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INTI~ODUCTION 

In the first paper of this series, Grt'meberg (1950a) has described a considerable poly- 
morphism of the skeleton of the mouse which is under genetical control. The most variable 
part of the skeleton seems to be the cervical and upper thoracic region of the vertebral 
column. It  seemed of interest to discover whether this polynlorphism is a property of the 
tame mouse or whether similar variations also occm: in wild populations. 

For this purpose, six wild populations have been sampled, fern" in London, one in Edin- 
burgh and one in Bern. Some of the samples are smaller than had been intended. The 
animals were either poisoned or trapped alive in special traps so as to obtain undamaged 
skeletons. Maceration of the skeletons was carried out by digestion with the proteolytic 
enzyme papa[n; the bones collected included the vertebrae, scapula, clay[erda, humerus, 
radius, ulna, os inhere[nature, femm', tibia +fibula and the mandible. The total n.umber of 
skeletons examined is 218, derived from the following localities. 

Three populations were obtained from the London Zoological Gardens; they came from 
the Small Bird House (S.B.H. ; 76 mice), the Tropical Bird House (T.B.H. ; 56 mice) and 
the Parrot House (P.H. ; I6 mice) respectively. The Small Bird House and the Tropical 
Bird House stand side by side, but do not communicate with each other; it will be shown 
below that the respective mouse populations of these houses differ appreciably fl'om each 
other. The Parrot House is several hundred yards away from the other two houses and 
separated from them both by open ground and by other animal houses. The populations 
of these animal houses are presumably relatively isolated from each other and rather inbred. 

The fourth population, of fore'teen mice only, came from the London ])ocks. The animals 
were taken in several widely separated localities and presumably arc not related to each 
other at all closely. 

A fifth population of eighteen mice was trapped near Edinburgh (Redside Farm, 

Carrington, East Lothian). 
Finally, thirty-eight mice were trapped in the animal house of the Frauenspital in Bern. 

Some tame albino mice are kept in that animal house, but it is believed that none have 
escaped during the past two or three years; before that time, occasional escapes seem ~o 
have happened. The possibility must therefore be borne in mind that this group is no~ 
entirely ' wild ', but may have some admixture of tame blood. 

FORAMINA TRANSVERSARIA IMPEI~FECTA (f.t.i.) 

Ventrally open forum[ha transversaria have been encountered in five of the six populations 
examined. The anatomical situation tallies precisely with that described by Grtineberg 
(1950a,) for tame mice; three typical specimens are shown in Fig. 1. The third cervical 
vertebra (C III) was act affected in any of the aniula]s examined; the distribution of the 
anomalies by population and vertebra (C IV go C VI) and side of body is summarized in 
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Table 1. Although f.t.i, occurs in all but one of the populations sampled, i~s incidence 
varies strikingly from population.to population. For instance, ~he two bird houses in the 
London Zoo, standing in close proximity to each other, have a significantly differing 
incidence of f.g.i, as seen from the following fourlbld table: 

N o r m a l  A lmorm~[  Tot, a,t 

S.]:L [L (13 I3 76 
T .B .  I I. 54 2 56 

Tot~0 117 15 132 

which, treat, ed by Fisher's 'exact'  method, gives P = 0.0131. The highest incidence of the 
anomaly, not much short of a third of the whole sample, occurs in the Bern population. 
As in the ta,me mice, the anomaly is essentially symmetrical, the slight preponderance of 
~he left side not being significant. A curious feature is the fact that in the Bern populagion, 
C IV is involved at least as frequently as bhe two following vertebrae, while all British 
populations behave like the tame mice, C IV being much less affected than C V and C VI. 
It seems probable that this diifference is due to a different genetic background in the Bernese 
mice, in a similar way go that  in which the manifestation of f.t.i, on C VI is increased in the 
presence of the undulated gene (Grtineberg, 1950b). 

A 

Fig. 1. F o r a m h l a  t r ansve r s tu ,  i a  impcrfech~.  A, a C V f i 'om ~L ma le  f r o m  B e r n ;  B, a C  VI  f r o m  a f emale  f l 'om t h e  
L o n d o n  D o c k s ;  iu th i s  a n i m a l ,  l;here a r e  t w o  ligt)le a c c e s s o r y  foramin,'~ w h i c h  m a y  r e m a i n  h t d e p e u d e n t  or  
jofit t h e  c a n a h s  ~ransvm'sa r ius .  C is a C V I  f r o m  a f ema le  f r o m  the  S . B . K .  wiLh a b s e n c e  o f  t he  t u b e r c u i u m  
a n t c r i u s  on  the  le f t  a u d  a smal l  s u p e r n u m e r a r y  f o r e m e n  on the  b a s e o f  t h e a r c u s .  C a m e r a  l uc ida  d r a w i n g s ,  
c a u d a l  views.  

Table 1. fora, minc~ t ransversaria impsrfecta 
P~ = I i g h t ,  L = lef t ,  I~L = b o t h  s ides  a f fec ted .  

V e r t e b r a e  a f f ec t ed  F.b.i.  
p e r  a b n o r m a l  m o u s e  C I V  C V C VI  p e r  ,~b- 

A b n e r -  r - -  - ~ - - ,  _ _ ~  _ _ A  r A _ _  n o r m a l  
n m a l s  1 2 3 ~ L I~L ~ L 1:I.; P~ L I~L m o u s e  

8.:B.H. 76 13 6 6 1 - -  - -  - -  . i 3 1 3 5* ,1 1-7 
P . H .  18 1 1 . . . . .  1 . . . . .  1 
T . B . H .  56 2 1 I - -  - -  1 - -  1 - -  - -  I]- - -  - -  1.5 
Docks  14 2 - -  2 . . . . .  2 - -  - -  - -  2 3 
Edh~, 18 . . . . . . . . . . . . . .  
Be rn  38 12 5 4 3 3 3 3 2 5 3 1 1 1 2.4 

T o t a l  218 30 13 13 4 3 4 3 5 10 4: 5 6 7 

* T u b e r m f l u m  a n t e r i u s  m i s s ing  in  tihrco o f  these  a n i m a l s .  
"~ T u b e r e u h i m  a n t c r i u s  mi s s ing  in  th i s  an ima l .  

Other anomalies of the cervical region 

The shape of the vertebral foramen (eanalis vertebralis) may vary considerably. In 
atfimals of the same size, a very wide or a comparatively narrow foramen may be found. 
Sometimes a remarkably short dorsoventral diameter is combined with a rather large 
horizontal diameter so that the foramen becomes a compressed oval. The contrary is also 
found, the foramen being roundish. The extent to which these variations are genetically 
determined is uncertain. 
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No anomalies were found[ in the atlas. In a few very young mice the foramen trans- 
versarimn was not yet  closed, bug this was ahnost cm:tainly a sign of immatttrity. The 
tuberculum anterius atlantis is sometimes more or less deeply split, resembling an inverted 
X ; this was observed in 30.~% of all the mice examined. In one case the tuberculum 
was bent towards the left, in two further cases towards the right. Fusions of the arias 
with the oeeiput or with the axis (epistropheus) did not occur. 

A single mottse showed a condi~.ion resembling dyssymphysis posterior of the axis 
described by C:Irtineberg (1950a,); no major anomalies have been observed in C III .  Some- 
times a small accessory foramen of pin-l?oint size occurs medial (rarely lateral) to the 
foramen transversarium; this leads into a canal which either remains independent or 
ultimately joins the eanalis transversarius; similar foramina also occur in other cervical 
vertebrae. 

The C I I I  in the mouse has paired[ foramina on the dorsal side of the areus which either 
lead by a short canal into the canalis vertebralis, or by a longer canal into the canalis 
transversarius. The foramina were double on the left sidle in 5 ~/o and on the right side in 

- ___.. 

Fig. 2. Fig. 3. 

Fig. 2. DorsM view of fused C IV and C V. The right ~u'cus of C [V is fused with the intact accus of C V. FemMe, 
T.B.H. 

Fig. 3. C VII  with accessory foramina. Fem,~le, P.I~. 

Table 2. Accessory foramen of C VI I  
Accessory for~%mell 

Foramen Perccnt~tge 
Po])ulation Left I/.ight J3oth sides T o ~ l  ~bsent with foramen 
S.]3.H. 6 5 33 44 32 57.8 
P.:[-L 2 2 9 13 3 81.2 
T.B.H. 5 3 11 19 37 34.7 
Docks 2 1 2 5 9 35.7 
Edinburgh 3 2 0 5 13 27.8 
Bern 5 2 3 10 28 26.3 

Toted 23 15 58 96 122 44.0 

3 % of the vertebrae examined; bilateral duplication was nob observed. Once the foramen 
was absent on the right side only to.reappear on G IV; the latter vertebra may have similar 
but  smaller foramina; they were present in 6 ~/o on the left, in 8 ~/o on the right and in 
2.5 ~ on both sides. 

Fusions between C IV and O g oectu'red once in the T.B.t t .  and once in the Bern popula- 
tion. One case is shown in Fig. 2; Nsion is by means of the laminae in each ease, the 
bodies of the vertebrae not being joined. 

In O VII  a small foramen often occurs in the position indicated in Fig. 3. I t  has nothing 
to do with a foramen transversarium which that  vertebra usually lacks. This can be seen 
readily in C V i a n d  C V in which the same foramen occasionally occurs side by  side with 
a foramen transversarimu. This accessory foramen occurred in all wild[ populations 
sampled, b u t  the. frequency differs considerably from population to population. The data 
given in Table 2 are based on well-developed foramina only, pin-point foramina having 
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been disregarded. A homogeneity test gives X ~ = 2d:.045; n = 5; P < 0-001. There being thus 
clear evidence of heterogeneity, it seems the most likely assumption to ascribe the diver- 
gen ce between popula,~ions to genetical differences. 

A genuine foramen transversarium of C VII  (Fig. 4) has been found in three animals of 
the ]~ern population, each of them on the right side. In two eases the size was normal, 
in the third about half normal. Usualty the arteria vertebralis passes ventral to the pro- 
eessus trans~ersus of C VII  where, in 3 % of the specimens examined, it produced a grttter. 

As ~s well known, the processus transversus of the cervical vertebrae includes a rib 
dement  which is usually ineo~'porated so completely as to be unrecognizable as a separate 
entity. Sometimes a line marks the position of the Nsion; a continuous tlssure; with or 
without an aperture, on C VII as shown in Fig. 5 occurred seven t:imes among the 218 mice. 
The oblique position of the processus ~ransversus , as shown on the left side of Fig. 5, was 
found but Nur  times in all the mice examined. 

Fig. 4~. Fig. 5. 

Fig. 4:. C VII with tbramen tra.nsversarium on the right. Ma.le, Bern. C,~tmort~ lueida, drawing, caudal view. 
Fig. 5. C VII with incomplete tilsion (dyssymphysia) of  the rib element on the right a.nd oblique proeessus ~vans- 

versus on the  left. l~'Ia.le, London Docks. Camer,~ lueida drawing, etmdttl view. 

Remainder of the vertebral column 

Small accessory foramina, like those described on C VII, were found seven times on 
Th I (three times on the left, twice on the right, and twice bilaterally). 

The variations of the vertebra promin.ens (ThH)  observed in the wild populations were 
similar to those described by Grtineberg (1950a) for tame mice. Complete absence of the 
processus spinosus was observed only twice in the whole material, once in the S.B.H. and 
once in a London Docks mouse; the latter specimen has fourteen thoracic vertebrae. 

Two cases of incomplete dystopia of the processus spinosus were observed. In one 
mouse from Bern, a proeessus spinosus occurred both on T h I  and ThI I ,  both of them being 
smaller than the one normally present on T h I I ;  the situation is thus like tha t  not rarely 
found in the C 57 B stock (@riineberg, 1950a). The second ease was a caudal dystopia in 
a fully grown mouse :from the London Docks which had a rather short processus spinosus 
both on T h I I  and on ThI I I ,  somewhat reminiscent of a solitary case observed in the 
X stock by Grfineberg (1950a). 

The short processus spinosus of the T h X  was absent in 9 % of the skeletons examined. 
I t  was frequently only rudimentary and often flat and atypical. In three adult specimens 
of the S.]3.tt. group the areus dorsalis was not  closed (spina bifida). 

No significant variations of the lumbar vertebrae have been observed except for varia- 
tions on the lumbo-sacral border which are also common in many strains of tame mice. 

No variations were found in the sacral vertebrae. In particular, the large processus 
spinosus of S I was always present and of normal size. The caudal vertebrae have not been 
studied in detail. 
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Variations in other pa,rts of the s~'eleton 
No significant variations were observed in the following bones: the mandible, scapula, 

clavieula, ulna, radius, i'emur, and tibia + fibula. 
In the humerus, the thin lamina of bone which separates the fbssa radii and the fossa 

coronoidea in front from the fossa olecrani behin.d is sometimes piercedby a foranmn 
supratrochleare. Such a foramen corm:red in fifty-four out~ of 207 mice bilaterally, in 
seven on the left and in eighteen on the right side (38.2 % altogether). There seemed to be 
no significant differences between ~he various popular, ions as regards the incidence of this 
foramen. The foramen, if present, seems to develop early in life; it was seen in three out 
of ten S~rong CBA mice which were examined a~ the age of 15-19 days. 

In the pelvis, the acet~abulum has ventrally a deep incisum ace~abuli which is bridged 
by a ligamentum ~bransversmn acetabuli. The latimer can ossify to a greater or lesser extent. 
Variations of that kind encountered were probably merely an expression of age differences. 

]?.our times, a hole in the bottom of the ~ee~abtflmn was obsm'ved at ~tm point where 
the three bones formhlg the pelvis meet; apparently the bones had fiLiled to join up 
completely. 

DISCUSSION 

The variations of f, he vertebral cohtmn observed in wild mice are of the same general kind 
as those encounl~ered in tame strains. All the variants described in this paper also occur 
in tame strains, though some of them have not ye~ been analysed in detail. The differences 
between populations cannot be explained as enviromnental, but must be regarded as 
genetical like those between tame strains of mice. 

None of the variations observed seems to lower the fitness of the mouse to an appreciable 
extent. This probably explains why these variations have not been eliminated by natural 
selection. 

Variations like those described may be used as a tool in ecological studies. Differences 
between neighbouring populations Mth regard to these internal polymorphie characters 
may give an indication as t~o whether and to what~ extent they are isolated breeding units. 

Su~MAau 

Skeletal variations observed in six wild populations of mice are of a similar kind to those 
found in ~ame strains. The incidence of individual anomalies may vary greatly from popu- 
lation to population and is probably determined genetically. 
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