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S UMMA R Y 

Obse rva t ions  made  on colonies  Of V. oricntalis s h o w  tha t  there  are some pupae  
whose  o r i en t a t i on  in the comb  p r i o r  to eclos ion does no t  co r re spond  to the  geotropic  
o r i en ta t ion  of  the m a j o r i t y  of  pupae .  Geot rop ic  n a t u r a l  e r ro r s  are d i scussed  v is -a -v is  
the i r  effect on the  va r i ous  deve l opm en t a l  s tages ,  and  are s h o w n  to be le tha l  to the  
brood at  the  end of the pupae  stage. 

E x p e r i m e n t s  were  carr ied  ou t  in o r d e r  to separa te  the g rav i t a t iona l  cues f r o m  the  
cues o r ig ina t ing  w i t h i n  the  combs  cells, r e s u l t i n g  t h a t  the  la rvae  are r e s p o n d i n g  p r i m a r i l y  
to cues o r ig ina t ing  w i t h i n  the  cell, and  m u c h  less  so to gravi ty .  The n u m b e r  of  diso-  
r iented w o r k e r s  is inva r i ab le  sm a l l e r  t h a n  the  n u m b e r  of  d i sor ien ted  sexual  fo rms .  

R~SCM~ 

Orientation des larves en cours de nymphose chez Vespa orientalis. 

L 'obse rva t ion  m o n t r e  que,  dans  les co lon ies  de Vespa orienlalis, que lques  n y m p h e s  
avan t  l '6closion ne sont  pas  or ient~es  d a n s  le r a y o n  comme  les au t res .  Nous  avons  
analys6 les cons6quences  des e r r e u r s  de g 6 o t r o p i s m e  s u r v e n a n t  dans  les cond i t ions  n a t u -  
rel ies su r  les diff6rents s tades  de d~ve loppemen t .  Nous  avons  mon t r 6  qu 'e l les  son t  
l~tales p o u r  le couva in  ~ la fin de la n y m p h o s e .  

Des exp6riences  qui  on t  6t6 r6al is~es p o u r  s6pare r  les f ac t eu r s  de gravi t6  de ceux 
qui  p r o v i e n n e n t  des alv6oles, il r e s s o r t  que  les la rves  r6ponden t  p r i n e i p a l e m e n t  aux  
fac teu r s  a lv~olai res  et beaucoup  m o i n s  h la p e s a n t e u r .  Le n o m b r e  d 'ouvr i6 res  i s sues  
d 'alv6oles ma l  o r i e n t , s  est  t o u j o u r s  i n f ~ r i e u r  h celui des sexuds i s sus  de tels alv~oles. 
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I N T R O D U C T I O N  

In combs cons t ruc ted  by Vespinae, the ceils o rd inar i ly  face d o w n w a r d s  
(SPRADBERY, 1973). However ,  if the combs are exper imenta l ly  t u rned  a round  

to a posi t ion different  f rom the  norm, then the wasps  al ter  or rota te  the comb 

const ruct ion  so as to have the cell outlets facing down (MONTAGNEn, 1964; WAFA 

and SHARKAWI, 1973). Although the queen oviposi ts  even in the cells expe r imen-  

tally tu rned  upwards ,  the worke r s  usually abandon combs that  have  been d ispaced  

f rom the natural  pos i t ion by 180 ~ , and commence  bui ld ing  new, co r rec t ly  
or ien ted  combs to w h i c h  the queen t ransfers  after a whi le  (ISHAY, 1967). 

This  fact that  the comb cells face down has a bear ing  in all nest act ivi t ies .  

Thus, the q u e e n  oviposits  and the worke r s  feed the larvae or cons t ruc t  cells 

whi le  the i r  backs are toward  the ground,  and of course the brood is suspended  
upside down in the nest. The eggs and larvae  at instars  1-3 must the re fo re  be 

fastened to the cell walls,  o therwise  they  wou ld  fall out. However ,  la rvae  at 
instars  4-5 are freely mobi le  wi th in  the i r  cells and are capable of regula t ing the i r  

depth wi th in  the cells by muscular  ac t iv i ty  a ided by var ious  t egumen ta ry  

protuberences .  
Just  p r io r  to pupat ion  the larva  first spins a silk dome across the cell 

entrance,  then inver ts  itself w i th in  the cell to complete  its silk cocoon along the 

sides and base. F ina l ly  it rever ts  in its ini t ial  head down posi t ion w i th in  the 
cell. At this stage the passage f rom midgut  to h indgut  opens for  the first t ime,  

permi t t ing  the mecon ium to be excre ted  and pressed against the upper  end or 
roof  of the cell. Now the larvae undergoes  moult  w i th  the result  that  the 

mecon ium becomes si tuated be tween the silk cocoon and the moult  skin. When  
the pupae is finally formed,  its head  faces the cell en t rance  whi le  its ven t rum  
is usually d i rec ted  towards  the center  of the comb (ISHAY and al., 1972). Any 

larvae that  does not pupate  in the normal  head-down posi t ion is doomed  to 

death because it wi l l  be incapable  of leaving the cell upon eclosion. 
The present  study was under taken  to de te rmine  wha t  cues the larvae  r e spond  

to in or ient ing  in a h e a d - d o w n w a r d  posi t ion p r io r  to pupat ion.  

MATERIAL AND METHODS 

Observations and experiments were carried out on colonies of Vespa orientalis 
collected in the field during the active season, as well as on colonies grown in a 
Vesparium either in an open court (with an egression to the field) or enclosed in special 
breeding boxes (with no egression). The collection and rearing of hornets was as 
described earlier (IsrIAY, 1964). Entire colonies containing adults, as well as comb 
with brood only, were maintained in the vesparium on angles of 90 ~ and 180 ~ to normal 
in order to study the response of the larvae and the adults to the experimentally-induced 
conditions. Control colonies were maintained in normal position. 
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R ES UL TS 

Observations on Normal Colonies. 

Approximate ly  25 % of 300 colonies taken from the field dur ing  May- 
October between 1960-1974 conta ined  some pupae wh ich  despite having 
completed matura t ion  wi th in  the cell, fail to hatch.  Such r aborted )) pupae 
const i tute be tween 0.20 to 3.33 % (in 25 % of the colonies). 

Close examinat ion  reveals three reasons for this  fai lure to eclose : 
1. The pupa  completes its developments  to imago wi th  its head facing up 

towards the roof of the combs and wi th  excreted mecon ium above its head. 
The imago evident ly  cannot  chew its way  through the meconium and the 
carton of the cell roof and dies. This  accounts  for about 20 % of the eclosion 
failures. 

2. The pupa  develops wi th  its head facing up towards the roof of the cell 
and the excreted meconium is in terposed between the t ip of the abdomen and 
the silk dome sealing the cell entrance.  The developing imago cannot  emerge 
from the cell. This  accounts  about 60 % of the eclosion failure. 

3. The pupa  is in the proper  posi t ion wi th in  the cell, wi th  its head facing 
down, but the excreted meconium interposes  between its head and the silk dome, 
sealing the cell en t rance  and preizenting agression of the imago. This accounts 
for the r e m a i n i n g  20 % of the eclosion failures. 

All of these s i tuat ions may occur on the same colony, or even in the same 
combz. In  all instances the imago dies w i th in  a few days wi thout  any attempts 
by the aduly nest-mates to l iberate it. Only fol lowing death of the imagos are 
the cells opened by the workers  and the corpses of the dead imagos ejected to 
make way  for new eggs. 

Experiments.  

a) R o t a t i n g  the comb  through  90 ~ . During the first few days there is no 
apparen t  change, the queen con t inu ing  to oviposit  in the shifted cells and the 
workers  t end ing  the brood as usual. Subsequent ly,  however,  there are several 
successive changes as follows : tile cells along the upper  border  of the comb are 
modified by the workers  through elongat ion and r bend ing  >> of their  margins,  
so that w i t h i n  a few days the cell en t rances  face down again. At the same 
time, other  workers  commence bu i ld ing  new stems upon the existing comb. 
These stems extend out wards  from the comb and at the i r  t ips new comb cells 
facing down are constructed (fig. 1). It is in teres t ing  to note that in the course 
of the former  bu i ld ing  activity, i.e., the e longat ion of exist ing cells, the workers  
alter vacant  cells but fail to add pulp to all cells occupied by brood. 

The  queen wil l  cont inue  to ovoposite in  hor izontal  cells (at r ight  angles to 
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the gravi ta t ional  pull) as wel l  as in the p roper ly  ver t ica l  cells, and colonies  

wi l l  persis t  in both types of cells, but gradual ly  most of the popula t ion  wi l l  shif t  
to the ver t ica l  cells as they  begin to p roduce  larvae need to be fed. 

b) Rotating the combs through 180 o. In this posi t ion the comb-cel l  en t rances  

face up, wh ich  is exact ly  opposi te  to the normal  arrangement .  Larvae  at ins tars  

4-5 are t ended  as normaly ,  but la rvae  at instars  1-3 hang headdown  t o w a r d s  the 

base (roof) of the i r  cells, are ignored  by the workers ,  and die shor t ly  after.  Cells 

FIG. 1. - -  Comb rotated through 90 ~ The big comb has been rotated. The cells along 
the upper border have been modified so that their entrances face down (left side) 
or sealed (right side). A new comb, attached by a stem to the old one contains 
cells that open downwards. 

Fro. 1. - -  Le grand rayon a subi une rotation de 90 ~ Les alv6oles de la partie sup6rieure 
ont ~t6 modifies de telle sorte que leur ouverture est maintenant orient6e vers le bas 
(~t gauche) ou ferm6e (~ droite). Les alv6oles du rayon qui a 6t6 ensuite eonstruit 
s'ouvrent vers le has. 

that  had been vacated  are gradual ly  sealed of f  by the worker s  (fig. 2) wh i l e  

concur ren t ly  new, downwards - f ac ing  cells are constructed along the marg ins  
of the comb. The  queen cont inues  for awhi le  to oviposite in the or ig ina l  cells. 

Most larvae pupat ing  in such inver ted  cells develop normally,  i.e., af ter  sp inn ing  

the silk cocoon they or ient  in it w i th  the i r  head  facing the cell  en t rance  sa that  
normal  eclosion of the imago is made  possible.  Some of the larvae,  howeve r ,  

pupate  in an inver ted  pos i t ion  98 % of these larvae facing down towards  the roof  

of the comb and the excre ted  mecon ium in te rposed  between the tip of the abdomen  
and the silk dome. In table I are summar ized  the data on the d i rec t ion  of pupa t ion  
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in inver ted  combs dur ing September-October  (the season when  worker ,  drone and 
queen larvae are in abundance) .  

By day 6 and subsequently,  there  is considerable  degenera t ion  of the 5th 

instar  larvae,  some of them dying wi th in  the i r  cells and others ceasing to feed. 
As is evident  f rom Table I, only a small number  of w o r k e r  la rvae  pupate  

wi th  thei r  heads facing down,  i.e. away from the cell en t rance;  whi le  the 
major i ty  or ient  p roper ly  wi th  respec t  to the cell entrance.  On the other  hand,  

drone larvae tend to pupate  more  f requent ly  in accordance  wi th  the gravi ta t ional  

Ftc,. 2. - -  Comb rotated through 180 ~ . Some of the empty cells of the original comb 
have been sealed by the adults. Attached to the right side of the old comb is a 
cluster of new cells oriented in the usual downward-opening direction. 

FIG. 2. - -  Le rayon de gauche a subi une rotation de 180 ~ . Quelques-uns des alv6oles 
rides ont 6t6 ferm6s par les Gu~pes. Le rayon qui a ~t6 ensuite construit a 6t6 attach6 
au rayon invers6. Ses alv6oles ont l 'orientation habituelle. 

pull, than the workers ,  and queen larvae do so more f requent ly  than drone  

larvae. These differences are significant (P < 0.05). 
Larvae  in the combs main ta ined  in the vespar ium in the normal  posi t ion 

pupate p roper ly  as in natural  colonies. All la rvae  that  pupate in the inver ted  
posi t ion are incapable  of eclosing f rom the cell and are thus doomed to death 

but if art if ically removed  f rom the i r  cells after complet ing  matura t ion  they  
appear  normal.  On the o ther  hand,  larvae that  pupate  in the normal  posi t ion are 

unaffected by invers ion of the comb and emerge normal ly  and on t ime f rom 
the cells. 
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TABLE I.  - -  Direction of pupa t ion  in ar t i f ical ly  inver ted horne t  combs. 

TABLEAU I. - -  Or ien ta t ion  de nymphes  de Gudpes pa r  rappor t  h la pesan teur  d a n s  des 
rayons  qui ont  ~t~ inverses  exp~r imenta lement .  

Days after Comb Inversion 

2 3 4 5 6 1 

N * I'*'* 

Workers 380 8-~-2 % 

Drones . 180 1 1 : ~ 6 %  

Queens . 240 2 4 ~ 1 0  % 

T o t a l  . . . .  800 43 ~- 5 % 

N I 

450 9----2 % 

230 15 ---- 6 % 

310 3 5 =  11% 

990 59 = 6 % 

N I 

190 4----2 % 

280 16-----6% 

290 4 8 : 1 4  % 
_ _ l  

760 6 8 = 9  95 

N I 

86 1-~--1% 

210 14 ---- 6 % 

31(} 16 ~- 5 % 

6~6 31 == 5 % 

N I 

32 0--~0 % 

84 6 - - 6  % 

91 8----8 % 

'2-~7 14 - -  7 % 

IN I 

16 0 - - 0 %  

31 2----6% 

29 5m~15% 

~6 7 = 9 %  

N : Normal  pupat ion ,  where  the  head  of the  pupa, fol lowing the  sp inn ing  of the  
silk dome, still  faces the  cell en t rance  even a f te r  invers ion  of the  comb. 

** I :  Inver ted pupat ion ,  where  the  pupa  is or iented wi th  i ts  head toward  the  
bo t tom of the cell and  the  t ip of the  abdomen  toward  the cell entrance.  

N : nymphcs  rest~es en pos i t ion  normale .  Apr~s le t issage du coeon, la  t~te fa i t  
tou jours  face ~t l 'entr~e de l 'alv~ole, malgr6 l ' invers ion  du rayon ; 

~* I : nymphes  qui se sont  re tourn6es  dans  l 'alv6ole. Leur t~te est m a i n t e n a n t  o r i e n -  
t ~ e  vers le fond de l 'alv~ole. 

D I S C U S S I O N  

H o r n e t  w o r k e r s  a r e  o r i e n t e d  b y  g r a v i t a t i o n a l  cues  w h e n  b u i l d i n g  a n d  r e a c t  

p r o m p t l y  to c h a n g e s  of  d i r e c t i o n  of  c o m b s  w h e n  d i s t u r b e d .  A l t h o u g h  t h e  q u e e n  

p r e f e r e ,  m o s t  p r o b a b l y ,  to l ay  eggs i n  p o s i t i v e  geo t ax i s  o r i e n t e d  c o m b s ,  s h e  

c o n t i n u e d  to l ay  a lso  i n  i n v e r t e d  c o m b s .  Most  of  t h e  l a r v a e  do  no t  r e l a t e  to  

t he  n e w  g e o t r o p i e  o r i e n t a t i o n  e i t h e r  b e c a u s e  t h e y  a r e  r e g u l a t e d  b y  t h e  s h a p e  

of t he  ce l l  i n  w h i c h  t h e y  g r o w  or  b e c a u s e  t h e  g e o t r o p i c  s e n s e  of t h e  l a r v a e  

is  d e t e r m i n e d  at  e a r l y  l i fe  a n d  r e q u i r e s  a l o n g e r  p e r i o d  of c h a n g e  fo r  i t s  

m o d i f i c a t i o n .  

I n v e r s i o n  of t h e  c o m b  p r o d u c e s  c o n s i d e r a b l e  m o r t a l i t y  of  t h e  l a r v a e  p o s s i b l y  

b y  d i s r u p t i n g  t h e i r  a b i l i t y  to  c o m m u n i c a t e  v i a  a c o u s t i c  m e a n s  (IsHAY a n d  aL, 

1972; ISHAY a n d  al., 1974).  I t  a lso  r e s u l t s  i n  a l o w e r e d  p u p a t i o n  r a t e ,  s u g g e s t i n g  

d a m a g e  i n c u r r e d  b y  t h e  n e w  g e o t r o p i e  o r i e n t a t i o n .  

F a i l u r e  of  s o m e  of  t h e  p u p a e  to  h a t c h  f o l l o w i n g  t h e  i m a g i n a l  m e t a m o r p h o s i s  

is c o n n e c t e d  w i t h  t h e  o c c u r r e n c e  of  n a t u r a l  e r r o r s  v i s -a -v is  g e o t r o p i s m .  I n  t h e  

t h r e e  d e s c r i b e d  m e e h a n i s m s  of  h a t c h i n g  f a i l u r e ,  t h e  l a r v a e  do  n o t  f o l l o w  t h e  

u s u a l  b e h a v i o u r a l  p a t t e r n .  T h e  r e a s o n  f o r  t h i s  is no t  c l e a r  b u t  m a y  be  g e n e t i c a l l y  
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c o n t r o l l e d .  H o w e v e r ,  al l  t h e  e r r a n t ,  p u p a e  a r e  d o o m e d  to d ie  a n d  a r e  t h u s  r e m o v e d  

f r o m  the  a c t i v e  c i r c l e  of  t h e  c o l o n y .  I t  w o u l d  s eem t h a t  p r o p e r  m a i n t e n a n c e  of 

t he  c o l o n y  does  n o t  f a v o r  a n y  i n d i v i d u m  w h o s e  r e s p o n s e  to g e o t r o p i s m  d i f f e r s  

f r o m  t h e  n o r m .  T h e  n u m b e r  of ca se s  i n  w h i c h  t h e  p u p a e  do  n o t  b e h a v e  w i t h  

r e g a r d  to g e o t r o p i s m  i n  t h e  o r d i n a r y  m a n n e r  is r e l a t i v e l y  smal l ,  a l t h o u g h  s ta t i -  

t i c a l l y  s i g n i f i c a n t .  I t  is  p o s s i b l e  t h a t  t h e  p h e n o m e n a  o r i g i n a t e d  i n  t h e  g e o l o g i c a l  

e r a  d u r i n g  w h i c h  t h e  ce l l s  a n d  c o m b s  of V e s p i d a e  e v o l v e d  f r o m  p r o t o t y p e s  s i m i l a r  

to  t h o s e  of E u m i n i d a e  i n  w h i c h  t h e  eggs a n d  l a r v a e  w e r e  h a n g i n g  f r o m  t h e  r o o f  

of  t h e  ce l l s  (as i n  V e s p i d a e  t o d a y ) .  H o w e v e r ,  t h e  ce l l  c o u l d  l ie  h o r i z o n t a l l y ,  

or  i t  c o u l d  s t a n d  v e r t i c a l l y  w i t h  i t s  e n t r a n c e  on  t h e  top ,  as w h e n  t h e  p r e y  w a s  

s u p p l i e d  to t h e  l a r v a e  i n t a c t  t h e  a r r a n g e m e n t  of  t h e  ce l l  w a s  of  i m p o r t a n c e  

n e i t h e r  to  t h e  l a r v a e  n o r  to  t h e  w a s p  (MALYSHEV, 1968).  As a m a t t e r  of  fac t ,  t h e  

cases  in  w h i c h  t h e  m e c o n i u m  a c c u m u l a t e d  a b o v e  t h e  h e a d  of t h e  e m e r g i n g  p u p a e  

a n d  p r e v e n t e d  i t s  e c l o s i o n  m i g h t  n o t  h a v e  b e e n  l e t h a l  i f  t h e  V e s p i d a e  t a c k l e d  

t he  r e m o v a l  of  t h e  m e c o n i u m  s i m i l a r l y  to  P o l y b i n i  of  t h e  g e n e r a  PaIybioides,  
Ropalidia,  Belonagaster a n d  ParapoIgbia. I n  t h e s e  g e n e r a ,  t h e  w a s p s  r e m o v e  

f a e c a l  pe l l e t s  f r o m  t h e  ce l l s  b y  c h e w i n g  ou t  t h e  r o o f  of t h e  ce l l  t h e n  s e a l i n g  

t h e  h o l e  w i t h  a s a l i v a r y  s e c r e t i o n  w h i c h  d r i e s  to f o r m  a m i k a - l i k e  w i n d o w  (PARDI, 

1965; EVANS a n d  EBERHARD, 1970).  

In  t h e  c o u r s e  of  t h e  o n t o g e n y  of  Vespa orientalis,  t h e  c h a n g e  f r o m  a d e p e n -  

d e n c e  ch i e f ly  on  c e l l u l a r  cues  of t h e  l a r v a e  a n d  p u p a e ,  to  a n  a b s o l u t e  d e p e n d e n c e  

on  g e o t r o p i c a l  cues  b y  t h e  a d u l t  w o r k e r s ,  l e aves  r o o m  fo r  s p e c u l a t i n g  t h a t  

s i m i l a r l y  o r d e r e d  c h a n g e s  o c c u r r e d  a lso  in  t h e  c o u r s e  of  p h y l o g e n y .  If  t h i s  be  

t rue ,  t h e n  t he  a d v a n c e d  c o n s t r u c t i o n  of a c o m b  w i t h  a p o s i t i v e  g e o t r o p i c  

o r i e n t a t i o n  m u s t  h a v e  b e e n  a r a t h e r  r e l a t i v e l y  r e c e n t  d e v e l o p m e n t .  
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