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Fig. 3. Balloon-formation of salt chloroplasts in distilled water. The 
graRa discs are so strongly distorted that individuai discs are seldom 
recognizable and it is seen just like the unknitted configuration. 
x 6500. 

observed (Figure 2). These observa t ions  clearly show 
t h a t  the  ba l loon-format ion  results  f rom the  extens ion  of 
s t roma  lamellae of chloroplasts .  The tang led  s t ruc tu re  
(Figure 3), which is represen ted  the  u n k n i t t e d  configura- 
tion, m a y  be formed f rom the  fu r ther  swelling of the  
grana  discs adherr ing  to  t he  bal loon surface. 

The exp lana t ion  of t he  fo rma t ion  descr ibed above is 
based on the  general  model  of lamellae s t ruc tu re  tha t  
grana  discs are s tacked  on the  s t roma  lamellae. On the  
basis of th is  model,  however ,  it  canno t  be expla ined  
f rom the  ba l loon- format ion  how vesicles or grana  discs 
are f r equen t ly  observed  inside the  bal loon (Figure 4). 
MENKE 11 repor ted  that thy lako id  s tack  m a y  be formed 
by  invaginat ion,  and  WEHRMEYER 1~ showed t h a t  a t  t he  
edge of a granum,  a lan~ellae m a y  b i furca te  or fold back  
on itself, t hus  con t r ibu t ing  2 discs to  the  same granum.  
Fur the rmore ,  WEIER et  a1.13 showed the  th ree -d imens iona l  
model  of a single f re t  connec ted  With several  ad j acen t  
loculi. F r o m  the  model  of lamellae sys t em as descr ibed 
above, it  is no t  to  be under s tood  how the  vesicles or 
g rana  discs observed inside the  bal loon are formed.  

Al though  there  have  been electron microscopic invest i -  
gat ions ~-s on s t ruc tu ra l  changes  of isolated chloroplas ts  
which were suspended  in dist i l led wa te r  or hypo ton i c  
solutions, t h e y  have  no t  observed the  b a l l o o n  as shown 
in our exper iments ,  b u t  separa te  small  vesicles, separa te ly  
swollen grana  discs, swollen g rana- f re twork  sys tem,  
irregular s t roma  lamellae lacking the  grana  discs, or 
swollen chloroplasts .  In  our  observat ions ,  we never  saw 
swollen g rana- f re twork  sys t em 7 and  irregular  s t roma  
lamellae lacking the  grana  discs 6,8. The swollen grana-  
f re twork  sys t em shown wi th  pho tomic roscope  13 is prob-  
ably  ident ical  wi th  the  blebs formed in 0.05-0.1 M sucrose 
as repor ted  by  SPIENCER and WILDMAN 3. 

Zusamrnen/assung. Die Bal lonbi ldung isolierter Spina t -  
ch loroplas ten  wurde  e lek t ronenopt i sch  un te rsuch t .  
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Fig. 4. Balloon-formation of sugar chloroplasts in 0.2 mM MgCI,. 
The grana discs and vesicles are observed inside the balloon. • 7600. 
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in electron microscopy. 

Acoustic Stimulus Perception by the American Lobster Homarus  amer icanus  (Decapoda) 

Crustaceans  have  been used ex tens ive ly  for physiol-  
ogical s tudies  of vision and  the  nervous  sys t em 1, less so 
for t he  aud i to ry  sys tem.  LAVERACK ~ s tudied  Homarus 
and  de te rmined  the  physiological  sens i t iv i ty  of hai r - fan  
organs to various low f requency  wa te r  v ibra t ions .  Drops  
of wa te r  and  a moving  d i aph ragm in the  end of the  t e s t  
t a n k  were two of the  s t imul i  used. Record ings  were made  
f rom nerves  leading f rom hai r - fan  organs  on the  chel ipeds 
and  carapace.  Co~EN 3 found  t h a t  one t y p e  of receptor  

in t he  s t a tocys t  of H. americanus responded  to sub- 
s t r a t u m  v ibra t ion  b u t  no t  to  air,- or wa te r -borne  vibra-  
t ions.  A f requency  response  curve for s u b s t r a t u m  vibra-  
t ions  has  been  de t e rmined  for the  crab Uca with  an 
uncondi t iona l  response ~. There  have  been a few repor t s  
of responses  to  sound st imuli  by  c rus taceansK 

In  these  s tudies  the re  have  been few adequa te  behav-  
ioral measures  of w h a t  s t imul i  c rus tacea  are able to  
perceive.  I t  is hoped  t h a t  t he  p re sen t  t echn ique  of con- 
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d i t i o n i n g  t h e  h e a r t  r a t e  m a y  p r o v i d e  a b e h a v i o r a l  m e a s u r e  
o f  s e n s o r y  a b i l i t y .  

L o b s t e r s  ( c a r a p a c e  l e n g t h  6 . 6 - 7 . ~  cm)  w e r e  o b t a i n e d  
b y  o t t e r  t r a w l  f r o m  N a r r a g a n s e t t  B a y .  W h i l e  b e i n g  
t e s t e d ,  t h e  l o b s t e r s  we re  h e l d  in  a n y l o n  m e s h  n e t  s u s -  
p e n d e d  in  a p l a s t i c  t a n k .  T h e  t a n k  w a s  p l a c e d  in  a s m a l l  
r e v e r b e r a t i o n  c h a m b e r  w i t h  a 1 6 "  s p e a k e r  m o u n t e d  in  i t s  
wal l .  T h e  a p p a r a t u s  a n d  t e s t  e q u i p m e n t  w e r e  t h e  s a m e  
as  w a s  u s e d  for  t h e  t a u t o g  a n d  c o d f i s h  s. M e a s u r e m e n t s  of  
t h e  s t i m u l u s  f ie ld  w e r e  m a d e  for  b o t h  p r e s s u r e  a n d  
p a r t i c l e  v e l o c i t y .  T h r o u g h  t h e  r e g i o n  w h e r e  t h e  a n i m a l  
w a s  he ld ,  t h e  f ie ld  h a d  a v a r i a b i l i t y  of  3 d b  o r  l ess  e x c e p t  
a t  18.7 a n d  37.5 H z  (6 a n d  4 db ,  p r e s s u r e )  a n d  75 H z  
(9 db ,  v e l o c i t y ) .  A m b i e n t  n o i s e  w a s  b e l o w  t h e  i n t e r n a l  
h y d r o p h o n e  n o i s e  ( p r e s su re ,  - - 2 1  d b  p e r  o c t a v e )  a n d  
t h e r e f o r e  m a s k i n g  w a s  n o t  a f a c t o r .  Al l  p r e s s u r e  m e a s u r e -  
m e n t s  a r e  g i v e n  a s  d b  re :  1 ~z b a r  ( d y n e / c m  ~) a n d  p a r t i c l e  
v e l o c i t y  m e a s u r e m e n t s  as  d b  re :  1 F v a r  ( 6 . 7 •  10 -~ c m /  
sec) ~. A t e m p e r a t u r e  r a n g e  of 16.4 ~ t o  18.9 ~ w a s  o b s e r v e d  
d u r i n g  t e s t i n g .  

H e a r t  r a t e s  w e r e  o b t a i n e d  w i t h  e l e c t r o d e s  m a d e  o f  
No .  24 s i l ve r  c o a t e d  c o p p e r  w i r e  w i t h  a b o u t  1 c m  of  t h e  
t e f l o n  i n s u l a t i o n  r e m o v e d .  T h e  e x p o s e d  w i r e  w a s  i n s e r t e d  
i n t o  t h e  p a r i c a r d i a l  c a v i t y  t h r o u g h  a s m a l l  ho l e  in  t h e  
c a r a p a c e .  T h e  a r e a  o n  t h e  c a r a p a c e  a r o u n d  t h e  w i r e  w a s  
t h e n  c o v e r e d  w i t h  c r a n i a l  c e m e n t .  A f t e r  t h e  c e m e n t  
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Fig. 1. A copy of the original data for the lobster showing the cardiotachometer record (giving the beat-by-beat rate), the ECG and 
the time. The 4 trials are indicated by  the depressed time base line. The acoustic pressure for each trial is shown. There was a CR (con- 
ditional response) on the first and third trials. At the end of each trial the US caused an artifact (indicated by X) to appear in the ECG 
and in the cardiotachometer record. Tachycardia was observed on the second trial. 
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Fig. 2. The response thresholds for 5 lobsters (a dif- 
ferent symbol used for each animal) relative to the 2 
measured components of the acoustic st imulus:  a) 
sound pressure; b) sound particle velocity. Curves 
are drawn visually through the da ta  for selected 
animals. 
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ha rdened ,  a more  p e r m a n e n t  a t t a c h m e n t  to  t he  ca rapace  
was m a d e  w i t h  E a s t m a n  910 adhes ive .  An  ind i f f e ren t  
e lect rode was p laced  in t h e  water .  

W h e n  f i rs t  p laced  in t he  t e s t  t ank ,  t he  lobs te r ' s  h e a r t  
r a t e  was a lways  h igh  (100-125 bea t s  pe r  m i nu t e ,  b /m).  
They  were g iven  20 m i n  to  a n  h o u r  to  r each  a s t e a d y  s t a t e  
before  t e s t i ng  was begun.  Most  t e s t i ng  was done  w i t h  
h e a r t  r a t e s  of 40 to 70 b / m  a l t h o u g h  a few th re sho lds  
were d e t e r m i n e d  us ing  lower or h igher  ra tes .  I n  2 an ima l s  
t h e  a u d i o g r a m s  were no t  comple ted ,  one because  t h e  
r a t e  b e c a m e  too  slow a n d  i r regu la r  and  t h e  o the r  because  
a low ECG signal  was  m a s k e d  b y  noise. 

LARIMER s, i nves t i ga t i ng  h e a r t  r a t e  responses  in  cray-  
fish, showed  t h a t  m a n y  e x t e r n a l  s t imul i  caused  t he  
a n i m a l  to  e x h i b i t  b r a d y c a r d i a  (slowing of t he  h e a r t  rate) .  
I n  m y  e x p e r i m e n t s  t h e  lobs te rs  were shie lded f rom m o s t  
of these  s t i nml i  a l t h o u g h  occasional  noises resu l ted  in  
b r adyca rd i a .  These  were no t  c o m m o n  and  w i t h i n  a sho r t  
t i m e  (usual ly  less t h a n  30 sec) a more  regu la r  h e a r t  r a t e  
would be reached.  Tes t ing  on  a n y  day  was of ten  ter -  
m i n a t e d  due  to t he  h e a r t  r a t e  b e c o m i n g  i r regular .  

T ra in ing  was usua l ly  s t a r t e d  w i t h  t he  cond i t iona l  
s t imulus  (CS) se t  a t  37.5 Hz  w i t h  pressure  b e t w e e n  20 
and  29 db. The  CS Ias ted  10-11 sec. F o r  t he  las t  0.14 sec 
of t he  CS the  u n c o n d i t i o n a l  s t imu lus  (US) was applied.  
The  U S  cons is ted  of an  AC c u r r e n t  r egu la t ed  b y  a va r i ab l e  
t r a n s f o r m e r  a n d  a d m i n i s t e r e d  t h r o u g h  clips a t t a c h e d  to  
the  las t  pa i r  of wa lk ing  legs. Levels  of U S  be t w een  10 
and  55 vo l t s  were used b u t  15-20 vol t s  (about  0.15 to  
0.2 amps)  were found  to  be  m o s t  effective.  

3 of 7 an imaIs  showed  b r a d y c a r d i a  a t  t h e  f i r s t  CS 
p resen ta t ion .  One a n i m a l  h a b i t u a t e d  to th i s  response  
(no U S  given) in 8 tr ials .  I n  all  an ima l s  s t rong  b r a d y -  
ca rd ia  or cond i t iona l  response  (CR) a p p e a r e d  w i t h i n  4 
re inforced tr ials .  A t  h igh  in tens i t i e s  t he  C R  was as g rea t  
as 20-30 b/In.  However ,  t h i s  response  wag g raded  a n d  
near  t h r e s h o l d  t he  a m o u n t  of change  usua l ly  b e c a m e  less. 
F igure  I is a p o l y g r a p h  record  of 4 t e s t s  m a d e  nea r  
t h r e sho ld  and  las t ing  a b o u t  7 rain.  2 t es t s  resu l ted  in 
v e r y  d i s t i nc t  CR's .  On some t r ia l s  close to  t he  t h r e s h o l d  
level  t a c h y c a r d i a  ( increased ra te)  was  observed .  This  was  
no t  cons idered  as a CR, how eve r  if i t  was ve ry  s t rong  
(i.e. g rea te r  t h a n  a b o u t  7 b /m) ,  t he  t e s t  level  was repea ted .  
The  second t r i a l  in  F igure  1 shows a n  example  of th i s  
t y p e  of response.  

T ra in ing  a n d  t e s t i ng  were s imi la r  to  t h a t  used for fish 6. 
The  response  t h r e s h o l d  was d e t e r m i n e d  us ing  an  up -and-  
down p rocedure  w i t h  2 db  changes  of t he  s t imulus .  A t  
leas t  9 crossings or reversa l s  of t he  CS a m p l i t u d e  were 
used for each  t h r e sho ld  d e t e r m i n a t i o n .  Thresho ld  va lues  
o b t a i n e d  ear ly  in  t r a i n i n g  were a lways  found  to be  h igher  
t h a n  d u r i n g  l a t e r  tests .  Add i t i ona l  t r a in ing ,  pa r t i cu l a r l y  
a t  a second f requency,  resu l ted  in a lowered t h r e s h o l d  
(p la teau  effect).  This  was of ten  obse rved  d u r i n g  one 
t e s t i ng  session as a p rec ip i tous  drop  of a b o u t  10 d b  to 
a lower t h r e s h o l d  level. 

F requenc ies  t e s t ed  were 10 Hz  a n d  a t  oc t ave  in t e rva l s  
f rom 18.7 to 150 Hz. F igures  2, a and  b show t h e  l o w e s t  
th resho lds  for  5 an i m a l s  re la t ive  to  pressure  and  par t i c le  

ve loc i ty  respect ively .  R e m o v a l  of t he  second a n t e n n a e  
a n d  che l ipeds  in one a n i m a l  d id  n o t  change  i ts  response  
level.  There  is r easonab le  a g r e e m e n t  a m o n g  4 of t he  
lobs te rs  b u t  t he  f i f th  one h a d  a h ighe r  t h r e s h o l d  in t h e  
more  sens i t ive  region for  par t ic le  veloci ty .  This  a n i m a l  
was  be ing  r e t e s t ed  w h e n  i t  mol ted .  I t  m a y  h a v e  h a d  a 
h igher  t h r e sho ld  d u r i n g  p r e m o l t  or i t  m a y  h a v e  been  
less respons ive  to  condi t ion ing .  

The  4 o the r  an ima l s  showed  t h e  lowes t  t h r e sho ld  a t  
37.5 Hz for  p ressure  (mean  - - 1 3  db) a n d  a t  75 H z  for  
par t ic le  ve loc i ty  (mean  19 db).  I t  is no t  k n o w n  which  
sound  c o m p o n e n t  ac ts  as t he  s t imulus ,  b u t  i t  is be l ieved 
t h a t  ha i r  cells on  t he  surface of f ish are respons ive  to  
par t ic le  ve loc i ty  or d i s p l a c e m e n t  (bo th  vec to r  q u a n t i -  
ties) 9. 

H a i r - f a n  organs,  obse rved  on  var ious  p a r t s  of t h e  b o d y  
a n d  appendages ,  can  p r o b a b l y  r e spond  to  a n  a d e q u a t e  
acous t ic  s t imulus .  Us ing  a fa l l ing drop  of water ,  LAVE- 
RACK 2 ca lcu la ted  t he  pressure  to  be 0.40 d y n e / c m  ~ (e.g. 
- - 8  db) a t  t he  physio logica l  t h r e sho ld  of t he  ha i r - f an  
organ.  This  va lue  is r e m a r k a b l y  close to t he  t h r e s h o l d  of 
pressure  found  in t he  p r e sen t  s t u d y  (e.g. - - 1 3  db  a t  
37.5 Hz).  LAVERACK did  no t  measure  par t i c le  veloci ty .  

COHEN ~, us ing  t u n i n g  forks of 128-320 Hz, found  t h a t  
wa t e r -bo rne  v i b r a t i o n s  were ineffect ive.  These  f requencies  
are above  t he  sens i t ive  region found  in th i s  s t u d y  and  
m a y  accoun t  for t he  lack of response.  The  s t a t o c y s t  a n d  
o the r  ha i r  cells, as on t he  a n t e n n a ,  m a y  also be respons ive  
to acous t ic  s t imul i .  I t  m a y  be  t h a t  the  pe rcep t ion  of 
acous t ic  s t imul i  is n o t  a s imple  process  a n d  mul t ip l e  
recep tors  m a y  be  t he  basis  of t h e  obse rved  p l a t e a u  effect  
as has  been  shown for f ish 6. 

Rdsumd. P o u r  le s t i m u l a n t  acous t ique  en t re  10 et  
150 Hz les seuils de r@ponses on t  @t6 o b t e n u s  sur  5 
h o m a r d s  (Homarus amerieanus). La plus g rande  sensi-  
bi l i t6  6 ta i t  de 37,5 Hz  pou r  une  press ion  de --  13 db  re :  
1 bar ,  ou b ien  de 75 Hz p o u r  une  rapidit@ de pa r t i cu les  
de 19 db  re:  1 var ,  cond i t ions  classiques r6alis6es pou r  
o b t e n i r  en b r a d y c a r d i e  un  si h a u t  seuil t ona l  de s t imu-  
la t ion.  
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Fungistatic Action of the Pigment Secreted by the Fungus Epicoccum nigrum Link 

I t  was  d i scovered  b y  chance  t h a t  w h e n  Epicoccum pur- 
purascens a n d  Helminthosporum sativum were g rown side 
b y  side on  aga r  media ,  t h e  fo rmer  fungus  e l a b o r a t e d  a 
di f fusible  s u b s t a n c e  which  i n h i b i t e d  t he  h y p a l  g r o w t h  
of t he  l a t t e r  fungus.  BAMFORD et  al. 1 conf i rmed  the  

p r o d u c t i o n  of a n  an t i - funga l  an t i -b io t i c  b y  E. purpu- 
rascens and  b y  E. andropogonis. 

The  p r e sen t  i nves t i ga t i on  was car r ied  ou t  to  d e t e r m i n e  
w h e t h e r  t he  p i g m e n t  secre ted b y  E. nigrum (S t ra in  5-1-3) 
possessed a n y  such an t i - funga l  effect. 


