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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. 
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Materials and methods. The microorgan i sm used was 
Ep icoccum n ig rum (Stra in  5-1-3) 2. The inoculum con~ 
s is ted of un i form suspension of spores and  mycel ia l  
f ragments .  Bo th  Czapek-Dox glucose m e d i u m  s and ger- 
m ina t i on  m e d i u m  4 were used for growing the  fungus.  

The fungus was grown as surface m a t  on shal low layers 
of l iquid medium.  Usual ly  1 ml  of inoculum was used per  
20 ml  of a cul ture  m e d i u m  in a 200 ml  conical  flask. The 
flasks were incuba ted  at  25 ~ for 5 days  exposed  to 50 foot  
candles  of l ight.  The source of l ight  was the  day l igh t  
f luorescence electric tubes  TL 80 W/55, 5' suspended  at  
a sui table  d i s tance  above  the  cul ture vessels. 

A t  t he  end of the  incuba t ion  period,  t he  mycel ia l  fel t  
was separa ted  f rom the  cul ture  fluid b y  f i l t ra t ion  or 
cent r i fugat ion ,  washed  and dr ied to cons t an t  weigh t  a t  
80~ Growth  was expressed in t e rms  of d ry  weight  of 
mycel ium.  

Table I. Fungistatic action of the pigment 

Concentration Growth Inhibi- Growth Inhibi- 
of crude of Botrytis tion (%) of E. nigrum tion 
pigment in mg dry in mg dry (%) 

mycelium mycelium 
per flask per flask 

5 54 82 326 1 
2.5 61 79 340 0.07 
1.25 101 50 359 0.01 
0.625 268 1 371 --0.025 
0.313 312 --0.1 383 --0.06 
0 279 0 362 0 

Table II. The effect of pH on the fungistatic action of the pigment 
(1.25% w/v) on B. allii 

Initial Final Growth in Growth in Inhibi- 
pH pH control flasks test flasks tion of 

mg dry mg dry growth 
mycelium mycelimn ( % ) 
per flask per flask 

2.8 3.22 87.4 - 90-100 
3.4 3.83 131.8 71.5 66.0 
4.0 4.46 137.0 63.2 54.0 
5.0 4.95 245.6 203.4 17.2 
6.2 6.0 256.3 245.1 4.4 
7.2 6.24 161.5 256.2 2.0 
8.0 6.87 101.2 102.4 - -  1.1 
9.0 7.88 55.7 61.6 --10.0 

The p i g men t  was ex t rac ted  f rom the  med i u m using 
d ie thy le the r  af ter  acidif icat ion wi th  concen t r a t ed  hydro-  
chloric acid to p H  2.6. The e ther  ex t rac t s  were collected 
together ,  and concen t r a t ed  over  a wa te r -ba th .  The solvent  
was then  f i l tered off and fu r the r  concen t r a t ed  and t h e n  
al lowed to  cool. The p i g m e n t  sepa ra ted  out  as golden 
yellow crystals .  The crysta ls  were washed,  dried, weighed,  
dissolved in wa te r  and  t e s t ed  for fungis ta t ic  action.  The 
effect  of a given a m o u n t  of the  p i g men t  on mycel ia l  yields 
by  Botrytis allii and  E. nigrum was de te rmined ,  p H  deter-  
mina t ion  was made  by  bo th  p H  indica tor  papers  and  a 
p H  me te r  ( type 222). 

Results and discussion. The resul ts  (Tables I and  II) 
show the  fungis ta t ic  ac t ion of the  crude p igment .  H igh  
concen t ra t ions  of the  p i g men t  were  h ighly  inh ib i to ry  to 
g rowth  of Botrytis allii and only s l ight ly inh ib i to ry  to  
g rowth  of E. nigrum (Table I). At  suff ic ient ly  low concen-  
t ra t ions  the  crude p i g men t  t en d ed  to  be s l ight ly s t imula-  
to ry  to  the  g rowth  of b o t h  organisms.  

The fungis ta t ic  act ions of t he  p i g men t  was found to  
be p H  d e p e n d e n t  (Table II) .  There  was a low ant i - fungal  
ac t iv i ty  a t  p H  levels above 5.0. FOPPEN and  GRIBA- 
NOVSKI-SAssu~ repor ted  t h a t  under  the i r  g rowth  condi-  
t ions  no ant i - fungal  effect  was de tec ted  in cul ture  fluid 
of E. nigrum. The lack of an t i - fungal  ac t iv i ty  m i g h t  have  
been associated,  a t  least  in par t ,  w i th  the  high p H  (6.7-7.0) 
of the i r  yeas t  ex t rac t .  

The chemical  na tu re  of tile p i g m e n t  p roduc ing  fungi- 
s ta t ic  ac t ion is under  invest igat ion.  There  are confl ict ing 
repor t s  on the  na tu re  of the  p i g men t  p roduced  by  Epi- 
coccum species. I t  has  been des igna ted  f lavipin 1, caro- 
t eno id  ~, and  humic  acid-like subs tance  6. 

Rdsumd. On a consta t6  que le p i g men t  secr6t6 par  le 
myc6te  Epicoccum nigrum a une r6act ion fung is ta t ique  
sur le Boyrytis allii utilis6 c o m m e  un organisme d'essai .  
Cette  r6action a 6t6 d @ e n d a n t e  du p H  e t a  6t6 assez 
basse aux n iveaux  d6passant  5.0. 
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Normaler und aberranter Karyotyp von Cepaea hortensis (Miiller) (Gastropoda) 
'k 

Bei Cepaea hortensis fand  RAIN'ER 1 hap lmd  30 Chromo- 
somen im Gegensatz  zu zwei fr i iheren Auto ren  (BALTZER 2 
PERROT3), die fiir die gleictle Ar t  haploid  nur  22 Chromo- 
somen  beschr ieben  haben.  Der  K a r y o t y p  war  n i ch t  
bekann t .  Unsere  U n t e r s u c h u n g e n  bes t i i t ig ten  zwar  die 
Iriihere Zahl  n = 22, f6 rder ten  jedoch  eine Chromosomen-  
abe r ra t ion  zu Tage. 

Das  u n t e r s u c h t e  Mater ia l  s t a m m t e  yon drei  F u n d -  
pl~tzen im K a n t o n  Ztirich: 4 Tiel~e aus dem Klo tener  

Ried,  3 Tiere v o m  l inken L i m m a t u f e r  gegeniiber  dem 
Klos te r  F a h r  und  2 Tiete aus einer  an den Fr i edhof  in 
Us te r  g renzenden  Wiese. 
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