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Rdsumd. Le t a u x  des c a t6cho l amines  du  m y o c a r d e  a 6t6 
dos6 chez l e  r a t  s auvage  v i v a n t  dans  la n a t u r e  et  chez le 
r a t  de la m 6 m e  esp~ce v i v a n t  dans  des cond i t ions  de 
c o n f i n e m e n t  en  labora to i re .  Chez l ' a n i m a l  61ev6 en  labo-  

17 The authors wish to thank Mr. F. VIGNERON for providiffg them 
with wild rats and raising the grey lab Ratus norvegicus. 

r a to i r e  Ie t a u x  des c a % c h o l a m i n e s  es t  s i g n i f i c a t i v e m e n t  
plus  61ev6 que chez son homologue  v i v a n t  dans  la na tu re .  
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Thermoregulatory Pheromones in Wasps 

W a s p s  and  h o r n e t s  ( fami ly  Vespinae)  are widespread  
t h r o u g h o u t  t h e  N o r t h e r n  Hemisphe re .  The  more  f ami l i a r  
social species be long  to  t he  s u b f a m i l y  Vesp inae l ,  s. 
T h e r m a l  m e a s u r e m e n t s  t a k e n  w i t h i n  t he  nes t s  of va r ious  
species h a v e  shown  t h a t  t h e  t e m p e r a t u r e  is m a i n t a i n e d  a t  
qu i t e  a c o n s t a n t  level  a-6. Th i s  work  ha s  been  done  to  
u n d e r s t a n d  h o w  t h e  t e m p e r a t u r e  r egu la t i on  is m a i n t a i n e d .  

Material. T e m p e r a t u r e  and  t h e r m o r e g u l a t i o n  were 
s tud ied  us ing  groups  of adu l t s  or single p u p a e  and  l a rvae  
of t he  fol lowing species:  Vespa orientalis (VO), V. crabro 
(VC), Paravespula germanica (PG), P. vulgaris (PV), 
Dolichovespula saxonica (DS), and  D. media (DM). 

Methods. Groups  of 50-200 wasps  or h o r n e t s  were k e p t  
a t  r oom t e m p e r a t u r e  (18-25~ w i t h  a n d  w i t h o u t  b rood  
combs  w i t h i n  boxes  h a v i n g  glass cover t s  to  enab le  

Fig. 1. Workers of Vespa crabro on the comb in the usual position 
when warming pupae. Photo: Mr. U. EIDA~L 

obse rva t ion .  T e m p e r a t u r e  of wasp  c lus ters  or s ingle p u p a e  
or l a rvae  was m e a s u r e d  w i t h  a p l a t i n u m  t h e r m o e i e m e n t  
(5 m m  • 3 ram,  Degussa,  H a n a u )  a n d  recorded  w i t h  a 
P u n k t s c h r e i b e r  ( H a r t m a n n  a n d  Braun) .  O b s e r v a t i o n s  
were m a d e  on  t h e  b e h a v i o u r  of wasps  in c lus ters  as well  
as t o w a r d  b rood  combs,  p u p a e  an d  l a rvae  wh ich  were 
r e m o v e d  f rom t h e  combs .  V a r i o u s  s tages  of wasps  a n d  
severa l  o the r  species of insects,  social an d  non-social  were 
e x t r a c t e d  e i the r  in  t a p  water ,  ace tone  a e t h e r  or 70% 
e thy l  alcohol.  S t r ips  of f i l te r  p a p e r  i m p r e g n a t e d  w i t h  t h e  
above  ex t rac t s ,  freeze dr ied as well  as w ax  or p las t i c  
repl icas  of p u p a e  h a v e  been  e x a m i n e d  for t h e i r  t h e r m o -  
r egu la to ry  t r igger ing  effect  on wasps.  P u p a e  were incub-  
a t ed  in t h e r m o s t a t  a t  20 ~ a n d  32 ~ (6 0 -7 0 %  h u m i d i t y )  
in order  to  s t u d y  t h e  inf luence  of t h e  t e m p e r a t u r e  on 
t h e i r  m a t u r a t i o n .  

Results. Groups  of wasps,  PG,  PV,  D S a n d  DM, t e n d  to  
congrega te  in t igh t ,  m u l t i l a y e r e d  culs ters  in  t h e  lower 
corner  of t h e  box.  Once t h e y  fo rm a cluster,  t h e  wasps  
s t a r t  r ap id  a b d o n i m a l  p u m p i n g  m o v e m e n t s  b y  a l t e r n a t -  
ive ly  r e t r a c t i n g  an d  e x t e n d i n g  t h e  a b d o m i n a l  s egmen t s  
a t  a r a t e  of up  to  180 m o v e m e n t s  pe r  minu te .  Horne t s ,  
VO an d  VC fo rm a s ingle- layered  c lus ter  in  t h e  u p p e r m o s t  
p a r t  of t h e  box  an d  j u s t  l ike t h e  wasps,  e x h i b i t  c o n s t a n t  
a b d o m i n a l  p u m p i n g  m o v e m e n t s .  The  t e m p e r a t u r e  r ead ing  
a m i d s t  t h e  wasps  was usua l ly  29-35~  as c o m p a r e d  to  
23-25 ~ measu red  w i t h i n  the  box.  

W a s p s  or  h o r n e t s  which  were offered a c o m b  be long ing  
to t h e i r  own species an d  c o n t a i n i n g  b rood  (i.e. eggs, l a rvae  
an d  pupae)  in  t h e  n o r m a l  pos i t ion  (cell open ing  down-  
wards) ,  r a p i d l y  occupy  t h e  comb,  some of t h e  workers  
en te r  v a c a n t  cells adj s c e n t  to  a pupa ,  p lace  t he i r  a b d o m e n  
aga ins t  t h e  cocoon a n d  c o m m e n c e  t h e  a b d o m i n a l  p u m p -  
ing m o v e m e n t s  (Figure 1). W i t h i n  5-7 ra in  t h e y  raise  t h e  
t e m p e r a t u r e  of t h e  p u p a  to  30-32~ as c o m p a r e d  to  
20-22 ~ ou t s ide  t h e  comb.  I n  no in s t ance  were workers  
obse rved  to w a r m  t h e  l a rvae  or t h e  eggs. T e m p e r a t u r e  
r ead ings  on  u n w a r m e d  i n d i v i d u a l  pupae ,  i n t a c t  w i t h i n  
t h e i r  cocoon, do n o t  differ  f rom t h a t  of t h e  i m m e d i a t e  
e n v i r o n m e n t .  I n  con t ras t ,  t h e  t e m p e r a t u r e  of u n w a r m e d  
i n d i v i d u a l  l a rvae  s l igh t ly  exceeds (by 2-3 ~ t h e  env i ron-  
m e n t a l  t e m p e r a t u r e  (Figure  2). W h e n  p u p a e  are  r e m o v e d  
f rom t h e i r  cocoons t h r o u g h  t h e  u p p e r  surface of t h e  c o m b  
(so as n o t  to  d a m a g e  t h e  si lk dome),  t h e  workers  will cease 
w a r m i n g  t h e  e m p t y  cocoons. I f  a p u p a  is r e m o v e d  f rom 
its cocoon a n d  p laced  in t h e  m i d s t  of a g roup  of wasps  

1 j .  F. SPRADSERY, Symp. zool. Soc. London 14, 61 (1965). 
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depr ived  of brood combs,  the  adul ts  will approach  the  
pupa,  circle it, and  s t a r t  l icking off its old pupae  cuticle. 
This accomplished,  t h e y  will lie alongside the  pupa  and  
ini t ia te  abdomina l  pumping ,  soon raising the  t e m p e r a t u r e  
of the  pupa  to 29-35 ~ The closer the  pupa  to ma tu ra -  
tion, the  more  preferent ia l  the  t he rmoregu la to ry  t rea t -  
m e n t  i t  receives. 

The w a s p s  PG, PV, DS and DM, apa r t  f rom warming  
the i r  own or the  reciprocal  pupae,  will also warm pupae  of 
VC, bu t  no t  of VO. As for adul ts  of the  la t t e r  2 horne t  

species, t h e y  will only w a r m  pupae  of the i r  own species. 
The following m a y  serve as a typ ica l  example  of such 
reciprocal  warming :  a pupa  of VC is p resen ted  to a group 
of imagines  of PV. Soon, 8 to 15 adu l t  wasps  of th is  r a the r  
d iminu t ive  species ar range themse lves  a round the  much  
larger pupa,  and s t a r t  w a rmi n g  it, raising its t e m p e r a t u r e  
af ter  30-40 mill to 29--33 ~ as compared  to  a sur rounding  
t e m p e r a t u r e  of 23 ~ (Figure 3). The workers  cont inue  to  
w a r m  the  pupa  for days,  up to  t he  m a t u r a t i o n  of the  
imago. F r o m  this  po in t  on, however,  the i r  behaviour  
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Fig. 2. Temperature recording of a larva of V. crabro (top plot). The larva is situated in the normal position within its cell. The 
thermoelement is interposed between the cell wall and the body of the larva. 
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I~'ig. 3. Temperature recording of a pupa of V. crabro (top plot), which is being heated by workers of Paravespula vulgaris. The 
thermoelement is attached to the pupa. 

Fig. 4. Wasp workers (P. vulgaris) 
heating hornet pupa (V. crabro) 
while their companions attack an 
adult hornet, gripping its extremi- 
ties. Photo: Dr. U. MASCHWlTZ. 
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becomes  hosti le .  Some of t h e m  now  grasp  t he  newly  
fo rmed  imago  b y  i ts  a n t e n n a e ,  legs, wings  a n d  st ing,  
whi le  o the r s  p roceed  to  s t ing  i t  to  dea th ,  m u c h  as t h e y  
would  do to  a n y  i n t r u d e r  in  t he  nes t  (Figure  4). W a s p s  
h a v e  n e v e r  been  obse rved  to  w a r m  p u p a e  of h o n e y b e e s  
( inside or ou ts ide  t h e i r  cells), of an t s  or o the r  insects  a t  
d i f fe ren t  s tages,  no r  t h e i r  own  freeze dr ied  or d u m m y  
pupae .  W a s p  p u p a e  t h a t  h a d  been  cu t  in  two  or f rozen to  
dea th ,  p u p a e  k e p t  in t o t a l  da rknes s  or w r a p p e d  in f i l te r  
paper ,  do elici t  h e a t i n g  behav iour .  F i l t e r  p a p e r  s t r ips  
i m p r e g n a t e d  w i t h  a lcohol  ex t r ac t s  of p u p a e  alone, 
re lease t h e  t h e r m o r e g u l a t o r y  b e h a v i o u r :  wasps  c lus te r  
a r o u n d  t he  s t r ip  a n d  proceed  to  h e a t  it, for a sho r t  dura -  
t i on  b y  typ ica l  a b d o m i n a l  p u m p i n g  m o v e m e n t s  (Figure 5). 
P u p a e  i n c u b a t e d  a t  32~ undergo  m e t a m o r p h o s i s  to  
v is ib le  per fec t  adul ts ,  w i t h  fu l ly - formed wings,  those  
i n c u b a t e d  a t  22~ or a t  r oom t e m p e r a t u r e  grow to be  
m o s t l y  ma l fo rmed ,  in  t h e  m a j o r i t y  of cases w i t h  undeve l -  
oped (or wet)  wings.  

Discussion. The  resu l t s  sugges t  t h a t  the  vola t i le  e m a n a -  
t ion  of t he  p u p a e  and  no t  t h e i r  color, shape  or size, are 
respons ib le  for t h e  adu l t s  response  a n d  t h a t  t h e  a b d o m i n a l  
p u m p i n g  m o v e m e n t s  of imag ines  nea r  t h e i r  p u p a e  are  
t r iggered  b y  p u p a l  pheromone(s ) .  The  d i f fe ren t  i n t e n s i t y  
and  d u r a t i o n  of h e a t i n g  el ici t  b y  p u p a e  proper ,  or t h e i r  
a lcohol ic  ex t rac t ,  would  seem to  sugges t  a f eedback  
mechan i sm,  t he  p u p a  c o n t i n u o u s l y  s t i m u l a t i n g  t he  a d u l t  
wasp  to  v e n t i l a t o r y  m o v e m e n t s .  There  can  be  l i t t l e  d o u b t  
t h a t  u n d e r  t h e  ecological  cond i t ions  in wh ich  wasps  
develop,  t h e  ac t ive  w a r m i n g  b y  the  imagines  of t he  
s t a t i o n a r y  p u p a e  c o n t r i b u t e s  s ign i f i can t ly  to  t h e i r  
successful  m a t u r a t i o n .  However ,  I h a v e  no t  ye t  e s t ab l i shed  
w h e t h e r  t he  p u p a e  of each  species of wasps  has  i t s  own  
p h e r o n o m e  to  induce  t h e r m o r e g u l a t o r y  behav iour ,  or 
w h e t h e r  t he  p u p a e  of d i f fe ren t  species possess iden t i ca l  
pheromone(s )  wh ich  d isappear (s )  in  t he  a d u l t  stage.  The  
m e c h a n i s m  t r igge r ing  t h e r m o r e g u l a t o r y  b e h a v i o u r  of 
a d u l t  wasps  in c lus ters  awa i t s  also f u r t h e r  e luc ida t ion  7. 
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Zusammenfassung. B e o b a c h t u n g ,  dass  W e s p e n  u n d  
Horn i s sen  s u c h  n a c h  de ren  E n t n a h m e  aus  den  ~vVaben ihre  
P u p p e n  erwXrmen, da  sie sich sons t  zu ve rk r f i ppe l t en  
I m a g i n e s  en twicke ln .  Die yon  den  P u p p e n  ausgeschie-  
d e n e n  vo l a t i l en  S u b s t a n z e n  (Pheromone)  f6 rdern  das  
Br i i t en  der  Arbe i t swespen ,  was  beweis t ,  dass  es s ich u m  
e in t h e r m o r e g u l a t o r i s c h e s  P h e r o m o n  hande l t .  

J. ISHAY 
Department o/ Physiology and Pharmacology, 
Medical School, Tel Aviv University, 
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17 April  1972. 

Fig. 5. Temperature recording (top plot) from a strip of filter paper 
heated by Dolichovespula media wasps, as compared to the surround- 
Jng temperature (bottom plot). The filter paper was impregnated 
with alcoholic extract of dark pupae of the same species. 

This research has been done in the Institut fiir Bienenkunde, 
Oberursel/Ts., Department of Zoology, Frankfurt University, and 
supported by a grant from the DeutscherAkademischerAustausch- 
dienst. 

Suppression of Pup Retrieving Behavior in Rats 
nabinol 

The  b e h a v i o r a l  effects of m a r i h u a n a  a n d  i ts  de r iva t i ve s  
are c u r r e n t l y  t he  sub jec t  of in tense  e x p e r i m e n t a l  inves t i -  
gat ion.  The  p re sen t  s t u d y  e x t e n d s  these  effor ts  to  an  
e x a m i n a t i o n  of t he  effects of z - A " - t e t r a h y d r o c a n n a b i n -  
ol(Ag-THC), t he  p r inc ipa l  ac t ive  c o m p o n e n t  in m a r i h u a n a ,  
on m a t e r n a l  b e h a v i o r  in t he  ra t .  

Materials and methods. The  sub jec t s  were 9 a d u l t  female  
rats ,  i nd iv idua l l y  housed  in cages 41 cm • 17.5 cm • 24 cm. 
The  females  a r r ived  p r e g n a n t  in t he  l a b o r a t o r y  one week  
pr io r  to  pa r t u r i t i on .  Af te r  p a r t u r i t i o n ,  each  l i t t e r  was 
cul led to 5 pups  per  dam.  

Tes t  cond i t ions  were s imi la r  to  those  descr ibed b y  
WHALEN 1. Shor t ly  before  b i r th ,  sh redded  pieces of p a p e r  
were p laced  in t he  h o m e  cages for  t h e  females  to  m a k e  
nes t s  wi th .  Sub jec t s  were t e s t ed  on days  7 a n d  10 a f t e r  
pa r tu r i t i on .  On d a y  7, t he  females  were r e m o v e d  f rom 
the i r  cages in to  wh ich  two  wooden  p a r t i t i o n s  were t h e n  
inser ted,  t h u s  d iv id ing  the  cages in to  t h r e e  equa l  sized 
sections.  E a c h  p a r t i t i o n  c o n t a i n e d  an  open ing  of 10 cm 
t h r o u g h  wh ich  t he  female  could easi ly pass.  In  addi t ion ,  
each  p a r t i t i o n  c o n t a i n e d  severa l  holes of 2 cm in d iamete r .  
I m m e d i a t e l y  a f te r  i.m. in jec t ion  of e i t h e r  10.0 or 20.0 
m g / k g  Ag-THC in T r i t o n  X-100, or T r i t o n  X-100 only, in  
case of con t ro l  an imals ,  t he  females  were r e t u r n e d  to 
t h e i r  l i t ters .  2 h later ,  t h e  females  were aga in  t a k e n  f rom 

Following Administration of L-,~ 9-Tetrahydrocan- 

t h e i r  cages. D u r i n g  t he  fol lowing rain,  t he  pups  were 
r e m o v e d  f rom the  nes t  and  were p laced  in t he  far  end  of 
t he  cage. The  females  were t h e n  r e t u r n e d  to  t he  area  of 
t he  nes t  a n d  were k e p t  t h e r e  for 1 m in  b y  b lock ing  t he  
open ing  in t h e  pa r t i t i on .  The  o b s t r u c t i o n  was t h e n  re- 
m o v e d  and  obse rva t i ons  were m a d e  as to  t he  l a t ency  for 
t he  female  to  en te r  t h e  a rea  in to  wh ich  the  pups  h a d  been  
p laced  as we l l  as t he  t i m e  t a k e n  to r e t u r n  all  5 pups  to  t he  
nest .  A l imi t  of 5 ra in  was imposed  on  t h e  t e s t  per iod.  On 
day  10, these  t r e a t m e n t s  a n d  obse rva t i ons  were r epea t ed  
w i t h  t he  excep t ion  t h a t  females  p rev ious ly  rece iv ing  drug,  
now received p lacebo  in jec t ions  whi le  p rev ious  p lacebo  
sub jec t s  now- received 10.0 m g / k g  zJg-THC. D u r i n g  t he  
expe r imen t ,  if a female  fai led to r e t r i eve  a n y  pups  d u r i n g  
t h e  t e s t  period,  i t  was  r e t e s t ed  for a n  add i t i ona l  5 m i n  
a few ra in  later .  If  females  r e t r i eved  d u r i n g  th i s  second 
t e s t  session, the  p rev ious  resul t s  for t h a t  a n i m a l  were 
d is regarded.  Differences  b e t w e e n  groups  were e v a l u a t e d  
us ing  t he  Kruska l -Wal l i s  ' H '  a n d  t he  M a n n - W h i t n e y  'U '  
s ta t i s t ics  2. 

1 R. E. WHALEN, in Animal Behavior in Laboratory and Field (Ed. 
A. W. STOKES; Freeman and Co., San Francisco 1968). 
~. SIEGEL, 1Vonparametric Statistics (McGraw Hill, New York 1956). 


