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A n  A g e  F a c t o r  A f f e c t i n g  V a r i a n c e  of  a 
B e h a v i o u r a l  C h a r a c t e r  in  F~ H y b r i d s  B e t w e e n  

I n b r e d  L i n e s  of  t h e  H o u s e  M o u s e  

F 1 p r o g e n y  of  crosses be t w een  2 i n b r e d  l ines o r  species 
of ten  show a g rea t e r  v a r i a n c e  of b e h a v i o u r a l  c h a r a c t e r s  
t h a n  t h e  p a r e n t a l  s t ra ins .  Th i s  f ind ing  is a t  odds  w i t h  
w h a t  one  would  e x p e c t  f rom s tud ies  on  morpho log ica l  
c h a r a c t e r s  (LERNF-R1). T h i s  puzz l ing  f ea tu re  h a s  been  
discussed b y  CASPAm ~ a n d  e x a m p l e s  inc lude  TR'ZON'S ~ 
we l l -known  ' m a z e - b r i g h t '  a n d  'maze -du l l '  ra t s ,  SCOTT'S ~ 
f ind ings  r e l a t i n g  to  aggress iveness  in  2 d i f f e ren t  b reeds  
of dogs a n d  HIRSCH'S s w o r k  i n v o l v i n g  crosses b e t w e e n  
l ines  of D r o s o p h i l a  c h a r a c t e r i z e d  b y  h i g h  a n d  low levels  
of p h o t o t a x i s .  BROADHURST a n d  JINKS 6 a n d  McCLEARN 7 
h a v e  e m p h a s i z e d  t h e  need  for  a p p r o p r i a t e  sca l ing  a n d  in 
one p a r t i c u l a r  i n s t a n c e  t h e  l a t t e r  h a s  shown,  in  a s t u d y  
of l ocomoto r  a c t i v i t y  in  t h e  mouse ,  t h a t  a l oga r i t hmic  
t a n g e n t  t r a n s f o r m a t i o n  of scores h a d  the  effect  of e q u a t -  
ing  P a n d  F~ v a r i a n c e s  a n d  sa t i s fy ing  ce r t a i n  c r i t e r i a  for 
sca la r  adequacy .  Nev e r t he l e s s  t h e r e  exists ,  as yet ,  no  
r ea sonab le  b iological  e x p l a n a t i o n  for th i s  wide ly  obse rved  
p h e n o m e n o n .  

I n  a s t u d y  b y  one  of us  (G.A.v.O.)  t h e  b e h a v i o u r a l  
c h a r a c t e r i s t i c  ' f r ay ing ' ,  d i sp l ayed  b y  mice  d u r i n g  t h e  
b u i l d i n g  of (sleeping) nes t s ,  was  e x a m i n e d  in  2 i n b r e d  
l ines of mice a n d  t h e i r  hyb r ids .  T h e  f r ay ing  i n v o l v e d  is 
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t h e  degree  to  w h i c h  t h e  s m o o t h  edges  of  s t a n d a r d  s t r ips  
of paper ,  21 • 1 cm,  are  r o u g h e n e d  or  r e m o v e d  b y  t he  
mice  b i t i n g  t h e m  w h e n  p r e s e n t e d  w i t h  s t r i p s  for  t h e  f i rs t  
t ime .  T h e  s t r i p s  were i n t r o d u c e d  i n to  cages  c o n t a i n i n g  1 
mouse ,  were lef t  t h e r e  o v e r n i g h t ,  a n d  r e m o v e d  t he  
fo l lowing morn ing .  The  a n i m a l s  were k e p t  in  smal l  
g roups  in  cages  w i t h  f ine p e a t  m o u l d  before  a n d  a f t e r  
tes t ing .  The  p a r e n t  s t r a i n s  used were CPB-s ,  a Bagg  
Swiss a n d  C57B1/L iA;  b o t h  h i g h l y  inbred .  The  f r ay ing  
cha rac t e r i s t i c s  of these  s t r a in s  are s h o w n  in F igu re  1 and  
in t h e  Table ,  c lear ly  t h e y  differ  s t r i k ing ly  in b o t h  m e a n  
a n d  v a r i a n c e  for  t h e  f r ay ing  cha rac t e r .  

T h e  v a r i a n c e  s h o w n  b y  t h e  rec iproca l  of F 1 (Table)  is 
g r ea t e r  t h a n  t h a t  of t h e  p a r e n t a l  s t ra ins .  T h o u g h  these  
d a t a  are based  u p o n  severa l  F~ l i t ters ,  i n t e r t i t t e r  v a r i a n c e  
is, as  would  be expec ted ,  of negl ig ib le  size, L i m i t e d  d a t a  
on  r e s u l t a n t  F ,  crosses i nd i ca t e s  t h a t  t he  v a r i a n c e  is no  
g r ea t e r  t h a n  t h a t  in  t he  F v a f i nd ing  aga in  c o m m o n  in 
s tud ies  in  b e h a v i o u r a l  genet ics .  

A second series of t e s t s  us ing  p a r e n t s  i n d i v i d u a l l y  
c h a r a c t e r i z e d  b y  r e p e a t e d  t e s t i n g  a n d  in w h i c h  al l  F1 
p r o g e n y  were  scored a t  3 m o n t h s  of age, r eveMed t h e  
s i t u a t i o n  s h o w n  in F i g u r e  2. Here ,  desp i te  t h e  r a t h e r  
sparse  d a t a ,  i t  is c lear  t h a t  t h e  F~ p r o g e n y  are  n o t  in t e r -  
m e d i a t e  b u t  r e semble  t h e  C57B1 p a r e n t  in  t h e i r  f r ay ing  
b e h a v i o u r .  F u r t h e r  t h e  i n t e r a n i m a l  v a r i a n c e  is m u c h  
lower  t h a n  in F i g u r e  1. R e - e x a m i n a t i o n  of t he  d a t a  
s u m m a r i z e d  in  t h i s  l a t t e r  f igure  r evea led  t h a t  a cons ider -  
ab le  measu re  of h e t e r o g e n i t y  could  be  a c c o u n t e d  for  b y  
di f ferences  in  t he  age of t h e  F~ a n i m a l s  a t  t h e  t i m e  of 
scoring.  I n  F igure  3 t he  f r ay ing  score is p l o t t e d  aga in s t  
t h e  age a t  t i m e  of scor ing  for  i n d i v i d u a l  mice  for  each  of 
t h e  2 rec iproca l  F r The  l ines s h o w n  a re  ca l cu la t ed  re-  
gress ion l ines ;  b o t h  regress ions  are  h i g h l y  s ign i f i can t ly  
pos i t i ve  ( P  < 0.01 in  b o t h  cases) a n d  a c c o u n t  for  6 2 . 9 %  
a n d  34.7 % of t h e  t o t a l  v a r i a n c e  of t h e  B x S  F t  a n d  S x B  F I 
respec t ive ly .  T h e  f ind ings  show t h a t  F~ a n i m a l s  t e n d  to  
resemble  t he  C57B1 p a r e n t  in  ea r ly  life c h a n g i n g  in t h e  
course  of b e c o m i n g  o lder  to  a b e h a v i o u r a l  p h e n o t y p e  
closer  to  t h a t  of t he  Swiss p a r e n t .  

Mean and variance for the fraying character in 2 inbred lines, their 
F 1 and F, 

l l l e a n  ~ $ "ha 

CPB-s (S) 61.8 611.5 
C57B1 (B) 5.7 32.6 
F 1 (BxS) 39.0 889.8 
F 1 (SxB) 36.3 978.5 
F 2 (BxS) 23.1 672.4 
Fe (SxB) 19.0 387.8 

a s ~ means the variance of the sample (s * = [1in -- 1] ~'  (x -- ~)2). 
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amount of fraying shown by 2 inbred mou~ strains and 
their hybrids. 
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Figure. 2. The amount of fraying at 90 days of age of 2 nests of F t 
hybrids compared to the variability witbin each of the parents. 
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Fig. 3. The increase of fraying with increasing age of the reciprocal 
F: hybrids between CPB-s (Swiss) and C57Black mice. The same F 1 
animals as ir~ Figure 1. (A) F 1 (SxB) regression coefficient b = 0,223; 
(B) F 1 (BxS) regression coefficient b = 0,164. 

Fo r  mice  f rom the  p a r e n t a l  s t ra ins ,  no r e l a t i on  b e t w e e n  
age a n d  f r ay ing  score cou ld  be  d e m o n s t r a t e d  s t a t i s t i ca l ly .  
D a t a  so fa r  a c c u m u l a t e d  f rom F~ a n i m a l s  show a regres-  
s ion p a t t e r n  which ,  t h o u g h  less s teep,  r e sembles  t h a t  
f o u n d  in  t he  F 1. 

The  gene t ic  imp l i ca t ions  of these  resu l t s  are to  sugges t  
a c h a n g e  in  r e g u l a t o r y  m e c h a n i s m s  such  t h a t  d o m i n a n c e  
a n d / o r  ep i s t a t i c  effects  i n v o l v i n g  genes  f rom the  2 hap lo id  
genomes  m a k i n g  u p  F 1 zygotes  are  ef fec t ively  r eve r sed  
ove r  a pe r iod  cons ide rab ly  longer  t h a n  t he  t i m e  t a k e n  b y  
a mouse  to  r e a c h  m a t u r i t y .  

DILG~R 8, in  a s t u d y  of n e s t b u i l d i n g  in  p a r r o t s  of t h e  
genus  Agapornis, conc luded  t h a t  in te r spec i f i c  hyb r id s ,  
i n i t i a l ly  unsucces fu l  in  n e s t b u i l d i n g  a t t e m p t s ,  l e a r n t  how 
to  bu i ld  from p a r e n t a l  b i rd s  ove r  a pe r iod  of 3 years .  
W h i l s t  th i s  m a y  be  e n t i r e l y  correct ,  t h e  poss ib i l i ty  of a 
c h a n g e  in  t h e  h y b r i d s  s imi la r  to  t h a t  f o u n d  here  c a n n o t  
be exc luded,  s ince t he  in i t i a l  b e h a v i o u r  r e s e m b l e d  one  of 
t he  p a r e n t a l  species (A. roseicollis) whi l s t  t h e  l a t e r  
b e h a v i o u r  was s imi la r  to  t h a t  of t h e  second p a r e n t  (A. 
/ischeri). 

T h e  poss ib i l i ty  of a l ea rn ing  process  in  t he  mice  h y b r i d s  
c a n n o t  be  exc luded  a b s o l u t e l y  b u t  seems i m p r o b a b l e  
s ince no  mouse  h a d  expe r i enced  t he  p resence  of p a p e r -  
s t r ips  or  i n d e e d  a n y  m a t e r i a l  o t h e r  t h a n  f ine p e a t  before  
be ing  tes ted .  Th i s  poss ib i l i ty  is, in  a n y  case, suscep t ib le  
to  e x p e r i m e n t a l  t e s t  as s h o w n  b y  EII3L-EIBESFELD 9 in  
his  s t u d y  of n e s t b u i l d i n g  in t h e  ra t .  

The  d a t a  on  t he  F~ g e n e r a t i o n  were  g a t h e r e d  f r o m  
an ima l s  in  w h i c h  t h e  age d i s t r i b u t i o n  was no t  c o m p a r a b l e  
w i t h  t h a t  of t h e  F 1. I t  is t he re fo re  n o t  poss ible  a t  p r e s e n t  
to  see in  h o w  far  t h e  e x p e c t a t i o n  of g r ea t e r  v a r i a n c e  due  
to  seg rega t ion  (af ter  su i t ab l e  co r rec t ion  for  age) is fulfil led. 
T h e r e  are,  fu r the r ,  p r o b l e m s  such  as t h a t  of sca l ing  
(McCLEARN v) w h i c h  are  h i g h l y  r e l e v a n t  b u t  w h i c h  a w a i t  
f u r t h e r  i nves t i ga t i on .  The  h y p o t h e s i s  of a t e m p o r a l  
c h a n g e  in d o m i n a n c e  or epis tas is  r e l a t ions  in  h y b r i d s  is 
not ,  as such,  a new p h e n o m e n o n  in genet ics  (GOLD- 
SCHMIDT :°) a n d  c e r t a i n l y  m u c h  f u r t h e r  work  is needed  
to  ana lyse  the  gene t ic  a n d  phys io log ica l  bas is  for  be-  
h a v i o u r a l  cha rac t e r s .  However ,  t h e  o b s e r v a t i o n s  p r e s e n t e d  
here  serve to  sugges t  t h a t  a t t e n t i o n  m i g h t  p r o f i t a b l y  be  
pa id  to t he  poss ib i l i ty  of t h i s  or  s imi la r  sources  of v a r i a n c e  
be ing  p r e s e n t  in  o t h e r  work  on  b e h a v i o u r a l  genet ics  11. 

Zusammen/assung. Eines  de r  N e s t b a u v e r h a l t e n s e l e -  
m e n t e  bei  M~iusen ( B e k n a p p e r n  yon  Pap ie r s t r e i f en )  
wurde  bei  2 I n z u c h t s t / i m m e n  u n d  de ren  F1- u n d  F~ 
H y b r i d e n  verg l ichen .  F : -T ie re  ze ig ten  im Verg le ich  zu 
d e n  E l t e r n  eine gr6ssere V a r i a t i o n s b r e i t e  des  V e r h a l t e n s -  
e lementes .  E i n  grosser  u n d  besonde r s  s ign i f ikan te r  Tell  
dieser  Var i ab i l i t i t t  wa r  e iner  a l t e r s a b h ~ n g i g e n  Versch ie -  
b u n g  zuzuschre iben .  Diese k o m m t  w a h r s c h e i n l i e h  n i c h t  
infolge e ines  Lernprozesses  zustsmde,  s o n d e r n  d u r c h  
N n d e r u n g e n  de r  gene t i s ch - r egu l i e r enden  M e c h a n i s m e n  
(wie z.B. D o m i n a n z  u n d  Epis tas ie ) .  
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