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s e q u e n t l y  sugges ted  as m e a n s  of c o m m u n i c a t i o n  4-7. 
VAI~DERI'LANK s, a f te r  h a v i n g  obse rved  t h a t  m a t i n g  calls 
s t i m u l a t e  copula t ion ,  p roposed  t h a t  specific sounds  m a y  
p l ay  a role in m a t i n g  of t se t se  flies. So far  no e x p e r i m e n t a l  
p roof  ha s  been  p u t  f o r t h  showing  t h a t  sound  is used b y  t he  
t se t se  f ly for  commun i ca t i on .  

I n  t h e  p re sen t  s t u d y  we show t h a t  u l t r ason ic  compo-  
n e n t s  (30-70 kHz)  of t he  sound  p roduced  b y  Glossina 
morsitans are cons i s t en t ly  d i f fe ren t  in c h a r a c t e r  for  
m a t i n g  as c o m p a r e d  w i t h  feeding behav io r .  F u r t h e r m o r e ,  
t he  c h a r a c t e r  of t he  sound  p roduced  b y  males  a n d  females  
is d i f ferent .  W e  hypo t he s i ze  on  th i s  bas is  t h a t  h igh  
f r equency  sounds  m a y  p l a y  a n  i m p o r t a n t  role in  c o m m u n i -  
ca t ion  a m o n g  t se tse  flies. Sounds  in t h e  f r equency  range  
above  t h a t  aud ib le  to  m a n  are for severa l  reasons  more  
f avo rab l e  for  c o m m u n i c a t i o n  a m o n g  insects  t h a n  are  
lower f r equency  sounds ;  b u t  these  h a v e  no t  been  inves t i -  
ga t ed  ear l ier  in  t he  t se t se  fly. 

Sounds  f rom Glossina morsitans were recorded  on 
m a g n e t i c  t y p e  u n d e r  l a b o r a t o r y  cond i t ions  us ing  Brt iel  
& K j a e r  z/4" m i c r o p h o n e  ( type 4135), Brfiel  & K j a e r  
m i c r o p h o n e  ampl i f ie r  ( type 2618) and  a Precis ion I n s t r u -  
m e n t  t a p e  recorder  ( type P I  6200) ope ra t ed  in d i rec t  
modes  w i t h  a t ape  speed of 37.5 inches  pe r  sec. A h ighpass  
f i l ter  (cut-off  f r equency  470 Hz) was inse r t ed  be t ween  t he  
m i c r o p h o n e  ampl i f i e r  a n d  t he  t a p e  recorder  in  order  to  
r e m o v e  low f r equency  noise. The  record ing  s y s t e m  hence  
h a d  a f la t  f r equency  cha rac t e r i s t i c  be t w een  470 Hz  a n d  
100 k H z  (wi th in  less t h a n  + 3 dB).  One or more  t se t se  
flies were k e p t  in  a smal l  box  covered  w i t h  a ny lon  ne t  
f rom wh ich  the  m i c r o p h o n e  was k e p t  a t  a d i s t ance  of 
2-3  cm. The  flies were fed b y  p lac ing  t he  box  on  one of t he  
ears of a r abb i t .  

Osci l lograms of 2 t yp i ca l  m a t i n g  sounds  are  shown  fit 
F igure  1, A a n d  B, on 2 d i f fe ren t  t i m e  scales. The  com- 
p le te  s ignal  is seen in t he  u p p e r  t race ,  whereas  t he  lower 
t races  show the  s ignal  in  t he  f r equency  b a n d  be tween  47 
a n d  82 kHz.  I t  follows f rom the  lower t r aces  t h a t  t he  
sounds  c o n t a i n  cons iderab le  ene rgy  in t he  h igh - f r equency  
range  a n d  t h a t  t h i s  energy  a p p e a r s  per iod ica l ly  as br ie f  
burs t s .  The  pe r iod ic i ty  var ies  f rom a few h u n d r e d s  to  
a b o u t  1000 sec. Despi te  t he  i n d i v i d u a l  va r i ab i l i t y ,  i t  is a 
cons i s t en t  f ind ing  t h a t  m a t i n g  sounds,  in  con t r a s t  to  
feeding sounds ,  are r ich  in h igh - f r equency  ene rgy  (Figure 
1). I t  is no t  k n o w n  w h e t h e r  t he  recorded  m a t i n g  sounds  
were p roduced  b y  t he  male  or t h e  female.  Reco rd ing  f rom 
single females  in  connec t ion  w i t h  feeding shows t h a t  
h igh - f r equency  c o m p o n e n t s  are m u c h  less s ign i f ican t  t h a n  
was the  case d u r i n g  ma t ing .  I n  males  (Figure 2) such  h igh-  
f r equency  c o m p o n e n t s  are  h igh ly  unusua l .  

The  f r equency  s p e c t r u m  of m a t i n g  sounds  has  a signif- 
i c an t  p e a k  in t he  h igh - f r equency  r ange  (Figure  3), t h e  
exac t  loca t ion  of which  var ies  f rom t i m e  to  t ime.  The  
i n t e n s i t y  of these  h igh - f r equency  sounds  is of nea r ly  t he  
same va lue  as t h a t  of the  low-f requency  sounds.  F igure  3 
also shows spec t ra  of typ ica l  sounds  p roduced  a f te r  feeding 
b y  a female  and  a male.  The  doub le  p e a k  be tween  35 a n d  
40 kHz  is cha rac te r i s t i c  for sounds  p roduced  b y  females  in  
connec t ion  w i t h  feeding. The  lack of h igh - f r equency  
c o m p o n e n t s  in  t he  sound  p roduced  b y  males  is ev iden t  
f rom th i s  graph .  

In  shor t ,  t h e  resul t s  show t h a t  t h e  f o u n d a t i o n s  for 
acoust ic  c o m m u n i c a t i o n  a m o n g  t se tse  flies (Glossina 
morsitans) indeed  exist .  To l ea rn  t he  r ecep t ion  and  be- 
hav io ra l  response  of t he  t se t se  f ly to  such sounds  will be 
t he  purpose  of fu tu re  s tudies .  
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Fig. 3. Spectrograms of mating sounds (solid lines), feeding sounds; 
male (dashed line), female (dotted line) made from the tape recording 
using an audiospectrum analysis system with the tapes played back 
at 3.75", i.e. 1/10 of the recording speed. The analyzer had a band- 
width of 250 Hz corresponding to a real analysis bandwidth of 2500 
Hz. Integration time of the analyzer 400 msec corresponds to 40 msec 
real time. Zero dB corresponds approximately to 50 dB SPL, (deci- 
bel sound pressure level, logarithmic measure of sound pressure 
with a reference of 0.0002 [xbar (2 x 10 -~ N/m2)). 

Summary. The  s p e c t r u m  of t h e  sounds  p roduced  b y  t he  
t se t se  f ly Glossina morsitans morsitans ex t ends  to above  
80 kHz  a n d  t he  energy  d i s t r i b u t i o n  be tween  20 and  70 kHz  
is re la ted  to behavior .  

E. I. CARINA ERICKSON and  A. R. MOLLER 

The International Centre o / Insect  Physiology and 
Ecology, Nairobi (Kenya), and Division o] Physiological 
Acoustics, Department of Physiology, Karolinska 
Instituter, S-104 O] Stockholm 60 (Sweden), 
20 December 7974. 

4 G. D. H. CARPENTER, , Bull. ent. Res. 15, 187 (1924). 
5 p. E. GLOVER, Bull. Wld Hlth Org. 37, 581 (1967). 
6 L. KARTMAN, J. Parasit. 32, 91 (1946). 
7 F. E. KOLI3E, Zoologiea afric. 8, 241 (1973). 
8 F. L. VANDERPLANK, Ann. trop. Med. Parasit. 42, 131 (1948). 

D e t e r m i n a t i o n  of the  Tota l  N u m b e r  of D i s s o c i a t e d  
of Chick  E m b r y o s  at V a r i o u s  A g e s  

Dissoc ia ted  cells f rom t h e  cerebra l  hemisphe re s  of t he  
ch ick  e m b r y o  h a v e  been  c u l t i v a t e d  b y  a n u m b e r  of 
workers  z-8. D e v e l o p m e n t  of t he  cu l tu res  seems to  
d e p e n d  on  va r ious  fac tors  inc lud ing  t he  k ind  of s u b s t r a t e  
on  wh ich  t he  cells grow, t h e  compos i t ion  of t he  n u t r i e n t  
med ium,  t h e  age of t he  e m b r y o  a t  d i ssoc ia t ion  a n d  t he  
n u m b e r  of ceils cu l t iva ted .  This  m e a n s  t h a t ,  whi le  t he  
effect  of a n y  one of t he  above  p a r a m e t e r s  on  t he  cu l tu re  
is be ing  inves t iga ted ,  t h e  o the r s  shou ld  be  k e p t  as nea r ly  

Cells  Obta ined  f r o m  the Cerebral  H e m i s p h e r e s  

c o n s t a n t  as possible.  Because  of cel lular  p ro l i fe ra t ion  
t a k i n g  place  in t he  deve lop ing  embryo ,  t h e  t o t a l  cell 
c o u n t  changes  rapid ly .  Consequen t l y  one should  h a v e  a 
r easonab le  idea of t he  n u m b e r  of cells a t  va r ious  ages, if 
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The number of cells/mm 3 in the original cell suspension and the total number of cells in the cerebral hemispheres of different age embryos 

Age (days) 4 6 7 8 10 12 

Cells/inln 3 988 8,867 11,900 20,600 47,800 43,000 
770 6,467 15,700 19,200 47,200 38,000 
929 8,461 16,500 17,000 48,300 30,900 
577 8,781 13,900 19,300 51,900 31,300 

5,846 11,800 22,000 46,600 34,900 
5,878 16,300 22,000 36,900 

18,400 21,900 
20,100 

Mean 816 7,383 14,928 20,262 48,360 35,850 
SD 159.4 1,340.7 2,303.2 1,647.8 1,859.7 4,151.2 

Total cells/2 cerebral hemispheres 

1.6 • 106 14.8 • 10 ~ 29.9 • 106 40.5 • 10 ~ 96.7 • 106 143.4 • 10 s 

Only I hemisphere/2 ml used. 

the  n u m b e r  of cells a t  the  s t a r t  of cul ture is to  be co n s t an t  
for all exper iments .  This pape r  repor ts  t he  increase in 
to ta l  cell coun t  dur ing the  deve lopmen t  of chick emb ry o  
cerebral  hemispheres .  

Materials and methods. Cells f rom the  cerebra l  hemi-  
spheres  of 4-, 6-, 7-, 8-, 10- and 12-day-old chick embryos  
were used. The embryos  were r emoved  f rom the  eggs and  
t rans fe r red  to a Pe t r i  dish conta in ing  Ear le ' s  solution, 
and  the  cerebral  hemispheres  were dissected.  The menin-  
geal m e m b r a n e s  were removed,  except  in the  case of 
4-day-old embryos  where th is  was prac t ica l ly  impossible.  
The hemispheres  were placed on to a ny lon  sieve (48 ~tm 
pore size) over  ~ Pe t r i  dish conta in ing  Hankes '  solution, 
and passed  t h rough  the  sieve by  gentle s t roking of the  
t issue wi th  a glass rod. Two hemispheres  were used per  2 ml 
of the  above solution, excep t  in the  12-day-old embryo  
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where  one hemisphere  per  2 ml  was used. The suspens ion  
was then  mixed  t ho rough ly  by  gent ly  ro ta t ing  the  Pe t r i  
dish. A di lut ion of 0.04 ml/20 ml  was made  in I so ton  
(supplied by  Coulter  Electronics)  and  coun ted  by  m e a n s  
of a Coulter Counter  Model F using a 100 a m  orifice. 

The Coulter Counte r  does no t  d is t inguish  be tween  
living and  dead  ceils, nor  be tween  single cells and  c lumps.  
I t  was therefore  essent ia l  to do the  coun t ing  as soon as 
possible af ter  dissociat ion of the  cells. The cell p r e p a r a t i o n  
was also examined  microscopical ly,  e i ther  before coun t ing  
or immedia te ly  a f te rwards ,  to ascer ta in  t h a t  no apprecia-  
ble a m o u n t  of c lumps  have  been  found.  Scrupulously  clean 
glassware was used, since impur i t ies  would also be coun ted  
as cells. 

Results and discussion. The Table gives the  n u m b e r  of 
ce l ls /mm 3 in t he  original  cell suspension,  and  the  to t a l  
n u m b e r  of d issocia ted cells in the  cerebral  hemispheres  
for the  var ious  embryon ic  ages. The l a t t e r  is graphica l ly  
represen ted  in Figure  1, f rom which  i t  is ev iden t  t h a t  
there  is an ex t remely  rap id  increase in cell coun t  f rom 
1.6 million on the  4th day  to 47 million on the  8th day  
(29-fold increase) and  to  143 million on the  12th day  
(89-fold increase). 
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Fig. 1. The total number of dissociated cells in the cerebral henli- iqg. 2. The quantity of inedium required per hemisphere to provide a 
spheres for the various embryonic ages. density of 3,5 million cells/ml. 
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Our  m a i n  research  conce rn ing  t he  d e v e l o p m e n t  of t h e  
c e n t r a l  n e r v o u s  s y s t e m  is pe r fo rmed  on t he  ce rebra l  
h e m i s p h e r e s  f rom ch ick  embryos .  For  t h i s  pu rpose  
7-day-old  e m b r y o s  h a v e  so fa r  been  used 8, b u t  some t imes  
i t  m a y  be  of i n t e r e s t  to  v a r y  t he  ag e of t he  e m b r y o  a t  t h e  
s t a r t  of t he  cu l tu re  to  s t u d y  ce r t a in  aspec ts  of d i f fe rent ia -  
t ion.  I t  h a s  been  f o u n d  t h a t  w h e n  us ing  7-day-old  
embryos ,  o p t i m u m  cu l tu re  d e v e l o p m e n t  is o b t a i n e d  b y  
us ing  1 h e m i s p h e r e  pe r  8 ml  m e d i u m  w i t h  col lagen as 
subs t ra t e ,  a n d  1 h e m i s p h e r e  pe r  4 m l  w h e n  c u l t i v a t i n g  
d i rec t ly  on  a p la s t i c  surface  (S~NsENBRENNER, pe r sona l  
c o m m u n i c a t i o n ) .  F r o m  our  r e su l t s ,  these  are  e q u i v a l e n t  
to  3.5 a n d  7 mi l l ion  cel ls /ml  m e d i u m  respect ively .  To 
o b t a i n  t h e  same  d e n s i t y  for  all  e m b r y o n i c  ages w h e n  
c u l t i v a t i n g  on  collagen, t he  a m o u n t  of m e d i u m  to be  
used was ca lcu la ted  for  each  case, a n d  t he  resul t s  are  
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shown  g raph ica l ly  in  F igure  2. These  d a t a  can  be  used as a 
guidel ine  w h e n  se t t i ng  up  cu l tu res  f rom e m b r y o s  of 
d i f fe ren t  ages. W h e n  c u l t i v a t i n g  on  p las t ic  alone,  t h e  
a b o v e  q u a n t i t i e s  of m e d i u m  should  be  halved*.  

Rdsumd. Le h o m b r e  t o t a l  de cellules o b t e n u e s  apr@s 
d issoc ia t ion  du  ce rveau  d ' e m b r y o n s  de P o u l e t  de d ivers  
ages a @t~ d6 te rmin6  au  <~ Coul ter  Co u n t e r  ~. La  q u a n t i t 6  de 
mi l ieu  n u t r i t i f  n6cessaire  p o u r  avo i r  u n  n o m b r e  c o n s t a n t  
de cellules dans  la  suspens ion  a @t@ calcul@e p o u r  c h a q u e  
age e m b r y o n n a i r e ,  af in  de p o u v o i r  r6aliser des  cul tures  
comparab les .  
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Suspension Culture of Nigella sativa 

Cell suspens ion  cu l tu re  is a n  excel lent  sys t em t o  s t u d y  
d i f fe ren t  cel lular  m e c h a n i s m s .  The  b e h a v i o u r  of t h e  
su spended  cells of Nigella sativa is r epo r t ed  here.  

Materials and methods. Cell suspens ions  of leaf cal lus 
t i ssue  of N. sativa (Fam.  R a n u n c u l a c e a e ;  2n = 12) were 

Fig. 1. Cell suspension of Nigella sativa with mostly elongated cells. 

g rown in 50 ml  MURASHIGE a n d  SKOOG'S (MS) m e d i u m  I 
s u p p l e m e n t e d  w i t h  N A A  (0.5 mg/1) a n d  coconu t  mi lk  
(15% v / v  f rom f resh  green  coconut )  in  p ro jec t ing  flasks 
(1 1) on r evo lv ing  s h a k e r  (4 r ev /min )  2 in  d a r k  a t  25 ~ =k 1 ~ 
T h e  m e d i u m  was ster i l ized a t  121 ~ for 20 ra in .  Cells 
were  c o u n t e d  in a c o u n t i n g  c h a m b e r  w i t h  d imens ions  of 
50 • 20 X 1 m m  a n d  a capac i t y  of 1 ml.  T h e  suspended  
cells in 10 r a n d o m  fields were c o u n t e d  a t  a magn i f i ca t ion  
of •  Suspensio,n cu l tu re  was in i t i a t ed  b y  t r ans -  
fer r ing  0.8-1 g 2-week-old cal lus t i ssue  to  t h e  50 ml  
l iqu id  med ium.  D u r i n g  subcul tu re ,  5 ml  of t h e  suspens ion  
f rom t h e  p r ev ious  passage  was  i nocu la t ed  to  a coun t  of 
800-900 cel ls /ml a t  t h e  onse t  of t h e  exper imen t s .  Cells 
were s u b c u l t u r e d  a t  30 d a y  in te rva l s .  Chromosomes  were 
s ta ined  w i t h  1% ace t o ca rmi n e  di rect ly .  Coconut  mi lk  
alone, or in  c o m b i n a t i o n s  w i t h  NAA/2 ,  4-D, was  t es ted  to  
see if t h e r e  was an y  increase  in  t h e  n u m b e r  of free cells. 

Results. A good n u m b e r  of free cells were ob t a ined  in 
Ms + N A A  (0.5 mg/1) + CM m e d i u m ,  whereas  2,4-D 
s u p p o r t e d  c lone f o r m a t i o n  (Table  I). I n  presence  of casein 
h y d r o l y s a t e  or coconu t  milk,  t h e r e  was cons iderable  
increase  in t o t a l  cell n u m b e r  (Table  I I ) .  A u n i q u e  suspen-  
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Fig. 2. A free cell of Nigella undergoing division by budding. Fig. 3. Cell suspension of Nigella with a majority of spherical cells. 


