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The presence  of the  digest ive enzymes  in the  excre ta  of 
insects,  appears  a t  first ,  to  be a wasteful  process.  In  S. 
in/erens and  C. in/uscatellus t hey  m a y  have  the  func t ion  
of keeping the  m i c r o e n v i r o n m e n t  congenial,  since the  
larval  and pupa l  life of these  insects  is passed in a tunne l  
in sugarcane in which the  excre ta  is also discharged.  

Zusammen/assung. In  den F/ices yon S. in/erens-Lar- 
yen wurde  eine betr i icht l iche Akt iv i t~ t  yon  Aminot r i -  
pept idase ,  Leuc in -Aminopep t idase  und  Glycyl-L-Leucin- 
Dipept idase ,  sowie eine sehr  schwache Aktivit~Lt yon 
Trypsin,  Prol inase  und  Glycyl -Glyc in-Dipept idase  fest- 
gestell t .  In  den Fiices yon  C. in/uscatellus-Larven wurde  
eine Aktivit~Lt yon  Amino t r ipep t idase ,  Leuc in-Amino-  

pep t idase  und  Prolinase,  jedoch nu r  eine geringe Akt ivi t / i t  
von  Tryps in  u n d  Glycyi -Glyc in-Dipept idase  gefunden.  
Es  k o n n t en  keine Carbohydrasen  festgestel l t  werden.  
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Long-Term Habituation to Species-Specific Alarm 

W h e n  thei r  species-specific a larm call, the  'p ink '  vocal-  
ization, is p layed  back to chaff inches  (Fringilla coelebs L.), 
t hey  respond  wi th  a va r i e ty  of behav iour  pa t t e rns ,  one of 
which  is ' f reezing'  1,~. Our s tudy  is concerned wi th  how 
suctl a behaviour  p a t t e r n  changes,  f rom a q u a n t i t a t i v e  
po in t  of view, when  cap t ive  birds  are p resen ted  wi th  a 
cons t an t  a la rm call p a t t e r n  s t imulus  twice daily.  We also 
de t e rmined  to wha t  ex t en t  the  changes  could be considered 
as ' s t imulus  specific ' .  - This inves t iga t ion  was conduc ted  
in order  to e lucidate  the  effects  of na tura l  signal var ia t ion  
on the  behav iour  of conspecifics.  
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Long-term habituation to the species-specific alarm calls in the 
chaffinch (Fringilla coelebs) : Changes in the response 'freezing' after 
repetitive stimulation twice daily with a 'pink' call pattern. Ordinate : 
Duration of 'freezing' (mean and standard deviation of the mean for 
n = 4, in % of the maximal value). Abscissa: sequence of stimulus 
presentations (S). 

Calls in a Songbird (Fringilla coelebs L.) 

The birds were placed in a visual ly  and  acoust ical ly  
isolated room 3 days  before the  expe r imen t s  s tar ted .  
Locomoto ry  react ions  as well as freezing were regis tered 
by  perch con tac t  and t r ansc r ibed  di rec t ly  on a mult i -  
channel  even t  recorder.  Other  responses  were recorded on 
the  same equ ipmen t  over  a keyboard  by  a h idden  observer.  
The i l luminat ion  was a 12:12 h on/off  l ight  cycle. The 
birds  were fed every  o the r  day. The s t imulus  consis ted  of 
a series of 10 t r isyl labic  a la rm calls a t  normal  in tens i ty  
wi th  an in terval  of 1 sec be tween  them.  These were p layed  
at  a cons t an t  volume t h ro u g h  a loudspeaker  p laced near  
the  cage. The length  of ' f reezing '  b ro u g h t  abou t  by  the  
s t imulus  decreased wi th  the  n u m b e r  of s t imulus  exposures  
(Figure). Other  behavioura l  p a r a m e t e r s  showed a similar  
decrease.  This decrease was more  mark ed  at  the  beginning  
t h a n  at  the  end of the  expe r imen ta l  series. A 'warming-  
up-phase '  was only observable  in a few of the  exper imen ta l  
animals.  After  ap p ro x i ma t e l y  12 s t imulat ions ,  the  animals  
showed none of the  responses  observed  at  the  s t a r t  of the  
exper iments .  Only some of the  o r ien ta t ion  components ,  
which are no t  included here, remained.  

The ques t ion  as to whe the r  it was the  one specific 
' p ink '  a larm p a t t e r n  which no longer ac ted  as a releaser, 
or whe the r  the  response  to o ther  t ypes  of s t imulus  con- 
s tel la t ions was affected,  was tes ted  on conclusion of the  
above  exper iments .  The animals  were p resen ted  wi th  
s t imuli  va ry ing  b o t h  qua l i ta t ive ly  and  t empora l ly  (Table). 
Prac t ica l ly  every  change in the  original  s t imulus  resul ted  
in a response f rom the  birds  (except ion : decreased volume,  
Table,  B). The response  s t r en g t h  in the  tests ,  however ,  
never  reached the  m a x i m u m  or original  level. "When the  
original s t imulus  p a t t e r n  was p resen ted  dai ly t h r o u g h o u t  
the  above tes t  series, the  response  to  it was a lways nil 
(Table, K). The ' inh ib i t ion '  of the  releasing effect  was thus  
shown to be s t imulus  specific and of long durat ion.  

This ' inh ib i t ion '  can be in t e rp re t ed  as long- term hab i tu -  
at ion.  Opera t ional ly  defined,  th is  t ype  of Ixabituation is 
considered as a re la t ively  long- te rm s t imulus  specific 
decrease in response  to a repe t i t ive  uni form st imulus,  not  
followed by a re in forcement  a,~,l. Owing to its long- 
t e r m  effects, hab i t ua t i on  is considered to be a form of 
learning. Here  specific s t imulus  paramete rs ,  which act  as 
releasers a t  first,  are s tored wi th  a negat ive  pref ix  and 
co mp u t ed  in the  funct ional  co n t ex t  of the  releasing 
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W. H. THORPE, Learning and Instinct in Animals (Methuen, London 
1963). 

4 S. E. FILl G Anita. Behav. 21, 585 (1973). 



818 Specialia EXPERIENTIA 31/7 

Specificity tests: Response of habituated chaffinches (Fringilla 
coelebs) to modified forms of the species-specific alarm call pattern 

Test Stimulus Duration of 'freezing' 
(mean and SD of the 
mean for n = 4, in % 
of the maximal value) 

e.s. : 10 trisyllabic 'pink'- 
calls with 1 see intervals 81.5 -4- 19.8 

A same as above, from another 
individual, more noisy 25.3 4- 19.5 

B e.s.,half volume 0.0 4- 0.0 
C e.s.,intervals 2 see 4.3 • 4.9 
D 10 bisyllabic 'pink'-calls 25.0 q- 21.6 

with 1 see intervals 
E e.s., double volume 9.0 4- 7.0 
F 10 trisynabic 'pink'-calls 

with 5 see intervals 2.5 • 1.5 
G 15 bisyllabic 'pink'-calls 

with 1.3 see intervals 12.3 4- 4.5 
H e.s., half speed 2.3 4- 2.3 
I e.s., double speed 33.3 d= 11.8 
K e.s. daffy, alternating 

with the tests 0.0 • 0.0 

The first response to the experimental stimulus (e.s.) is given above 
for comparison. 

mechanism.  These cr i ter ia  for a long- te rm hab i tua t i on  
can be appl ied  to  our  resul ts :  we could show tha t ,  under  
l abora to ry  condi t ions ,  chaff inches  h a b i t u a t e  to  a species- 
specific a la rm call pa t t e rn .  This t y p e  of behavioura l  adap-  
t ion  has also been  observed in the  acoust ical  control  of 
b i rd  flocks on airfields or in crops 5, 6, b u t  appa ren t ly  has  
no t  been s tudied  f rom a quan t i t a t i ve  po in t  of v iew nor  in 
t e rms  of learning processes.  H a b i t u a t i o n  to visual  stimuli,  
such as owl models  and  even l iving owls, has  a l ready been 
shown 7. P h e n o m e n a  of this  t y p e  are p robab ly  basically 
di f ferent  f rom shor t - t e rm hab i tua t i on  which is also known 
for birds  s. The a lmos t  comple te  loss of response  to  an 
enemy,  as well as hab i t ua t i on  to  a larm calls, appears  to  
have  l i t t le  adap t ive  value. In  tile field i t  would no t  occur 
to  th is  ex ten t ,  owing to  hab i t ua t i on  p reven t ive  factors  
such as the  an imal ' s  con t inuous ly  va ry ing  ex te rna l  and 
in te rna l  s i tuat ion.  W h e t h e r  a general ized hab i tua t ion  to  
va r i an t  acoust ical  s ignals  occurs,  is to  be t e s t ed  by  fu r the r  
exper iments .  

Zusammen[assung. Isoliert  gehal tene  Buchf inken  (Frin- 
gilla coelebs L.) reduzierei1 fas t  alle ihre Verha l tensreak-  
t ionen  auf T o n a u f n a h m e n  ar te igener  Alarmrufe  bei  tXglich 
zweimaliger  Da rb i e tung  desselben Musters  nach  ca. 
6 Tagen auf einen Nullwert .  Die fehlende Ausl6serwirkung 
ist  an das  spezifische Muster  der  Gew6hnungsa t t r appe  
gebunden.  Geringfiigige ~ n d e r u n g e n  in verschiedenen  
P a r a m e t e r n  riefen wieder  Reak t ionen  hervor.  

s PH. GRAMET, Annls. Epiphyt. 13, 111 (1962). 
s W. KEIL, Jber. wetterau. Ges. ges. NaturKde. 123/124, 15 (1973). 
7 R. A. HINDE, Proc. R. Soe., Lond. B 142, 331 (1954). 
s i~r SCHLEIDT, Z. Tierpsyeh. 11, 417 (1954). 
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T h e  G r o w t h - R e t a r d i n g  E f f e c t  o f  G u a n i d i n o - M e t h y l a t e d  A r g i n i n e s  o n  the Tobacco  T i s sue  C u l t u r e s  

Guan id ino -me thy la t ed  der iva t ives  of L-arginine/N G- 
mono-methyl -L-arg in ine  (MMA), NG,NG-dimethyl-L-ar - 
ginine (DMA) and  NG, N'O-dimethyl-L-arginine (DMA')/  
have  recen t ly  been  de tec ted  in some animal  1 and  p l an t  
p ro te ins  ~, as well as in free s t a t e  in var ious  t issues and  
biological fluids a as catabol ic  compounds  of t he  enzymic  
m e t h y l a t e d  prote ins .  

The role of these  m e t h y l a t e d  basic amino  acids in the  
l iving organisms has  no t  been  cleared up so far. On the  
basis of t he  wel l -known g rowth -p romot ing  effect of 
arginine 4, as well as of t he  t u m o u r  g rowth  p romot ing  5 and  
g rowth  p r o m o t i n g  effect  on t h e  tobacco  t issue cul tures  
of N * - m e t h y l a t e d  lysines e, we supposed the  guanidino-  
m e t h y l a t e d  arginines to  have  an inh ib i to ry  effect  on 
growth.  

The p resen t  s tudies  con t inued  the  c o m p a r a t i v e  in- 
ves t iga t ion  of the  effect  of L-arginine and  i ts  3 guanidino-  
m e t h y l a t e d  der ivat ives  (MMA, DMA' and  DMA) on the  
tobacco  t i ssue  cultures,  and  examined  the  s tab i l i ty  of 
guan id ino -me thy l a t ed  a rg in ines  in cul ture  m e d i u m  and  
in t issue cultures.  

The t e s t  mate r ia l  used in our inves t iga t ions  was a 
secondary  callus t issue isolated f rom tobacco  (Nicotiana 
tabacum L.) s tem.  The t issue consis ted of a yel lowish- 
green cell popula t ion ,  was of in tens ive  growth ,  and  on 
s t a n d a r d  cul ture  m e d i u m  did no t  show organ fo rma t ion  
bu t  0nly some t issue different ia t ion.  

Of t he  amino  acids used, z-arginine was a commerc ia l  
p roduc t  (Reanal  Chemical  Works ,  Budapes t ,  Hungary) ,  

while the  guan id ino -me thy l a t ed  L-arginine der ivat ives  
were p repa red  by  syn thes i sL  The di f ferent  amino  acids 
were appl ied  a t  concen t ra t ions  of 10.0-100.0 rag/1 agar- 
agar  cul ture m e d i u m  s. In  t he  E r l enmeyer  dishes, each 
piece of t issue was placed on 50 ml  cul ture medium,  wi th  
an init ial  weight  of 200 mg. The t issues grew for 62 days  in 
a t e r m o s t a t  of 28 4- 2~ t e m p e r a t u r e  wi th  a na tura l  
a l t e rna t ion  of day  a n d  night .  

The added  amino  acids can be ex t rac ted  wi th  80% 
alcohol f rom tobacco  t issue and  cul ture  med i u m af ter  
62 days.  The ident i f ica t ion  of amino acids in alcoholic 
ex t rac t s  can  be p o i n t ed  out  by  one- and  two-dimens ional  
th in- layer  c h r o m a t o g r a p h y  on F ix ion  50 • 8 chromato-  
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