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R E S U M O  N o p re s e n te  t ra b a lh o  e s tu d a -se  o d e se n v o lv i 
m e n to  p o s t-e m b rio n á rio  do tu b o  d ig es tiv o  de  M e lip o n a  
q u a d r ifa s c ia ta  a n th id io id e s .  C ad a  u m a  d as t r ê s  p a r te s  do 
c a n a l a l im e n ta r  (e s to m ó d eo  m e se n té r io  e p ro c tó d e o ) são 
t r a ta d a s  is o la d a m e n te . O asp ec to  la rv a l  de  cad a  p o rção  
é d e sc rito  a n te s  de  e x p o r  as tra n s fo rm a ç õ e s  q u e  o c o rre m  
p o s te r io rm e n te . A  m a io r ia  d as tra n s fo rm a ç õ e s  po st-em - 
b r io n á r ia s  do tu b o  d ig e s tiv o  o co rrem  d u ra n te  a  p u p ação , 
m a s  a lg u m a s  o c o rre m  já  n a  la r v a  ou d u ra n te  a  fa se  de  
p ré -p u p a . A  T a b e la  I é  u m a  sin o p se  d a s  m u d a n ç a s  pos-

(1 )  —  T h is  r e s e a r c h  w a s  s u p p o r t e d  b y  t h e  F u n d a ç ã o  d e  A m p a r o  à  P e s q u i s a  d o  

E s t a d o  d e  S ã o  P a u lo  ( B io l .  68-786) a n d  C o n : e lh o  N o c lo n a l  d e  P e s q u i s a s  
( P r o c .  9 5 4 -6 6 ).
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e m b r io n á r ia s  q u e  o co rrem  n essa s  trê s  fa se s . C om o pode  
s e r  v is to  a s  m u d a n ç a s  se in ic iam  2 d ias  ap ó s  a  ec losão  d a  
la rv a  e e s tão  co m p le ta s  q u a n d o  a  p ig m e n ta ç ã o  do corpo  
se in ic ia  n a  p u p a , ou  se ja , 6 d ia s  a n te s  d a  e m e rg ê n c ia .

*

A B S T R A C T  T he p re s e n t  p a p e r  s tu d ie s  th e  p o s t  e m b ry o 
n ic  ch an g es  on  th e  d ig e s tiv e  t r a c t  o f th e  s tin g le ss  b ee  M e-  
l ip o n a  q u a d r ifa s c ia ta  a n th id io id e s .  E a c h  o f  th is  th r e e  p a r ts  
o f th e  a lim e n ta ry  ca n a l (fore, m id , a n d  h in d g u t)  w e re  
tr e a te d  iso la te d . T h e  la rv a l  f e a tu re s  o f e ach  p a r t  a re  
d e sc rib e d  b e fo re  to  re la te  th e  la te r  t r a n s fo rm a tio n s . M ost 
of th e  p o s t-e m b ry o n ic  ch an g es  in  th e  d ig e s tiv e  ca n a l o ccu sr 
d u r in g  p u p a tio n  b u t  a few  ta k e  p lace  in  p re p u p a e  an d  
ev en  la rv a e . T h e  ta b le  I is a sy n o p sis  of th e  p o s t  m em - 
b ry o n ic  c h an g es . A s can  be  seen  th e  p o s t  e m b ry o n ic  
ch an g es  b eg in  2 d ay s  a f te r  th e  egg  h a tc h in g  an d  a re  f i 
n ish e d  w h e n  th e  eye  p ig m e n ta tio n  is c o m p le ted  (b ro w  
eyed  p u p a e  i. e, 6 d a y s  b e fo re  e m erg en cy .

*

T he fu n d am e n ta l s tru c tu re  of th e  a lim e n ta ry  canal o f in 

sects has been  stu d ied  b y  m an y  b io logists on acco u n t o f its  
vo lum e an d  fac ility  to sep are  fro m  th e  o th e r tissu es . In  th e  
h y m e n o p te ran  th e  d igestive  tr a c t  w as also o b jec t of n u m ero u s 
p ap e rs . M ost of th em  re fe r  to th e  em bryo log ica l (N elson, 1915; 
S ch n a tte r , 1934), la rv a l (N elson, 1924; Snodgrass, 1925) an d  
a d u lt (B ordas, 1905; Snodgrass, 1925; C ru z-lian d im  an d  R o d ri 
gues, 1967) s tag es . T h e  p u p a l stage, i. e, th e  m e tam o rp h o sis  
of th e  d igestive  canal w as d escribed  b y  E ven ius (1926), O erte l 
(1930), G reen  (1933), L o tm ar (1945), an d  D obrosky  (1951), 
am ong o th e rs . E x cep t th e  p ap ers  of G reen  (V e sp a  v u lg a r is )  

and  S ch m id t (F o rm ic a  p o ly c te n a )  o th e rs  r e fe r  to th e  honeybee.

T h e  m o st co n tro v e rted  p o in ts  in  th e  ev en ts  ta k in g  p lace 
d u rin g  post-em bryon ic  d evelopm en t of th e  gu t, a re  th e  o r ig in  
of th e  p e ritro p h ic  m em b ran e  (D ehn, 1937; H erin g , 1939; 
K usm enko , 1940; D ay  and  W aterhouse , 1953), .M alp ighian  t u 
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b u le s  (N elson, 1915; T rap p m an n , 1923; H enson, 1933; W eil, 
1935; K usm enko , 1941) and  rec ta l pads (E ven ius, 1933; L o tm ar, 

1945; D obrovsky , 1951).

T h e  p re se n t p a p e r  describes th e  post-em b ry o n ic  changes 
in  th e  d ig estiv e  tr a c t  of M elip o n a  q u a d r if a s c ia ta  a n th id io id e s , 

a s ting less  b ee . W e in te n d  to  com pare  o u r  fin d in g s  w ith  those 
on li te ra tu re , m a in ly  w ith  th e  d ev e lo p m en t of A p is1.

In  sp ite  of th e  fa c t th a t  w e h av e  m ade a  v e ry  d eta iled  
S tudy of th e  la rv a l, p rep u p a l an d  p u p a l stages, w e w ill re fe r  

m a in ly  to th e  d ev e lo p m en t of th e  p ro v en tricu lu s , v en tricu lu s , 
M alp igh ian  tu b u le s  and  rec ta l p ad s . W e do n o t ex p ec t g re a t 
d ifferen ces b e tw ee n  th e  post-em b ry o n ic  changes in  th e  g u t of 
A p is  an d  M e lip o n a  b u t w e  hope th a t  ad d itio n a l in fo rm a tio n  

could b e  ga in ed  on th is  su b je c t b y  th is  w o rk .

M A T E R IA L  AND  M ETH O D S

T h e  m a te r ia l u sed  consisted  in  n o rm al specim ens fro m  la r 

vae, p re p u p a e  an d  p u p ae  of M elipona’s w o rk e rs . B y  ob serv in g  
th e  brood, th e  ages of th e  la rv a e  w ere  ex ac tly  de te rm in ed . T he 
M e lip o n a  la rv a  h a tch es  a t th e  end  of five  days fro m  th e  depo 

s ition  of th e  egg . W e took  la rv a e  each  th re e  h o u rs  a f te r  h a tc h 
in g . F ro m  th e  p rep u p a l s tag e  w e to o k  sam ples fro m  th e  

b eg in n in g  and  en d in g  of th e  stag e  ( th is  stag e  ta k es  3 days — 
C ruz-L and im , 1966). T he age of th e  p u p ae  w ere  d e te rm in ed  
a p p ro x im a tly  b y  tljie eye an d  b o d y  p ig m en ta tio n  (C ru z-L an 

d im  an d  M ello, 1968) and  th is  p rocess is m o re  ad v an tag eo u s 
th a n  to  m a rk  th e  cell and  w a it u n til th e  age in c re as in g  b e 

cause one can  h av e  th e  p u p ae  an y  tim e  th e y  a re  n eed ed . W e 

u sed  w h ite  b r ig h t-p in k  p ink , red , b ro w n  eyed  p u p ae  an d  p u p ae  
in  th e  b eg in n in g  of th e  body  p ig m en ta tio n .

W e s tu d ied  m a in ly  th e  h isto log ica l changes in  th e  gu t, b u t 

w e  also d issec ted  som e p rep u p ae  and  p u p ae  fo r m orpholog ical 
an a ly sis .
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F o r d issection  th e  specim ens w ere  an esth e tized  b y  ch illing  
an d  d issec ted  in  0,6% sa line  so lu tio n .

F o r h isto log ica l pu rposes B o u in ’s flu id , w as u sed  an d  lOp 
th ick  sections s ta in ed  b y  h em ato x y lin  and  e o s in .

R ESU L T S AND  D ISC U S S IO N

In  th e  M e lip o n a ’s colony th e  q u een  lays h e r  eggs in  a  cell 

p rev io u sly  filled  w ith  food in  su ch  a  w ay  th a t  th e  fu tu re  la rv a e  
w ill sw im  in  i t  u n til p u p a tio n . J u s t  a f te r  th e  lay in g  of th e  

egg. th e  cell is sea led . T he  food h ow ever, is d ep osited  in to  th e  
cell b y  th e  n u rse  w o rk e rs  in  lay e rs  of d iffe re n t com position 
fro m  b o tto n  to top  (S ak ag am i an d  Z ucchi, 1966). T hus, th e  

la rv a e  w ill e a t d if fe re n t k in d s  of food as in c rease  in  age, ju s t  
in  th e  sam e w ay  as th e  hon ey b ee .

T h e  a lim e n ta ry  cana l is ad ju s te d  to  se rv e  th e  a lim e n ta ry  
fu n c tio n  and  its  s tru c tu re  is m odified  as th e  food ch an g es.

T h e  fo re g u t o r s tom odaeum  (fig. 1A and  2) s ta r ts  in  th e  
la rv a l m o u th  th a t  leads im m ed ia te ly  in to  p h a ry n x  an d  ends in  
th e  card iac  v alve  p ro jec ted  in to  th e  m id g u t.

T he p h a ry n x  is a  v e ry  sh o rt tu b e , w hose do rsa l w all is  

dep le ted  in  a lo n g itu d in a l fo ld  (ep ip h a ry n x ) in  w h ich  is si 
tu a te d  th e  only  m u scu la tu re  of th e  fo re g u t a n te r io r  p a r t .  T he  
fig u re  3 show s a lo n g itu d in a l section  th ro u g h  th e  ep ip h a ry n x  
w h e re  th e  m uscles can be seen . T hese m uscles a re  lo n g itu d in a l 
and  tr a n s v e rs e . T he lo n g itu d in a l a re  in  th e  b o tto m  of th e  groove 

b e n e a th  th e  cross m u scu la tu re . B esides th ese  m uscles th e re  
a re  sev era l sets of ex trin s ic  m uscles (dorsal an d  v e n tra l) ,  a s 
sociated  to th e  p h a ry n x . T h e  ex trin s ic  m uscles ru n  fro m  th e  
exoskele ton  d irec tly  to th e  ep ith e lia l cells . T h e  ep ith e liu m  of 
th e  ep ip h arin g ea l groove (fig. 3) is ta ll, m ade u p  of cy lin d rica l 
cells, w h ile  th e  p h a ry n x  w all is th in  and  m ade u p  of squam ous 
ce lls .
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T he la rv a l eosophagus (fig. 4) is a  sh o rt, n a rro w  tu b e , n o t 
sh a rp ly  d iffe re n tia te d  fro m  th e  p h a ry n x . T h e  ep ith e liu m  lin 
in g  th e  tu b e  is co lu m n ar. T he m u scu la r  sh e a th  consists of 
c irc u la r  an d  lo n g itu d in a l m uscle fib ers , b o th  w ell developed .

D u rin g  th e  la rv a l life  th e  card iac  v a lv e  rem a in s  opened  in to  
th e  v e n tr ic u lu s  (fig. 2 and  5 ) . T h e  card iac  v a lv e  consists of 
tw o  la y e rs  of cells apposed  to g e th e r . T he  cells a re  ta ll a lm ost 
filifo rm  w ith  th e  nuc le i in  th e  ap ical p a r t .

T h e  ep ith e liu m  lin in g  th e  fo re g u t is con tinuous w ith  th e  
bod y  w all a s  also th e  ep ith e lia l cells cu tic le . In  th e  card iac  
v a lv e  th is  cu tic les loose fro m  th e  cells an d  ap p e a r as a  w rin k led  
m a te r ia l (fig. 5) th a t  e n te rs  th e  v e n tr ic u lu s .

A  n a rro w  rin g , fo u r  cells w id e  (fig . 6), is a  tru e  connec 
tio n  b e tw ee n  th e  oesophagus an d  th e  m id g u t in  th e  la rv a l food 
tr a c t .  T hose a re  n a rro w , ta ll cells, b ig g e r th a n  th e  v a lv u la r  
cells b u t  sm a lle r  th a n  th e  v e n tr ic u la r  cells, an d  co n s titu te  th e  

im ag in a i r in g ” o ften  re fe r re d  to  b y  m an y  in v e s tig a to rs .

T h e  fo re g u t rem a in s  u n ch an g ed  d u rin g  all th e  la rv a l stage.

T he p re p u p a e  stag e  in  M elipona ta k es  3 d ay s (C ruz-L an- 
dim , 1966) an d  d u rin g  th is  tim e  th e  head , th o ra x  an d  abdom en 
a re  d iffe re n tia te d , as w ell as, th e ir  ap p en d ag es . D u rin g  th is  

tim e  no s ig n if ican t m orpholog ical changes ta k e  p la ce  in  th e  
fo re g u t (fig. I B ) . H ow ever, sections fro m  th e  oesophagus (fig. 

7) show  som e reo rg an iza tio n  in  th e  ep ith e liu m  an d  a  in c rease  
in  th e  th ic k n e ss  of th e  m u scu la r  sh e a th . In  th e  eosophageal 

lum en , a t  th is  tim e, i t  can be seen  ch ro m a tic  g lobules re su lta n t 
fro m  som e cells d eg en e ra tio n .

D u rin g  p u p a tio n  th e  co n stric tio n  d iv id in g  th e  th o ra x  fro m  
ab d o m en  becam es d eep e r ta k in g  f in a lly  th e  im ago asp ec t. T he 

fo re g u t does n o t su ffe r  a  rea l m e tam o rp h o sis  in  th e  Sense of 
d eg en e ra tio n  of th e  la rv a l o rg an  and  o rg an iz a tio n  o f a  new  

one d u rin g  p u p a tio n . T he la rv a l fo re g u t d iffé re n c iâ te s  an d  r e 
o rg an izes  d u r in g  p u p a tio n  w ith o u t b re a k in g  d ow n .
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In  w h ite  eyed  p u p ae  a s lig h t d ila ta tio n  ap p ears  in  th e  fore- 

g u t (fig. 1C) a  li ttle  above th e  v en tric u lu s . T h is  is  th e  f ir s t  
s tep  in  th e  dev elo p m en t of th e  “honey  s to m ach ” o r crop. C audad  
fro m  th e  crop th e  fo re g u t con tinues as a  sh o rt s tra ig h t tu b e , 

w ith o u t an y  m orphological d iffe re n tia tio n . C ephalad  th e  tu b e  
also co n tinue  u n ch an g ed  excep t b y  th e  ap p earen ce  of th e  hy- 
p o p h arin g ea l g land  b u d s in  th e  p h a ry n x  (fig. 17). T he  fig u res  
8 to 16 show s a serie  of cross section th ro u g h  th e  reg io n  caudad  

to th e  crop d ila ta tio n . T he passage in to  th e  v e n tric u lu s  is 
closed d u rin g  th e  p u p al life, as seen in  th e  f ig u re s  11 and  12. 
T he  p ro v en tricu lu s  d ffe ren tia tio n  s ta r ts  in  th is  phase, a lth o u g h t 
i t  can  n o t b e  seen  m orpho log ica lly . Som e m itosis occurs in  th e  
tu b e  b e tw een  th e  crop and  card iac  v a lv e  (fig. 16) and  in  th e  
tra n s itio n  from  th is  tu b e  to th e  lu m en  a lre a d y  ap p ears  sq u are  
(fig. 16).

T he fo reg u t d iffe re n tia tio n  proceeds and  w h en  th e  p u p ae  
eyes s ta r t  to show  p in k  shades th e  p ro v e n tr ic u la r  reg io n  of 
th e  fo re g u t is  a lre ad y  m orpholog ically  v isib le  (fig. 1C), th e  
crop is en la rg ed  a  little  and  h y p o p h arin g ea l g lands ap p ea r as 
s len d er sh o rt tu b es connected  to th e  p h a ry n x . T he sections 
show  th a t  th e  crop w alls (fig. 18) rem a in  th e  sam e as in  w h ite  
eyed  p u p ae  b u t th e  p ro v e n tr ic u la r  reg ion  b ea rs  th ick  w alls  in  
w h ich  n u m ero u s m itosis can be seen  (fig. 18 and  19). T he 
p ro v e n tr ic u la r  w alls  a re  th ic k e r  in  th e  a n te r io r  p o rtio n  an d  
th in n e r  close to th e  v en tricu lu s  (fig. 18). T he  a n te r io r  reg ion  
w ill o rig in a te  th e  p ro v e n tric u lu s  b u lb  an d  cross sections fro m  
th is  p a r t  a lre ad y  show  th e  fo u r  lips fo rm ed  (fig. 20). T he  pos 
te r io r  p a r t  w ill o rig in a te  th e  p ro v en tricu lu s  n e c k . In  th is  phase  
m ost of th e  m itosis occur in  th e  fu r th e r  p ro v e n tr ic u lu s  n eck  
in  o rd e r  to  p ro v id e  its  e lo ngation . T he  c irc u la r  and  lo n g itu d i 
nal la y e r  of m u scu la tu re  rem ain  w ell d e lim ita ted  d u rin g  all 
these  tran sfo rm atio n s .. T he p ro v e n tr ic u la r  b u lb  is m ade up 
m ostly  of m u scu la r tissue, b u t those  m uscles a rise  fro m  d iv i 
sion of m yoblasts in n e r  to th e  o rg an  m u scu la r la y e r .

T he p in k  p u p ae  show  a crop and  p ro v en tricu lu s  w ell d e 
veloped  (fig . IE ) .  T h e  h y p o p h ary n g a l g lands also h av e  in 
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creased  in  le n g th . Sections fro m  th is  phase  show  th e  p ro v en - 
tr ic u lu s  b u lb  a lre ad y  w ell d iffe re n tia te d  (fig. 21) and  th e  m y o 
b lasts, s ta r t in g  e longate  ra d ia lly  to  th e  lu m en . O nly  a few  m i 
to s is  s till o ccu r in  th e  ep ith e lia l cells lin in g  th e  b u lb  lu m en . 

T h e  m ito tic  fu se  is o rien ta te d  in  a w ay  p e rm its  th e  b u lb  lips 
to p ro je c t in to  th e  lu m en .

In  th e  re d  eyed  p u p a  th e  m o rpho logy  of th e  fo re g u t (fig. 
IF )  is p ra c tic a lly  still th e  sam e. H isto log ically  th e  p ro v en tri-  
cu lus is a lre a d y  co m plte ly  d iffe re n tia ted , w ith  th e  sq u a re  shape 

an d  fo u r  lip s  of th e  p ro v en tricu lu s  w ell d e lim ila te d  (fig. 23). 
T h e  p assag e  in to  th e  v e n tric u lu s  is  s till closed, b u t th e  p rim o r- 
d iu m  of th e  ca rd iac  v a lv e  is a lre a d y  fo rm e d . In  th e  beg in n in g  
th e  p a r ti tio n  b e tw een  th e  fo re  an d  m id g u t (fig. 18) consists 
of tw o  la y e rs  of cells ( th e  v e n tr ic u la r  and  fo re g u t e p i th e l ia ) . 

A t th e  p re se n t stage  b o th  la y e rs  a re  p e rfo ra te d  and  th e  la te ra l 
w a lls  of th e  fu tu re  open n in g  a re  fo rm ed  (fig. 22). F ro m  th e  

p ro v e n tr ic u lu s  side th e  tissu e  p lug-cells a re  a lre ad y  d istach ed  
fro m  th e  p ro v e n tr ic u la r  n eck  w alls . T h e  cells th a t  w ill cons 
t i tu te  th e  v a lv e  a re  stom odeal in  o rig in , acco rd ing  to D obrovs- 
k y  (1951).

T h e  crop  w alls  u n til th e  red  eye stag e  rem a in  un ch an g ed , 

consisting  of a  r a th e r  sm oo th  cubic e p ith e liu m  and  th e  u su a l 
m u scu la r la y e rs . B u t in  th e  b ro w n  eyed  p u p ae  th e  crop w alls 

ap p e a r fo rm ed  b y  a squam ous an d  v e ry  fo lded  e p ith e liu m  (fig. 
24). M orpho log ica lly  th e  crop  also show s ev idences of th a t  
tra n s fo rm a tio n  (fig. 16) because  i t  a p p ea rs  la rg e r, an d  w ith  

th in n e r  w a lls . A n o th e r  th in g  to no tice  in  th is  stag e  is th e  hy- 
p o p h arin g e a l g lan d  in  w h ich  th e  se c re to ry  cells a re  a lre ad y  
w ell d-ictached fro m  th e  ex c re to ry  canal g iven  to  i t  th e  aspect 

of a  long  c lu s te r  of sm all alveoli (fig. 1 G ) . T h is  is a lre a d y  th e  
asp ec t th a t  th e se  o rg an s  ta k e  in  a d u lt.  T h e  p ro v e n tr ic u la r  
b u lb  h as  also, b y  th is  tim e, its  f in a l fo rm  (fig. 25 an d  28).

B y th e  end  of th e  p u p a l period , in  tr e  b ro w n  y ed  p u p ae  

in  w h ich  th e  b ody  is  b eg in n in g  to  becam e p ig m en ted  (fig. 1H ), 
th e  fo re g u t p re se n ts  th e  im ago asp ec t in  all its  le n g th . T h e
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crop w alls  a re  so th in  th a t  th e  p ro v e n tr ic u la r  b u lb  can  b e  seen 
b y  tra n sp a re n c y . A t th is  tim e  th e  passage in to  th e  v en tric u lu s  
is still closed, b u t  i t  w ill open  tw o  o r th re e  days b efo re  e m er 

gency .
D u rin g  th e  p u p a l stages th e  fo reg u t g rea tly  e longates and  

becom es d iffe re n tia ted  in to  a  p h a ry n x , a eosophagus, a  crop  
o r h o n ey  stom ach, and  a p ro v e n tr ic u lu s . T h e  elo n g atio n  tak es  
place, f ir s t  a t  th e  expense of ce llu la r d iv ision  th a t  occurs b e t 
w een  th e  w h ite  eye an d  p in k  eye stages an d  la te r  b y  cells 
e longation  an d  d iffe re n tia tio n . In  th e  a d u lt th e  stom odaeum  
is fo u r  tim es lo n g e r th e n  in  th e  la rv a  and  1,5 lo n g e r th a n  in  
w h ite  eyed  p u p ae .

T he m id g u t — T he la rv a l m id g u t occupies m ost of th e  
space in  th e  b ody  cav ity . T he  w ho le  food tr a c t  is ad ju sted  
to serve  th e  la rv a l fu n c tio n . T he m id g u t a tta in s  th e  la rg e s t 
size of th e  d igestive  tu b e  on accoun t of s to rin g  all th e  food 
th e  la rv a  can  in g est d u rin g  th e  sh o rt tim e  ava ilab le  to grow th . 
A t th e  tim e of h a tch in g  th e  la rv a l m id g u t y e t con ta ins y o lk  
(fig. 26) b u t  soon i t  is su b s titu ted  b y  th e  food ea ten  b y  th e  
la rv a e . A s th e  la rv a e  e a t th e  v e n tricu lu s  vo lum e in c reases. 
B y  th e  end  of th e  la rv a l stag e  (fig. 1A) th e  v e n tr ic u lu s  is  a 
tu b u la r  b ag  occupying n e a rly  tw o th ird s  of th e  space of th e  
la rv a l b o d y .

T he fo u r  ty p e s  of cells recognized  in  th e  honey-bee m id g u t 
(A nglas, 1901; N elson, 1924 an d  O ertel, 1930) a re  also fo u n d  in  
th e  p re se n t case.

H ow ever, i t  seem s th a t  th e  so called  co lla r cells consist 
re a lly  of tw o  d iffe re n t ty p es of cells. T he f ir s t  ty p e  w as a l 
re ad y  m en tio n ed  and  co n s titu te s  th e  im ag in al r in g  (fig . 6 ). 
Follow ing th is, th e re  is a n o th e r set of fo u r  cells, v e ry  s im ila r 
to  th e  fo rm ers . T h ey  a re  n a rro w  and  ta ll cells w hose in n e r  
b o rd e r  h av e  n o t a d is tin c t en d ing  an  p ro tru d e  in to  th e  lu m en  
of th e  m id g u t seem ing to be con tinuous w ith  th e  m a te ria l fo rm 
ing  th e  p e ritro p h ic  m em b ran e  (fig. 27).

T he  d igestive  cells v a ry  in  aspect d u rin g  th e  la rv a l p e rio d  
w ith  th e ir  location  and  also w ith  th e  age in c re a s in g . In  an
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e a r ly  la rv a  th e y  fo rm  a cy lin d rica l o r cuboidal ep ith e liu m  th a t  
lines a lm ost all m id g u t and  in  w hose  in n e r  su rface  is a  d is tin c t 
s tr ia te d  b o rd e r (fig. 29). As soon as th e  la rv a l food s ta r ts  to 
e n te r  th e  v en tric u lu s  m an y  sm all g ran u le s  an d  g lobu les (fig. 
29) a p p e a r  in  th e  ap ical b o rd e r of th e se  cells. In  a  la rv a  tw o  
days old  th e  d igestive  cells show  b u lb les  (zeiosis) p ro d u c tio n  
in  th e ir  ap ical borders, (fig . 30 an d  31). T h e  b u b b lin g  of th e  
ap ical m e m b ran es  of th e  d igestive  cells co n tinues d u rin g  th e  

re s t  of th e  la rv a l life  and  p ro b a b ly  is th e  w ay  b y  w h ich  th e  
sec re tio n  is  re leased .

T h e  g e n e ra tiv e  cells (fig. 32) a re  v e ry  sm all and  in co n s 

p icuous, m o st of th e  tim es d iff icu lt to see. T h ey  a re  n estled  
in  th e  basis  of th e  d igestive cells, a ttach e d  to  th e  b asem en t 
m e m b ra n e . In  M elipona th e y  a re  few  in  n u m b e r  fo rm in g  

g ro u p s o f 3 o r  4 cells.

T h e  b a r r ie r  w h ich  closes th e  p assag e  fro m  m id g u t in to  
h in d g u t is  d is ru p te d  a t  th e  end  of th e  la rv a l p eriod , b y  th e  
o n ly  tim e  th e  la rv a l in te s tin e  e m p ty . In  y oung  la rv a e  th e  

se p tu  m b e tw een  v e n tric u lu s  an d  p ro c to d aeu m  is a  doub le  w all 
m ade b y  th e  m id  an d  h in d g u t e p ith e liu m  (fig. 33). T he  v en 
t r ic u la r  cells h a v e  h e re  a  special ty p e , sm alle r an d  ta lle r  

th a n  th e  d ig estiv e  cells an d  v acu o la ted  in  th e  in n e r  p o le . L a te r  
a  p lu g  of th e se  cells g ro w th  b a c k w a rd  (fig. 34) fo rc in g  th e  
h in d g u t e p ith e liu m . By th e  en d  of th e  la rv a l stage  ( la rv a e  6 

d ays old) th e  h in d g u t ep ith e liu m  b re a k e s  and  th e  m id g u t w alls  
e x te n d  a l i t t le  in to  th e  p ro c to d aeu m  fo rm in g  th e  p y lo ric  valve. 

T h e  w a y  in  w h ich  th is  b a r r ie r  is d is ru p te d  is  s im ila r  to  th a t  
of th e  ca rd iac  v a lv e  in  old p u p ae .

T h e  m u scu la r  f ib e rs  in  th e  la rv a l m id g u t a re  v e ry  th in  

an d  incosp icuous b u t a t  le a s t tw o  la y e rs  can  be d istin g u ish ed : 
th e  in n e r  c irc u la r  and  th e  o u te r  lo n g itu d in a l.

T h e  v e n tr ic u lu s  is th e  m ost ch an g eab le  p a r t  of th e  d ig es 
t iv e  t r a c t  becau se  of its  ro le  in  d ig estio n . D u rin g  th e  la rv a l 

life  som e m od ifica tions can  be d e tec ted  in  i t  b u t  th e  m o st s tr ik 
in g  change in  its  e x te rn a l ap p ea ran ce  is  th e  co llapsing  of its
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w alls . A f te r  th e  d isch arg e  of th e  faces th e  v en tricu lu s  ap p ears  

as a f la tte n e d  tu b e  a lm ost th e  sam e d ia m e te r  as fo re  an d  h ind- 
g u t (fig. 18). T h is change occurs a t  th e  end  of la rv a l life  as 

w ell, as th e  rep lacem en t of th e  old ep ith e liu m  b y  a  special 

p u p a l one (L o tm ar, 1943).

T he la rg e  d igestive  cells of th e  la rv a  becam e v acu o la te  

an d  d eg en e ra te  b e in g  casted  of (fig. 36) an d  th ro w n  in to  th e  
lu m en  th ro u g h  w h ere  th e y  w ill be d ig est o r e lim in a ted . A c tu a l 
ly , in  sp ite  of, th is  b reak in g  dow n of th e  ep ith e lia l cells, th e  

v en tricu lu s  a lw ays has a w all (fig. 35), becau se  th e  b asem en t 
m em b ran e  an d  g en era tiv e  cells a re  a lw ay s p re se n t.

T he m orphological aspect of th e  m id g u t d u rin g  th e  p re 
p u p ae  stag e  is show  in  f ig u re  I B . D u rin g  th e  p rep u p a l stages 

th e  d eg en e ra ted  la rv a l ep ith e liu m  is rep laced  b y  a  n ew  epi- 

te liu m  su itab le  to th e  p u p a e . T he g en e ra tiv e  cells (fig. 36) a re  
supposed  to  rep lace  th e  la rv a l ep ith e liu m  b u t  c e llu la r  divisions 
w e re  n o t seen in  th is  cells in  any  phase  of th e  g u t developm ent. 
A ccord ing  to D obrovsky  (1951) th e  rep la cem e n t s ta r ts  an te 

r io r ly  and  proceeds p o s te rio r. In  th e  p rep u p ae  th e  v e n tricu lu s  
show s th e  asp ec t of fig u re  38. T he  reaso n  fo r  th e  fo rm atio n  
of a te m p o ra ry  pupal, ep ith e liu m  is n o t v e ry  w ell u n d ersto o d , 
since th e  p u p a  do n o t e a t.

Soon th e  m id g u t expands again  an d  ta k e s  th e  fo rm  of a  
b o ttle  (fig. 10), la rg e r  in  d ia m e te r  p o s te rio rly . A t th is  tim e  
(w h ite  eyed  pu p ae) th e  v e n tr ic u la r  ep ith e liu m  ap p ears  as 
show ed in  th e  fig u re  39.

T he ex p an d in g  of th e  v e n tr ic u la r  d ia m e te r  p roceeds a n 
te r io r ly  (fig. ID ) w h ile  th e  ep ith e lia l cells in c re a se  in  h e ig h t 

(fig. 37 ).

In  th e  p in k  eyed  p u p ae  th e  d ia m e te r of th e  v en tric u lu s  is 
ag a in  u n ifo rm  (fig. I E ) . A t th is  tim e  an o th e r  tra n s fo rm a tio n  

s ta r ts  in  th e  m id g u t. T h e  top  of th e  ep ith e lia l cells a re  casted  
of (fig. 40) an d  th ro w n  in to  th e  lu m en . T h is castin g  off also 
s ta r ts  a n te r io r ly  (an d  in  som e specim ens i t  can  be seen  in  th e
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ca rd iac  v a lv e  reg ion , as soon as, th e  w h ite  eyed  p u p ae  fig. 18) 
an d  p roceeds p o s te rio rly . In  sp ite  of th e  ep ith e liu m  lo st its 
ap ica l b o rd e r  th e  cells nuc le i ap p e a r  v e ry  h ea lth y , i. e, th e y  to 

n o t show  p icno tic  d eg en e ra tio n  (fig. 41).

T h e  v en tric u lu s  in  th e  re d  eyed  p u p ae  hav e  in c reased  in  
le n g th  (fig. I F ) . T he  ep ith e lia l cells, now  ap p ea r low  an d  i r r e 
g u la r  in  shape  (fig. 42 ). In  th e  n e x t stage, th e  an n u la tio n s  in  
th e  m id g u t w all a re  a lre ad y  v isib les (fig. 1G) and  co rresp o n 
d e n t ^  th e  ep ith e liu m  s ta r ts  to ta k e  th e  a d u lt asp ec t (figs. 43 

a n d  44) w h ich  is seen  in  fig u re  46.

T h e  m u scu la r w all is n o t reo rg an ized  d u rin g  p rep u p a tio n , 

b u t  i t  w ill b e  d u rin g  th e  la s t m e tam o rp h o sis  in  th e  m id g u t 
(b r ig h t p in k  eyed  p u p ae  to  re d  eyed  p u p a e ), w h ich  w ill p ro 
duce  th e  a d u lt ep ith e liu m .

D u rin g  th e  v e n tr ic u la r  m etam o rp h o sis  i t  is su rp riz in g  th a t  

th e  ro le  of th e  g en e ra tiv e  cells could  n o t b e  w ell in te rp re te d  

because , in  sp ite  of b e in g  m o re  n u m ero u s  in  p re p u p a e  an d  p u 

p ae  w e n e v e r  saw  th e m  d iv id in g .

T he m e tam o rp h o sis  of all d igestive  tr a c t  b eg in s  in  th e  v e n 

tr icu lu s , in  th e  la s t h o u rs  of la rv a l life  an d  ra p id ly  tra n s fo rm  
th e  sim ple  food  tr a c t  of la rv a l in to  th e  d iv e rs ified  a lim e n ta ry  
canal of th e  a d u lt.  T he  v en tric u lu s  also in c reases  in  le n g th  
d u rin g  th e se  ch an g es. F ro m  th e  la s t la rv a l stag e  to th e  la s t 

p u p a l stag e  i t  in c re a ses  2 tim es, b u t fro m  la rv a e  to p rep u p ae  
i t  sh o rten s  a b o u t 20%, so th e  v e n tric u lu s  of th e  w h ite  eyed  
p u p a e  is  less th a n  h a lf  of th e  la rv a l v en tricu lu s  in  le n g th .

T h e  p e r itro p h ic  m e m b ran e  — A p e ritro p h ic  m em b ran e  

lin es th e  ep ith e liu m  of th e  la rv a l m id g u t. N elson  (1924) d es 
c rib ed  th is  m e m b ra n e  as a  v e ry  th ic k  hom ogeneous la y e r  of 
a p p a re n tly  g e la tin o u s  consistency . T h is  m em b ran e  is  c lea rly  
seen  to a rise  fro m  a  r in g  p o s te rio r  to  th e  im ag in a l r in g  (fig. 

29 ). N elson  (1924) and  E v en iu s (1926) a tr ib u te d  th e  sam e o r i 
g in  to  th e  p e ritro p h ic  m e m b ran e  of Ap*s w ith  th e  d iffe ren ce  

th a t  th e y  th o u g th  th a t  th e  im ag in al cells gave o rig in  to  i t .
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A ccord ing  to K usm enko  (1940), an o th e r  p e ritro p h ic  m em b ran e  
is  p re se n t in  th e  la rv a e . T h is one, fo rm ed  by  th e  g en era l su r 
face  of th e  v e n tr ic u lu s . W e could n o t d e tec t th is  second m em 
b ra n e  in  M elipona’s  la rv ae , b u t in  f ig u re  29, a  m o re  colored 

b an d  can be seen  in  th e  s tr ia te d  b o rd er, m ay b e  th e  m a te r ia l 
of a  fu tu re  p e ritro p h ic  m e m b ran e .

T he la rv a l p e ritro p h ic  m em b ran e  is e lim in a ted  w ith  th e  
faces a t th e  end  of la rv a l life . A ccord ing  to  D ob ro v sk y  (1951), 

in  A pis, no o th e r  p e ritro p h ic  m em b ran e  is fo rm ed  u n til th e  
end  of th e  p u p a l period , b u t H erin g  (1939) said  th a ts  th e  p e r i 
tro p h ic  m em b ran e  is fo rm ed  in  5 stages b eg in n in g  in  18th day 
of developm ent, i. e, a t  th e  b eg in n in g  of p u p a tio n . In  M elip o n a , 

a f te r  th e  la rv a l in te s tin e  d ischarge , a  p e r itro p h ic  m em b ran e  
w as n o t seen  u n til th e  b ro w n  eyed  p u p a .

T h e  r in g  cells, a ro u n d  th e  base  of th e  stom odeal v a lv e  de 
g en e ra tes  in  a d u lts . T h ey  ap p ea r as fla tte n e d  cells connecting  
th e  v a lve  w ith  th e  v en tricu lu s  cells (C ru z-L an d im  and  R odri 
gues, 1967). N o th ing  s im ila r to  th e  ac tiv ity  th e y  d isp lay  in  
la rv a  is seen  in  ad u lt, th e re fo re , th e  p e ritro p h ic  m e m b ran e  in 
M elipona’s ad u lts  is fo rm ed  b y  th e  v e n tricu lu s  re g u la r  ep ith e 
liu m . Snodgrass (1956) also th in k s  th a t  th e re  is no d o u b t th a t  
th e  a d u lt p e ritro p h ic  m em b ran e  in  A pis is consecu tive ly  fo rm ed  
fro m  th e  e n tire  le n g th  of th e  m id g u t ep ith e liu m .

T he h in d g u t — T he h in d g u t of a  la rv a  is  a  s lig h tly  fla tte n e d  
tu b e , re la tiv e ly  long  (fig. 1A) an d  shaped  lik e  an  S. T he ep i 
th e lia l cells lin n in g  th e  h in d g u t a re  th in  co lu n n ar cells (fig. 
46 ). A  cuticle , con tinuous w ith  th a t  of th e  b o d y  w all, lines 
th e  ep ith e liu m  in te rn a lly . The m u scu la r w all is  h e a v ie r  th a n  
in  th e  fo rep a rts  of th e  g u t and  consists of c irc u la r  f ib e rs . In  
a  la rv a  3-4 days: old th e  h in d g u t is a lre a d y  h isto log ica lly  d iffe 
re n tia te d  in  a  a n te r io r  and  p o ste rio r p o rtio n  (fig. 47 ). D o 

b ro v sk y  (1915) m en tio n ed  th e  ap p ea ran ce  of p ad  lik e  s tru c 
tu re s  in  th e  h in d g u t of la te  la rv a e . In  th e  p re se n t case, i t  w as 
v e rified  th e  occu rren ce  of p ap illae  lik e  folds (figs. 47 and  
48) b u t, i t  is d ifficu lt to say  if  i t  is a rec ta l-p ap illae  o r  a  r e 
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g u la r  in te s tin a l fo ld . A d u lts  of som e p rim iitv e  bees, in s te ad  
of rec ta l pads p re se n t rec ta l p ap illae  (F e r re ira  an d  C ruz-L an- 
dim , 1969). T h e  rec ta l p ap illae  a re  s im ply  folds of th e  rec ta l 
ep ith e liu m  v e ry  s im ila r to  w h a t is show n in  f ig u re  48. T h ey  
p re se n t an  o u te r  p o re  w h e reb y  p e n e tra te  trac h eo le s . S nod 

g rass  (1956) consider th is  ty p es of re c ta l o rgan , m o re  p r im i 
t iv e  th a n  th e  re g u la r  rec ta l p ad s . I t  can  b e  ad m ited  th a t  th e  
M elipona’s la rv a e  p re se n t m o re  p r im itiv e  s tru c tu re s  th a n  th e  
a d u l t .

T h e  co m m u n ica tio n  b e tw een  m id  an d  h in d g u t rem a in s  

closed d u rin g  all la rv a l life , b e ing  opened ju s t  once b efo re  
p re p u p a tio n . A  p y lo ric  v a lv e  is fo rm ed  b y  th is  tim e . A fte r  
p re p u p a tio n  th is  p assag e  is closed ag a in  b y  a tissu e  p lu g  d i 
r iv e d  fro m  th e  a d ja c e n t ep ith e lia l cells of th e  v en tricu lu s  (O er- 
te l, 1930). D u rin g  p rep u p a tio n  th e  p ro c to d aeu m  becom es a 
s tra ig h t tu b e  (fig. I B ) . In  th is  ph ase  m an y  m itosis occur 

m a in ly  in  th e  a n te r io r  p a r t  (fig. 49 ). T h e  m itosis lead  to  in 
c rea se  of th e  h in d g u t in  len g th , so in  th e  w h ite  eyed  p u p ae  i t  
fo rm s  a loop (fig. 1C ). In  th is  ph ase  th e re  is no  d iffé ren c ia tio n  

a long  all len g th , b e in g  th e  d ia m e te r  th e  sam e fro m  th e  anus 
to  th e  p y lo ru s  th e  sam e o ccu rrin g  w ith  h isto log ica l o rg a n i 
za tio n  (fig. 50).

T h e  d ev e lo p m en t of th e  rec tu m  an d  th e  re c ta l p ad s  o r 

g lands (fig . 51 to 56), p roceeds s im u ltan eo u sly . T h e  b r ig h t 
p in k  eyed  p u p a  p re sen ts  a  s lig h tly  e n la rg em en t in  th e  pos 
te r io r  end  of th e  h in d g u t (fig. I D ) . In  th is  case i t  can  a lre a d y  
b e  d is tin g u ish ed  a  sm all in te s tin e  an d  a re c tu m . T h e  rec tu m  
in c reases  ra p id ly  in  le n g th  and  in  d ia m e te r  (fig. IE ) in  such  

a w ay  th a t  in  th e  p in k  eyed  p u p ae  i t  has a lm o st th e  size ol  
th e  la s t p u p a l s tag e . T he  h in d g u t is co m ple tly  d iffe re n tia te d  

a t  th e  end  of th e  eye p ig m en ta tio n  (b ro w n  ey ed  p u p a e ) . A t 
th is  tim e  th e  sm all in te s tin e  show s its  a d u lt a sp ec t (fig . 56) 

w ith  s ix  lo n g itu d in a l fo lds a long  its  le n g th  an d  re c tu m  w alls  

v e ry  th in , an d  folded, co n s titu ted  b y  squam ous ce lls  (fig. 57) 
s im ila r  to th e  crop w a lls . T h e  h in d g u t g re a tly  in c re a se  in  
le n g th  d u rin g  th e  p u p a tio n . T h is in c reas in g  is a b o u t 2.5 tim es.
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T he R ectal P ad s  — I t  w as im possib le in  o u r p re p a ra tio n s  

to d e tec t th e  rec ta l pads th ick en n in g s  b efo re  th e  b r ig th  p ink  
eyed  pupae, and  a t th is  tim e  th e y  ap p ea r as show n in  f ig u re  
52, a  ro w  of ta ll c ily n d ric  cells, w ith  th e  nucle i in  th e  apical 
pole, and  in  w hose basis w e re  m an y  sm all co rpuscu les. T he  
ch ro m atic  m a te ria l fro m  bo th , th e  sm all corpuscu les (w hose 
ce llu la r condition  is n o t v e ry  c lear) and  ep ith e lia l cells sta in s 

h eav y  b y  th e  h em a to x y lin . In  th e  n e x t phase, th e  asp ec t is 
essen tia ly  th e  sam e, b u t  in  th e  pho to  co rrespond ing  to th is  

s tage (fig. 53) i t  can  b e  seen  th e  above m en tio n ed  sm all co r 
puscu les in side th e  ep ith e liu m . U n til now  th e  lim it b e tw een  

th e  ep ith e lia l cells and  th e  g lobules in  th e ir  basis a re  n o t 
sharp , b u t  in  th e  n e x t s tage i t  is (fig. 54). A lso th e  corpuscules 
c learly  show  now  th e ir  ce llu la r cond ition  because  a cy toplasm  
m ass can  be seen  a ro u n d  th e  n u c le i. In  th is  ph ase  (re d  eyed 
p u p ae), th e re  a re  a ten d en cy  of th ese  cells to o rgan ize  in  th ree  
row s, fro m  w h ich  th e  o u te r  is co n tin u o u s a ro u n d  all rec tum  
p e r ip h e ry .

T he rec ta l pads in  a d u lt M elipona a re  six  oval o rgans lo 
ca ted  in  th e  a n te r io r  p a r t  of th e  rec tu m  fo rm in g  tw o a lte rn a te  
row s (C ruz-L andim  and  R odrigues, 1967). T h ey  a re  hollow  
organs co nstitued  b y  a in n e r  la y e r  of ta ll cells and  tw o o u te r 
lay e rs  of f la t 'c e lls ,  w h ich  encirc le  th e  ho llow . In  th e  b ro w n  
eyed  pu p ae  th e  rec ta l pads p re se n t a lread y  its  d e fin itiv e  shape 
(fig. 55).

E ven ius (1933) and  L o tm ar (1945) c laim ed th a t  th e  tw o 
o u te r  lay ers  of cells a re  fo rm ed  b y  ad v en titio u s  m esoderm  
fro m  th e  body  cavity , w h ich  acu m u lates  a ro u n d  th e  rec tu m  
and  g ive o rig in  to o u te r  cells of th e  pads and  also to  th e  m u s 
c u la r  sh ea th s . D obrovsky  (1951) p o stu la ted  a  com plete ly  d if 
fe re n tia tio n  o r ig in . H e th o u g th  th a t  th e  o u te r  cells comes, fro m  

ir re g u la r  d ivision fro m  th e  ep ith e lia l cells as th e  so called  
ch ro m atic  bodies of m an y  au th o rs .

U n fo rtu n a te lly  i t  w as n o t possib le to re fu se  o r con 

f irm  one of th e  above th eo rie s . T he  s im ila rity  b e tw een
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th e  o u te r  cells an d  th e  m y o b las t th a t  su rro u n d  th e  rec 
tu m  seem  to in d ica te  th a t  th e  E v en iu s-L o tm ar th e o ry  is 

r ig h t, b u t in  an o th e r  hand , th e  p resen ce  of “ch ro m atic  b o d ie s” 
in sid e  th e  ep ith e liu m  re in fo rce  D obrovsky’s th e o ry . F e r re ira  

an d  C ru z-L an d im  (1969) fo u n d  c e rta in  p rim itiv e  b ees  fro m  
w hose  th e  re c ta l p ads a re  a b se n t. In  th is  case an  acum m ula- 

tio n  of m esoderm al cells ap p e a r  a ro u n d  th e  rec tu m , b u t  even  
in  th is  case is d if f ic u lt to  say  if  i t  w as o r  n o t a  co in c id en ce .

T h e  M alp ig h ian  T u b es — In  M e lip o n a ’s la rv a e  th e re  a re  

e ig th  M alp ig h ian  tu b e s . T h ey  a re  long ex ten d in g  a n te r io r ly  

f ro m  th e  p o in t of u n io n  of th e  m id  an d  h in d g u t, reac h in g  
n e a r ly  th e  th o ra x . D u rin g  th e  la rv a l life  th e  M alp ig h ian  tu 
b u le s  acu m u la te  e x c re ta  an d  becom e v e ry  d ila ted  w ith  th e m  
(fig. 58 ). A b o u t 6 d a y s  a f te r  h a tch in g  th e  M alp ig h ian  tu b u les  
em p ty  th e ir  c o n ten t in to  th e  h in d g u t ( a t  th e  sam e tim e  th a t  
th e  v e n tric u lu s  does) an d  b eg in  to  d e g e n e ra te . A s p o in ted  
o u t b y  D o b ro v sk y  (1951) in  A p is , th e  la rv a l rec ta l p ap illae  of 

M e lip o n a  a p p e a r ju s t  b e fo re  th e  em p ty in g  of th e  M alp ig h ian  
tu b e s  an d  v e n tr ic u lu s  w h a t su g est som e fu n c tio n  of th is  s tru c 
tu r e  co n n ec ted  w ith  th e  ex c re tio n .

In  e a r ly  p re p u p a  th e  la rv a l an d  a d u lt M alp ig h ian  tu b es  

co ex ist. T h e  d eg en e ra tio n  of th e  la rv a l tu b e s  is ab o u t com 
p le tio n  b y  th e  tim e  of th e  end  of th e  p re p u p a tio n  (fig . 59). 
T h e  n ew  M alp ig h ian  tu b e s  o rig in a tes  fro m  im ag in a l b u d s  in  
th e  p y lo ric  reg io n  of th e  h in d g u t. Its  dev e lo p m en t s ta r ts  y e t 

in  th e  la rv a e . T h e  f ig u re  60 show s th e  m id -h in d g u t co n tac t 
f ro m  a  la rv a e  6 days o ld . T h is la rv a  show s th e 'b e g in n in g  of 
th e  a d u lt  M alp ig h ian  tu b e s  d ev e lo p m en t. In  th is  p h o to  i t  can  
b e  c lea rly  seen  th a t  th e  M alp ig h ian  tu b e  is  connec ted  w ith  

th e  h in d g u t. In  sp ite  of th e  M alp ig h ian  tu b es  ep ith e liu m  r e 
sem bles th e  m id g u t e p ith e liu m  (s tr ia te d  b o rd e r)  i t  is  ec to 

d e rm a l in  o rig in  c o n tra r ily  w h a t th o u g h t T ra p p a m a n n  (1923) 

an d  W eil (1935). T h e  M alp ig h ian  tu b es  do n o t su ffe r  t r a n s 

fo rm a tio n s  d u rin g  th e  p u p a e  life . T h ey  p ré se n t d u rin g  p u L 
p a tio n  th e  a sp ec t of f ig u re  61, th e y  o n ly  in c rease  in  le n g th  

b y  ce llu la r  d iv ision  a t  th e  h in d g u t co n tac t. A f te r  p in k  ey ed



244 C a rm in d a  C . L an d im  a n d  M a ria  L .  S . M ello

p u p ae  th e  d iv isions stop  so th e y  h av e  a lre ad  reach ed  th e  com 
p le te  dev e lo p m en t.

A t th e  end  of th e  p u p ae  stage w e h av e  th e  sim ple d ig e s 
tiv e  canal of th e  la rv a e  changed  in to  th e  d iv e rs ified  a lim e n 
ta ry  tr a c t  of th e  a d u lt.

In  th e  p u p a tio n  b eg in n in g  m o st of th e  d igestive  t r a t  is 

located  in  th e  th o ra x  (fig. 1 ) . A s th e  d ev e lo p m en t p roceeds 
an d  th e  fo re g u t e longates is a p ro g ress iv e  m ig ra tio n  b ack 
w a rd s . A t th e  end  of th e  eye p ig m en ta tio n  th e  v en tricu lu s . 
p ro v en tricu lu s  and  crop a re  a lre ad y  lo cated  in  th e  abdom en.

C O N CLU SIO N S

T he post-em bryonic  changes of th e  d igestive  tr a c t  of Me- 
lipona  q u ad rifa sc ia ta  an th id io jd es  ta k e  p lace  in  la rv ae , pre- 
pu p ae  an d  p u p ae  (T ab le  1 ).

T he la rv a l tran sfo rm a tio n s  re fe r  to m id  and  h in d g u t. T he 
fo reg u t -rem ains unch an g ed  d u rin g  all la rv a l life .

W hen  th e  la rv a l v en tricu lu s  is em p ty ed  of i t s  y o lk  con 
te n ts  an d  th e  la rv ae  s ta r ts  to feed  th e  v en tric u lu s  ep ith e liu m  
changes fro m  a ap a re n tly  in a tiv e  ep ith e liu m  to  one ac tiv e ly  
secre to ry  (2 days a id  la rv a e ) . B u t th e  f ir s t  s tru c tu ra l change 
occur in  th e  h in d g u t w ith  th e  ap p ea ran ce  of th e  la rv a l rec ta l 
p ap ilae  (5 days old la rv a e ) .  W e a re  n o t tw o su re  a b o u t th e  
n a tu re  of those  rec ta l folds, if  w e h av e  n o t re a d  th e  D obrovs- 
k y  p a p e r  i t  w ould  pass unno ticed , b u t  th e  fa c t of som e a d u lt 
bees p re se n t rec ta l p ap ilae  v e ry  s im ila r to th a t  is a  p o in t to 
co n sid er. T he second s tru c tu ra l change occurs b y  th e  en d  of 
th e  la rv a l p erio d  and  consist of th e  d isso lu tion  of th e  tissu e  
p lu g  b e tw een  th e  m id  and  fo reg u t (6 days old la rv a e ) .  T h e  
v en tricu lu s  an d  th e  M alp igh ian  tu b es  a re  th a n  em ptied , and  
con seq u en tly  th e y  collapse and  d eg en e ra te . T he reo rg an iza 
tio n  of b o th  beg in  y e t in  th e  la rv a e .

D u rin g  th e  p rep u p a tio n  th e  d eg en e ra ted  la rv a l ep ith e liu m  
of v e n tricu lu s  is superseded  b y  a p u p ae  ep ith e liu m . T h e  ro le
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of th e  g en e ra tiv e  cells in  th is  su b stitu tio n  is n o t q u ite  c le a r . 

M ito tic  d iv isions b eg in  in  th e  p o s te rio r  p a r t  of th e  fo re g u t 

an d  a n te r io r  p a r t  of th e  h in d g u t.

T h e  g re a te s t changes occu r d u rin g  th e  p u p a tio n . T h e  
fo re g u t d iffe re n tia te s  in  a  p h a ry n x , oesophagus, crop and  p'ro- 

v e n tric u lu s . T h e  fo re g u t d iffe re n tia tio n  is com pleted  b y  th e  
tim e  in  w h ich  th e  b ody  p ig m en ta tio n s  s ta r ts .  T he  m id g u t h as 

i ts  e p ith e liu m  su b s titu te d  again  b y  a  im ag in a l o r  a d u lt ep i 
th e liu m . T h e  re p la cem e n t s ta r ts  a n te r io r ly  w ith  th e  b eg in n 

in g  of th e  eye p ig m en ta tio n  and  is f in ish ed  in  th e  b ro w n  eyed  
p u p a e . T h e  h in d g u t d iffe re n tia te s  in to  in te s tin e  an d  a rec 
tu m . T h e  re c ta l p ads a p p e a r  as e a r ly  as w h ite  eyed  p u p ae  
an d  h av e  th e  a d u lt fash io n  in  th e  b ro w n  eyed  p u p ae . T he  
M alp ig h ian  tu b e s  a re  e ig h t in  th e  la rv a e  an d  40 in  th e  a d u lt. 
In  re d  ey ed  p u p ae  th e y  h av e  a lre a d y  th e  a d u lt size.

T h e  m e tam o rp h o sis  of th e  ec to d erm al an d  m esoderm al 
p a r ts  of th e  a lim e n ta ry  canal p roceeds d if fe re n tly . In  sp ite  
o f th e  changes, in  th e  fo re  an d  h in d g u t w ere  m ore s trick in g  

th e y  a re  g rad u a l an d  w ith o u t a c e n tu a ted  d eg en e ra tio n  p ro 
cess. In  th e  fo re g u t som e d eg en e ra tio n  occu rs  in  th e  eoso- 
p h ag u s, b u t  in  th e  h in d g u t i t  w as n o t seen . T he c e llu la r  d i 
v isions a re  n u m e ro u s  in  th e se  tw o  p a rts ; th e y  p ro v id e  th e ir  

e lo n g a tio n  an d  d iffe re n tia tio n . T he  v e n tr ic u lu s  h as its  ep i 
th e liu m  rep laced  tw ice  an d  also in c reases  in  len g th , m a in ly  
d u rin g  th e  re d  eye s tage, b u t  d iv isions w ere  n o t seen . T h e  

e lo n g a tio n  of th e  v e n tric u lu s  occurs b y  th e  tim e  of th e  la s t 
e p ith e lia l s u b s t i tu t io n .

W e can  say  th a t  th e  p o st-em bryon ic  changes in  M elip o n a  

d ig e stiv e  t r a c t  b eg in  2 days a f te r  th e  egg h a tch in g  an d  fin ish  
6 d ay s  b e fo re  em erg en ce . In  b ro w n  eyed  p u p ae  th e  d ig estiv e  
tu b e  is  a lre a d y  v e ry  s im ila r to th e  a d u lt.

S om e p o in ts  rem a in  obscure in  o u r w o rk . 1) T h e  ro le  of 

th e  g e n e ra tiv e  ce lls . T h ey  do in c re ase  in  n u m b e r  an d  size 

a f te r  th e  v e n tr ic u la r  ep ith e liu m  d eg en e ra tio n  p ro ced in g  th e
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rep lacem en t, b u t  d iv isions on th e m  w ere  n e v e r  seen . 2) T h e  

o rig in  of th e  re c ta l pads o u te r  lay e rs  w as  n o t also c la rified .

O urs fin d in g s do n o t d if fe r  fro m  those w r it te n  b y  o th e r  a u 
th o rs  ab o u t A pis b u t  even  D ob ro v sk y  w ho d id  th e  m ost com 

p le te  p a p e r  in  th e  su b je c t passed  o v er p ro v en tricu lu s  d iffe 
re n tia tio n  .

T he special r in g  of cells secre tin g  th e  la rv a l p re ritro p h ic  

m em b ran e  i s , d iscribed  fo r th e  f ir s t  t im e .
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A B B R E V IA T IO N S

A  — an n u s

A M T — a d u lt M alp igh ian  tu 

bes 
B — b ra in  

BW  — body w all 
c —- cu tic le  
cc — casted  cells 
eg ■— ch ro m atic  g lobule 

C hrb  — ch ro m atic  body  
cm  — c irc u la r  m uscles 

cp — card iac  p lug  
C r — crop
C r ep — crop ep ith e liu m  

C .V  — card iac  v alve  
dc — digestive  cells 
ds — dorsal side 
E ep — e p ip h a ry n x  ep ith e 

lium
em  — ex trin s ic  m uscles 
ep — ep ith e liu m  
FB — fa t  body 
Fc — fa t  cell 
gc — g en era tiv e  cells 
h  — hollow  
H G  — h in d  g u t 
IC  — im ag in a l cells 
il — in n e r  ep ith e lia l la y e r  
IR  — im ag inal r in g  

ire  — im aginal r in g  cells 
lep — la rv a l ep ith e liu m  

lm  — lo n g itu d in a l m uscles 
LM T — la rv a l M alp igh ian  tu 

bes

M — m o u th  

m  •— m uscles 
M T ■*— M alp ig h ian  tu b e s  
m y  — m y o b las t 

n  —  nucleus 
N G  — n erv o u s ganglion  

Oe — oesophagus 
oe m  — oesophageal m uscles 

oen — oenocytes 
ol — o u te r  ep ith e lia l la y e r  

p ep — p u p ae  ep ith e liu m  
P h  — p h a ry n x  
PM  — p e ritro p h ic  m em b ran e  

pm c — p e ritro p h ic  m em b ran e  
cells

PP — py lo ric  p lug  
P . S — py lo ric  sep tu m  
PV  — p ro v e n tric u lu s  

PV b — p ro v en tricu lu s  b u lb  
P V n  — p ro v en tricu lu s  neck  
R — R ectum
Rep — R ectum  ep ith e liu m
Rp -h - rec ta l p ap illa
R pa — rec ta l p ad

SG — s ilk  g lands
SI — sm all in te s tin e
stb  — s tr ia te d  b o rd e r
tm  — tra n sv e rse  m uscles

V — v en tricu lu s
V ep —  v e n tr ic u la r  ep ith e liu m
VS — v e n tra l side
y — yolk
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Fig. 1

Fig. 2 

Fig. 3 

F ig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

to  16

Fig. 17 

Fig. 18

Fig. 19 

Fig. 20

Fig. 21 

Fig. 22

FIGURES

  S ch em atic  rep re se n ta tio n  of th e  d ig estiv e  canal de 
v e lo p m en t: A  —  la rv ae ; B — p rep u p ae ; C — w h ite  

eyed  p u p ae ; D — b r ig h t p in k  eyed  p u p ae ; E — 
p in k  eyed  p u p ae ; F  — red  eyed  pupae; G — B ro w n  
eyed  p u p ae ; S — B row n  eyed  p u p ae  w ith  body  
p ig m e n ta tio n , a. m a rk s  th e  a n te r io r  end, an d  d 

th e  p o s te rio r  end. b m ark s  th e  occip ita l fo ram en  
localization  an d  c th e  thorax ic ' abdom inal passage. 

M T =  M alp ig h ian  tu b es; SG  =  silk  g lands

— L a rv a l fo re g u t. 50x
— E p ip h arin g ea l g roove. 120x
—  L a rv a l oesophagus. 200x

— C ard iac  V alve . 120x
— Im ag in a l r in g . 200x
— P re p u p a e  oesophagus. 200x
— C ross sections of th e  fo re  — m id g u t tra n s itio n . 8 

=  v en tricu lu s ; 9, 10, 11 e 12 =  card iac  v a lv e  zone; 

13, 14, 15 =  p ro v e n tric u lu s  neck ; 16 =  p ro v e n tri-  

cu lus b u lb . 200x
  H y p o p h ary n g ea l g lands b u d s . 120x
 P ro v e n tr ic u lu s . T h e  a rro w  po in ts  to  m ito tic  cells

in  th e  n eck  zone. 50x
  M ito tic  d ivisions in  th e  p ro v e n tr ic u lu s . 500x

— P ro v e n tric u lu s  b u lb . N ote  th e  m itosis  (a rro w s) in  

th e  ep ith e liu m  an d  th e  m y o b las ts  e longation . 120x
— P ro v e n tric u lu s  d iffe re n tia tio n s . 50x „ •

— Z one of th e  ca rd iac  v a lv e . T h e  a rro w s show s th e  

p o in t w h e re  th e  passage  in to  th e  m id g u t w ill open. 

200x



Fig. 23 — P ro v en tr ic u lu s  b u lb  in  re d  eyed  p u p ae . 120x 
Fig. 24 — C rop in  b ro w n  eyed  p u p ae . 120x 

Fig. 25 — P ro v en tricu iu s  b u lb  of b ro w n  eyed  p u p ae . 120x 
Fig. 26 — V en tricu lu s  ep ith e liu m  of y oung  la rv a e . 200x 
Fig. 27 — D iffe ren tia tio n  of th e  im ag in al r in g . 500x 

Fig. 28 — P ro v en tricu lu s  b u lb  of th e  a d u lt. 120x 
Fig. 29 — V en tricu lu s  ep ith e liu m  in  ea rly  feed in g  la rv a e . 

500x
Fig. 30 — B ubling  of th e  la rv a l ep ith e liu m . 200x 
Fig. 31 — B ub ling  o f th e  la rv a l ep ith e liu m . 500x 

Fig. 32 — G en era tiv e  cells of th e  la rv a e . 120x 
Fig. 33 — M id-h indgu t passag e . 120x 
Fig. 34 — O pening  of th e  h in d g u t p lu g . 200x 
Fig. 35 — V e n tric u la r  ep ith e liu m  of a old la rv ae , p reced in g  

p re p u p a tio n . 200x 

Fig. 36 — D eg en era tio n  of th e  v e n tr ic u la r  ep ith e liu  m in  old
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