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Genetic transmission of migratory behavior into a nonmigratory bird population 
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Summary. Crossbreeding experiments with blackcaps from a nonmigratory population (of the Cape Verde Islands) 
and a migratory population (from southern Germany) demonstrated that the urge to migrate as well as orientation 
behavior can be transmitted rapidly into a nonmigratory bird population and thus have a substantial genetic basis. 
Key words. Bird migration; behavioral genetics; blackcap; crossbreeding; orientation. 

Over the last twenty years, the role of endogenous factors 
in the control of bird migration has found increasing 
support from both field and laboratory research 1. Ex- 
perimental studies in several species of European war- 
blers have suggested a genetic basis for 1) the amount of 
migratory activity in migrating populations with differ- 
ent lengths of migration routes, and 2) for residency 
versus migration in partially migratory populations 2. In 
addition, the preference for specific migratory directions 
appears to have a strong endogenous component 3. How- 
ever, it is not clear whether the urge to migrate and the 
accompanying orientation can be transmitted into a non- 
migratory animal population, and if so how rapidly 
transmission would occur or even whether migratory ac- 
tivity and orientation behavior would be inherited to- 
gether ~. We therefore conducted crossbreeding experi- 
ments with the blackcap, Sylvia atricapilla, which has 
resident, partially migratory and fully migratory popula- 
tions. This species has a wide distribution from the Cape 
Verde Islands in the tropics to subarctic areas in northern 
Eurasia. It is also one of the few wild passerines that can 
be successfully bred on a large scale in captivity 2. 

Material and methods 
30 blackcap nestlings from Cape Verde and 31 from S. 
Germany were hand-raised in S. Germany in 1982 and 
kept under photoperiodic conditions simulating those o f  
their home areas during the first fall and winter. During 
spring 1983 and 1984, 9 pairs of birds were selected 
whose migratory activity had been recorded the previous 
autumn; in 5 pairs the female was from Cape Verde and 
the male from S. Germany, and in 4 pairs the opposite. 
The birds were put into large outdoor aviaries to breed, 
and a total of 35 Fa-hybrids was obtained. These off- 
spring were also hand-raised; the 21 birds born in 1983 
were kept under photoperiodic conditions simulating 
those of Cape Verde (CV), the 14 birds born in 1984 
under the conditions found in S. Germany (SG). All 
birds were kept in registration cages where their migrato- 
ry activity (nocturnal restlessness or zugunruhe) could be 
recorded continuously 4, 5. We calculated the mean num- 
ber of hours with restlessness per night with standard 
error over the subsequent 10-day periods. 

To study the migratory orientation, 7 Fl-hybrids which 
had shown migratory activity during the autumn were 
transferred to Frankfurt in the following winter where 
they were tested for orientation. This was done in spring 
and autumn using automatic registration cages for orien- 
tation in closed rooms with the local geomagnetic field 
(46 000 nT, 66 ~ incl.) but without visual cues 6, 7. It was 
not possible to test the birds for migratQry activity and 
for orientation simultaneously, because it was initially 
necessary to determine which of the Fz-hybrids would 
develop nocturnal migratory activity in undisturbed con- 
ditions. With respect to orientation, we calculated from 
the distribution of hops the bearings of the recordings 
(with n > 10) by vector addition. These bearings showed 
a bimodal distribution, a phenomenon which is not sel- 
dom observed in orientation experiments with hand- 
raised birds 8. Because of this, we calculated the axis of 
orientation for each individual bird from the bird's bear- 
ings by the method of doubling the angles 9. For a second- 
order statistic, the modes of these axes had to be trans- 
ferred into a distribution covering 360 ~ which was 
achieved by again doubling the angles of one mode. The 
resulting distribution was tested with the Rayleigh test 
for directional preference. 

Results and discussion 
All birds of S. German origin showed nocturnal migrato- 
ry activity, a mean of 370 _+ 288 (SD) h was found during 
the first autumn migration (fig. 1). At the same time none 
of the birds from the Cape Verde showed any migratory 
activity, hence they were nonmigratory. Of the 35 Fl-hy- 
brids, 7 individuals (from 21 under CV conditions) in 
1983 and 6 individuals in 1984 (from 14 under SG condi- 
tions), or 33 and 43 %, respectively, showed migratory 
activity, with means of 241 _+ 133 and 283 _+ 105 h mi- 
gratory restlessness (fig. 1). This amount of activity was 
numerically lower but not significantly different from 
that of the migratory S. German parent group (U-test). 
5 of the Fl-birds (raised in 1984) that had shown migra- 
tory activity in autumn produced a suitable number of 
orientation recordings in the following spr!ng and the 
second autumn migratory period, and the axial means of 
these birds show a significant directional'preference 
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Figure 1. Patternsofmigratory activity during the first autumnmigrato- 
ry period of groups of hand-raised blackcaps Sylvia atricapitla of differ- 
ent origin: SG, data from southern German birds, CV x SO, data from 
F,-hybrids of S. German birds with those from the Cape Verde Islands; 
a under simulated photoperiodic conditions of S. Germany, b under 
photoperiodic conditions of Cape Verde. The curves show mean values 
for 10-day intervals and, for the sake of clarity, standard errors of only 
representative examples. The dependence of the amount of migratory 
activity on photoperiodic conditions is treated in Berthold ~. 

Directional behavior of hand-raised F l-hybrids 0fblackcaps. n = number 
of tests with more than 10 hops; % = direction and r a = lengths of axial 
vector. * = p < 0.05; ** = p < 0.01, Rayleigh test, 

Bird Spring Autumn 
n ~a r a n ~a ra 

725 6 14~ ~ 0.87** 15 54 ~ 234 ~ 0.10 
726 8 341~ ~ 0.41 4 62~ ~ 0.09 
748 12 27~ ~ 0.25 14 16~ ~ 0.43 
766 12 34~ ~ 0.12 13 62 ~ 242 ~ 0.35 
767 6 14~ ~ 0.32 5 520-232 ~ 0.36 

Summary 5 15 ~ 195 ~ 0.81" 5 51~ ~ 0.84" 
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Figure 2. Directional means of individual hand-raised Fl-hybrids of ! 
150 blackcaps. The northern ends of the spring axes are given in the northern 

semicircle, the southern ends of the autumn axes are given in the southern 
semicircle. The arrows in the center represent the respective mean vector 
based on the transformed euds of these axes (see methods, above); for 
numerical values, see table, summary line. 

a m o u n t  o f  ac t iv i ty) .  O t h e r  ana lyses  a lso sugges t  a 

t h r e s h o l d  m o d e l  2. These  f ind ings  shed  l ight  o n  h o w  

r ap id ly  a v i a n  m i g r a t o r y  b e h a v i o r  o r  r e s iden t  b e h a v i o r  

c o u l d  s p r e a d  o r  be  geno typ i ca l l y  a l t e red  i f  e n v i r o n m e n t a l  

c i r c u m s t a n c e s  fo rced  r e p r o d u c t i v e  c o n t a c t  b e t w e e n  mi-  

g r a t o r y  a n d  m o r e  or  less s e d e n t a r y  p o p u l a t i o n s .  T h e r e  

are  two  poss ib le  m e c h a n i s m s  fo r  the  i n h e r i t a n c e  o f  the  

p r e f e r r e d  d i r e c t i o n  t h a t  c a n n o t  be  d i s c r i m i n a t e d :  e i the r  

i ts  i n h e r i t a n c e  is c o u p l e d  to t h a t  o f  the  m i g r a t o r y  urge,  or  

all  b i rds  h a v e  a s imi la r  d i r ec t i ona l  p re fe rence ,  w h i c h  

does,  h o w e v e r ,  n o t  c o m e  to  be  expres sed  in cases w h e r e  

t he re  is n o  m i g r a t o r y  unres t .  To w h a t  e x t e n t  f i rs t  genera -  

t ions  o f  m i g r a n t s  are  ful ly e q u i p p e d  w i t h  a c o m p l e t e  set 

o f  p r o g r a m m e d  m i g r a t o r y  ac t iv i ty  a n d  o r i e n t a t i o n  sys- 

t ems  needs  f u r t h e r  i nves t i ga t i on ,  as do  the  rules  for  ge- 

ne t ic  t r a n s m i s s i o n  o f  m i g r a t o r y  t ra i t s  ,3. 

( t ab le  a n d  fig. 2). Th i s  p r e f e r ence  was  in  g o o d  a g r e e m e n t  

w i t h  the  p r i n c i p a l  axis o f  m i g r a t i o n  o f  the  S. G e r m a n  

b l a c k c a p  p o p u l a t i o n  as r evea led  by  r i ng i ng  recover ies  ,0 

a n d  b y  o u t d o o r  cage  tes t s  w i t h  h a n d - r a i s e d  b l a c k c a p s  in 

a u t u m n  (224~ j 1 T h e  la rge  a m o u n t  o f  sca t t e r  s h o w n  by 

m o s t  i nd iv idua l s  was  n o t  a typ ica l  for  the  o r i e n t a t i o n  o f  

h a n d - r a i s e d  b i r d s  t es ted  in  the  a b s e n c e  o f  v i sua l  cues  12. 
A n  a d d i t i o n a l  i n d i v i d u a l  ( ra i sed  in  1983) yie lded a n  axia l  

p r e f e r ence  o f  5 8 0 - 2 3 8  ~ o n  i ts  s e c o n d  m i g r a t i o n .  

T h e  resu l t s  i nd i ca t e  t h a t  in  the  b l a c k c a p  the  d e v e l o p m e n t  

o f  m i g r a t o r y  b e h a v i o r ,  i.e. t he  u rge  to  m i g r a t e  as well  as 

i ts  o r i e n t a t i o n ,  a re  to  a g r ea t  e x t e n t  inhe r i t ed .  T h e r e  is 

b u t  a smal l  i n f luence  o f  the  c o n d i t i o n s  u n d e r  w h i c h  the  

h y b r i d s  were  ra ised .  W i t h  r e spec t  to  the  gene t ic  m e c h a -  

n i s m  it  c an  be  c o n c l u d e d  t h a t :  a) a s ingle locus  de t e rmi -  

n a t i o n  is un l ike ly  (because  th is  w o u l d  lead to  the  F ,  

b e i n g  e i t he r  all m i g r a n t s  or  all n o n m i g r a n t s ) ,  b)  a mul t i -  

locus  sys tem wi th  a t h r e s h o l d  is the  m o s t  l ikely (because  

o t h e r w i s e  one  w o u l d  h a v e  expec ted  all F1 to s h o w  a smal l  
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