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MODIFICAÇÕES PÓS-EM BRIONARIAS EM Melipona quadrifasciata
anthidioides Lep. IV. DESENVOLVIMENTO DO TRATO DIGESTIVO

RESUMO No p resente trabalho estuda-se o desenvolvi
m ento post-em brionário do tubo digestivo de Melipona
quadrifasciata anthidioides. Cada um a das três p artes do
canal alim en tar (estom ódeo m esentério e proctódeo) são
tra ta d a s isoladam ente. O aspecto larv al de cada porção
é descrito antes de expor as transform ações que ocorrem
p osteriorm ente. A m aioria das transform ações post-emb rio n árias do tubo digestivo ocorrem d u ran te a pupação,
m as algum as ocorrem já na la rv a ou d u ran te a fase de
p ré-p u p a. A Tabela I é um a sinopse das m udanças pos(1) — This research w a s supported by the Fundação de Am paro à Pesquisa do
Estado de São Paulo (Biol. 68-786) and C on:elho N oclonal de Pesquisas
(Proc. 954-66).
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em brionárias que ocorrem nessas três fases. Como pode
ser visto as m udanças se iniciam 2 dias após a eclosão da
larv a e estão com pletas quando a pigm entação do corpo
se inicia na pupa, ou seja, 6 dias antes da em ergência.

*
ABSTRACT The p resen t p ap er studies the post em bryo
nic changes on the digestive tra c t of the stingless bee Melipona quadrifasciata anthidioides. Each of this th ree p arts
of the alim en tary canal (fore, m id, and hindgut) w ere
treated isolated. The larv al featu res of each p a rt are
described before to relate the la te r transform ations. Most
of the post-em bryonic changes in the digestive canal occusr
during pupation b u t a few take place in prepupae and
even larv ae. The table I is a synopsis of the post membryonic changes. As can be seen the post em bryonic
changes begin 2 days a fte r the egg hatching and are fi
nished w hen the eye pigm entation is com pleted (brow
eyed pupae i. e, 6 days before em ergency.

*
The fundam ental structure of the alim entary canal of in 
sects has been studied by many biologists on account of its
volume and facility to separe from the other tissues. In the
hym enopteran the digestive tract was also object of numerous
papers. Most of them refer to the embryological (Nelson, 1915;
Schnatter, 1934), larval (Nelson, 1924; Snodgrass, 1925) and
adult (Bordas, 1905; Snodgrass, 1925; Cruz-liandim and Rodri
gues, 1967) stages. The pupal stage, i. e, th e metamorphosis
of the digestive canal was described by Evenius (1926), Oertel
(1930), Green (1933), Lotm ar (1945), and Dobrosky (1951),
among others. Except the papers of Green (V espa vulgaris)
and Schmidt (F orm ica polyctena) others refer to the honeybee.
The most controverted points in the events taking place
during post-embryonic development of the gut, are the origin
of the peritrophic m em brane (Dehn, 1937; Hering, 1939;
Kusmenko, 1940; Day and W aterhouse, 1953), .Malpighian tu 
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bules (Nelson, 1915; Trappmann, 1923; Henson, 1933; Weil,
1935; Kusmenko, 1941) and rectal pads (Evenius, 1933; Lotmar,
1945; Dobrovsky, 1951).
The present paper describes the post-embryonic changes
in the digestive tract of M elipona q uadrifasciata anthidioides,
a stingless bee. We intend to compare our findings w ith those
on literature, m ainly w ith the development of Apis1.
In spite of the fact th a t we have made a very detailed
Study of the larval, prepupal and pupal stages, we will refer
mainly to the development of the proventriculus, ventriculus,
Malpighian tubules and rectal pads. We do not expect great
differences between the post-embryonic changes in the gut of
A pis and M elipona b u t we hope th a t additional inform ation
could be gained on this subject by this w ork.
MATERIAL AND METHODS
The m aterial used consisted in normal specimens from la r
vae, prepupae and pupae of M elipona’s w orkers. By observing
the brood, the ages of the larvae w ere exactly determined. The
M elipona larva hatches at the end of five days from the depo
sition of the egg. We took larvae each three hours after hatch
ing.
From the prepupal stage we took samples from the
beginning and ending of the stage (this stage takes 3 days —
Cruz-Landim, 1966). The age of the pupae w ere determ ined
approxim atly by tljie eye and body pigm entation (Cruz-Lan
dim and Mello, 1968) and this process is more advantageous
than to m ark the cell and w ait until the age increasing be
cause one can have the pupae any time they are needed. We
used w hite bright-pink pink, red, brown eyed pupae and pupae
in the beginning of the body pigm entation.
We studied m ainly the histological changes in the gut, but
we also dissected some prepupae and pupae for morphological
analysis.
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For dissection the specimens were anesthetized by chilling
and dissected in 0,6% saline solution.
For histological purposes Bouin’s fluid, was used and lOp
thick sections stained by hem atoxylin and eosin.
RESULTS AND DISCUSSION
In the M elipona’s colony the queen lays her eggs in a cell
previously filled w ith food in such a w ay th a t the fu tu re larvae
will swim in it until pupation. Ju st after the laying of the
egg. the cell is sealed. The food however, is deposited into the
cell by the nurse w orkers in layers of different composition
from botton to top (Sakagami and Zucchi, 1966). Thus, the
larvae will eat different kinds of food as increase in age, ju st
in the same w ay as the honeybee.
The alim entary canal is adjusted to serve the alim entary
function and its structure is modified as the food changes.
The foregut or stomodaeum (fig. 1A and 2) starts in the
larval m outh th a t leads immediately into pharynx and ends in
the cardiac valve projected into the m idgut.
The pharynx is a very short tube, whose dorsal wall is
depleted in a longitudinal fold (epipharynx) in which is si
tuated the only m usculature of the foregut anterior p art. The
figure 3 shows a longitudinal section through the epipharynx
w here the muscles can be seen. These muscles are longitudinal
and transverse. The longitudinal are in the bottom of the groove
beneath the cross m usculature. Besides these muscles there
are several sets of extrinsic muscles (dorsal and ventral), as
sociated to the pharynx. The extrinsic muscles run from the
exoskeleton directly to the epithelial cells. The epithelium of
the epipharingeal groove (fig. 3) is tall, made up of cylindrical
cells, while the pharynx wall is thin and made up of squamous
cells.
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larval eosophagus (fig. 4) is a short, narrow tube, not
differentiated from the pharynx. The epithelium lin
tube is columnar. The m uscular sheath consists of
and longitudinal muscle fibers, both well developed.

D uring the larval life the cardiac valve rem ains opened into
the ventriculus (fig. 2 and 5). The cardiac valve consists of
two layers of cells apposed together. The cells are tall almost
filiform w ith the nuclei in th e apical p art.
The epithelium lining the foregut is continuous w ith the
body wall as also the epithelial cells cuticle. In the cardiac
valve this cuticles loose from the cells and appear as a wrinkled
m aterial (fig. 5) th a t enters the ventriculus.
A narrow ring, four cells wide (fig. 6), is a true connec
tion between the oesophagus and the m idgut in the larval food
tract. Those are narrow , tall cells, bigger than the valvular
cells but sm aller than the ventricular cells, and constitute the
im aginai rin g ” often referred to by many investigators.
The foregut rem ains unchanged during all the larval stage.
The prepupae stage in Melipona takes 3 days (Cruz-Landim, 1966) and during this time the head, thorax and abdomen
are differentiated, as well as, their appendages. During this
time no significant morphological changes take place in the
foregut (fig. I B ) . However, sections from the oesophagus (fig.
7) show some reorganization in th e epithelium and a increase
in the thickness of the m uscular sheath. In the eosophageal
lumen, at this time, it can be seen chromatic globules resultant
from some cells degeneration.
D uring pupation the constriction dividing the thorax from
abdomen becames deeper taking finally the imago aspect. The
foregut does not suffer a real metamorphosis in the Sense of
degeneration of the larval organ and organization of a new
one during pupation. The larval foregut différenciâtes and re
organizes during pupation w ithout breaking down.
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In w hite eyed pupae a slight dilatation appears in the foregut (fig. 1C) a little above the ventriculus. This is the first
step in the development of the “honey stomach” or crop. Caudad
from the crop the foregut continues as a short straight tube,
w ithout any morphological differentiation. Cephalad the tube
also continue unchanged except by the appearence of the hypopharingeal gland buds in the pharynx (fig. 17). The figures
8 to 16 shows a serie of cross section through the region caudad
to the crop dilatation. The passage into the ventriculus is
closed during the pupal life, as seen in the figures 11 and 12.
The proventriculus dfferentiation starts in this phase, althought
it can not be seen morphologically. Some mitosis occurs in the
tube between the crop and cardiac valve (fig. 16) and in the
transition from this tube to the lum en already appears square
(fig. 16).
The foregut differentiation proceeds and when the pupae
eyes start to show pink shades the proventricular region of
the foregut is already morphologically visible (fig. 1C), the
crop is enlarged a little and hypopharingeal glands appear as
slender short tubes connected to the pharynx. The sections
show th at the crop walls (fig. 18) remain the same as in white
eyed pupae but the proventricular region bears thick walls in
which numerous mitosis can be seen (fig. 18 and 19). The
proventricular walls are thicker in the anterior portion and
thinner close to the ventriculus (fig. 18). The anterior region
will originate the proventriculus bulb and cross sections from
this part already show the four lips formed (fig. 20). The pos
terior p art will originate the proventriculus n eck . In this phase
most of the mitosis occur in the fu rth er proventriculus neck
in order to provide its elongation. The circular and longitudi
nal layer of m usculature remain well delimitated during all
these transformations.. The proventricular bulb is made up
mostly of muscular tissue, but those muscles arise from divi
sion of myoblasts inner to the organ m uscular layer.
The pink pupae show a crop and proventriculus well de
veloped (fig. IE ). The hypopharyngal glands also have in 
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creased in length. Sections from this phase show the proventriculus bulb already well differentiated (fig. 21) and the myo
blasts, starting elongate radially to the lum en. Only a few m i
tosis still occur in the epithelial cells lining the bulb lum en.
The mitotic fuse is orientated in a w ay perm its the bulb lips
to project into the lum en.
In the red eyed pupa the morphology of the foregut (fig.
IF) is practically still the same. Histologically the proventriculus is already compltely differentiated, w ith the square shape
and four lips of the proventriculus well delim ilated (fig. 23).
The passage into the ventriculus is still closed, b u t the primordium of the cardiac valve is already form ed. In the beginning
the partition between the fore and m idgut (fig. 18) consists
of two layers of cells (the ventricular and foregut ep ith elia).
A t the present stage both layers are perforated and the lateral
walls of the futu re openning are formed (fig. 22). From the
proventriculus side the tissue plug-cells are already distached
from the proventricular neck walls. The cells th a t will cons
titute the valve are stomodeal in origin, according to Dobrovsky (1951).
The crop walls until the red eye stage rem ain unchanged,
consisting of a rath er smooth cubic epithelium and the usual
m uscular layers. B ut in the brow n eyed pupae the crop walls
appear form ed by a squamous and very folded epithelium (fig.
24). M orphologically the crop also shows evidences of th at
transform ation (fig. 16) because it appears larger, and w ith
thinner walls. A nother thing to notice in this stage is the hypopharingeal gland in which the secretory cells are already
well d-ictached from the excretory canal given to it the aspect
of a long cluster of small alveoli (fig. 1 G ). This is already the
aspect th a t these organs take in adult. The proventricular
bulb has also, by this time, its final form (fig. 25 and 28).
By the end of the pupal period, in tre brow n yed pupae
in w hich the body is beginning to became pigm ented (fig. 1H),
the foregut presents the imago aspect in all its length. The
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crop walls are so thin th at the proventricular bulb can be seen
by transparency. At this time the passage into the ventriculus
is still closed, b u t it will open two or three days before em er
gency.
During the pupal stages the foregut greatly elongates and
becomes differentiated into a pharynx, a eosophagus, a crop
or honey stomach, and a proventriculus. The elongation takes
place, first at the expense of cellular division th a t occurs bet
ween the white eye and pink eye stages and later by cells
elongation and differentiation. In the adult the stomodaeum
is four times longer then in the larva and 1,5 longer than in
w hite eyed pupae.
The m idgut — The larval midgut occupies most of the
space in the body cavity. The whole food tract is adjusted
to serve the larval function. The m idgut attains the largest
size of the digestive tube on account of storing all the food
the larva can ingest during the short time available to growth.
A t the time of hatching the larval midgut yet contains yolk
(fig. 26) but soon it is substituted by the food eaten by the
larvae. As the larvae eat the ventriculus volume increases.
By the end of the larval stage (fig. 1A) the ventriculus is a
tubular bag occupying nearly two thirds of the space of the
larval body.
The four types of cells recognized in the honey-bee midgut
(Anglas, 1901; Nelson, 1924 and Oertel, 1930) are also found in
the present case.
However, it seems th a t the so called collar cells consist
really of two different types of cells. The first type was al
ready mentioned and constitutes the imaginal ring (fig. 6).
Following this, there is another set of four cells, very similar
to the form ers. They are narrow and tall cells whose inner
border have not a distinct ending an protrude into the lumen
of the midgut seeming to be continuous w ith the m aterial form 
ing the peritrophic membrane (fig. 27).
The digestive cells vary in aspect during the larval period
w ith their location and also w ith the age increasing. In an
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early larva they form a cylindrical or cuboidal epithelium th at
lines almost all midgut and in whose inner surface is a distinct
striated border (fig. 29). As soon as the larval food starts to
enter the ventriculus many small granules and globules (fig.
29) appear in the apical border of these cells. In a larva two
days old the digestive cells show bulbles (zeiosis) production
in th eir apical borders, (fig. 30 and 31). The bubbling of the
apical m em branes of the digestive cells continues during the
rest of the larval life and probably is the w ay by which the
secretion is released.
The generative cells (fig. 32) are very small and incons
picuous, most of the times difficult to see. They are nestled
in the basis of the digestive cells, attached to the basem ent
m em brane. In Melipona they are few in num ber forming
groups of 3 or 4 cells.
The b arrier which closes the passage from m idgut into
hindgut is disrupted a t the end of the larval period, by the
only time the larval intestine em pty. In young larvae the
septu mbetween ventriculus and proctodaeum is a double wall
made by the mid and hindgut epithelium (fig. 33). The ven
tricu lar cells have here a special type, smaller and taller
than the digestive cells and vacuolated in the inner p o le. Later
a plug of these cells grow th backw ard (fig. 34) forcing the
hindgut epithelium . By the end of the larval stage (larvae 6
days old) the hindgut epithelium breakes and the m idgut walls
extend a little into the proctodaeum forming the pyloric valve.
The w ay in which this b arrier is disrupted is sim ilar to th a t
of the cardiac valve in old pupae.
The m uscular fibers in the larval m idgut are very thin
and incospicuous but at least two layers can be distinguished:
the in n er circular and the outer longitudinal.
The ventriculus is the most changeable p a rt of the diges
tive tra c t because of its role in digestion. During the larval
life some modifications can be detected in it b u t the most strik 
ing change in its external appearance is the collapsing of its
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walls. A fter the discharge of the faces the ventriculus appears
as a flattened tube almost the same diam eter as fore and hindgut (fig. 18). This change occurs at the end of larval life as
well, as the replacement of the old epithelium by a special
pupal one (Lotmar, 1943).
The large digestive cells of the larva became vacuolate
and degenerate being casted of (fig. 36) and throw n into the
lum en through w here they will be digest or elim inated. Actual
ly, in spite of, this breaking down of the epithelial cells, the
ventriculus always has a wall (fig. 35), because the basement
m embrane and generative cells are always present.
The morphological aspect of the m idgut during the pre
pupae stage is show in figure I B . During the prepupal stages
the degenerated larval epithelium is replaced by a new epitelium suitable to the p u p ae. The generative cells (fig. 36) are
supposed to replace the larval epithelium b u t cellular divisions
w ere not seen in this cells in any phase of the gut development.
According to Dobrovsky (1951) the replacem ent starts ante
riorly and proceeds posterior. In the prepupae the ventriculus
shows the aspect of figure 38. The reason for the formation
of a tem porary pupal, epithelium is not very well understood,
since the pupa do not eat.
Soon the midgut expands again and takes the form of a
bottle (fig. 10), larger in diam eter posteriorly. A t this time
(w hite eyed pupae) the ventricular epithelium appears as
showed in the figure 39.
The expanding of the ventricular diam eter proceeds an
teriorly (fig. ID) while the epithelial cells increase in height
(fig. 37).
In the pink eyed pupae the diam eter of the ventriculus is
again uniform (fig. I E ) . At this time another transform ation
starts in the midgut. The top of the epithelial cells are casted
of (fig. 40) and throw n into the lum en. This casting off also
starts anteriorly (and in some specimens it can be seen in the
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cardiac valve region, as soon as, the w hite eyed pupae fig. 18)
and proceeds posteriorly. In spite of the epithelium lost its
apical border the cells nuclei appear very healthy, i. e, they to
not show picnotic degeneration (fig. 41).
The ventriculus in the red eyed pupae have increased in
length (fig. I F ) . The epithelial cells, now appear low and irre 
gular in shape (fig. 42). In the next stage, the annulations in
the m idgut wall are already visibles (fig. 1G) and correspon
d e n t^ the epithelium starts to take the adult aspect (figs. 43
and 44) which is seen in figure 46.
The m uscular wall is not reorganized during prepupation,
but it will be during the last metamorphosis in the midgut
(bright pink eyed pupae to red eyed pupae), which will pro
duce the adult epithelium .
During the ventricular metamorphosis it is surprizing th at
the role of the generative cells could not be well interpreted
because, in spite of being more numerous in prepupae and pu
pae we never saw them dividing.
The metamorphosis of all digestive trac t begins in the ven
triculus, in the last hours of larval life and rapidly transform
the simple food tract of larval into the diversified alim entary
canal of the adult. The ventriculus also increases in length
during these changes. From the last larval stage to the last
pupal stage it increases 2 times, b u t from larvae to prepupae
it shortens about 20%, so the ventriculus of the w hite eyed
pupae is less than half of the larval ventriculus in length.
The peritrophic m em brane — A peritrophic m em brane
lines the epithelium of the larval midgut. Nelson (1924) des
cribed this m em brane as a very thick homogeneous layer of
apparently gelatinous consistency. This membrane is clearly
seen to arise from a ring posterior to the im aginal ring (fig.
29). Nelson (1924) and Evenius (1926) atributed the same ori
gin to the peritrophic m em brane of Ap*s w ith the difference
th a t they thougth th a t the imaginal cells gave origin to it.
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According to Kusmenko (1940), another peritrophic membrane
is present in the larvae. This one, formed by the general sur
face of the ventriculus. We could not detect this second mem
brane in Melipona’s larvae, but in figure 29, a more colored
band can be seen in the striated border, maybe the m aterial
of a future peritrophic m em brane.
The larval peritrophic m em brane is eliminated w ith the
faces at the end of larval life. According to Dobrovsky (1951),
in Apis, no other peritrophic m em brane is form ed until the
end of the pupal period, b u t Hering (1939) said thats the peri
trophic membrane is formed in 5 stages beginning in 18th day
of development, i. e, at the beginning of pupation. In M elipona,
after the larval intestine discharge, a peritrophic membrane
was not seen until the brown eyed pupa.
The ring cells, around the base of th e stomodeal valve de
generates in adults. They appear as flattened cells connecting
the valve w ith the ventriculus cells (Cruz-Landim and Rodri
gues, 1967). Nothing similar to the activity they display in
larva is seen in adult, therefore, the peritrophic m em brane in
Melipona’s adults is formed by the ventriculus regular epithe
lium. Snodgrass (1956) also thinks th a t there is no doubt that
the adult peritrophic m em brane in Apis is consecutively formed
from the entire length of the midgut epithelium .
The hindgut — The hindgut of a larva is a slightly flattened
tube, relatively long (fig. 1A) and shaped like an S. The epi
thelial cells linning the hindgut are thin colunnar cells (fig.
46). A cuticle, continuous w ith th a t of the body wall, lines
the epithelium internally. The m uscular wall is heavier than
in the foreparts of the gut and consists of circular fibers. In
a larva 3-4 days: old the hindgut is already histologically diffe
rentiated in a anterior and posterior portion (fig. 47). Do
brovsky (1915) mentioned the appearance of pad like struc
tures in the hindgut of late larvae. In the present case, it was
verified the occurrence of papillae like folds (figs. 47 and
48) but, it is difficult to say if it is a rectal-papillae or a re
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gular intestinal fold. Adults of some prim iitve bees, instead
of rectal pads present rectal papillae (F erreira and Cruz-Landim, 1969). The rectal papillae are simply folds of the rectal
epithelium very similar to w hat is shown in figure 48. They
present an outer pore w hereby penetrate tracheoles. Snod
grass (1956) consider this types of rectal organ, more prim i
tive than the regular rectal pads. It can be admited th a t the
M elipona’s larvae present more prim itive structures than the
a d u lt.
The communication between mid and hindgut rem ains
closed during all larval life, being opened ju st once before
prepupation. A pyloric valve is formed by this tim e. A fter
prepupation this passage is closed again by a tissue plug di
rived from the adjacent epithelial cells of the ventriculus (Oertel, 1930). During prepupation the proctodaeum becomes a
straight tube (fig. I B ) . In this phase many mitosis occur
m ainly in the anterior p art (fig. 49). The mitosis lead to in 
crease of the hindgut in length, so in the w hite eyed pupae it
form s a loop (fig. 1C). In this phase there is no différenciation
along all length, being the diam eter the same from the anus
to the pylorus the same occurring w ith histological organi
zation (fig. 50).
The development of the rectum and the rectal pads or
glands (fig. 51 to 56), proceeds simultaneously. The bright
pink eyed pupa presents a slightly enlargem ent in the pos
terior end of the hindgut (fig. I D ) . In this case it can already
be distinguished a small intestine and a rectum . The rectum
increases rapidly in length and in diam eter (fig. IE) in such
a w ay th a t in the pink eyed pupae it has almost the size ol
the last pupal stage. The hindgut is completly differentiated
a t the end of the eye pigm entation (brown eyed p u p a e ). At
this time the small intestine shows its adult aspect (fig. 56)
w ith six longitudinal folds along its length and rectum walls
very thin, and folded, constituted by squamous cells (fig. 57)
sim ilar to the crop walls. The hindgut greatly increase in
length during the pupation. This increasing is about 2.5 times.
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The Rectal Pads — It was impossible in our preparations
to detect the rectal pads thickennings before the brigth pink
eyed pupae, and at this time they appear as shown in figure
52, a row of tall cilyndric cells, w ith the nuclei in the apical
pole, and in whose basis w ere many small corpuscules. The
chromatic m aterial from both, the small corpuscules (whose
cellular condition is not very clear) and epithelial cells stains
heavy by the hem atoxylin. In the n ex t phase, the aspect is
essentialy the same, b u t in the photo corresponding to this
stage (fig. 53) it can be seen the above mentioned small cor
puscules inside the epithelium. Until now the lim it between
the epithelial cells and the globules in their basis are not
sharp, but in the next stage it is (fig. 54). Also the corpuscules
clearly show now their cellular condition because a cytoplasm
mass can be seen around the nuclei. In this phase (red eyed
pupae), there are a tendency of these cells to organize in three
rows, from which the outer is continuous around all rectum
periphery.
The rectal pads in adult Melipona are six oval organs lo
cated in the anterior p art of the rectum forming two alternate
rows (Cruz-Landim and Rodrigues, 1967). They are hollow
organs constitued by a inner layer of tall cells and two outer
layers of flat'cells, which encircle the hollow. In the brown
eyed pupae the rectal pads present already its definitive shape
(fig. 55).
Evenius (1933) and Lotm ar (1945) claimed th at the two
outer layers of cells are formed by adventitious mesoderm
from the body cavity, which acumulates around the rectum
and give origin to outer cells of the pads and also to the mus
cular sheaths. Dobrovsky (1951) postulated a completely dif
ferentiation origin. He thougth th at the outer cells comes, from
irregular division from the epithelial cells as the so called
chromatic bodies of many authors.
U nfortunatelly it was not possible to refuse or con
firm one of the above theories. The sim ilarity between
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the outer cells and the myoblast th a t surround the rec
tum seem to indicate th a t the Evenius-Lotmar theory is
right, but in another hand, the presence of “chromatic bodies”
inside the epithelium reinforce Dobrovsky’s theory. F erreira
and Cruz-Landim (1969) found certain prim itive bees from
whose the rectal pads are absent. In this case an acummulation of mesodermal cells appear around the rectum, b u t even
in this case is difficult to say if it was or not a coincidence.
The M alpighian Tubes — In M elipona’s larvae there are
eigth M alpighian tubes. They are long extending anteriorly
from the point of union of the mid and hindgut, reaching
nearly the thorax. During the larval life the Malpighian tu 
bules acum ulate excreta and become very dilated w ith them
(fig. 58). About 6 days after hatching the M alpighian tubules
em pty their content into the hindgut (at the same time th at
the ventriculus does) and begin to degenerate. As pointed
out by Dobrovsky (1951) in A pis, the larval rectal papillae of
M elipona appear ju st before the emptying of the Malpighian
tubes and ventriculus w hat sugest some function of th is struc
tu re connected w ith the excretion.
In early prepupa the larval and adult M alpighian tubes
coexist. The degeneration of the larval tubes is about com
pletion by the time of the end of the prepupation (fig. 59).
The new M alpighian tubes originates from im aginal buds in
the pyloric region of the hindgut. Its development starts yet
in the larvae. The figure 60 shows the mid-hindgut contact
from a larvae 6 days old. This larva shows the'beginning of
the adult M alpighian tubes development. In this photo it can
be clearly seen th a t the Malpighian tube is connected w ith
the hindgut. In spite of the M alpighian tubes epithelium re 
sembles the m idgut epithelium (striated border) it is ecto
derm al in origin contrarily w hat thought Trappam ann (1923)
and Weil (1935). The M alpighian tubes do not suffer tran s
form ations during the pupae life. They présent during puL
pation the aspect of figure 61, they only increase in length
by cellular division at the hindgut contact. A fter pink eyed
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pupae the divisions stop so they have alread reached the com
plete development.
A t the end of the pupae stage we have the simple diges
tive canal of the larvae changed into the diversified alim en
tary tract of the adult.
In the pupation beginning most of the digestive tra t is
located in the thorax (fig. 1). As the development proceeds
and the foregut elongates is a progressive m igration back
w ards. A t the end of the eye pigm entation the ventriculus.
proventriculus and crop are already located in the abdomen.
CONCLUSIONS
The post-embryonic changes of the digestive tract of Melipona quadrifasciata anthidiojdes take place in larvae, prepupae and pupae (Table 1).
The larval transform ations refer to mid and hindgut. The
foregut -remains unchanged during all larval life.
When the larval ventriculus is emptyed of its yolk con
tents and the larvae starts to feed the ventriculus epithelium
changes from a aparently inative epithelium to one actively
secretory (2 days aid la rv a e ). But the first structural change
occur in the hindgut w ith the appearance of the larval rectal
papilae (5 days old larvae). We are not two sure about the
nature of those rectal folds, if we have not read the Dobrovsky paper it would pass unnoticed, b u t the fact of some adult
bees present rectal papilae very similar to th a t is a point to
consider. The second structural change occurs by the end of
the larval period and consist of the dissolution of the tissue
plug between the mid and foregut (6 days old larvae). The
ventriculus and the Malpighian tubes are than emptied, and
consequently they collapse and degenerate. The reorganiza
tion of both begin yet in the larvae.
During the prepupation the degenerated larval epithelium
of ventriculus is superseded by a pupae epithelium . The role
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of the generative cells in this substitution is not quite c le a r.
M itotic divisions begin in the posterior p art of the foregut
and anterior p art of the hindgut.
The greatest changes occur during the pupation. The
foregut differentiates in a pharynx, oesophagus, crop and p'roventriculus. The foregut differentiation is completed by the
tim e in which the body pigm entations starts. The m idgut has
its epithelium substituted again by a imaginal or adult epi
thelium . The replacem ent starts anteriorly w ith the beginn
ing of the eye pigm entation and is finished in the brow n eyed
pupae. The hindgut differentiates into intestine and a rec
tum . The rectal pads appear as early as w hite eyed pupae
and have the adult fashion in the brown eyed pupae. The
M alpighian tubes are eight in the larvae and 40 in the adult.
In red eyed pupae they have already the adult size.
The metamorphosis of the ectodermal and mesodermal
parts of the alim entary canal proceeds differently. In spite
of the changes, in the fore and hindgut w ere more stricking
they are gradual and w ithout acentuated degeneration pro
cess. In the foregut some degeneration occurs in the eosophagus, b u t in the hindgut it was not seen. The cellular di
visions are num erous in these two parts; they provide their
elongation and differentiation. The ventriculus has its epi
thelium replaced twice and also increases in length, mainly
during the red eye stage, b u t divisions w ere not seen. The
elongation of the ventriculus occurs by the time of the last
epithelial su b stitu tio n .
We can say th a t the post-embryonic changes in M elipona
digestive tract begin 2 days after the egg hatching and finish
6 days before emergence. In brow n eyed pupae the digestive
tube is already very sim ilar to the adult.
Some points rem ain obscure in our w ork. 1) The role of
the generative cells. They do increase in num ber and size
after the ventricular epithelium degeneration proceding the
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replacement, b u t divisions on them w ere never seen. 2) The
origin of the rectal pads outer layers w as not also clarified.
Ours findings do not differ from those w ritten by other au
thors about Apis b u t even Dobrovsky who did the most com
plete paper in the subject passed over proventriculus diffe
rentiation .
The special ring of cells secreting the larval preritrophic
membrane i s ,discribed for the first tim e.
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ABBREVIATIONS
A — annus
AMT — adult M alpighian tu 
bes
B — brain
BW — body wall
c —- cuticle
cc — casted cells
eg ■
— chromatic globule
Chrb — chromatic body
cm — circular muscles
cp — cardiac plug
Cr — crop
Cr ep — crop epithelium
C .V — cardiac valve
dc — digestive cells
ds — dorsal side
E ep — epipharynx epithe
lium
em — extrinsic muscles
ep — epithelium
FB — fat body
Fc — fat cell
gc — generative cells
h — hollow
HG — hind gut
IC — imaginal cells
il — inner epithelial layer
IR — imaginal ring
ire — imaginal ring cells
lep — larval epithelium
lm — longitudinal muscles
LMT — larval Malpighian tu 
bes

M — mouth
m •— muscles
MT ■*— Malpighian tubes
my — myoblast
n — nucleus
NG — nervous ganglion
Oe — oesophagus
oe m — oesophageal muscles
oen — oenocytes
ol — outer epithelial layer
p ep — pupae epithelium
Ph — pharynx
PM — peritrophic membrane
pmc — peritrophic membrane
cells
PP — pyloric plug
P . S — pyloric septum
PV — proventriculus
PVb — proventriculus bulb
PVn — proventriculus neck
R — Rectum
Rep — Rectum epithelium
Rp -h - rectal papilla
Rpa — rectal pad
SG — silk glands
SI — small intestine
stb — striated border
tm — transverse muscles
V — ventriculus
Vep — ventricular epithelium
VS — ventral side
y — yolk

M ELIPO N A QUAD RIFASCIATA A N T H ID 1 0 ID E S

251

FIGURES
Fig.

Fig.
Fig.
Fig.
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Fig.
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Fig.
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Fig.
Fig.
Fig.
Fig.
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Fig.

Schematic representation of the digestive canal de
velopment: A — larvae; B — prepupae; C — w hite
eyed pupae; D — bright pink eyed pupae; E —
pink eyed pupae; F — red eyed pupae; G — Brown
eyed pupae; S — Brown eyed pupae w ith body
pigm entation, a. m arks the anterior end, and d
the posterior end. b m arks the occipital foramen
localization and c the thoraxic' abdominal passage.
MT = Malpighian tubes; SG = silk glands
2 — Larval foregut. 50x
3 — Epipharingeal groove. 120x
4 — Larval oesophagus. 200x
5 — Cardiac Valve. 120x
6 — Imaginal ring. 200x
7 — Prepupae oesophagus. 200x
8 — Cross sections of the fore — midgut transition. 8
= ventriculus; 9, 10, 11 e 12 = cardiac valve zone;
16
13, 14, 15 = proventriculus neck; 16 = proventriculus bulb. 200x
Hypopharyngeal glands buds. 120x
17
Proventriculus. The arrow points to mitotic cells
18
in the neck zone. 50x
Mitotic divisions in the proventriculus. 500x
19
20 — Proventriculus bulb. Note the mitosis (arrow s) in
the epithelium and the myoblasts elongation. 120x
21 — Proventriculus differentiations. 50x „ •
22 — Zone of the cardiac valve. The arrows shows the
point w here the passage into the m idgut will open.
200x
1
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Fig. 36 —

Proventriculus bulb in red eyed pupae. 120x
Crop in brow n eyed pupae. 120x
Proventricuius bulb of brow n eyed pupae. 120x
Ventriculus epithelium of young larvae. 200x
D ifferentiation of the imaginal ring. 500x
Proventriculus bulb of the adult. 120x
Ventriculus epithelium in early feeding larvae.
500x
Bubling of the larval epithelium . 200x
Bubling of the larval epithelium . 500x
Generative cells of the larvae. 120x
Mid-hindgut passage. 120x
Opening of the hindgut plug. 200x
V entricular epithelium of a old larvae, preceding
prepupation. 200x
Degeneration of the ventricular epitheliu min old
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