorphism in the honeybee has attracted the attention of scientists 
for a long time. The following topics related to the problem have been studied : 

a. origin and composition of the food of queen and worker larva 
b. postembryonic development of queen and worker bee 
c. differences in structure and behaviour of adult queen and worker bee. 
Morphogenetical and other physiological processes are governed by endo­

crine and nervous mechanisms. In the present study the role of hormones in 
caste differentiation of the honeybee was investigated. With histological, electron 
microscopical and physiological methods queen and worker bee were compared 
during larval development. The influence of the endocrine system, particularly 
that of the corpus allatum, on differentiation was given special attention. With 
histochemical methods an attempt was made to estimate the relative amount 
of glycogen and lipids in the fat cells of queen and worker larva during develop­
ment. 

1.2. LARVAL FOOD AND DIFFERENTIATION 

Larval food plays a crucial role in inducing caste polymorphism. Quantitative 
as well as qualitative differences seem to be involved in regulating larval de­
velopment. In this Section literature on origin and composition of larval food 
is reviewed. For the chemical composition the reader is referred to HAYDAK 

(1968). 

1.2.1. Brood care and larval food. 
Larval food is a secretion from the head glands of nurse bees : young worker 

bees that during the first three weeks of their life have well-developed food 
glands. Little is known about the interactions between the nurse bees and the 
larvae of both castes (TOWNSEND and SHUEL, 1962). 

Honeybee larvae are regularly fed in their cells. LINDAUER (1952) calculated 
that a worker larva receives about 150 feeding visits during its development, 
taking a total time of about two hours. One nurse bee might raise 2 to 3 worker 
larvae. JUNG-HOFFMANN (1966) found that for raising a queen larva 1600 
feeding visits were necessary with a total duration of 17 hours, the total amount 
of food offered to one queen larva being bout 1.5 gram. 
For the larval food several terms are in use : 

Brood food : a general term for the food fed to bee larvae. 
Bee milk: a general term for the secretion product of the head glands of 
nurse bees. 
Royal jelly (RJ) : the food supplied to queen larvae. 
Worker jelly (WJ) : the food supplied to young worker larvae up to the mo­
ment of food change (during the first 3 J days of larval life). 
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Modified worker jelly (mixed food ; MWJ) : the food of worker larvae more 
than 3J days old. 

This terminology, mainly based on the source of larval food used for feeding 
experiments, will be used in this thesis. 

In the food, VON RHEIN (1933) described two secretions which nurse bees 
separately offered to worker larvae. SMITH (1959) ascertained the same fact for 
queen larvae. JUNG-HOFFMANN (1966) and REMBOLD (1969) gave some data 
on the sources of bee milk. According to REMBOLD the secretion of the hypo­
pharyngeal glands forms the basis of the food. The presence or absence of 
mandibular gland secretion should qualify it as RJ or WJ, respectively. There 
are indications (TOWNSEND and SHUEL, 1962) that sugars in brood food originate 
from the honey stomach. JUNG-HOFFMANN, following VON RHEIN, analysed the 
food of queen and worker larvae. The author also distinguished two secretions : 
a clear and a milky one. The clear one presumably is composed of secretion 
of the hypopharyngeal glands and honey, the white one may contain secretion 
of the mandibular glands in addition to secretion of the hypopharyngeal glands. 
Queen larvae not only receive more food, but the ratio white component to 
clear component is about 1:1 as against 1:3 to 1:4 for worker larvae. 
Worker larvae of more than 3 J days old receive in addition to the clear secretion 
a yellowish component about every third feeding. The colour of this component 
can be attributed to the presence of pollen, so that besides the clear secretion, 
the content of the honey stomach is probably involved. Older worker larvae are 
rarely fed white component. VON RHEIN (1956) assumed that addition of pollen 
is a way to 'economize glandular food' in the colony. 

1.2.2. Influence of larval food on postembryonic development. 
Several investigators have been engaged in rearing honeybee larvae in vitro 

mainly because to control circumstances inside the hive is very difficult, espe­
cially where feeding the larvae is concerned. VON RHEIN (1933) investigated the 
influence of larval food on development. He concluded from his experiments in 
vitro that three kinds of bee milk can be distinguished : 
a. Worker jelly: with this food the larva becomes a worker. When fed to older 

larvae it prevents them from passing through metamorphosis. 
b. 'Royal jelly for young larvae' : with this food the young larva is induced to 

become a queen. Older larvae receiving this food die prematurely. 
c. 'Royal jelly for older larvae' : this food enables the older larvae to develop 

into adult queens, provided they have been fed 'royal jelly for young larvae' 
earlier in larval life. It stimulates growth and makes metamorphosis possible. 

WEAVER (1955, 1958) found that larvae reared in vitro on stored RJ develop 
into queens, workers and intercastes. It was concluded that RJ contains a very 
labile substance which induces caste differentiation. According to WEAVER the 
amount of food did not play a role as his experimental larvae had an excess of 
food at their disposal. SMITH (1959) made a detailed study of the effect of storage 
on the] differentiating capacities of RJ. He concluded that the activity indeed 
decreased on storage, but not to the extent WEAVER supposed. He succeeded, 
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unlike VON RHEIN, in raising young larvae on 'RJ for older larvae'. SMITH 

suggested that a certain amount of RJ is needed for the development of a work­
er larva into a queen. PETIT (1963) observed that larvae grew better and faster 
when she added honey (up to 20%) to RJ. SHUEL and DIXON (1968) added 
sugar to WJ and found that this mixture, unlike pure WJ, allowed four-day-
old worker larvae to reach the adult stage. MITSUI et al. (1964) collected RJ from 
queen cells of different ages and compared ovary development of larvae reared 
on these samples. The authors found that feeding RJ from three-day-old queen 
cells resulted in adults with about 150 ovarioles per ovary, as compared with 
45 to 70 ovarioles per ovary in the other treatments. They gave no explanation 
for this finding. 

Since 1957 research workers from the Max Planck Institute of Biochemistry 
in Munich have been trying to identify the 'determining Principle' in RJ. 
Biopterin, neopterin and pantothenic acid, larger amounts of which are found 
in RJ than in WJ, appeared to have no direct influence on caste differentiation 
(BUTENANDT and REMBOLD, 1957; 1958). REMBOLD (1969) claimed that he found 
a 'factor' in the dialysate of RJ. Added to larval food this very labile substance 
- the structure of which is still unknown - may promote the differentiation of 
worker larvae into queens. This finding is very interesting, but until now 
more detailed data are lacking. 

1.3. GROWTH OF QUEEN AND WORKER LARVA 

In the colony, honeybee larvae are reared under very favourable circumstan­
ces. Temperature in the brood nest is maintained at about 35 °C; food of high 
quality is supplied frequently and at regular intervals. Therefore, it is not sur­
prising that the larvae of queens and workers - with a weight of 0.1 mg only 
just after hatching - attain a body weight of about 300 mg and 150 mg re­
spectively, in only six days. 

STABE (1930) and WANG (1965) collected data on the weight of queen and 
worker bees during larval development. The data of WANG have been used in 
Fig. 1. Worker larvae are heavier than queen larvae during the first days. 
Differences are most pronounced during the third day. Only after the fourth day 
do queen larvae become heavier than worker larvae. The authors gave no satis­
factory explanation for the difference in weight during the first three days. 

Histological observations made during this study showed that in worker 
larvae a considerable fraction of the fat body is occupied by liquid containing 
vacuoles. In queen larvae these large vacuoles are normally missing. The dif­
ference in weight may be caused by a higher moisture content of worker larvae. 
Biochemical analysis (STRAUS, 1911) indeed showed that young worker larvae 
contain more water than older ones. MELAMPY et al. (1940) found a higher 
moisture content in young worker larvae than in queen larvae of the same age. 

The duration of the developmental stages was studied by several authors at 
the beginning of this century. In 1963 JAY reviewed literature concerned. There is 
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FIG. 1. Growth rates of honeybee larvae (after WANG, 1965). 

considerable variation in the data. Part of this variation could be attributed to 
differences in temperature in the brood nest as MILUM (1930) showed this factor 
to have a pronounced influence on the duration of development. 

BERTHOLF (1925) counted the number of larval moults. His data are presented 
in Fig. 2. During the first four larval instars no differences in developmental rate 
can be observed between queen and worker. The duration of the fifth larval 
instar of the queen is one day shorter than that of the worker, and the duration of 
the pupal stage is even four days less. Consequently, the total difference in time 
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F IG . 2. Postembryonic development of queen and worker larva (after BERTHOLF, 1925). 

needed for adult development of queen and worker amounts to five days. The 
praepupal phase, as the name indicates, is not a clearly defined stage. It is 
characterized by the pupal structures becoming visible within the larval skin 
after spinning of the cocoon. BERTHOLF found that ecdysis only takes 30 minutes. 

In the present study data were collected on the duration of moulting by 
comparing histological preparations of larvae that were fixed at regular inter­
vals of 3 hours. About 10 hours before the next exdysis the deposition of a new 
cuticle by the epidermal cells became visible. In the following hours the cuticle 
increased in thickness. The process - easily followed near the outlet of the 
spinning glands - can be used to correct the age of the larvae in experiments. 
Observations on the duration of the larval instars were in agreement with those 
of BERTHOLF. 
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2. MATERIALS AND METHODS 

2.1. EXPERIMENTAL ANIMALS 

Colonies of the Dutch brown bee - an indigenous race of Apis mellifera 
mellifera L. - kept in 6 or 10 frame hives were used for all experiments, unless 
otherwise stated. To obtain larvae of known age a queen was restricted to one 
brood frame by fitting queen excluder screens to both sides of the empty frame. 
The queen was allowed to lay eggs for a certain period (normally 6 hours). 
Subsequently the batch of eggs was marked with pins. After three days only 
eggs that hatched within the course of 6 hours were maintained. Other eggs and 
larvae were removed. Queen larvae were obtained by grafting worker larvae of 
appropriate age in natural queen-cups, which were fitted under a horizontal bar 
halfway up the brood frame. The larvae were dry grafted, unless otherwise stat­
ed. Immediately after grafting frames with larvae were placed in colonies which 
had been queenless for about 24 hours. Variations in growth rate were more 
pronounced in queen larvae than in worker larvae. In the experiments larvae 
that were too retarded in development were not used. In experiments involving 
mutual comparison of queen and worker, only larvae from the same batch 
of eggs were used. Some of these larvae remained in the queenright colony and 
were therefore raised as workers. Others were grafted in queen cups and reared 
as queen larvae in queenless colonies. Preliminary trials showed that worker 
larvae when 48 hours old were large enough to process histologically. They 
are well suited to study changes in development upon grafting. Also, functional 
queens still can be produced by raising two-day-old worker larvae in queen 
cells. Queen and worker larvae were taken from the hives at regular intervals 
and fixed at once. 

2.2. TECHNIQUES 

In Table 1 ages of larvae in the experimental series are listed as are their numbers 
and the period they remained in queen cells. The difference in age of larvae at 
the start of an experiment can be 6 hours. When the larvae grow up physio­
logical age differences may become more pronounced. As the first four larval 
instars last only about 24 hours each it is important to determine the age of the 
larvae as accurately as possible. As stated in Section 1.3 this can be done within 
certain limits by observation of the moulting process. This method was used 
to correct the ages of larvae in some of the experiments (see Fig. 2), but the ages 
of the individual larvae were not corrected. In experiments in which older worker 
larvae were used for transfer into queen cups ecdysis took place some hours 
later in queen larvae than in corresponding worker larvae. This is probably due 
to grafting. No corrections in age were made in that case. 
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In Table 2 histological methods have been summarized. Other data on ma­
terials and methods will be given at the appropriate place elsewhere in this 
thesis. 
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3. F O O D P E R C E P T I O N 

It is well known that endocrine processes in the insect may be controlled by 
environmental factors (DE WILDE, 1971). According to DETHIER (1963): 'the 
accomplishment of many sexual, reproductive, social and feeding activities of 
insects depends to a great extent upon the detection and assessment of specific 
chemical aspects of the environment'. 

No information is available on the sensory information which the larva of the 
honeybee receives from the food. NELSON (1924) described two small spines on 
the labium, located on each side of the common opening of the silk glands, 
slightly ventrally to it. Also on each maxilla the author mentioned a spine 
similar to that on the labium. However no further information was given. 

Histological and electron microscopical examination of these spines in 4th 
instar larvae revealed that each of them is composed of a coupled pair of sensil-
la (Fig. 12). The top of each of them is formed by an infolded conical papilla 
(Fig. 13a). Five dendrites can be seen running to the tip of the sensillum (Fig. 
13d). However, not all of the dendrites reach the extreme tip of the papilla (Figs 
13b, c). Possibly one of the neurons has a mechanoreceptive function. The ner­
ves of the sensillum appear to end in the suboesophageal ganglion. Sheath cells 
surround the dendrites of the sensillum. It is difficult to distinghuish between 
tormogen and trichogen cells (Fig. 14). 

Electrophysiological recording showed that the sensilla contain sugar and 
salt receptors. WANG and SHUEL (1965) and BER-LIN CHAI and SHUEL (1970) 
found that addition of sugar to the food stimulated larval development, whereas 
acids often hampered this development. It is attractive to think in terms of 
growth regulation by feeding stimulant c.q. deterrent action. 

The 'determining principle' in RJ might have a pheromone function and act 
on differentiation via chemoreceptors. 
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4. FAT BODY 

4.1. INTRODUCTION 

The function of the fat body of an insect is not merely restricted to storage of 
fat, as the name would suggest. The fat body plays a more complicated role in 
insect metabolism, in many respects comparable with that of the liver in verte­
brates. It regulates haemolymph composition by processes like uptake, storage, 
synthesis and release of proteins, carbohydrates and lipids. 

In the larval honeybee, organs that are involved in intake, digestion and stor­
age of food are about the only well developed structures. The adipose tissue of 
the mature larva comprises 60% of the body weight (BISHOP, 1961). It is stuffed 
with food reserves that enable the development of imaginai structures during the 
late larval and pupal stage when no food is consumed. STRAUS (1911) found that 
more than 50 % of the dry weight of full grown larvae consists of nutrients. 
In Chapter 1 the role of food in inducing caste differences was discussed. If one 
considers the importance of nutrition it is surprising how little attention has 
been paid to the adipose tissue. SCHNELLE (1923, 1924) gave a morphological 
description of the development of this tissue in worker larvae. But as he only 
mentioned lipids as store, his findings are of little value. BISHOP (1922, 1958) was 
mainly interested in the formation of protein granules in the fat cells of mature 
larvae and pupae. His observations on earlier developmental stages of the 
fat cells - mainly restricted to queen larvae - were brief and incomplete. In his 
biochemical research (RONZONI and BISHOP, 1929) some attention was given to 
the importance of glycogen as a food reserve, but no statement was made on the 
site of storage. Most of the other authors (NELSON, 1924; SNODGRASS, 1956; 
BOEHM, 1965; HOFFMANN, 1968) referred to the work of SCHNELLE and BISHOP 

when reviewing the larval fat body. Therefore it was decided to include in this 
study a histological and histochemical examination of the adipose tissue. 

4.2. FAT BODY OF THE WORKER LARVA 

In the development of larval fat-cells several phases can be distinguished 
which are more or less corresponding with the larval instars. The fat body can 
be subdivided into a peripheral and a central part, the latter being situated 
mainly ventrally against the midgut. Both parts pass through the same phases, 
but the peripheral part is earlier in development. As the ventral part is more 
extensive than the peripheral part the description will be based on the former, 
unless otherwise stated. The growth of the fat cells (Fig. 3) parallels larval growth 
(Fig. 1). In the larva that has just hatched the cell-diameter is about 5 to 8 (tm, 
in the full-grown larva 60 to 80 [xm (SCHNELLE, 1924). In addition to light micro­
scopic photographs some electron microscopic photographs have been included. 
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The reader is referred to the accompanying text (Figs 15 to 24). 
First phase: multiplication. In the first larval instar (0-20 h) the fat cells lie 

more or less separated or in small clusters. Mitoses can be seen which indicates 
that the number of cells is still increasing. In the nuclei of non-dividing cells the 
heterochromatin is found as a few granules. The amount of glycogen (PAS) 
and fat (Sudan III) is very small. 

Second phase: (18-36 h): Vacuolization. In this larval instar some glycogen 
may be stored, though individual differences can be observed. In many cells 
small vacuoles appear, one or two of which increase in size. According to 
SCHNELLE (1924) and BISHOP (1922) these vacuoles should contain fat. The 
authors mentioned Sudan III as fat stain, but in their papers no concrete indica­
tion can be found that they actually applied this staining method to young work­
er larvae. It is therefore not clear how the authors came to their conclusion. 
NELSON (1924) referred to the work of Bishop but distinguished between small 
fat globules and large vacuoles that he assumed to contain 'food reserve'. No 
further indication about the nature of the content was given. 

In this study living larval fat tissue was dissected, fixed in formol (see Table 
2) and stained with Sudan III. For the large vacuoles the result was always 
negative. Unlike the few small fat gluboles present in these cells they did not 
take up the stain. In this stage the large vacuoles were PAS negative as well. 
Electron microscopic photographs show membranes extending into the lumen 
of the vacuoles (Fig. 19). The cell nucleus contained many evenly spread granu­
les of heterochromatin. No mitoses were found in larvae of more than 24 hours 
old. Increase in volume of the fat body therefore is reflected in the increase in 
size of single fat cells (Fig. 3). 

Third phase: increasing vacuolization. In the third instar (30-60 h) the large 
vacuoles increase in size so that in many cells the nucleus seems to be pushed 
aside. In histological sections these cells have the typical appearance of a signet-
ring. During the first period some glycogen can be stored in the peripheral part 
of the cell near the nucleus. Besides these 'signet-ring' cells another cell type can 
be observed in which the large vacuole is missing. In these cells glycogen in 
varying amounts can be found at the periphery. The number of small fat globules 
also increases. In most larvae the second period-during which a new cuticle is 
being formed (between 50 and 60 h) - is characterized by a remarkable decrease 
in glycogen and fat stores. The plasm is spread evenly within the cells except for 
the large vacuoles which give the tissue a spongy appearance. The chromatin in 
most nuclei is so clustered that space is formed between the chromatin and the 
cell plasm.* 

* This phenomenon can often be observed in tissues after Bouin or Carnoy fixation. In tissues 
fixed with glutaraldehyde - 0s0 4 , the nuclei remain unshrunk. Not all tissues show clustering 
of nuclei; sometimes only a few cells in a tissue give this reaction to fixation. These facts could 
indicate that shrivelling of nuclei is not only a fixation-artefact but also an indication of phy­
siological activity within the nucleus. 
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Fourth phase (60-85 h) : cell growth, increase in amount of cytoplasm, is more 
pronounced in this phase than during earlier ones. During the first period 
(60-75 h) glycogen and some fat are accumulated. During the second period 
(75-85 h) these reserves seem to be released again to a certain extent. Individual 
differences, however, make it difficult to give a general description of this phe­
nomenon. Chromatin in the nuclei is clustered as in the previous stage. 

Fifth (gorging) phase: During the first period of the fifth instar (85-144 h) the 
larvae increase so much in weight that BERTHOLF (1925) called it the 'gorging' 
stage: After 3J days the larvae receive MWJ. In the fat body this is reflected in 
an enormous increase in the amount of glycogen. Fat accumulation also increa­
ses. The nucleus is surrounded by a homogeneous mass of cytoplasm which 
contains cell organelles. Many of the large vacuoles contain glycogen before they 
are taken up into the cytoplasm. In larvae of about 100 to 110 hours old, the 
band of cytoplasm around the nucleus has disappeared. The plasm is spread as 
a finely branched network throughout the cell. Fat vacuoles are mainly located 
near the, distorted, nucleus. 

Development was followed up to 110 hours. Older larvae were not included 
in present experiments. For a description of protein formation and, in a later 
stage of histolysis of fat cells, the reader is referred to the work of BISHOP (1922, 
1958). 

4.3. FAT BODY OF THE QUEEN LARVA 

Worker larvae of different ages were grafted in queen cells (Table 1). Histolo­
gical changes in the structure of the fat cells were recorded. (For light micro­
scopic and electron microscopic description the reader is also referred to the Figs 
15 to 24). Within certain limits the developmental pattern appeared to be inde­
pendent of the age of the larva at the moment of grafting. With the understand­
ing that the response upon grafting as expressed in the uptake of nutrients in 
fat cells was faster in older larvae than in younger ones, the following descrip­
tion based on experiments with larvae transferred at 48 hours of age is applicable 
to other ages as well. In Fig. 4 the development of fat cells in queen larvae is 
visualized. 

In Section 4.2 fat cells of 48-hour-old worker larvae were described. At that 
stage the cells generally contain little reserve material. Within 12 hours after 
larvae have received RJ, glycogen (PAS + ) is accumulating in all fat cells. The 
large, watery, vacuoles appear to contain PAS-stainable matter before they 
disappear in the surrounding cytoplasm. In about 16 hours the cells become 
loaded with glycogen, leaving only a tiny band of cytoplasm around the nucleus. 
Areas containing glycogen are irregular in form which gives the fat body an 
untidy appearance. It is possible that in this stage vacuoles in the fat cells 
contain glycogen as well as lipids, or glycolipids. Electron microscopy does 
not reveal many clearly separated fat vacuoles besides the glycogen containing 
areas, whereas in Sudan III preparations irregular fat vacuoles occur. In the 
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20h. 3 5 h . 4 0 h . 50 h. 60h. 65h. 

70h. 75 h. 85h. 

110h. 

FIG. 3. Development of fat cells in the worker larva (time in hours ; explanation of abbrevia­
tions: see pages: 60, 61). 
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100 h. 90$ 

FIG. 4. Changes in fat cells of the queen larva, after grafting (time in hours,...$: time during 
which the larvae were nursed as queen larvaeV 
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period between 18 and 36 hours after transfer to queen cells glycogen moves 
inwards and forms a ring in the cytoplasm halfway between nucleus and cell 
border. The amount of glycogen decreases, so that at the end of this period 
hardly any trace can be found. The irregular spaces in the cytoplasm become 
more and more rounded, forming numerous spherical fat vacuoles (Figs 21 to 
24). These observations give the impression that glycogen is converted into fat. 
The peripheral fat-cells react in the same way as the ventral cells but their re­
sponse is slower and not all large vacuoles may disappear. In many of the larvae 
described above within 24 to 36 h after transfer into queen cells (age 72-84 h) 
a new cuticle is formed. It is possible that part of the glycogen is used for this 
cuticle formation. As in the worker larvae, the next period (85-100 h) is charac­
terized by a rapid uptake of glycogen. Also the amount of fat increases. 

Later stages of development of the fat body have been described by BISHOP 

(1922, 1958). Biochemical analysis of the fat body of queen and worker larva is 
needed to reveal qualitative and quantitative differences. Histological investiga­
tion can only give an impression of quantities that are stored. 

4.4. DISCUSSION 

Contrary to general opinion the fat body of worker larvae contains relatively 
little reserves during the first three and a half days of development. Fat is present 
only in small amounts. Glycogen storage presumably depends on the moulting 
stage, which is not abnormal in insects (LABOUR, 1970; WIGGLESWORTH, 1947). 
STABE (1930) found that some hours before and after ecdysis honeybee larvae con­
sume little food. Watery vacuoles have been found in the fat body of some insects 
(LABOUR, 1970 ; WIGGLESWORTH, 1967). WIGGLESWORTH ( 1942) described two ty­
pes of vacuoles in fat cells of the mosquito larva, Aedes aegypti, the first type con­
taining fat, the other having an aqueous content. Some of the watery vacuoles 
contained glycogen. Uric acid crystals were often found after fixation. The 
author considered that uric acid was being formed as a result of protein consump­
tion for energy purposes during starvation. In larvae that were not starved, acid 
accumulation was greatly reduced or did not occur at all. In starved larvae uric 
acid presumably was discharged into the haemolymph after feeding was resum­
ed. In Rhodnius prolixus (WIGGLESWORTH, 1967) watery vacuoles first appeared 
when starved larvae were fed again; they subsequently disappeared. BUTTER-

WORTH et al. (1965) described spherical vacuoles in fat cells of Drosophila, 
which failed to stain with any of the procedures they used. The authors consider­
ed these vacuoles to be empty because the saturated lipids were extracted during 
fixation. It would not be surprising if these vacuoles had a watery content. 
Further investigation is needed to determine the function of watery vacuoles 
in the insect fat body. 

There is no evidence in support of the statement that the large vacuoles in 
the fat body of worker larvae contain fat. Sudan III which dissolves in, and 
therefore stains, saturated lipids, gave negative results. Fixation with glutaral-
dehyde-0s04 which normally preserves unsaturated lipids did not preserve the 
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content of the large vacuoles. The percentage of water in young worker larvae 
is higher than in queen larvae (section 1.3). In queen larvae large vacuoles are 
missing. 

Biochemical analyses of whole worker larvae (STRAUS, 1911 ; MELAMPY et al., 
1940) are in good agreement with present histological findings on the reserves 
in fat cells during development. STRAUS showed that during the first three days 
of development little glycogen and fat was present in worker larvae. Between 
the third and fourth day there was a considerable increase in glycogen and, to 
a smaller extent, in fat (calculated as percentage of fresh weight). MELAMPY et al. 
(1940) showed that 3 to 4 day-old queen larvae contained more lipids than 
worker larvae of the same age. In the next period there was a substantial 
increase in reducing substances in queen larvae. In worker larvae more than 
4 days old a moderate increase in lipids and a large increase in reducing sub­
stances was observed. According to STRAUS (1911), MELAMPY et al. (1940) and 
RONZONI and BISHOP (1929) part of the glycogen of honeybee larvae is converted 
into fat. In the one-day-old worker pupa (STRAUS, 1911) food reserve consists 
for 27 % of the dry weight of glycogen and for 18 % of lipids. Nearly all food-
stores in the pupa of the worker as well as of the queen are used for adult develop­
ment (MELAMPY et al., 1940; MELAMPY and OLSAN, 1940). As a consequence, in 
just emerged adults these stores are depleted. 

Considering present observations on the fat body of worker larvae the con­
clusion seems justified that worker larvae are kept short of food during the 
first three days of larval life. Indeed LINEBURG (1924) and LINDAUER (1952) 
found that worker larvae receive little attention during the second day. How­
ever, the situation is not as simple as that. In all experiments in the present 
study, the midgut of larvae was found to contain food. It is well known that an 
excess of WJ alone does not give rise to adult workers with the same weight as 
queens. On the contrary, VON RHEIN (1933) found that rearing larvae on WJ 
prevents adult development. This is not surprising in view of our present know­
ledge of the poor food situation in the fat body of worker larvae during the time 
they receive WJ. Fed on WJ they simply cannot store enough reserves to make 
metamorphosis possible. Only after the larvae receive MWJ much glycogen is 
being stored. SHUEL and DIXON (1968) added sugar to WJ and obtained some 
adult worker bees from four-day-old worker larvae. DIXON and SHUEL (1963) 
reared just hatched larvae in vitro on modified WJ and RJ for three days. From 
their data it can be concluded that addition of sugars to WJ did not increase 
the amount of glycogen markedly, but rather that sugar was converted into 
lipids, which therefore were found in rather large amounts. However, these 
results obtained from experiments in vitro should be considered with caution 
as larval growth was greatly reduced. 

The experiments at least suggest that sugar is an important factor in larval 
development. HAYDAK (1968) reviewed the literature on the composition of 
larval food. A comparison of the nutritive value of WJ and RJ does not ex­
plain the low storage capacity of WJ although one has to bear in mind that data 
of several authors do not agree at all. DIXON and SHUEL (1963) found 9.9% 
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(of wet weight) sugar in RJ as compared to 3.4% in WJ. HAYDAK (1943) and 
VON PLANTA (1888) could not demonstrate large differences. Even if the data 
of DIXON and SHUEL are correct, WJ cannot be considered as deficient in the 
main nutrients. In addition one wonders why worker larvae do not consume 
more food to compensate for a possible sugar deficiency. 

Histological comparison of larvae fed in a colony (in which only one brood 
frame was left) on an excess of WJ with normally fed larvae surprisingly showed 
that the latter stored more glycogen whereas in the former watery vacuoles were 
larger. JUNG-HOFFMANN (1966) found that worker larvae are fed variable 
amounts of white (mandibular) component, depending on the situation in the 
colony. After 3 | to 4 days worker larvae store large amounts of food. After 3 \ 
days larvae seldom receive the white component. REMBOLD (1969) stated that 
WJ merely consists of hypopharyngeal-gland secretion and that addition of 
mandibular-gland secretion alters the physiological properties to those of RJ. 
However, this theory seems too simple. 

Accepting that mandibular-gland secretion of nurse bees in a queenright 
colony has an inhibitory effect on feeding one can only speculate about how 
this inhibition is achieved. DIXON and SHUEL (1963) postulated that: 'concentra­
tion of water-soluble acids in the natural diets might be a mechanism of nutri­
tional regulation of early larval growth'. In this respect the possibility of che-
mosensory regulation has obviously been overlooked. After transfer of larvae 
to queen cells the above supposed inhibition is removed immediately. Larvae 
in all experiments (this thesis) stored large amounts of nutrients in the fat body 
soon after they received RJ. An explanation for the observations of HOFFMANN 

(1966) that RJ contains large quantities of white component may be that there is a 
rapid change in mandibular-gland secretion after the queen has been removed 
from the colony (nurse bees are capable of feeding RJ to queen larvae within 
a few hours after the removal of the queen). Another possibility is that in the 
colony nurse bees capable of rearing queen larvae are always present; they might 
be prevented from offering RJ-secretion to larvae by the influence of the queen. 
REMBOLD (1969) found evidence that in a queenless colony mandibular-gland 
secretion of some nurse bees was altered. However, up to the present insufficient 
attention has been paid to the role of nurse bees to give a reliable statement on 
this point. 
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5. E N D O C R I N E SYSTEM OF THE LARVA 

5.1. INTRODUCTION 

It is generally assumed that hormones are involved in the regulation of caste 
differentiation in the honeybee. Several hypotheses have been put forward, but 
until now no conclusive evidence has been reported. In this chapter a descrip­
tion will be given of the structure of the neurosecretory cells (NCS), the corpus 
cardiacum (CC), the prothoracic gland (PtG) and the corpus allatum (CA). 
Except for the CA, the description has been taken mainly from literature. As 
far as is known there has been no research on the ultrastructure of the endocrine 
system of the honeybee larva. In the present study some attention was paid to the 
fine structure of various endocrine centres. These observations on ultrastructure 
will be reported at the appropriate places in the description to follow. As the 
corpus allatum was studied in more detail it will be described in a separate 
section. In Fig. 5 the endocrine system and some related structures are drawn. 
In Fig. 5a the organs have been somewhat spaced out. In Figs 5b-f different 
cross-sections of the head are presented, showing the orientation of the endo­
crine organs. 

5.2. NEUROSECRETORY CELLS 

L'HÉLIAS (1950) briefly described the endocrine system: from each CC a 
short nerve runs up to the brain where it is found to bifurcate, one branch run­
ning to the pars intercerebralis where a group of large neurons are situated, the 
other extending more laterally ending in a group of large neurons which have the 
same appearance as those in the pars intercerebralis. However, the author did not 
suggest that these neurons were neurosecretory. FORMIGONI (1956) described 
in the pars intercerebralis of third instar larvae two groups of 60-65 cells which 
fuse during the pupal stage. No neurosecretory (NS) material could be demon­
strated in these cells during larval and pupal development. During the praepup-
al phase the author observed a decrease in their size. From each group of cells a 
nerve runs to the opposite CC, forming a chiasm in the central neuropile of the 
brain. Dorsally to the pars intercerebralis 5 to 6 neurons differentiated during 
the second larval instar. Before the pupal moult these cells showed a marked 
swelling. Half-way the pupal stage they became very chromophile and vacuolat­
ed. It is not clear from this description whether these cells correspond with the 
lateral cells described by L'HÉLIAS. 

NELSON (1915) described neuroblasts in the brain of the bee larva: 'In the 
peripheral region of the brain and ganglia of the ventral chord of mature larvae 
are to be seen here and there cells of large size, which in their mode of division 
and other characters are plainly to be identified as neuroblasts'. CANETTI, 

SHUEL and DIXON (1964) published a remarkable paper on the neuroblasts. 
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FIG. 5. Endrocrine system of the honeybee larva (semi schematic). 
5a. Model, after Nelson (1915), Schaller (1950), Lukoschus (1952) and own observations. 
5b-f. transverse sections through the endocrine system (abbreviations see p. 60, 61). 
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Using the aldehyde fuchsin stain (GABE, 1953) the authors were able to demon­
strate stainable matter within these cells. In queen larvae between 40 and 80 
hours the number of granules was significantly larger than in worker larvae. 
The authors suggested that the neuroblasts have a NS function. 

RITCEY and DIXON (1969) investigated the development of the endocrine 
system of the two female castes. The authors found an increase in diameter of 
the NSC in queen larvae of 84 to 96 hours (it is interesting to note that they 
considered them to be fourth instar larvae). Subsequently a decrease was observ­
ed followed by an increase again during the pupal period. In the worker the 
diameter of the NSC remained constant at the age of 84-96 hours and then 
increased during the second day of the praepupal phase. The maximum size for 
both castes was attained in late praepupae and pupae. With the PAF stain 
(GABE, modified by EWEN, 1962) NSC were observed in all parts of the brain and 
other ganglia. In the protocerebrum a medial, a lateral and a ventral group of 
NSC were described. In the deutocerebrum and tritocerebrum NSC were 
mentioned, but from the paper it is not clear where these NSC were located. 
Axons from these cells runned to the CC via the nervus corporis cardiaci. 
Until now in no insect investigated have such large numbers of NSC been ob­
served. In the discussion the authors stated that in as early as the third larval 
instar NSC were active. This conclusion was based on the fact that NS granules 
should be present. A closer examination of the paper, however, reveals that 
in the description no information is given on NSC in the third larval instar. 
The only detailed pictures of the brain are of medial NSC and the youngest 
larvae in which these are shown were about84-96 hours old. Thus, the reported 
observations and statements are rather incomplete so that it is difficult to inter­
pret the results. The conclusions the authors derive from their observations are 
rather speculative. 

In the present study it was not intended to examine the NSC extensively, but 
merely to obtain some information on the presence of NS granules in the brain 
of young larvae. For this purpose a number of brains were sectioned. NS 
granules could not be detected in any of the neuroblasts examined (Fig. 25a). 
Except for mitochondria and a few golgi areas few organelles were present. 
In some cells large lysosome-like bodies could be seen (Fig. 25b). Perhaps these 
are the structures CANETTI et al. (1964) took for NS material. In three larvae 
examined (54, 66 hours of age) cells were found to contain some NS granules 
(Figs 26a, b, c). As in this stage the amount was very small it is not surprising 
that staining did not make NS material visible by light microscope. 

Further evidence that NSC are functional can be found in the ventral region 
of the brain, near the aorta wall. Here, many axons contain NS granules 
(Fig. 26d). A detailed investigation of synthesis, storage and release of NS 
material during larval development is necessary to define the function of neuro­
secretion in caste differentiation. 

DÖHMER (1958), BIEDERMANN (1964) and VAN LAERE (1970) described the 
NSC in the pars intercerebralis of adult honeybees. The descriptions will not be 
reviewed here as they do not contribute essential information to caste formation. 
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