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JO H S . S C H M ID T : 

R A C I A L  I N V E S T I G A T I O N S .

YHI. TH E NUMERICAL SIGNIFICATION 
OF FUSED VERTEBRAE.

BY

JOHS. SCHMIDT.

Inves tiga tion  o f  th e  ve r teb ra l  co lum n in fishes no t  un frequen tly  
discloses v e r te b ra e  th a t  g ive  the  impression of b e in g  doub le  

i. e. form ed th ro u g h  th e  fusion o f  tw o  single ver teb rae .  In 
end e av o u r in g  to asce rta in  th e  n u m b e r  of ver teb rae  —  e. g. for 
statistical or g e n e t ic  pu rposes  —  one is therefore confronted  with 
th e  ques tion  as to  how  such  fused v e r te b ra e  shou ld  b e  counted .  
A re th e y  to  b e  reg a rd e d  as two v e r te b ra e  or as only one? Or 
are  bo th  views er roneous?

In prev ious w orks  of a  sta tis t ica l na tu re  I have  e v a d ed  th e  
difficulty by re jec ting  a l to g e th e r  spec im ens  w ith fused ver teb rae ,  
as I cons idered  th a t  in sueli  works no error  of im portance  could 
occu r  w hen  th e  m a ter ia l  u n d e r  investiga tion  was la rge  and  th e  
n u m b e r  of spec im ens  w i th  fused ver teb rae  small.

W h e n  dea l in g  w ith  g e n e t ic  works, however, inves t iga t ing  the  
inheri tance o f  th e  n u m b e r  o f  vertebrae ,  th e  case is m ore  d o u b t ­
ful. By  ignor ing  ind iv iduals  w ith  fused ver teb rae  one is running 
th e  risk of co m m it t in g  a  se rious error.

'I he ques tion  has been  raised d u r in g  the  investiga tion  re ­
gard ing  the  inhe r i tance  of ve r teb rae  in th e  trout,  on th e  basis 
of w hich  1 d esc r ib ed  th e  so-called  d i a l l e l  c r o s s i n g ’s m e th o d  
(1919, I and  2). T o  avoid  overload ing  th e  essay I d id  no t on 
th a t  occasion en te r  into th e  ques tion  o f  th e  s ignificance of th e  
fused ver teb rae .  I shall now  therefore discuss the  m a t te r  briefly.

In the  tab le  are g iven  th e  results of th e  first e x p e r im e n t  in 
diallel crossings, w here in  4 fem ale spec im ens  were  c rossed  w ith  
2 m ale  spe c im en s ,  so  th a t  8 offspring-com binations resulted .  
T h e s e  are d is t in g u ish e d  b y  th e  pa ren ts ’ sym bols,  th e  m a les  being
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m a rk e d  x  an d  y , the  females a, b, c and d. T h e  tab le  thus  
show s th e  n u m b e r  of ver teb rae  in th e  8 offspring-com binations.

It is a  s t r ik in g  fact (e. g. in com parison  w ith  Zoarces) th a t  
e a c h  sam ple  con ta ins  very  few variâ tes indeed .  T h u s  th e  c o m ­
bina tion  x b  has  only 2 variâtes, b o th  occu rr ing  w ith  a lm ost equal 
frequency , n a m e ly  58 and 59. In none  of th e  sam ples  do  we 
find m ore  th a n  4 variâtes. In Zoarces as a  rule th e  individual-  
offspring sam p les  h ad  6 — 8, and  even  12, variâ tes  as rega rds  th e  
n u m b e r  of v e r te b ra e  {vide J o h s .  S c h m i d t ,  1917, p. 317— 319).

Fig. I .  — End of tail of two trout young {Salmo trutta), length 
ca. 2 2  mm. ; alizarine-staining. — In the lower specimen the fifth 
vertebra (marked X ) from the end is fused. Notice the longer body, 

the partly double hæmal and the double neural arch.
Drawing by V ilh . E g e .

T h e  t ro u t  th e n  is rem arkab le  for th e  fact th a t  its individual 
offspring  sam ples  have  very narrow  lim its  of variation.

It m u s t  how ever  be ad d e d  th a t  in all 8 sam ples  was found 
a  sm all n u m b e r  of individuals (average ca. io  % )  w hose 5-last 
v e r te b ra  show s a  pecu lia r i ty  im possib le to ignore and  w hich  places 
one  in d o u b t  as to  w h e th e r  one is dea ling  w ith  a  single or a 
d o u b le  vertebra .

In th e  a c co m p an y in g  figures are d ep ic ted  th e  ends  o f  the  
v e r teb ra l  co lu m n  in a spec im en  o f  th is  na tu re  and  in a  “no rm al '’ 
spec im en .
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W h ils t  apparen tly  there  is no t  here, as in o ther  cases of 
fusion of vertebrae ,  any th ing  to  rem ark  in th e  b o d y  itself, apart 
from  its be ing  longer than  u su a l ,  th e  hæ m al arch  proves to 
b e  d o u b le  in its p rox im al par t ,  be ing  th u s  b ifu rca ted  [vide 
F ig .) ;  th e  neural arch  is doub le .  T h e  ques tion  is now : W h a t  
value in co un t ing  th e  v e r te b ra e  shall b e  a llowed to  such  a  5-last 
v e r te b ra  w ith  d oub le  a r c h ? Is it to be reckoned  as 2 or only as 
I ,  or does  the  t ru th  lie b e tw e e n ?  T h is  ques tion  is obviously  of 
cons iderab le  im portance w hen  a sam ple  contains  m any  spec im ens  
w i th  doub le  h æ m al arch.

In o rder  to exam ine  th e  m a t te r  m ore  closely  le t us im agine 
tw o individuals ,  a  male and  a  female, b o th  hom o z y g o u s  as regards 
n u m b e rs  o f  vertebrae .  L e t  us  fu rthe r  im ag ine  th a t  th e  one has 
an even, th e  o the r  an uneven  n u m b e r  of ver teb rae ,  e. g. 58 and 
59. In such  a  case one m ig h t  e x p e c t  th a t  the ir  offspring would 
have  58V2 vertebrae.  R e a so n in g  thus  one m ig h t  be allowed to  
reg a rd  it as p robab le  th a t  th e  5-last v e r te b ra  in ques tion  with 
do u b le  hæ m al arch  w ould  h ave  a value ly ing be tw een  1 (single 
vertebra)  and  2 (double vertebra).

T o  te s t  th is  theory  I h a v e  expe r im en ta l ly  coun ted  it  as 1V2, 
so th a t  a  spec im en  w ith 58 norm al ve r teb rae  .besides th e  5-last 
w i th  d o u b le  arch, is co u n te d  as hav ing  59V2 ver teb rae ,  etc. etc. 
A  te s t  r eg a rd in g  th e  ac c u ra c y  o f  this assum ption  is possible in 
th e  following m anner.  If w ith in  each  of th e  8 offspring sam ples 
we asce rta in  th e  average  n u m b e r  of ve r teb rae  in spec im ens  hav ing  
d o u b le  arches a t  th e  5 -last vertebra ,  co u n t in g  th is  v e r teb ra  as 
1V2, the  average  m u s t  co inc ide  w ith  th e  average  for the  normal 
individuals ,  p rov ided  our th e o ry  be correct.

P ro c ee d in g  on th is  princip le we find th a t  t h e  t w o  a v e r a g e s  
c o i n c i d e  c l o s e l y ,  th e  ave rage  of the  8 sam ples  o f  individuals 
w ith  doub le  arches being  58.310 an d  th a t  of th e  8 sam ples  of 
norm al individuals 58.303.

T h u s  it seem s ev ident t h a t  our  assum ption  th a t  t h e  v e r t e b r a  
i n  q u e s t i o n  h a s  a  n u ni e r i  c a l  v a l u e  o f  l l/2 is correct.  H ence  
it follows th a t  it would be ju s t  as incorrec t to coun t it  as 1 as 
to reckon  it  as 2 com plete  vertebrae .  On the  o the r  h an d  we 
are  appa ren tly  justif ied  in co m ple te ly  igno r ing  ind iv iduals  w ith 
d o u b le  hæ m al arch  at th e  5-last vertebra ,  p rov ided  w e are  dea ling  
w ith  groups  consis ting  of a  la rge  n u m b e r  of individuals .

O u r  investiga tion  thus  show s th a t  v e r te b ra te  animals can
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realize fractional parts  of ver teb rae ,  b u t  it is ev iden t from the  
ta b le  th a t  su c h  ind iv iduals  are  num erica l ly  inferior to w h a t  we 
ab o v e  called “ norm al” individuals.  In reality  th e  former are 
ju s t  as “ norm al” as the  latter. In bo th  cases  it is th e  ind iv idua l’s 
g e n e t ic  s truc tu re  in connec t ion  w ith  its en v iro n m en t  in th e  s e n ­
sitive period, w h ich  is d ec id in g  th e  total realized ; b u t  it seem s 
as if  whole nu m b e rs  in such  o rgans  as v e r te b ra e  are m ore easily 
realized than fractional parts.

I m ust  here recall tha t ,  based  on the  results  of th e  diallel 
crossings w ith  trout,  I had  to  d is t inguish  b e tw een  th e  two notions 
p e r s o n a l  and  g e n e r a t i v e  va lue  (1919, 1 an d  1919, 2) and th a t  
I found th a tan  ind iv idual’s genera tive  vertebra l n u m b e r  could  
have  any value w hatever  b e tw een  two whole n u m bers  e. g. 58.57 
o r  62.72 T a k in g  this into consideration  th e  proof  th a t  fractions 
o f  ve r teb rae  can actually  be realized —  in o the r  words th a t  a l s o  
t h e  p e r s o n a l  v a l u e s  c a n  b e  b r o k e n  n u m b e r s  — is of 
in terest.

Finally  I desire  to em phas ize  th a t  the re  ex is t  o ther  categories  
of fused ver teb rae  than those  m en tioned  here. T h u s  one of our 
expe r im en ts ,  w h ich  I hope to  find an op p o r tu n i ty  of d iscussing  
later, proves th a t  th e  ve r teb ra l  column u n d e r  the  influence of 
e x t re m e  ex ternal conditions can develop  q u i te  abnorm ally ,  with 
i r regular  fusions of a g rea te r  or a  sm aller  n u m b e r  of vertebrae .

Carlsberg Laboratory, A pril i j ,  ic)2 i .

L ite ra tu re .

J o h s .  S c h m i d t  19917), Zoarces viviparus L. and local races of same 
(Comptes-Rendus des Travaux der Laboratoire Carlsberg, vol. 13, 
fase 3. p. 279— 396, Copenhagen 19 17).

J o h s .  S c h m i d t  (1919, i), La valeur de l ’individu à titre de géné­
rateur, appréciée suivant la méthode du Croisement diallèle (ibidem, 
vol. 14, no. 6, 1919).

J o h s .  S c h m i d t  (1919, 2), Racial Studies in Fishes, III  Diallel Cros­
sings with Trout (Salmo trutta  L.) (Journal of Genetics, vol. IX, 
p. h i — 67, 19 19).



■



J O H S .  S C H M I D T :  

IN V E STIG A T IO N S ON HOPS
cHUMULUS LUPULUS, L.)

Of this series the following papers have been issued :

I. J o h s . S c h m i d t : T h e  growth in length of hop stems and its 
diurnal periodicity, Comptes-rendus des travaux du Labo­
ratoire Carlsberg, vol. io ,  page 233— 251 (1913).

II. J o h s . S c h m i d t : The rotational movement of hop stems and  its
diurnal periodicity. I b i d e m ,  vol. io ,  page 267— 283 (1913).

III. Ö . W i n g e  : T h e  pollination and fertilization processes in Humulus
lupulus, L . and H . Japonicus Sieb, et Zucc. I b i d e m ,  vol. 11, 
page i — 44 (1914).

IV. Ö . W i n g e  and  J. P. H . J e n s e n : A method for quantitative deter­
mination of resins in hops. I b i d e m ,  vol. 11, page 116—  
147 (1914).

V. J o h s . S c h m i d t : On the aroma of hops. I b i d e m ,  vol. 11, page
149— 163 (1915).

VI. J o h s . S c h m i d t : On the amount of lupulin in plants raised b y  

crossing. I b i d e m ,  vol. 11, page 165— 183 (1915).
VII. S v e n d  H ö e g  L a r s e n :  The employment of artificial light in 

titration of the resins in hops. I b i d e m ,  vol. 11, page 
184— 187 ( 1 9 1 5 ).

VIII. J o h s . S c h m i d t : On the flowering time o f  plants raised by cros­
sing. I b i d e m ,  vol. 11, page 188— 198 (1915).

IX. J o h s . S c h m i d t : The occurrence of the wild hop in Denmark. 
I b i d e m ,  vol. 11, page 314— 329 (1916).

X. J o h s . S c h m i d t : On the aroma in plants raised by crossing.
I b i d e m ,  vol. 11, page 330— 332 (1917).

XI. J o h s . S c h m i d t : Can different clones be characterised by the
num ber o f  marginal teeth in the leaves? I b i d e m ,  vol. 14, 
no. 2, page 1— 24 (1918).



J O H S .  S C H M I D T :  

RACIAL IN V ESTIG ATIO NS

O f this series the following papers have bean issued:

I. J o h s . S c h m i d t : Zoarces viviparus L. and local races of the 
same. Comptes-rendus des travaux du Laboratoire Carlsberg, 
vol. 13, page 277— 397 (1917).

II. J o h s . S c h m i d t : Constancy investigations continued. I b i d e m ,  
vol. 14 no. i ,  page 1— 19 ( 1917).

III. J o h s . S c h m i d t : Experiments with Lebistes reticutatus (Peters)
Regan. I b i d e m ,  vol. 14 no. 5, page 1— 8 (1919).

IV. J o h s . S c h m id t : The genetic behaviour of a  secondary sexual
character. I b i d e m ,  vol. 14, no 8, page 1— 12 (1920).

V. J o h s . S c h m i d t : Experiments with Zoarces viviparus L. I b i d e m ,
vol. 14, no. 9, page x — 14 (1920).

VI. K i r s t in e  Sm i t h : Statistical investigations on inheritance in Zo­
arces viviparus L. I b i d e m ,  vol. 14, no. 11, page 1— 64 (1921).

VII. J o h s . S c h m i d t : Annual fluctuations of racial characters in Zo­
arces viviparus L. I b i d e m ,  vol. 14, no. 15, page 1— 24 (1921).

VIII. J o h s . S c h m i d t : T he numerical signification of fused vertebrae. 
I b i d e m ,  vol. 14, 110. 16, page x— 5 (1921).


