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Zusammen~assung. Eine  E n d o d e s o x y r i b o n u c l e a s e  wurde  
aus  den  E i e r n  des Seeigels Arbadia punctulata isoliert .  
Das  E n z y m  b r a u c h t  sowohl  Ca 2+ als s u c h  Mg 2+ u m  
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m a x i m a l e  Ak t iv i t / i t  m i t  Tris-HC1 bei  p H  8.5 zu erre ichen.  
Die 2Viatrizenaktivit/ i t  yon  S a m e n c h r o m a t i n  ftir DNA-  
Syn these  k o n n t e  d u r c h  E i - E n d o n u c l e a s e  s t imul i e r t  
werden.  
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Effect  of T e r r i t o r i a l  C o n d i t i o n s  on  the  M a i n t e n a n c e  

M a n y  species of t rop ica l  b i rds  c o m m u n i c a t e  b y  an t i -  
p h o n a l  duets .  I n  some species more  t h a n  two ind iv idua l s  
m a y  sing toge the r .  T h e r e b y  t h e y  pe r f o r m  trios,  q u a r t e t s  
an d  qu in te t s .  The  ana lys i s  of t h e  t e m p o r a l  p a t t e r n i n g  of 
these  pe r fo rmances  ha s  shown  t h a t  t h e  voca l  c o n t r i b u t i o n s  
of ind iv idua l s  l iv ing  in pa i r  c o n t a c t  occur  in a coord ina t ion  
wh ich  is more  clear  a n d  precise t h a n  t h a t  be t w een  t he  
c o n t r i b u t i o n s  of no t  m a t e d  birds.  The re  is ev idence  t h a t  a 
well  deve loped  voca l  coo r d i na t i on  will  s u p p o r t  the  
m a i n t e n a n c e  of pa i r  c o n t a c t  b e t w e e n  ~che d u e t t i n g  
b i rds  ~-5. The  vocal  coo rd ina t ion  is deve loped  b y  social 
l ea rn ing  a n d  i m p r o v e d  b y  r epea t ed  exercise 6. 

Based  on  field observa t ions ,  we worked  ou t  an  experi-  
m e n t a l  p r o g r a m  wh ich  al lowed us to  t e s t  t he  func t i on  of 
well  c o o r d i n a t e d  a n t i p h o n a l  songs. T he  p r o g r a m  was  
car r ied  ou t  on  t he  b e h a v i o u r  of t he  cen t r a l  Af r ican  t h ru sh ,  
Cossypha heuglini H., c a p t u r e d  a n d  now l iv ing  u n d e r  
con t ro l led  cond i t ions  in  our  l abora to r ies  (6 individuals) .  
Like  o the r  species d u e t t i n g  an t i phona l l y ,  these  t h r u s h e s  
are e x t r e m e l y  t e r r i to r i a l  7,8 In  general ,  m a t e d  Cossyphas 
cla im a n d  defend  t h e i r  t e r r i to r i es  t o g e t h e r  a n d  p redomi -  
n a n t l y  b y  s inging ' coun t e r - due t s '  4. W h e n  sepa ra t ed  f rom 
i ts  m a t e  for  more  t h a n  2 weeks, a Cossypha m a y  s t a r t  to  
deve lop  a n t i p h o n a l  due ts  pe r fo rmed  w i t h  new song 
pa r tne r s .  Our  ques t ion :  W o u l d  a bi rd ,  wh ich  1. has  
learned  to  answer  song p a t t e r n s  of more  t h a n  one p a r t n e r  
w i th  a n t i p h o n a l  responses,  a n d  2. is exposed to  two  of 
these  parCners s imul t aneous ly ,  d e m o n s t r a t e  a clear 
preference  for  t h a t  one of t he  p a r t n e r s  wh ich  shows t he  
b e t t e r  coo rd ina t ion  w i t h  the  b i rd ' s  own s inging b e h a v i o u r  ? 
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Fig. 1. Sketch of the habitat of our Cossypha heugIini. 'Territorial 
area': region wherein the ~ spends 93% of its time. A) B) and C), 
places of cages for ~' (= roT) and ~ (= ~n2). W, water; F, food; N, 
nest; V, dense vegetation (coffee tree a.o.). Dimension of the room 
in meters: 5 x 3 • 2.5. 

of P a i r  C o n t a c t  in  D u e t t i n g  B i r d s  

I n  order  to  i nves t i ga t e  th i s  ques t ion,  we r e m o v e d  male  
Gossyphas (symbol :  m7 = c~) ou t  of a v i a r y  rooms where in  
t h e y  h a d  l ived in n o r m a l  pa i r  c o n t a c t  : each  of t h e m  w i t h  
1 female  a n d  somet imes  (addi t ional ly)  w i t h  2 youngs t e r s  
of t h e i r  own. leach  r e m o v e d  male  (roT) was  rep laced  b y  
a n o t h e r  adu l t  and  a l r eady  m a t e d  Cossypha male  ( symbol  : 
m2 = c~). For  avo idance  of aggress ive a t t acks ,  these  b i rds  
were k e p t  in cages ( l m  X 0.5m X 0.5 m). A l m o s t  3 weeks 
a f t e r  such  a r ep lacemen t ,  t he  u n r e m o v e d  female  s t a r t e d  
to  a c c o m p a n y  t h e  songs  of t h e  m2 male  b y  t he  same  voca l  
p a t t e r n s  wh ich  i t  h a d  u t t e r e d  fo rmer ly  in t he  due t s  w i t h  
i ts m I  male.  T h e y  did  so inspi re  of t he  fol lowing fac ts :  
1. t h e  song p a t t e r n s  vocal ized b y  t he  m2 were d i f fe ren t  
f rom those  u t t e r e d  b y  t i le  m l ;  2. t h e  due t s  pe r fo rmed  b y  
t h e  m2 a n d  ~he female  d id  n o t  show t h e  regu la r  t i m i n g  
(coordinat ion)  be tween  t he  d u e t  c o n t r i b u t i o n s  which  was 
obse rved  in t he  due ts  pe r fo rmed  b y  t h e  m 7 a n d  t he  female.  
Like  these,  t h e  due t s  be tween  t h e  m2 a n d  t he  female,  
however ,  occur red  p r e d o m i n a n t l y  in  consequence  of 
ce r t a in  a u d i t o r y  or  v i sua l  s t i m u l a t i o n s  6, 7 

A n o t h e r  2 weeks later ,  w h e n  t h e  a n t i p h o n a l  due t s  be- 
tween  t he  m2 a n d  t he  female  could be  re leased w i t h  h igh  
p r o b a b i l i t y  (p > 0.9; s t i m u l a t i o n  w i t h  s tuf fed  bodies  of 
Cossyphas = dumies  of r ivals) ,  we r e m o v e d  t he  m2 male  
ou t  of t h e  females  rooms.  T h e n  we s t a r t e d  3 t y p e s  of 
exper imen t s .  E a c h  of t h e m  was car r ied  ou t  to  examine  
t he  voca l  b e h a v i o u r  of t he  Cossyphas w h e n  aga in  b r o u g h t  
t o g e t h e r :  The  female,  i ts  m a t e  (m7) a n d  t h e  m2 male.  
Again  the  male  b i rds  were k e p t  in  cages, b o t h  of iden t ica l  
cons t ruc t ion .  

Experiment I. The  cages w i t h  t h e  males  were ins ta l led  
s imu l t aneous ly  in t he  female ' s  r oom b u t  outs ide  of i ts  
t e r r i to r i a l  a rea  (Figure  1 ; pos i t ion  A a n d  B). I m m e d i a t e l y  
af te r  t h e  s t a r t  of t he  exposure  of t he  2 males  to  t he  female,  
t he  voca l  a c t i v i t y  of the  b i rds  (measured  i nd iv idua l l y  in 
t he  n u m b e r  of t he  vocal ized d u e t  con t r ibu t ions )  increased  
to a m a x i m u m  va lue  (100%).  A b o u t  7 m i n  later ,  t h e  
female,  wh ich  h a d  f i rs t  a p p r o a c h e d  t h e  cages of t he  males,  
r e t i r ed  to  i ts  t e r r i to r i a l  area.  In  paral le l ,  t h e  voca l  
a c t i v i t y  of t h e  b i rds  b e g a n  to  decline.  The  ac t i v i t y  of m2 
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decl ined more  rap id ly  t h a n  t k a t  one of the  o ther  birds.  
25 rain af ter  t he  s t a r t  of the  exper iment ,  and  abou t  15 mill 
a f ter  the  females re t i rement ,  we s t imula ted  the  female  to  
approach  the  cages of t he  males.  This  was  a r ranged  by  
feeding the  female w i th  insect  larves a t  t he  room pos i t ion  
F (Figure 1). In  conseqeunce  of th is  approach ,  tile vocal  
ac t iv i ty  of all t he  birds  increased again. The differences 
be tween  the  indiv idual  activit ies,  however ,  increased also 
(top of Figure 2). The t iming  of the  due t  con t r ibu t ions  of 
the  female and  m l  was much  less coord ina ted  t h a n  under  
normal  condi t ions .  This was pe rhaps  an effect  resul t ing  
f rom the  h igh  exc i t emen t  of the  birds  (corresponding 
observa t ions  are pu lb i shed  for shrikes 1). According to the  
results,  we have  to  assume t h a t  t he  female recognized 
the  m7 male as its mate ,  inspi te  of t he  reduced  vocal  
coordinat ion.  The h igher  vocal  ac t iv i ty  of m7 m a y  be 
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Fig. 2. Changes in the vocal activities of 3 Cossyphas. The activity is 
measured in the frequency of vocal patterns (which were uttered as 
parts of the duet contribution within 1 min) normalized according 
to the highest frequency observed for the particular individual 
(100%). Experiment 1: both the males outside the females terri- 
torial area. Experiment 2: only bird m2 (male song partner of the 
female not mated to it) outside the territorial area. Experiment 3: 
only bird ml (the mate of the female) outside of the territorial area. 
Imnlediately after the birds ml (= d'; - 0 -0 - )  and m2 (= d'; -Q-O-)  
were exposed to the female (= 9; - x - •  their vocal activities 
increased to a maximum value. Later on, the changes in these activities 
differed both individually and in dependence on a set of various 
factors (see text). 

a f fec ted  by  the  behav iour  of the  female,  which,  when  
being outs ide  of its ter r i tor ia l  area, prefer red  to sit  and 
sing on tile cage of m l ;  th is  was i n d e p e n d e n t  of the  
a l t e rna t ive  cage posi t ion A or B (Figure 1). The d i f ferent  
course of t he  vocal  ac t iv i ty  of m2 and  m l  m a y  also be 
affected by  mutua l  s t imula t ions  of t he  males. 

Experiments 2 and 3. The cages w i th  the  males were 
b rough t  into the  females rooms s imul taneous ly  b u t  were 
depos i ted  di f ferent ly ;  one was instal led inside, t he  o ther  
outs ide  the  females ter r i tor ia l  area (Figure 1, pos i t ion C 
and  A). Similar  to  the  f indings of expe r imen t  1, t he  vocal  
ac t iv i ty  of the  birds  increased to  a m a x i m u m  value 
(100%) immed ia t e ly  af ter  the  s t a r t  of t he  exposure  of 
the  2 males to  the  female. However ,  the  vocal ac t iv i ty  of 
one of the  males  decl ined sooner  and  more  rap id ly  t h a n  
was observed in expe r imen t  1. This decline occurred only 
in the  ac t iv i ty  of t h a t  one of the  males  which was  depos i ted  
outside of the  female 's  prefer red  s i t t ing  ptace. Unl ike  its 
behaviour  in expe r imen t  1, the  f e m a l e  now left its 
terr i tor ia l  area only for m o m e n t s  (10-30 sec) and  only 
dur ing the  first  4 rain. 25 rain af ter  the  s t a r t  of the  experi-  
men t s  2 and  3, we a r ranged  a new approach  of the  female 
to t he  male  depos i ted  a t  room posi t ion A. Again th is  was 
a r ranged  by  feeding the  bi rd  a t  the  room posi t ion F. The 
approach  las ted for 20 to  30 sec. In  consequence  of it, the  
vocal act ivi t ies  of the  birds  increased again and also wi th  
di f ferent  character is t ics  (Figure 2, med ium and bo t tom) .  
F u r t h e r  approaches  of t he  female to  the  room posi t ion A 
and F (exper imenta l ly  released more  t h a n  40 rain af ter  
the  s t a r t  of the  exper iments)  a f fec ted  the  vocal  act ivi t ies  
only of the  female and  of t h a t  male  which  was depos i ted  
a t  room posi t ion C. Af ter  this,  the  male  depos i ted  outside 
the  females  ter r i tor ia l  area r emained  si lent  and  r e t r ea t ed  
to a shel tered corner  of its cage. All the  effects descr ibed 
here were found i n d e p e n d e n t  of the  social and vocal  
relat ions be tween  the  female and  the  male kep t  a t  room 
posi t ion A (respectively C). According to our results,  we 
have  to  assume t h a t  the  vocal  behav ionr  of each one of the  
birds observed  was af fec ted  by  the  behav iour  of the  o ther  
two birds.  In  addi t ion,  t he  behaviour  of the  female de- 
pended  on terr i tor ia l  condit ions.  In  o ther  words,  t he  
female prefer red  to sit  and sing close to the  bird which  
was inside of its ter r i tor ia l  area, regardless of w h e t h e r  th is  
was its recognized m a t e  (see expe r imen t  1) or its new 
vocal p a r t n e r  (m2), whose song was no t  coord ina ted  to  its 
duet  cont r ibut ions!  This observa t ion  demons t r a t e s  t h a t  
terr i tor ia l  condi t ions  have  a s tr iking re levance for the  
ma in t enance  of an t iphona l  due t t ing  and pa i r  contact .  

Zusammen/assung. Im  YVahlversuch bevorzug ten  die 
Weibchen  des t rop ischen  Paarsh~ngers Cossypha heuglini 
H. nicht  das  eigene M~nnchen,  sondern  denjen igen  der  
ihnen b e k a n n t e n  Gesangspar tner ,  der  sich innerha lb  ihres 
Ter r i tor iums aufhielt .  Dies zeigt, dass  Bedingungen  des 
Terr i tor iums v e r h a l t e n s b e s t i m m e n d e r  sein k6nnen  als 
man ch e  soziale Signalgr6ssen (hier koordinier tes  Duet t ie -  
ren). 
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