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c o u n t e r  for  f luids  ( T w e n t i e t h - C e n t u r y - E l e c t r o n i c s ,  T y p e  
M. 6) in  o rde r  t o  dosage  t h e  r a d i a t i o n s  e m i t t e d  b y  t h e  a~S 
c o n t a i n e d  in  t h e  va r i ous  t i s sue  ex t rac t s .  

Va lues  o b t a i n e d  in  t h e  v a r i o u s  e s t i m a t i o n s  h a v e  b e e n  
w o r k e d  o u t  so as  to  express  t h e  ' c o n c e n t r a t i o n  i n d e x ' ,  
t h a t  is t h e  r e l a t i onsh ip  b e t w e e n  t h e  r e l a t ive  specif ic  ac t i -  
v i t y  (R. S. A.) of r epa i r  t i ssue  a n d  t h a t  of  n o r m a l  sk in  a n d  
s u b c u t a n e o u s  t issue.  

Results.  Values  o b t a i n e d  t h r o u g h  t h e  p r e s e n t  exper i -  
m e n t s  a re  r e p o r t e d  in  t he  Tab le  a n d  in t h e  Figure .  

Discussion.  T h e  ab i l i t y  of r e p a i r  t i s sue  to  t a k e  up  a 
la rger  a m o u n t  of 35S t h a t  is done  b y  n o r m a l  sk in  a n d  sub-  
c u t a n e o u s  t i ssue  ( these  d a t a  be ing  in pe r f ec t  a g r e e m e n t  
w i t h  t hose  of LAYTON is) p o i n t s  a c o n s i d e r a b l y  inc reased  
m e t a b o l i s m  of z~S in  t h e  r e p a i r  t issue.  

T h e  v e r y  h i g h  in i t i a l  va lues  m i g h t  f ind  a logical  exp la -  
n a t i o n  b y  a d m i t t i n g  t h a t  a~S in r e p a i r  t i s sue  is n o t  a t  
f i rs t  i n c o r p o r a t e d  in  t h e  SO, -g roup  of c h o n d r o i t i n s u l -  
p h u r i c  acid,  s ince t h e  m e c h a n i s m  of i t s  i n c o r p o r a t i o n  
sure ly  requi res  a c o m p a r a t i v e l y  long  t ime,  b u t  b o u n d  to  
some s u b s t a n c e  or  g roup  oI s u b s t a n c e s  p r e s e n t  in  t h e  
t issue,  w h i c h  would  t a k e  i t  u p  in  cons ide rab le  q u a n t i t i e s  
a n d  in a r e l a t i ve ly  lab i le  way.  I t  is p r o b a b l y  on ly  w i t h  
t ime,  p r o b a b l y  in r e l a t i on  to  t h e  c h a n g e s  obse rved  b y  
severa l  a u t h o r s  b o t h  in t h e  f ib roce l lu la r  p a r t  (DtJMPHV 
et al. 'x*, SYLVI~N 1~ etc.) a n d  in  t h e  g r o u n d  s u b s t a n c e  
(SYLvaN x ,  CAMPANI et al. ~ etc.)  of r e p a i r  t issue,  t h a t  a~S 
pas s  f rom ' u p t a k e '  t o  ' i n c o r p o r a t i o n ' .  

T h e  lowest  va lues  of a~S f o u n d  b e t w e e n  t h e  s i x t h  a n d  
t e n t h  d a y  a re  p e r h a p s  t h e  express ion  of t h e  m e t a b o l i s m  
cycle of c h o n d r o i t i n s u l p h u r i c  acid of r e p a i r  t issue.  

T h e  a m o u n t  of 3~S i n c o r p o r a t e d  i n to  t h e  c h o n d r o i t i n -  
s u l p h u r i c  acid of w o u n d  r epa i r  t i s sue  m i g h t  p r o b a b l y  b e  
expressed  as  a s t r a i g h t  l ine which ,  s t a r t i n g  f rom v e r y  low 
values ,  jo ins  t h e  c u r v e  of  t h e  F igure  b y  t h e  e i g h t h t e n t h  
d a y  and ,  f rom t h a t  p o i n t  on, follows it. T h e  large  a m o u n t  
of ass f o u n d  in  t h e  ea r ly  days  m i g h t  in  fac t  be  t h e  r e s u l t  
of t h e  3sS u p t a k e  p lus  i nco rpo ra t ion ,  s ince t h e  m e t h o d  
used  in  these  e x p e r i m e n t s  does  n o t  a l low such  di f feren-  
t i a t ion .  

M.  CAMPANI, a .  CORTINOVIS, 
a n d  A. ZONTA 

Is t i tu to  di PatoIogia Chirurgica,  Univers i td  di P a v i a  
(I taly) ,  December 8, I95g. 

R iassunto  

1) 11 , t e s s u t o  di riparazione,> delle Ier i te  c u t a n e e  h a  la 
p r o p r i e t g  d i  ~dissare,  u n a  quan t i tA  di  S *s n o t e v o l m e n t e  
pifi g r a n d e  di que l la  c a p t a t a  da l  c o n n e t t i v o  s o t t o c u t a n e o .  

2) L a  q u a n t i t ~  di S 35 I i ssa ta  v a r i a  d u r a n t e  le d iverse  fasi  
del processo  di gua r ig ione  delle fer i te :  8 m o l t o  a l i a  nei  
p r i m i  g iorni ;  scende  q u i n d i  s ino al  ses to -dec imo giorno,  
epoca  ne l la  qua le  r agg iunge  i v a l o r i  pifl bassi ,  e r i sa le  po i  
g r a d u a l m e n t e  s ino a l  qu ind ices imo  g iorno  (u l t imo g iorno  
preso  in  cons ide raz ione  nel le  p r e sen t i  r icerche) .  

Relative specific activity (R. S. A,) of normal cutaneous and sub- 
cutaneous, and of repair tissue of skin wounds at various stages of 

the healing process. 
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a5 Behaviour of the S content in the repair tissue of cutaneous wounds 
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Q u e e n  R e c o g n i t i o n  b y  W o r k e r  H o n e y b e e s  

( A p i s  m e U i f e r a  L . )  

Introduct ion.  T h e  s ight ,  s o u n d  a n d  scen t  of a q u e e n  
h o n e y b e e  do  n o t  i n h i b i t  e i t h e r  q u e e n  r ea r i n g  b y  w o r k e r  
bees  1-3 or  t h e  d e v e l o p m e n t  of t h e i r  ovar ies  4-1°. I n h i b i -  
t i on  occurs  on ly  w h e n  t h e  bees  c an  t o u c h  t h e i r  q u e e n  a n d  
o b t a i n  ' q u e e n  s u b s t a n c e '  f rom her  3,10. 

M a n y  beekeepe r s  be l ieve  t h a t  a q u e e n  h a s  a n  o d o u r  
a t t r a c t i v e  to  workers .  I f  t h i s  t r u e  i t  would  be  i m p o r t a n t  
because  t h e  o d o u r  would  he lp  workers  to  f ind t h e  q u e e n  
a n d  get  q u e e n  s u b s t a n c e ,  b u t  the  on ly  e x p e r i m e n t a l  evi -  
dence  e v e n  sugges t ive  o5 a q u e e n  odour  seems  t o  be  t h a t  
p r o v i d e d  b y  LECOMTE 1t, VOOGD 12, a n d  PAIN 13. 
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Translation (1926), published by Dadant, Hamilton, Ill. 

$ A• MI~SSBICItLER, Z. vergl. Physiol. 34, 207 (195`2). 
* C. G. BUTLER, Trains, R. ent. Soc., London 105, 11 (1954). 
4 A. P. DE GROOT and S. VOOGD, Exper. 10, 884 (1954). 
5 j•  PAIN, Insectes sociaux 1, 59 (1954)• 
6 J• PAIN, Inseetes sociaux 2, 35 (1955). 
7 S. VOOGD, Exper• 11, 181 (1955}. 
s C. G• BUTLER, Proc. R. ent. Soc., Lond. [A] 31, 1'2 (1956). 

C• G• BUTLER, Exper. 13, 256 (1957)• 
lo C. VERI~EUEtc-Vooc, D (n6e S. VooGn), Z. vergl. Physiol• 41, 527 

(1959). 
it j .  LECOMTE, 14 th In te rna l  beekeep• Congr. Paper I3 (1951}. 
x~ S. VOOGD, Exper. 12, 199 (1956). 
13 j .  PAIN, C. R. Acad. Sci., Paris Z40, 670 {1955). 



[15. IX. 1960] Br~ves communications - Brevi conmnicazioni 425 

The following e x p e r i m e n t s  a t t e m p t e d  to  f ind w h e t h e r  
a m a t e d  queen  honeybee  has  an odour  t h a t  is a t t r a c t i v e  
to  workers  and ,  if so, w h e t h e r  i t  is p roduced  by  her  queen  
subs t ance  or s o m e t h i n g  else. 

Method.  E x p e r i m e n t s  were  m a d e  in red  l ight  to  which  
workers  do no t  respond,  using an o l f ac tome te r  (Fig. 1) de-  
s igned by  FREE and  13UTLER~I'IL Air was  d r a w n  th rough  
i t  as indica ted .  'C' and  'D '  each  con ta ined  a d i f fe rent  t e s t  
mater ia l ,  and  the  air-flow th rough  t h e m  was  k e p t  as con- 
s t a n t  and  equal  as possible.  

One worker  was  t e s t ed  a t  a t ime.  I t  was  in t roduced  
t h r o u g h  'A '  and  m o v e d  forward  aga ins t  t he  air  s t r eam 
unt i l  i t  r eached  the  pa r t i t i on  ' P '  when  i t  h a d  a choice of 
c h a m b e r s  'L '  and  'M'. W h e n  i t  passed  the  line ' X Y '  t he  
c h a m b e r  concerned  was  recorded.  The  bee was  t h e n  re- 

P L 

Olfaetometer arrows indicate direction of air flow from the containers 
C and D whole apparatus made od 'Perspex'. 

Mater ia l s  tested. All the  queens  and  workers  used in 
con ta ine r s  'C' and  'D '  were  dead .  All the  queens ,  excep t  
Nos.  141 and  2, h a d  been  dr ied  for a t  least  4 mo n t h s .  The  
sample  of pure  crys ta l l ine  queen  subs t ance  was e x t r a c t e d  
a n d  pur i f ied  by  Dr. R.  K.  CALLOW and  Miss N. C. JOHN- 
STON of the  Na t iona l  I n s t i t u t e  for  Medical  Research ,  Mill 
Hill, London ,  using the  m e t h o d  descr ibed by  BUTLER, 
CALLOW, and  JOHNSTON ~e. 

' E x t r a c t e d  queens '  were queens  f rom which  queen  sub-  
s t ance  was r e m o v e d  in e thano l  in a mic ro -Soxh le t  appa-  
r a tus  for 48 h. 

Solut ions  in e thano l  of pure  queen  subs tance ,  of the  
ma te r i a l s  e x t r a c t e d  f rom whole  m a t e d  queens ,  and  pure  
e thano l ,  were  p laced  on f i l t e r -paper  in t h e  con ta ine r s  'C'  
and 'D ' .  

Resul ts  and  conclusions. The  results ,  s u m m a r i s e d  in t h e  
Table ,  s u p p o r t  the  idea t h a t  queens ,  al ive or dead ,  a t t r a c t  
worke r  bees  a t  a d is tance .  

FREE and  BUTLER ~4 showed  t h a t  even  a large n u m b e r  
of newly  killed worker  bees has  no odour  a t t r a c t i v e  to  
o t h e r  workers ;  E x p e r i m e n t  1 suppor t s  th is  conclusion.  

Of 6 m a t e d  queens  t e s t ed  ind iv idua l ly  ( E x p e r i m e n t s  2, 
3, 4, 5, 9, 10) only  one (No. 3) a t t r a c t e d  ind iv idua l  wor-  
kers  t o w a r d s  it in preference  to  the  odours  of e i ther  dead  
workers ,  queens  t h a t  h a d  been  e x t r a c t e d  in e thano l ,  o r  
no th ing .  E v e n  a f reshly  killed queen  {No. 141) was  n o t  
a t t r ac t i ve ,  b u t  w h e n  t w o  or  more  of t hese  6 queens  were  
used  t o g e t h e r  t he i r  c o m b i n e d  odour  was  a t r ac t i ve  (Ex-  
p e r i m e n t s  6, 7, 8, 11). Therefore ,  queen  honeybees  n o t  
only  p roduce  an  odour  a t t r a c t i v e  to  worker  bees, b u t  th is  

Results of olfactometer experiments 

No. bees 
Material in 'C' Material in 'D' that moved Significmme 

towards 'C' 
Exp. No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

"13 
14 
15 
16 
17 

18 

No. bees 
tested 

80 
40 
40 
20 
20 
80 
40 
80 
20 
20 
20 
40 
60 
40 
20 
20 
40 

40 

12 workers 
mated queen 1 
mated queen 141 
mated queen 2 
mated queen 3 
mated queens 1, 2 

nit 
nil 
nil 
1 worker 
1 worker 
4 workers 

mated queens 141, 1, 2 
mated queens 1-6 
mated queen 4 
mated queen 5 
mated queens 1-6 
2 ml ethanol extract  (A) mated queens (wet} 
2 ml ethanol extract(A) amated queens (dry) 
2 ml ethanol extract(A)bmated queens (dry) 
2 ml ethanol extract(B)mated queens (wet) 
2 mt ethanol extract(B)c mated queens (dry) 
1.0 mg crystalline queen substance in 2 ml 

ethanol (wet) 
1.3 mg crystalline queen substance 

6 workers 
nil 
extracted mated queen 7 
extracted mated queen 8 
extracted mated queens 9-14 
2 ml ethanol (wet) 
2 ml ethanol (dry) 
2 ml ethanol (dry) 
2 ml ethanol (wet) 
2 mI ethanol (dry) 

2 ml ethanol (wet) 
nil 

38 
16 
19 
13 
15 
52 
34 
63 
12 
13 
19 
27 
35 
21 
20 
15 

21 
20 

P < 0.05 
P <: 0.01 
P <: 0.01 
P < 0.001 

P < 0.001 
P < 0.05 

P < 0-001 
P < 0-05 

Extracts were placed on filter-paper and either used immediately before the solvent had evaporated (= wet) or after it had eva- 
porated (= dry). 

= 2 h after Experiment 12; b = 17 h after Experiment 12; ~ = 1[2 h after Experiment t5. 

moved ,  t he  con ta ine r s  'C'  a n d  'D '  i n t e r changed  a n d  
ano the r  bee p u t  in. T w e n t y  bees a t  least ,  t a k e n  a t  r a n d o m  
f rom no rm a l  queen r igh t  colonies, were used  in each ex-  
pe r iment .  The whole  a p p a r a t u s  was washed  be tween  ex-  
pe r imen t s  and  w h e n e v e r  a bee exc re ted  in it. No bee was 
used more  t h a n  once.  

It j .  B. FREE and C. G. BUTLER, Behaviour 7, 304 (1955}. 
1~ C. G. BUTLER, Proc. R. ent. Soe., Lond. [A] 35, in press (1960). 
is C.G. BVTL~R, R. K. CALLOW, and N. C. JOUNSTOS, Nature 184, 

1871 (I959). 
1T C. G. BUTLER and D.A. GIBBONS, J. Insect. Physiol. ~, 61 

(1958). 
m C. G. BVTLEa, unpublished work. 
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persists  in dead queens  dr ied  for more  t h a n  4 months .  The  
responsible  subs tance  is r emoved  by  ex t r ac t ion  in e thanol  
( E x p e r i m e n t  11) and e thano l  ex t rac t s  also a t t r a c t  workers  
(Exper iments  12, 15, 16). 

A l though  the  a t t r a c t i ve  odour  persists  for mon ths  on 
dried queens,  i t  soon disappears  when  e thano l  ex t rac t s  
are ev ap o ra t ed  on f i l ter -paper  (Expe r imen t s  13, 14, 16). 
P resumably ,  therefore,  t he  a t t r a c t i v e  odour  is only  gra- 
dua l ly  released f rom a queen ' s  body,  where  i t  is perhaps  
being re ta ine  d by  her  body  waxes.  

Queen  subs tance  can also be ex t rac ted  f rom queens '  
bodies in e thano l  ~7 b u t  pure  queen  substance  does no t  
have  an odour  t h a t  a t t r ac t s  workers  even  when  i t  is offered 
in re la t ive ly  large a m o u n t s - - i . e ,  ce r ta in ly  several  t imes  
the  q u a n t i t y  p resen t  on the  b o d y  surfaces of t en  m a t e d  
queens  toge ther  i s -  (Exper imen t s  17, 18) and on a fi l ter-  
paper  surface several  t imes  larger  t h a n  the  combined  sur- 
face areas of 10 queens  (Expe r imen t  17). I t  is clear, there-  
fore, t h a t  queen  subs tance  is no t  responsible  for the at-  
t r ac t ive  odour.  The  na tu re  and origin of the  responsible 
subs tance  is unknown;  its odour  p robab ly  serves to  a t -  
t r a c t  workers  to  a queen,  and so helps  t h e m  to  find queen  
substance,  b u t  t h e  subs tance  does  no t  i tself  inh ib i t  queen  
rear ing x -L 

C. G. BUTLER 

Rothamsted Experimental Station, Harpenden (Hert/ort- 
shire, England), May 78, 1960. 

Zusammen]assung 

Bega t t e t e  und sogar ge t rockne te  Bienenk6nig innen  ha- 
ben einen ffir Arbe i te r innen  anz iehenden  Geruch,  der  je- 
doch, mi t  einer  Ausnahme,  n u t  bei Da rb i e tung  yon  m e h r  
als e iner  KSnigin  demons t r i e r t  werden  konnte .  De r  an-  
z iehende Geruch  ist  wie aQueen Subs tances ,  m i t  Alkohol  
ex t rah ie rbar ,  s t a m m t  aber  n icht  y o n  der  ,Queen  Sub-  
s tance , .  Die  H e r k u n f t  der  r iechenden Subs tanz  ist  n ich t  
bekannt .  Der  K6nig innengeruch  dient  wahrscheinl ich zur  
Anlockung  der  Arbe i te r iunen  und d a m i t  zur  Er le ich te rung  
des Auff indens  der  ,Queen  Subs tance , ,  die allein die 
KOniginnenaufzueht  zu ve rh inde rn  vermag,  wenn  sie in 
geni igender  Menge v o r h a n d e n  ist. 

P r e s s u r e  P e r c e p t i o n  i n  Ostariophysi 
Concerning the  si te of pressure percept ion  in the  Ostario- 

physi, the re  is m u c h  con t rove r sy  in t he  l i te ra ture .  Accord-  
ing  to  some authors ,  t he  Webe r i an  ossicles and the  laby-  
r in th  p lay  a ma jo r  role in the  percep t ion  of changes  of 
hydros ta t i c  pressure ~-3; according to others,  pressure per- 
cept ion  is ma in ly  localized in the  swimbladder  wall  4-s, 
where a b u n d a n t  ne rve  endings h a v e  been descr ibed histo-  
logically 9 - , s  or  in the  sur rounding  tissues. I t  seems l ikely 
t h a t  bo th  principles are  real ized,  each  of t h e m  under  i ts  
own c i rcumstances  x4. The  following observa t ions  add new 
evidence  to  th is  problem.  

Among  a n u m b e r  of b l inded minnows (Phoxinus laevis) 
f rom which bo th  mallei  were removed ,  some were precisely 
equi l ib ra ted  hydros ta t ica l ly ,  These fishes s t ayed  a lmos t  
motionless  in the  middle  of the  water ,  thus  offering good 
o p p o r t u n i t y  to  observe even s l ight  react ions  to  pressure 
change.  F o r  some fishes, pressure increase was used as a 
s t imulus ,  whi le  pressure decrease was appl ied to  others.  
In  b o t h  cases, spon taneous  react ions  occurred on pressure  
changes  of on ly  a few (4-7) cm of wa te r  pressure (rate of 
pressure change :  abou t  70 cm]min) .  A t  each pressure in- 
crease, the  fish showed a sudden,  qu ie t  ascend (downward  

bea t ing  o f  pec to ra l  fins) ove r  severa l  era. This  response 
was a lways  preceded b y  an in t e rva l  of 5-8 sec w i thou t  any  
visible signs of pressure percep t ion  or  pass ive  displace- 
ment .  F requen t ly ,  the  ac t ive  ascent  occurred w i thou t  any  
observable  ro ta t ion  of the  an imal  a round a t ransverse  
axis ;  the  fish b o d y  r ema ined  qu i t e  hor izonta l .  A t  each 
pressure decrease,  a s imi lar  reac t ion  in t he  opposi te  direc-  
t ion was observed.  These  observa t ions  show t h a t  a bl ind 
minnow wi thou t  funct ioning ~Veberian appa ra tu s  is still  
sensi t ive to pressure changes  of a few cm of wa te r  pressure,  
and  t h a t  the  Weber ian  ossicles p lay  no ma in  role in the  
main tenance  of hydros ta t i c  equi l ibr ium.  

I t  has  been  repor t ed  t h a t  b l inded minnows can easi ly 
be  t ra ined  to  reac t  to  s l ight  pressure changcs,  b o t h  pres- 
sure increase and pressure  decrease (rate of pressure  
change  abou t  120 cm water/minX~). D e t e r m i n a t i o n  of a 
th reshold  has  no t  been tr ied,  b u t  a pressure change of 
x/a-1 cm of wa te r  pressure evoked  still  a clear  response 
(feeding reaction).  Af t e r  r emova l  of  bo th  mallei,  these  
react ions  were abolished,  even  when  the  pressure increase 
used as a t ra in ing  s t imulus  was p u t  up  to  40 am. W h e n  
repea t ing  these t ra in ing  exper iments ,  we found in 7 bl ind 
fishes w i thou t  mallei ,  a f te r  a long series of tr ials  (at least  
40 s t imu lus -pun i shmen t  o r  s t imulus-food combinat ions)  
posi t ive  condi t ion ing  (escape or  feeding react ions,  respec- 
t ively)  to a pressure increase or decrease of only  7-8 cm 
wa te r  pressure ( total  n u m b e r  of combina t ions :  1100). 
W i t h  a pressure change of 5-6  cm, the  percen tage  of posi- 
t i ve  react ions  w e n t  down  to  50%, and  th is  va lue  is evi-  
den t ly  close to  the  threshold,  especial ly  in t h e  case of pres- 
sure decrease.  The  resul ts  of our  t r a in ing  exper iments ,  
therefore ,  agree well  w i t h  t he  conclusion d rawn  from our  
earl ier  equi l ib r ium exper iments .  

Summariz ing ,  we m a y  conclude t h a t  in Phoxinus laevis 
the  Weber ian  appa ra tu s  and  the  l abyr in th  p lay  no ma in  
pa r t  in pressure percep t ion  under ly ing  the  ma in t enance  
of hydros t a t i c  equi l ibr ium.  

Z. Q v T o s  

Laboratory o/ comparative Physiology, University o/ 
Utrecht (Holland), June 17, 1960. 

Zusammen[assung 

Blinde,  malleuslose E l r i t zen  bean twor t en  un te r  giinsti-  
gen U m s t ~ n d e n  schon Schwankungen  yon  4-7 cm Wasser-  
d ruck  mi t  spon tanen  Ref lexbewegungen .  D r u c k z u n a h m e  
16st - nach  bes t immte r  La tenzze i t  - Aufw/ i r t sbewegung 
aus, D r u c k a b n a h m e  Abw~r tsbewegung.  Aueh  in lang- 
fr is t igen Dressurversuchen  wurde  en t sprechende  l~eak- 
t ion auI  Schwankungen  bis zu 5-6 cmVv'asserdruck erzielt .  
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