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Non-Metrical Variation in the Skull of Norwegian Lynx
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W iig 0 .  & A ndersen  T. 1988: N o n -m etric a l v a ria tio n  in  th e  sku ll of 
N orw eg ian  lynx . A cta  therio l., 33, 1: 3— 19. [W ith 4 T ab les  & 1 Fig.]

T he v a ria tio n  of 53 n o n -m e trica l v a ria n ts  in  th e  sku ll of 50 m ale  an d  
50 fem ale  N orw eg ian  lynx  L y n x  ly n x  (L innaeus, 1758) w ere  exam ined .
T he v a ria n ts  a re  described  in  deta il, an d  th e  ran g e  of th e  v a r ia tio n  of 
each  v a r ia n t is tab u la ted . A sig n ifican t associa tion  b e tw een  le f t an d  
r ig h t side  in b ila te ra l v a ria n ts  w ere  o b ta in ed  in  m ore  th a n  50°/o of 
th e  v a ria n ts , in d ica tin g  th a t  inc idence  of th e  v a ria n ts  on each  side can 
n o t be pooled. S ex-, size-, an d  age-dependence  of th e  v a r ia n ts  w ere  
s tu d ied  based  on th e  inc idence  from  one side only  (the left), b u t few  
s ig n ific a n t re su lts  w ere  ob ta ined . C o rre la tion  be tw een  each  of th e  1378 
p a irs  of v a ria n ts  w as ca lcu la ted  an d  107 of th em  (7.8%) w ere  fo und  
to  be  s ign ifican t.

[D ept, of S ystem atic  Zoology, Z oological M useum , U niv . of B ergen, 
N-5007 B ergen, N orw ay]

1. IN TRO D U CTIO N

The use of non-metrical variants (also known as quasicontinuous 
variables or epigenetic polymorphism) as genetical markers in mam
malian population studies, is a w ell established technique (e.g. Berry, 
1969a,b; Berry & Warwick, 1974; Sjovold, 1977; Berry, Jacobson & Peters, 
1978; Andersen & Wiig, 1982; Wiig & Lie, 1984; Pankakoski & Nurmi 
1986; Berry, 1986). The value of non-m etrical variants for population  
studies was first evident in genetical studies of inbred stocks of laboratory 
mice (reviewed by Griineberg, 1963). Self & Leam y (1978) found the 
heritability of non-metrical variants to be significantly different from  
zero in randomly bred mice.

The variants are believed to be caused by the accum ulating effects 
of a high number of alleles acting at several loci, as w ell as of various 
non-genetic factors. It seems therefore reasonable to assume that the 
total effect, called liability (Falconer, 1981) is norm ally distributed  
(Sjovold, 1977). A variant is m anifested w hen its liability exceeds the 
threshold [see Falconer (1981) for discussion of threshold characters].

Each variant m ay be presumed to be under the control of at least ten 
gene loci (Berry & Jacobson, 1975; Berry, 1986) and they are usually

1 P re se n t ad d re ss : N orw eg ian  P o la r  R esearch  In s titu te , P .O .Box 158, N-1330 Oslo 
L u fth av n , N orw ay.
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uncorrelated w ith each other (Truslove, 1961; Sjovold, 1977), indicating 
that different variants are controlled by different loci.

Often non-metrical variants appear in more than two states, e.g. a 
foramen m ay be absent, single, double, triple etc., which indicate the 
existence of more than one threshold on the liability axis. However, the 
mathematical properties of m ultistate characters have not been solved  
(e.g. Sjovold, 1977), and thus several states have been pooled to obtain 
only two alternatives (i.e. absent versus present) when a mean measure 
of divergence has been calculated in population studies.

Among the assumptions behind the use of non-metrical variants in 
population studies are that they are uncorrelated, independent of sex  
and that the correlation betw een sides in bilateral variants is negligible. 
These assumptions have, however, been proven to fail for particular 
traits (e.g. Sjovold, 1977).

In the present study w e exam ine the variation of 53 non-metrical 
variants in the skull of 50 male and 50 fem ale Norwegian lynx.

2. M A T ER IA L  AND M ETHO DS 

2.1. M ate ria l

T he study  is based  on 100 com plete  sku lls  (50 m ales an d  50 fem ales) from  th e  
m a te ria l e a r lie r  d escribed  by  A n d ersen  & W iig (1984) an d  W iig & A ndersen  (1986). 
T he an im als  h av e  been  h u n te d  in  m ost p a rts  of N orw ay, b u t m ain ly  in  the  
counties of S e r-T ran  delag , N ord  T ran d e lag , N ord land , an d  T rom s, d u rin g  th e  
te n -y e a r  period  1960 to  1969. T he carcasses w ere  sen t to  T he N orw eg ian  G am e 
R esearch  (DN V iltfo rskn ingen) in  o rd e r  to  collect a  shoo ting  rew ard . T he skele tons 
a re  now  deposited  a t  th e  Z oological M useum , U n iv e rs ity  of B ergen.

T he specim ens h av e  been  se x - id e n tif ie d  fro m  in te rn a l sex -o rg an s  an d  aged 
from  in c rem en ta l an n u li in  th e  cem en tum  of th e  can in e  too th  ro o t as described  
by R eim ers & N ordby  (1968) a t th e  N orw eg ian  G am e R esearch . T h e  ages of sp e 
c im ens younger th a n  1.5— 2 y ears , w h en  th e  f i r s t  d a rk  zone in  th e  too th  roo t 
is fo rm ed, w ere  se t to  th e  n u m b e r of m on ths be tw een  an  e s tim a ted  d a te  of b ir th  
(15 M ay) to  th e  d a te  of c ap tu re , a llow ing  fo r  tw o  age classes (K vam , 1979, 1983, 
1984).

T he age of th e  m ale  sku lls  in  th e  p re se n t s tu d y  ran g e  fro m  19 to  95 m on ths 
w h ile  th e  age of th e  fem ale  sku lls  ran g e  from  4 to  91 m onths.

2.2. N on -m etric a l V arian ts

T he fo llow ing  53 n o n -m e tr ic a l v a r ia n ts  w ere  analysed , Fig. 1. T he v a ria n ts  
a re  listed  in re la tio n  to  th e  d if fe re n t bones of th e  sk u ll w h e re  th ey  a re  situ a ted . 
T he v a ria n ts  a re  reg a rd ed  as b ila te ra l if n o t o th e rw ise  sta ted .

O ccip ita le :

1. O ccip ita l fe n e s tra  — A non -ossified  a re a  in  th e  su p rao cc ip ita l reg ion  above 
fo ram en  m agnum .
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2. D orasal condy lar fo ram en  — A sm all v a scu la r fo ram en  s itu a ted  dorsa l to 
th e  occip ita l condyles.

3. L a te ra l condy lar fo ram en  — A d is tin c t fo ram en  s itu a ted  in  th e  la te ra l m arg in  
of fo ram en  m agnum , a t th e  base of the  condyle.

4. In te r io r  co ndy lar fo ram en  — A d is tin c t fo ram en  s itu a ted  en docran ia lly  a n 
te r io r  to th e  la te ra l m arg in  of fo rem an  m agnum .

5. A ccessory hypoglosal fo ram en  — A sm all v a sc u la r fo ram en  s ittin g  in th e  
p a rao cc ip ita l ridge  p o ste rio r to th e  hypoglosal fo ram en .

6. H ypoglosal fo ram en  open — Som etim es th e  p o ste rio r m a rg in  of th e  hypoglosal 
fo ram en  fo rm s an  open can a l th ro u g h  th e  p a rao cc ip ita l ridge. In  ju v en ile s  th e  
open ing  of th e  hypoglosal fo ram en  is large, the  passage  to  th e  in te r io r  of the  
b ra in ca se  c lea rly  visib le , an d  th e  e x te r io r  can a l u su a lly  p resen t. In  ad u lts  th e  
p a rao cc ip ita l ridge  is s tro n g e r an d  th e  can a l m ore often  absen t.

In te rp a r ie ta le :

7. C ereb e lla r ten to riu m  fe n es tra  — A n un -ossified  a re a  in  th e  v e n tra l p a r t  
of th e  osseus ce reb e lla r  ten to riu m , (not figured).

F ro n ta le :

8. P o ste rio r fro n ta l fo ram en  — A sm all fo ram en  s itu a te d  on th e  d o rsa l su rface  
of fro n ta le  p o ste rio r to  th e  tem p o ra l crest.

9. P o ste rio r p o s to rb ita l fo ram en  — A sm all v a scu la r fo ram en  s itu a ted  on th e  
p o ste rio r su rface  of th e  p o sto rb ita l process.

10. P o sto rb ita l fo ram en  — A sm all v a scu la r fo ram en  s itu a ted  on th e  do rsa l 
su rface  of th e  p o sto rb ita l process.

11. A n te rio r fro n ta l fo ram en  — A d is tin c t fo ram en  s itu a te d  on th e  a n te ro - 
v e n tra l su rface  of th e  p o sto rb ita l process.

12. E thm o ida l fo ram en  — A la rg e  fo ram en  s itu a ted  in  th e  o rb ita l p a r t  of 
fro n ta le .

13. A ccessory e th m o id a l fo ram en  — A sm all d is tin c t fo ram en  s itu a ted  in th e  
o rb ita l p a r t  of fro n ta le  im m ed ia te ly  above th e  e thm o ida l fo ram en .

T em p o ra le :

14. M asto id  fo ram en  — A v ascu la r fo ram en  s itu a ted  on th e  d o rsa l su rface  of 
th e  m asto id  crest.

15. B asal zygom atic fo ram en  — A v ascu la r fo ram en  s itu a te d  on th e  do rsa l 
su rface  of th e  base of th e  zygom aticum .

16. P ostg leno id  fo ram en  — A sm all d is tin c t fo ram en  s itu a te d  a t  th e  base  of 
th e  postg lenoid  process im m ed ia te ly  a n te r io r  to  th e  ty m p an ic  bu lla .

17. P ostg leno id  fo ram en  sep a ra te  —  T he fo ram en  is o ften  s itu a ted  in th e  
su tu re  be tw een  th e  postg leno id  p rocess an d  th e  tym pan ic  bu la .

18. M an d ib u la r fossa  fo ram en  — A sm all v a scu la r fo ram en  s itu a te d  in te rio r 
in  th e  m a n d ib u la r  fossa.

A lispheno id :

19. D orsal a lisp h en o id  fo ram en  — A  sm all d is tin c t fo ram en  s itu a te d  in  th e  
w ing  of a lisp h en o id  n e a r  th e  su tu re  w ith  th e  squam osa l p a r t  of tem p o ra le  an d  
p a rie ta le .

20. V en tra l a lisp h en o id  fo ram en  — A sm all d is tin c t fo ram en  s itu a ted  a t th e  
base  of th e  w ing  of a lispheno id .
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Fig. 1. See p. 8 fo r ex p lan a tio n .
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E

Fig. 1. N o n -m etric a l v a r ia n ts  in  th e  sk u ll of lynx . A) d o rsa l v iew , B) v e n tra l v iew , 
C) v e n tro la te ra l v iew  of th e  occ ip ita l reg ion , D) v e n tro la te ra l v iew  of th e  m id d le  
p a rt, E) d o rso la te ra l v iew  of th e  a n te r io r  p a rt, F) la te ra l v iew  of r ig h t m an d ib le . 

See t e s t  fo r  n am es an d  defin itions.
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21. A ccessory la ce ra te  fo ram en  — A sm all fo ram en  s itu a te d  in  th e  d o rsa l 
m arg in  of th e  a n te r io r  lace ra te  fo ram en .

22. A ccessory la ce ra te  fo ram en  sep a ra te  — T he fo ram en  is often  s itu a ted  in 
th e  su tu re  be tw een  a lispheno id  an d  p respheno id .

23. F o ram en  ro tu n d u m  d iv ided  — A sm all fo ram en  s itu a te d  in  th e  back  w all 
of fo ram en  ro tu n d u m , ju s t in s ide  th e  opening .

24. A ccessory fo ram en  ro tu n d u m  — A  d is tin c t fo ram en  s itu a te d  in  th e  w all 
ou ts ide  th e  open ing  of fo ram en  ro tu n d u m . In  m ost cases th e  fo ram en  fo rm s a 
can a l open ing  in to  fo ram en  ro tu n d u m .

25. F o ram en  ovale  m in o r — T he fo ram en  ovale  m in o r is s itu a ted  a n te r io r  to 
fo ram en  ovale.

26. A ccessory fo ram en  ovale  m in o r — A sm all fo ram en  s itu a ted  a n te r io r  to 
fo ram en  ovale  m in o r a t th e  base  of th e  p te rygo id  bone.

27. A ccessory fo ram en  ovale  — A sm all v a scu la r fo ram en  s itu a ted  betw een  
th e  p o ste rio r m arg in  of fo ram en  ovale an d  th e  su tu re  be tw een  a lispheno id  an d  th e  
tym pan ic  bulla .

B asispheno id :

28. M edian  basisp h en o id  fo ram en  — A sm all d is tin c t fo ram en  sittin g  in  th e  
m ed ian  lin e  on th e  v e n tra l su rface  of basispheno id . U n ila te ra l tra it .

29. In te rn a l basisp h en o id  fo ram en  —  A d is tin c t fo ram en  s itu a te d  endo cran ia lly  
in  th e  p o ste rio r p a r t  of basispheno id .

P a la t in u m :

30. P o s te rio r p a la tin e  fo ram en  — A tin y  fo ram en  s itu a te d  on  th e  e x te r io r  
su rface  of th e  p e rp e n d ic u la r  p a r t  of th e  p a la tin e  bone. T h e  op en in g  of th e  fo ram en  
is u sua lly  round .

31. A n te rio r p a la tin e  fo ram en  — A  sm all fo ram en  s itu a te d  a long  th e  a n te r io r  
p a r t  of th e  v e n tro la te ra l edge of th e  p e rp e n d ic u la r p a r t  of th e  p a la tin e  bone. T he 
opening  of th e  fo ram en  is so m ew h a t tr ia n g u la r , th e  can a l p en e tra tin g  an te rio rly .

32. A ccessory  cau d a l p a la tin e  fo ram en  — A  sm all d is tin c t fo ram en  s itu a ted  in  
th e  open ing  of th e  cau d a l p a la tin e  fo ram en .

33. M in o r p a la tin e  fo ram en  — A sm all d is tin c t fo ram en  s itu a te d  in  th e  poste rio - 
la te ra l p a r t  of th e  h o rizo n ta l p la te  of th e  p a la tin e  bone.

34. M ajo r p a la tin e  fo ram en  — A  la rg e  fo ram en  s itu a te d  in  th e  a n te r io - la te ra l 
p a r t  of th e  h o rizo n ta l p la te  of th e  p a la tin e  bone.

M ax illa re :

35. P o ste rio r m a x illa ry  fo ram en  — A v ascu la r fo ram en  s itu a te d  above th e  
alveo lus of th e  th ird  m olar.

36. In f ra o rb ita l fo ram en  — T he in f ra o rb ita l fo ram en  can  be  double.
37. M ax illa ry  fo ram en  I — A  tin y  d is tin c t fo ram en  s itu a te d  on th e  n asa l su rface  

of m a x illa re  n e a r  th e  r id g e  above th e  in f ra o rb ita l fo ram en .
38. M ax illa ry  fo ram en  II  — A  tin y  d is tin c t fo ra m e n  s itu a te d  on th e  n asa l 

su rface  of th e  m a x illa  n e a r  th e  rid g e  below  th e  in fra o rb ita l fo ram en .
39. M ax illa ry  fo ram en  II I  — A tiny , v a scu la r fo ram en  s itu a te d  above th e  f ir s t  

p rem olar.
40. M ax illa ry  fo ram en  IV  — A  sm all d is tin c t fo ram en  s itu a te d  in  th e  n asa l 

su rface  of th e  m a x illa re  a long  th e  su tu re  be tw een  m a x illa re  an d  n asa le  an d  
be tw een  m a x illa re  an d  th e  u p p e r  p a r t  of th e  nasa l process of p rem ax illa re .
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41. M ax illa ry  fo ram en  V — A  sm all d is tin c t fo ram en  s itu a ted  in th e  m ed ian  
p a r t  of th e  n a sa l su rface  of th e  m ax illa re .

N asale :

42. N asal fo ram en  I — A sm all d is tin c t fo ram en  s itu a ted  in the  u p p er p a r t  of 
nasale.

43. N asal fo ram en  II —  A sm all d is tin c t fo ram en  s itu a ted  in th e  m idd le  p a r t 
of n asa le  n e a r  th e  m ed ian  m arg in .

44. N asal fo ram en  II I  — A sm all d is tin c t fo ram en  s itu a ted  in th e  m idd le  p a rt 
of n asa le  n e a r  th e  la te ra l m arg in .

45. N asal fo ram en  IV — A sm all d is tin c t fo ram en  s itu a ted  in  th e  low er p a rt 
of nasa le .

P re m a x il la re :

46. D orsal p re m a x illa ry  fo ram en  — A sm all d is tin c t fo ram en  s itu a ted  in  the  
n asa l p rocess of p rem ax illa re .

47. A ccesory a n te r io r  p a la tin e  fo ram en  — A sm all v a scu la r fo ram en  s itu a ted  
a n te r io r  to th e  p a la tin e  fo ram en .

M an d ib u la re :

48. P o ste rio r m en ta l fo ram en  — A d is tin c t fo ram en  s ittin g  p o ste rio r to  the  
m en ta l fo ram en.

49. M enta l fo ram en  — T he fo ram en  is u su a lly  single, b u t tw o, th re e  o r even 
fo u r fo ram in a  can  be p resen t.

50. A n te rio r m en ta l fo ram en  — A so m ew h a t sm a lle r  fo ram en  sittin g  a t  the  
b ase  of th e  incisors, a n te r io r  to th e  m en ta l fo ram en .

51. C an ine  fo ram en  — A sm all fo ram en  s ittin g  a t  th e  base of th e  can ine , above 
th e  m en ta l fo ram en .

52. A ccessory m a n d ib u la r  fo ram en  — A sm all fo ram en  s ittin g  lin g u a lly  a t 
th e  base  of th e  a n g u la r  process b eh in d  th e  m a n d ib u la r  fo ram en .

53. M 2 — T he second m o la r in  th e  lo w er ja w  is som etim es p resen t.

2.3. S ta tis tic a l A nalyses

T he s ta tis tic a l tes ts  ap p lied  in  th e  p re se n t w o rk  a re  a ll based  on tw o -w ay  
contigency  tab le s  w h ich  a re  an a ly sed  by  h e lp  of th e  co m p u te r p ro g ram  BM D P4F 
(D ixon, 1981).

T he hom ogeneity  of th e  v a r ia n ts ’ ap p ea ran ce  w ith  re sp ec t to  sex w ere  tes ted  
by  F ish e r’s ex a c t te s t w h en  ta b le s  w ere  2X 2 an d  th e  m in im u m  expec ted  cell 
v a lu e  w as less th a n  20. In  th e  o th e r  cases th e  like lihood  ra tio  ch i-sq u a re  s ta 
tis tic  G 2 based  on m ax im u m  like lihood  estim a tio n  w ere  app lied .

T he rem a in in g  te s ts  in  th e  p re s e n t w o rk  a re  te s ts  of association . T hese a re  
tes ts  of la te ra l m an ife s ta tio n  in  b ila te ra l v a ria n ts , te s ts  of association  w ith  size 
an d  age, an d  tes ts  of th e  co rre la tio n  b e tw een  th e  s ta te s  of ap p ea ran ce  of p a ir  of 
v a rian ts . W hen  te s tin g  fo r size co rre la tio n s  th e  sku lls  w ith in  each sex  w ere  
g rouped  in  ten  size c lasses w ith  eq u a l size range, u sing  th e  condylobasal leng th  
as size v ariab le . In  th e  sam e m a n n e r  th e  co rre la tio n  w ith  age w as tested , b u t in 
th is  case th e  sexes w ere  pooled.

A ll these  tests  w ere  com puted  fro m  S p e a rm a n ’s ra n k  co rre la tio n  coefficient,
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T ab le  1

F requences of n o n -m e tric a l v a ria n ts  in  th e  sk u ll of 50 m ale  an d  50 fem ale  
N orw egian  lynx  L y n x  lyn x .

S ta te  of ap p ea ran ce  
V a ria n t M ales F em ales

no.
0 1 2 3 4 5 0 1 2 3 4 5

1 94 6 96 4
2 3 35 47 15 3 51 41 3 2
3 99 1 91 9
4 95 5 93 7
5 82 17 1 84 14 2
6 75 25 69 31
7 91 9 96 4
8 35 50 12 2 1 35 47 14 3 1
9 48 49 3 40 53 7

10 38 57 4 1 45 48 7
11 63 35 2 65 32 3
12 82 18 84 16
13 20 40 29 9 1 1 47 42 7 4
14 14 39 34 10 2 1 25 39 30 6
15 29 52 17 2 54 37 8 0 1
16 10 84 6 7 86 6 1
17 45 53 2 28 72
18 57 36 6 1 69 28 3
19 59 30 11 60 26 12 2
20 12 55 25 7 1 10 54 31 5
21 92 7 1 2 92 6
22 50 47 3 53 47
23 1 73 26 2 76 22
24 86 14 90 10
25 35 65 22 78
26 46 52 2 51 46 3
27 90 10 92 8
28 62 38 52 46 2
29 34 57 9 39 57 4
30 25 59 15 1 25 60 14 1
31 85 15 73 26 1
32 61 31 8 69 28 2 1
S3 32 58 10 23 54 20 3
34 1 22 64 12 1 28 58 14
3R 2 63 32 3 1 53 43 3
36 94 4 98 2
37 8 71 15 2 1 3 11 70 16 1 0 2
38 1 30 27 30 11 1 6 2? 33 27 11 1
39 17 35 35 8 4 1 13 42 34 10 n 1
an 8 42 40 8 2 13 57 20 7 3
41 48 49 2 1 45 54 t
42 59 41 R3 37
43 53 46 1 52 4q
44 70 30 66 34
45 75 24 1 71 9Q
46 1 87 12 4 39 7
47 40 46 11 2 1 65 07 a
48 88 11 1 R7 13
49 59 31 9 1 57 36 6 1
50 39 56 5 45 52 2 1
51 74 24 2 70 94 R
5? *0 48 2 dâ. 54 *>
53 83 17 93 7
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w hich  give g re a te r  w e ig h t to  p a irs  of ra n k s  th a t  a re  fu r th e r  ap p a rt, if th e  tru e  
co rre la tio n  is  d if fe re n t fro m  zero. T h e  co rre la tio n s  w e re  te s ted  fo r sign ificance  
by th e  ra tio  of th e  e s tim a ted  co rre la tio n  to  its  a p p ro x im a te  assym pto tic  s ta n d a rd  
e rro r. T h is ra tio  is ap p ro x im a te ly  t-d is tr ib u te d  p ro v id ed  th e  co rre la tio n  is zero 
(B row n & B enede tti, 1977).

F u r th e r  descrip tio n s of th e  s ta tis tic s  u sed  a re  fo und  in  D ixon  (1981) an d  Sokal & 
R oh lf (1981).

3. R ESU LTS

The incidence of the variants based on the side as unit with regard 
to bilateral traits, are set out in Table 1. As can be seen, most of the 
variants have more than two states, i.e. are m ultistate variants. 

Correlation of lateral m anifestation in bilateral variants are shown in 
Table 2. A significant association betw een left and right side were 
obtained in more than 50% of the variants. The level of significance is

T ab le  2
C o rre la tio n  b e tw een  sides of b ila te ra l n o n -m e tric a l v a ria n ts  in  th e  sku ll 

of 100 N orw eg ian  lynx  L y n x  ly n x  (sexes pooled).

V a ria n t no. S p e a rm a n ’s r V a ria n t no. S p ea rm an ’s r

1 1.000 *
2 0.185 28 1.000 ***
3 0.185 29 0.523 ***
4 0.291 30 0.205 *
5 0.078 31 0.175
6 0.455 *** 32 0.162
7 0.523 *** 33 0.163
8 0.462 *** 34 -0 .0 0 7
9 0.320 *** 35 0.245 *

10 0.220 * 36 0.265
11 0.025 37 0.254
12 0.293 *** 38 0.452 ***
13 0.581 *** 39 0.459 ***
14 0.443 *** 40 0.421 ***
15 0.412 *** 41 0.241 *
16 0.135 42 0.202*
17 0.508 *** 43 0.331 ***
18 0.168 44 0.089
19 0.494 *** 45 0.037
20 0.399 *** 46 0.305
21 0.085 47 0.236 *
22 0.185 48 0.229
23 0.500*** 49 0.014
24 0.173 50 0.388 ***
25 0 167 51 0.049
26 0.304 * 52 0.158
27 0.065 53 0.341 *

* p < 0 .0 5 ; *** p<0.001.
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in most cases 0.1% with correlation coefficients nearly as high as 0.60. 
Thus the incidence of the variants on each side sim ply can not be pooled. 
Accordingly, most of the tests in the present paper are based on the 
incidence from one side only (the left).

Tests of sex dependence of the variants were based on the data from  
the left side. Variants No. 13, 15, 17, and 32 w ere found to have a 
different distribution in the two sexes (p < 0 .05  for all). This is only  
slightly  more than can be attributed to chance, thus in the rest of the 
tests the sexes were kept pooled if not otherwise stated.

T ab le  3
C o rre la tio n  b e tw een  s ta te  of a p p ea ran ce  o f n o n -m e tric a l v a r ia n ts  and  
condy lobasal leng th  in  N orw eg ian  lynx  L y n x  ly n x  o ld e r th en  18 m onth .

T ra it
no.

M ales F em ales T ra it
no.

M ales F em ales

1 0.161 0.130 28 —0.234 —0.075
2 0.009 0.056 29 0.106 —0.115
3 0.000 0.130 30 0.458 *** —0.018
4 0.260 —0.189 31 0.046 0.006
5 0.110 0.285 32 0.025 0.061
6 0.038 0.070 33 —0.008 —0.071
7 —0.153 0.000 34 —0.044 0.242
8 0.195 0.088 35 0.334* —0.093
9 0.002 —0.122 36 —0.073 —0.035

10 0.068 —0.127 37 0.287 * 0.253
11 —0.191 0.260 38 0.085 —0.012
12 0.000 —0.005 39 0.060 0.138
13 0.189 0.266 40 0.037 —0.083
14 0.125 0.140 41 —0.102 0.125
15 0.010 0.038 42 0.189 — 0.148
16 —0.206 0.211 43 0.017 —0.193
17 —0.092 —0.065 44 —0.153 0.225
18 —0.095 — 0.006 45 0.013 —0.141
19 0.238 0.152 46 —0.260 —0.184
20 0.109 0.073 47 —0.060 —0.142
21 0.101 —0.161 48 —0.078 —0.134
22 —0.202 0.006 49 —0.058 —0.184
23 —0.061 0.114 50 —0.029 0.214
24 —0.036 —0.123 51 —0.078 —0.243
25 —0.135 —0.253 52 —0.143 —0.229
26 —0.058 —0.115 53 0.134 0.031
27 —0.241 —0.159

* p < 0 .0 5 ; *** p<0.001.

As sexual size dimorphism in the skull of lynx has been demonstrated  
(Andersen & Wiig, 1984; Wiig & Andersen, 1986), the sexes were kept 
separate when correlations w ith condylobasal length were computed. In 
the males, three of the correlations turned out to be significant (No. 30, 
No. 35, and No. 37, Table 3).

In females, four of the variants were found to be significantly cor
related to the condylobasal length: No. 5 (r=  0.353, p <0.05), No. 13
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( r = 0.471, p <0.01), No. 23 (r =  0.307, p < 0 .05 ), and No. 52 (r =  -0 .3 3 2 ,  
p <0.05). By restricting the com putations to fem ales older then 18 months, 
however, the correlations decreased considerably and none turned out 
to be significant (Table 3).

Based on the whole sample, eight variants w ere found to be correlated 
with age: No. 8 ( r = 0.405, p<0.001), No. 10 (r =  —0.204, p<0 .05), No. 12 
( r = -0 .2 5 4 , p <0.05), No. 15 (r=0.200 , p<0 .05), No. 19 (r=0.244, p <0.05), 
No. 30 ( r = 0.248, p<0 .05), No. 37 ( r = 0.318, p<0.001), and No. 42 (r =

T ab le  4
R an k -co rre la tio n  b e tw een  s ta te  of ap p e a ra n c e  of n o n -m e tr ic a l v a ria n ts  
an d  age  in  th e  sk u ll of m a le  an d  fem ale  N orw eg ian  ly n x  L y n x  ly n x  

b e tw een  18 an d  100 m o n th s old (n= 81).

T ra it  no. C o rre la tio n  T ra it  no. C o rre la tion

1 0.116 28 —0.102
2 0.033 29 0.040
3 0.028 30 0.338 **
4 0.234 31 0.034
5 0.101 32 0.188
6 —0.055 33 0.054
7 —0.106 34 0.161
8 0.483 *** 35 0.133
9 —0.062 36 0.061

10 —0.093 37 0.271
11 —0.128 38 0.108
12 —0.134 39 0.106
13 0.066 40 0.130
14 0.148 41 . 0.058
15 0.183 42 0.166
16 —0.118 43 0.006
17 —0.251 44 0.081
18 0.158 45 0.019
19 0.222 46 0.139
20 0.092 47 0.068
21 0.022 48 0.021
22 —0.177 49 0.126
23 —0.168 50 0.222 *
24 0.004 51 0.056
25 —0.077 52 0.082
26 0.104 53 0.092
27 —0.040

* p < 0 .0 5 ; ** p < 0 .0 1 ; *** p<0.001.

=  0.246, p <0.05). By restricting the tests to specim ens older than 18 
months so that the age range of both sexes were equal, the number of 
significant correlations was lowered to three (Table 4).

The correlation betw een each of the 1378 pairs of variants was cal
culated and 107 of them (7.8%) w ere found to be significant (p<0.05), 
which is a higher number than can be ascribed to chance alone. F ifty of 
the correlations were negative and 57 w ere positive, w hat seem s to be 
at random. Most of the correlations ranged in absolute size from 0,1 to
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0.3, but five of the correlations were h ighly significant (p<0.001) and 
ranged higher. These were between variant Nos. 14 and 15 (r=0.34) and 
Nos. 16 and 17 (r=0.36) in temporale, betw een No. 16 in temporale and 
No. 22 in alisphenoid (r=0.31), betw een Nos. 31 and 33 (r=0.28) and 
between Nos. 32 and 34 (r =  0.34) in palatinum.

4. D ISC U SSIO N

More than 50 non-metrical variants have been recognized in the skele
ton of laboratory mice {e.g. Berry & Searl, 1963). It has been assumed 
that differences in the incidences of these variants among wild pop
ulations reflected genetic differences. Self & Leam y (1978) studied the 
heritability of eleven of these variants in a randomly bred population  
and found the heritability to be rather low but significantly different 
from zero. Analogous variants have been used in other species, with  
the assumption that they have the same genetical basis as those studied  
in laboratory mice.

In earlier studies of non-metrical variation, the variants have been 
recorded as if they only appear in two states. The results of the present 
study clearly demonstrate the m ultistate nature of the variants, indicating  
more than one threshold on the liability scale. In most variants the 
frequency of extrem e states are, however, very low. In some cases where 
a variant consists of four or more foramina, the scoring can be difficult 
and, as a result, the distinction between these extrem e states might be 
uncertain.

A tendency of sym m etry in bilateral variants seem s to exist, but the 
number of significant symmetric expressions found may be strongly  
influenced by sample size (Sjevold, 1977), or environm ental factors (Pan- 
kakoski, 1985). In the study of third molar loss in laboratory mice, 
Griineberg (1963) pointed out that the unit of variation was not the 
individual tooth but the mouse as a whole. Usually, however, the inci
dence of bilateral variants is based on the individual side as a unit (e.g. 
Grewal, 1962; Berry, 1975). In the present study very high correlations 
betw een sides in most of the bilateral variants were found, indicating 
that the expression of a particular trait in the left and right side are 
affected by the same genes. Therefore, w hen testing for age, size and 
sex dependence, we used the incidence on the left side only.

The incidence of non-m etrical variants are usually found to be largely  
independent of sex (e.g. Berry & Jackobson, 1975; Wiig & Lie, 1979). 
However, Sjovold (1977) and Wiig & Lie (1984) found significant dif
ferences between the sexes in several variants in other mammals. In 
the present study only four variants had a different distribution in the



16 0 . Wiig & T. Andersen

two sexes, a number only slightly greater than can be ascribed to chance 
alone.

According to the model advocated by Griineberg (1963) the liability  of 
non-m etrical variants is metric in nature, and correlation w ith size can 
be expected (Sjevold, 1977; Pankakoski & Nurmi, 1986). In males, only  
three significant correlations with the condylobasal length w ere detected  
at a 5% level, a num/ber which is what could be expected by chance. 
However, the correlation w ith the state of appearance of posterior pala- 
tin foramen was h ighly significant (p<C0.001) and cannot be ascribed to 
the chance effects.

In fem ales several more significant correlations were found, which is 
only natural since the fem ale sample contained younger specim ens than  
the male sample. Andersen & Wiig (1984) demonstrated that the size 
change of the lynx skull is particulary large during the first year and 
a half. Restricting fem ales to the sam e age range as males revealed no 
significant correlation w ith size. Correlation w ith size could explain  
sex dependent distribution of variants (Pankakoski & Nurmi, 1986). A  
test for sex dependence excluding fem ales less than 18 months gave, 
however, significant differences between the sexes in the same variants.

Size dependent m anifestation of non-m etrical variants m ay have two 
different causes (Sjovold, 1977; Hartman, 1980; Hanski & Kuitunen, 1986). 
The changes in incidence m ay be either a direct function of size, or a 
function of genetical differences between small and large specim ens 
within each sex.

Age, rather than size, is found to affect the incidence of variants. Two 
of the variants were affected by both size and age: the posterior palatin  
foramen (No. 30) and m axillary foramen I (No. 37). The posterior frontal 
foramen (No. 8), however, which is highly significantly correlated w ith  
age is not correlated with size. Thus, the ontogenetic effect is not neces
sarily accounted for when testing for size dependence. This is probably 
partly because large skulls are not necessarily older than sm all skulls 
(see Andersen & Wiig, 1984).

In the present study the number of correlated pairs of variants is 
higher than could be expected by chance, but the degree of correlation  
is rather small in most cases, as has also been demonstrated in other 
studies (e.g. Sikorski, 1982; Sikorski & Bernshtein, 1984; Pankakoski & 
Nurmi, 1986). Non-m etrical variants are assumed to be correlated both  
genetically and environm entally, and as the values of the correlations 
were generally low, the application of the variants as independent in 
population studies would not cause any serious distortion of the results 
(Sjovold, 1977). In genetical terms this m ust mean that such variants 
are the pleiotropic m anifestations of m any independent developm ental
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processes, and that differences in the “spectrum ” of epigenetic variation  
betw een, individuals reveal variation at a large number of gene loci 
(Berry & Berry, 1971; Berry, 1986).

Scoring of variants that are m utually exclusive w ill inevitably give 
high correlation coefficients. This latter situation explains the high cor
relation between the postglenoid foramen and postglenoid foramen  
separate (Nos. 16 and 17), as scoring of No. 17 as present depends on the 
presence of the postglenoid foramen. This is partly also the situation  
found on nasale, where four small foramina are scored. Variant No. 44 
i;: here found to be negatively correlated to both No. 42 (r=  — 0.244, 
p < 0 .0 1 ) and No. 43 (r =  — 0.245, p <0.05), which indicates that No. 44 
i; d ifficu lt to separate from No. 42 and No. 43.

In the present study we have scored a com paratively high number of 
foramina, many of which are relatively small. When searching for “good” 
foramina to score we became aware of the fact that the exact location 
of some of the sm aller foramina, particularly of those on the upper sur
face of the skull, varied to some degree. Although relatively w ell delim i
ted in most cases, some of these foramina could in some instances be 
situated close to other foramina, and in some cases be difficult to delimit 
as separate foramina. Thus the negative correlation of variant No. 44 
to both No. 42 and No. 43 might indicate that these small foramina, 
which w e scored as separate variants, only reflect the variation in a 
single m ultistate variant. As most foramina serve as canals for nerves 
and blood vessels supplying a particular area of the head, the negative 
correlation could on the other hand im plicate that the supply of a 
particular area of the head might be led through different foramina. 
If e.g. a geographic pattern in the incidence of such small foramina is 
found, they may indicate different genetical composition of the pop
ulations and thus serve as good population markers. Therefore, until 
further konw ledge about the variation of such variants is accumulated 
they should be included.

In the present study we found relatively little age variation in the 
incidence of the variants. However, d ifficulties in scoring young speci
mens lead to our belief that studies on e.g. geographic variation, should 
be based on full-grow n individuals only. The Scandinavian lynx grow  
strongly until approxim ately one and a half year of age (Andersen & 
Wiig, 1984). Several of the foramina were relatively larger in the young 
animals and thus being easier to score, which m ight lead to an over
representation, in relation to those in skulls of more mature specimens 
where ossification had proceeded further. On the other hand, the small 
foramina on the upper surface of the skull could be harder to detect 
in young animals, as the surface is often porous. In addition, variants
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connected w ith the ossification of “bridges” or “canals” could be difficult 
to score. Although they are basically the same foramina, it thus seems 
wise not to include immature specimens in the samples.

A cknow ledgem ent: We a re  in d eb ted  to  E. P ie rce  fo r co rrec ting  th e  language .
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0 y s te in  W IIG  i T ro n d  AND ERSEN

N IEM ETRY CZN A  ZM IEN NO ŚĆ C ZA SZK I RY SIA  Z N O R W EG II

S treszczenie

Z badano  zm ienność 53 cech n iem etrycznych  czaszk i ry s ia  (50 sam ic i 50 sam ców ) 
L y n x  ly n x  (L innaeus, 1758) z N orw eg ii (Rye. 1). O p isano  an a lizo w an e  cechy oraz 
zak resy  ich  zm ienności (T abela  1). T ylko 50% cech w ykazyw ało  znaczącą zależność 
m iędzy  w y stępow an iem  n a  p raw e j i lew ej s tro n ie  czaszki (T abela  2). A sym etria  
w  w y stęp o w an iu  cech n iem etrycznych  p rzem aw ia  za oddzielnym  ro zp a try w an iem  
każdej ze stron . W n in ie jsze j p racy  an a lizow ano  cechy lew ej strony . Z badano  za 
leżność ich  w y stęp o w an ia  od płci, w ielkości i w iek u  osobników , lecz ty lko  n iew ie l
k a  liczba  cech w y kazyw ała  tak ie  zależności (T abele  3 i 4). O bliczono k o re lac je  
m iędzy  p a ra m i cech n iem etrycznych  (1378 par). D la 107 p a r  (7,8%) k o re lac ja  ta  
by ła  is to tna .


