
A SFZCTS OF THE BIOLOGY OF SUBURBAN

FOXES

Stephen H a r r is

A th e s is  subm itted  a s  p a r t  of the exam ination  fo r  the Ph. D 

d eg ree  a t the U n iv ersity  of London. 1975.

» I

i

D e p a rtm en t of Zoology, 

R oyal Hollow ay C ollege, 

Egham ,

S u rrey .



ProQuest Number: 10097414

All rights reserved

INFORMATION TO ALL USERS  
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com plete manuscript 
and there are missing pages, th ese  will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10097414

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



ABSTRACT '

The o c c u rre n c e  of wild can ids liv ing  in  c lo se  a s so c ia tio n  w ith  m an 

is  docum ented, and i t  is  seen  th a t foxes liv ing  in  su b u rb ia  a re  a unique 

B r i t is h  phenom enon. F o x es  have lived  in  London fo r  a t  le a s t  55 y e a r s ,  

and have now p e rm an en tly  co lon ised  m o st su itab le  h a b ita ts .

T he v a rio u s  body m e a su re m e n ts  of su b u rb an  foxes a r e  co m p ared  

w ith  s im ila r  d a ta  fo r  o th e r  populations. I t is  shown tha t th e  ta i l  i s  

s h o r te r  than  in populations fro m  reg io n s  w ith c o ld e r  w in te rs , th e  o th e r  

body m e a su re m e n ts  v a ry in g  from  one population  to  a n o th e r but w ith 

no obvious p a tte rn .

V a rio u s  age d e te rm in a tio n  tech n iq u es have b een  applied  to the Red 

fox, bu t fo r  the m a jo rity  of tech n iq u es s e p a ra tio n  of y e a r  c la s s e s  is  

im p o ss ib le  a f te r  e igh teen  m onths of age . The only technique th a t 

h as  p roved  of value i s  the u se  of in c re m e n ta l l in e s  in  the tooth  cem en tum , 

p a r t ic u la r ly  in the p re m o la r  tee th  of the  low er jaw.

G row th c u rv e s  have been  co n s tru c ted  fo r  a n im a ls  up to s ix  y e a rs  

of age.

U sing the age of the a n im a ls  a s  d e te rm in e d  by cem en tum  lin e s , a 

life  cable fo r  suburban  foxes h as  been  c o n s tru c te d . T h ese  d a ta  a re  

u sed  to co m p are  the s tru c tu re  cf tne suburban  fox population  (su b jec t 

 ̂ to  lim ite d  co n tro l o p era tio n s) w ith tha t of a fox population  su b jec t 

to  in ten se  co n tro l. S u rv iva l c u rv e s  have been  co n s tru c te d . It i s  shown 

th a t only the ra t io  of young : ad u lts  is  affec ted  by  in ten se  c o n tro l 

o p e ra tio n s , and th a t the  ra te  of adu lt m o rta lity  is  id e n tic a l in  bo th  

popu la tions. The s ign ificance  of th is  is  d isc u sse d  in re la tio n  to 

r a b ie s  and s a rc o p tic  m ange. ^

- V



T he g e n e ra l h ea lth  of the  population  is  i l lu s tr a te d  u s in g  sp o n d y lo s is  

d e fo rm a n s  a s  an exam ple . T h is  condition  h as  not been  re p o r te d  

p re v io u s ly  in  foxes. .

The food h ab its  of su burban  foxes have b een  exam ined . The v a r io u s  

tech n iq u es  av a ilab le  have been  evaluated , bu t only s to m ach  c o n ten ts  and 

den l i t te r  p roved  of value in  the p re s e n t study. T he r e s u l ts  a r e  d isc u s se d  

in  re la tio n  bo th  to o th e r fox food s tu d ies  and the p re y  sp e c ie s  av a ilab le  

in  London.

T he v a lid ity  of the te rm  " su burban  fox" is  co n s id e red , co m p arin g  

the  d a ta  p re se n te d  h e re  w ith s im ila r  d a ta  fo r  o th e r fox popu la tions.
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“T h is  th e s is  c o n tr ib u te s  to  the  know ledge of fox b io lo g y  in  a  n u m b e r 

of w ays. I t  is  the  f i r s t  s tudy  in to  th e  b io logy  of su b u rb an  foxes, w hich 

a r e  unique to B r i t is h  tow ns and c it ie s . The e ffic ien cy  of a  v a r ie ty  of 

age d e te rm in a tio n  tech n iq u es  h as  b een  co m p ared  when app lied  to a  s ing le  

population . T he age d a ta  so obtained  have b een  u sed  to  d e te rm in e  the 

age s tru c tu re  of the  su b u rb an  fox population, and the f i r s t  life  ta b le s  fo r  

a  R ed fox population  have been  co n s tru c te d . T he o c c u rre n c e  of 

spondy losis  d e fo rm an s  in  the population  h a s  been  d e sc rib e d ; th is  condition  

h a s  no t p re v io u s ly  been  re p o rte d  in  the Red fox. T h is  is  a lso  one of the 

f i r s t  s tu d ie s  of the c o u rse  of developm ent of a  p a th o lo g ica l co nd ition  in  

a  w ild m am m al population . The food h ab its  of su b u rb an  foxes a r e  

d e sc rib e d , and the  m y ths con cern in g  th e ir  food h a b its  d ism is se d .
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SECTION 1 

INTRODUCTION

T he o c c u rre n c e  of wild a n im a ls  in a  su b u rb an  en v iro n m en t h as , in  

r e c e n t  y e a rs ,  becom e a topic of m a jo r  in te r e s t  to  n a tu r a l is ts  and 

c o n se rv a tio n is ts  and h as  b een  the  su b jec t of s e v e ra l  books ( e .g .  K ie ran  

1959, M abey 1973 and B urton  1974). Y et d e sp ite  the  g e n e ra l in te re s t  

c en tre d  on suburban  w ild life , and although th e re  a re  good re a s o n s  to 

en courage  eco lo g ica l and b eh av io u ra l s tu d ie s  of u rb a n  w ild life , S inton 

(1970) noted  th a t such  r e s e a r c h  is  s e r io u s ly  lack in g .

One of the f i r s t  suburban  an im a ls  to be  s tud ied  in  d e ta il  w as the 

Indian  rh e s u s  m onkey (M acaoa m u la tta ), w hich h a s  s h a re d  c i t ie s  w ith 

m an  fo r c e n tu r ie s . Singh (1989) co m p ared  m onkeys liv in g  in  th e ir  

n a tiv e  fo re s t  h ab ita t w ith  those  liv ing  in  c i t ie s  and show ed th a t w ith  the 

change in  h ab ita t th e re  w as a lso  a  change in  v a r io u s  a s p e c ts  of the 

a n im a ls ' b iology (group com position , d ie t, g roup  le a d e r s ' b e h a v io u r and 

a lso  in  psycho log ica l com plex ity ).

Some in te re s t  h as  focused  re ce n tly  on s tr a y  dog popu la tions liv ing  

in  su b u rb an  a re a s , p a r t ic u la r ly  in  A m ericsin  c i t ie s .  C ard in g  (1989) 

noted  th a t s tra y  dogs have liv ed  in  c lo se  a s so c ia tio n  w ith  m an  fo r  thousands 

of y e a rs ,  and tha t th ese  popu lations have raxiged f ro m  a  few  in d iv id u a ls  

p re se n t sp o rad ica lly  on the f r in g e s  of camps, to the m any  th o u san d s of 

an im a ls  liv ing  p e rm an en tly  in  a  la rg e  c ity . C ard in g  a lso  found th a t 

th e se  an im a ls  a re  capab le of cau sin g  a n u isan c e  in  a  v a r ie ty  of w ays, 

w hich included (a) sp re ad  of d ise a se , (b) in flic tin g  w ounds on people,

(c) dam aging  p ro p e rty , (d) c re a tin g  a  h a z a rd  on ro a d s , and (e) e x c e ss iv e  

n o ise . I t i s  in te re s tin g  to  note th a t, with the ex cep tio n  of the  second
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point, su b u rb an  foxes c re a te  a n u isan ce  in  e x a c tly  th e  sam e  w ays.

B eck  (1973) m ade a  d e ta iled  study of the s tr a y  dog popu la tion  of B a ltim o re , 

a  c ity  of 72 sq u a re  m ile s  w ith  a  population of n e a r ly  one m illio n  peop le .

He e s tim a te d  à to ta l f re e - ra n g in g  dog population  of be tw een  32, 400 to 

54, 000 a n im a ls . D esp ite  th e  v e ry  d iffe ren t n a tu re  of the pop u la tio n s  

u n d er in v estig a tio n . B e c k 's  study  and the  p re s e n t  study found m any  

eco lo g ica l and b io lo g ica l s im ila r i t ie s ,  and c o m p a riso n s  betw een  the two 

s tu d ie s  w ill be m ade la te r  in  the th e s is .

A lthough s tr a y  d o m estic  can id s  have lived  in  c lo se  a s so c ia tio n  vdth 

m an fo r  s e v e ra l  thousands of y e a rs , w ild can id s  only r a r e ly  e n te r  

sub u rb an  en v iro n m e n ts . The coyote (C an is l a t r a n s ) l iv e s  in  Los A ngeles , 

w here F  ro m an  (1961) noted  th a t the an im a l w as found even  in  the h e a r t  of 

the  city , and in  a  few o th e r  w e s te rn  c it ie s  such  a s  H ouston, D en v er and 

B o ise  w here  it  w as found on the o u tsk ir ts  of the  c ity . Only in  L o s A ngeles  

w as the an im a l w idely  d is tr ib u ted , and s e v e ra l  h u ndred  in d iv id u a ls  

(including coyo te-dog  h y b rid s) w ere  thought to  be p re se n t.  Of th e se , 

about tw enty w ere  caught each  m onth in  le  g - t r a p  s . H ere , how ever, the 

s itu a tio n  w as not one of an  an im a l invading su b u rb ia , a s  o c c u r re d  with the  

fox in  London, but of an  an im a l p e rs is tin g  a s  the su b u rb s  expanded . A lso , 

the coyo tes  w ere  liv ing  in re la t iv e ly  r u r a l  h a b ita ts  such  a s  the b ed s  of 

d ry  c re e k s , the s id e s  of s tee p  h ills , and the edg es  of e s ta te s ,  h a b ita ts  

w hich did not b r in g  the an im a ls  in to  v e ry  c lo se  co n tac t w ith m an .

The wolf (C an is lupus) w ill a lso  e n te r  towms and c itie s ;  th is  u su a lly  

happens du ring  the w in te r m onths in  re sp o n se  to  a sh o rta g e  of food, and 

the an im a ls  do not s tay  long. T he m ain  acco u n ts  r e la te  to  th e  Old W orld, 

and m any such  ev en ts  a re  docum ented  by  P o lla rd  (1964). He re c o rd e d  

th a t a  ra b id  wolf e n te red  th e  town of C a rm a r th e n  in  1163 and b it  22 

people, m o st of whom su b sequen tly  d ied . The su b u rb s  of P a r i s  w ere  

invaded by  s e v e ra l  w olves d u rin g  the c iv il s tru g g le s  a f te r  the  H undred  

Y e a rs  W ar a t the  beginning of the fifteen th  cen tu ry , ap p a re n tly  to  take  

advantage of the abundance of unburied  c o rp se s  th a t l i t te re d  the  s t r e e ts .  

E ven  m o re  s tr ik in g  w as the invasion  of the v illa g e  of P ilo v a  by la rg e
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n u m b e rs  of w olves, th is  happening  in  S ib e ria  a s  re c e n tly  a s  1927. H e re  

the  in h ab itan ts  w ere  b ese ig ed  by the a n im a ls , and m any  people w e re  

a ttack ed  and k illed  b e fo re  r e l ie f  fin a lly  a r r iv e d .

In  c o n tra s t, the  o c c u rre n c e  of foxes in  su b u rb ia  s e e m s  to b e  a  unique 

B r i t is h  phenom enon, foxes now being  found in  m o s t of the  l a r g e r  tow ns and 

c itie s ; no s im ila r  eco lo g ica l s itu a tio n  i s  seen  even  in  n e a rb y  co n tin en ta l 

E u ro p e . In  A u s tra lia  the in tro d u ced  Red foxes a r e  so m e tim e s  found on 

the  o u tsk ir ts  of la rg e  c itie s ; a re c e n t  n ew sp ap er r e p o r t  (Sunday E x p re s s  

25-6-1972) d e sc rib e d  a "plague" of fo x es  on the o u tsk ir ts  of M elbourne, 

w h ere  they cau sed  co n sid e rab le  dam age to a  cabbage cro p , 1, 000 cab b ag es  

be in g  ea ten  on a  5 0 -a c re  fa rm  in  one m onth. T h is  is ,  how ever, a  r a r e  

even t, and even  then  the foxes w ere  not liv ing  in  a t r u ly  su b u rb an  

en v iro n m en t.

In  A m e rica n  c it ie s , d esp ite  th e ir  m o re  open n a tu re , foxes a r e  

v ir tu a lly  n o n -e x is ten t, and th e ir  eco lo g ica l n iche i s  often  f illed  by  the  

ra c c o o n  (P ro cy o n  lo to r ). Jones (1958) com piled  a l i s t  of A m e ric a n  

suburban  p e s ts ,  noting th a t m o st w ere  le f t a s  re n m a n ts  a f te r  tne su b u rb s  

expanded. H is l i s t  of com m on suburban  p e s ts  w as: b a ts , ch ipm unks, 

li ly ing  s q u ir r e ls .  G rey  s q u ir re ls .  G round s q u ir r e ls ,  o p o ssu m s. P o ck e t 

go p h ers. C o tto n ta il ra b b its , skunks, w oodchucks. M eadow m ice . P in e  

m ice . W hite-foo ted  m ice  and m o le s . O th e r sp e c ie s  en co u n te red  a s  

o ccas io n a l p e s ts  in  som e a r e a s  included  a rm a d illo s , b a d g e rs , b e a v e rs , 

d e e r , m u sk ra ts , po rcu p in es  and w o o d ra ts . Jones m ade no m en tion  of 

fo x es. S im ila r ly  M acM ullan (1968) noted  th a t 90% of the tim e  o f M ichigan 

c o n se rv a tio n  o ffic e rs  in  m e tro p o litan  a r e a s  w as occupied  b y  co m p la in ts  

of s q u ir r e ls ,  racco o n s, o p ossum s, b a ts , ra b b its , and even skunks, but 

aga in  no m ention  w as m ade of foxes.

K ie ran  (1959) d e sc rib e d  the  w ild life  of New Y ork  C ity . He noted  

th a t i t  w as ille g a l to hunt w ithin  the c ity  l im its  and th a t a s  a r e s u l t  the 

ra c c o o n s  led  a  p ro te c ted  and w ell-fed  ex is ten c e , being  p re s e n t in  som e 

n u m b e rs  in  the outlying sec tio n s  of Q ueens and B ronx . Yet d esp ite  the
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ab sen ce  of hunting  p re s s u re s  K ie ra n  no ted  th a t fo x es  w e re  c o m p a ra tiv e ly  

r a r e ,  p e r s is tin g  only in  the n o r th e r ly  sec tio n  of the  B ronx , w h ere  bo th  

R ed  fo x es and G ray  foxes (U rocyon c in e re o a rg e n te u s )  w e re  found; th is  

a r e a  is ,  how ever, v e ry  ru ra l  and c o n s is ts  of sw am ps and la rg e  n a tu ra l  

p a rk s . T h is  s itu a tio n  se e m s  to have p e r s is te d  to  th e  p re s e n t  day  

w ithout change, Shom an (1970) no ting  th a t in  B ronx  P a rk , w h ere  m uch  

of the a r e a  i s  s t i l l  in a  n a tu ra l s ta te , a  fox b a rk  i s  o c c a s io n a lly  h e a rd . 

Shom an did l i s t  the  fox a s  being  one of a w ide ra n g e  of a n im a ls  see n  in  

Sm oke R ise , a 3, 500 a c re  New J e r s e y  developm ent w here  h o m es  w ere  

b lended  in to  a n a tu ra l  se ttin g , although th is  ag a in  is  not a  c lo sed  su b u rb an  

h ab ita t. T h a t the s itu a tio n  seen  in  B r ita in  is  so  to ta lly  d iffe re n t f ro m  th a t 

in  A m e ric a  is  exem plified  by  Shom an 's s ta te m e n t th a t "ou tside  of London, 

in  E pping F o re s t ,  foxes ro a m  a t w ill" ; Shom an e x p re s s e d  s u rp r is e  th a t 

foxes could be found so c lo se  to a  la rg e  city!

T eag le  (1967) docum ented the in v asio n  of the fox in to  the  su b u rb s  of 

London, and li ttle  fu r th e r  com m ent need be m ade on th is  accoun t. B rie f ly , 

he no ted  th a t du ring  the p e rio d  1930 to 1958 foxes w ere  known f ro m  a 

n u m b er of lo c a litie s , p a r t ic u la r ly  H am pstead  H eath, M iddlesex , and th a t 

th e re  w as evidence in  the 1940s th a t the a n im a ls  w ere  b ecom ing  co m m o n er 

in  su burban  S u rre y  and K ent. D uring  the p e rio d  1959 to  1965 T eag le  

co lla ted  a ll  av a ilab le  re c o rd s ; in  the e a r ly  1960s the fox could be found 

re g u la r ly  w ithin ten  m ile s  of the  c ity  c e n tre  a t B lackheath , W altham stow , 

W im bledon and N orbury , w ith o ccas io n a l a n im a ls  even n e a r e r  the  c ity  

c e n tre . By the end of h is  su rv ey  T eag le  found th a t on the E s s e x  side  of 

London foxes had p en e tra ted  a s  f a r  a s  B ark ing , L eyton  and W anstead; in  

K ent foxes w ere  found w ithin s ix  m ile s  of St. P a u l 's  C a th ed ra l; in  S u rre y  

th e re  w ere  re c o rd s  a s  c lo se  to  the c e n tre  of London a s  S trea th a m , Dulwich 

and L am beth ; in  M iddlesex the in n e r  m o st l im it of the b re e d in g  population  

s t i l l  seem ed  to be H am pstead , although foxes w ere  re c o rd e d  a s  f a r  in to  

' London a s  Hyde P a rk .

T eag le  noted tha t the  p re se n t s itu a tio n  w as the r e s u l t  of in v asio n  r a th e r  

th an  th ro u g h  an in c re a se  in  e x is tin g  populations w hich had b eco m e iso la te d  

w hen the su b u rb s  sp re a d . T eag le  a lso  d isc u sse d  the fa c to rs  w hich m ay
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have in itia te d  such  an invasion , p a r t ic u la r ly  the  e ffe c ts  of h a rd  w in te rs  and 

of m y x o m ato sis , and he w ise ly  concluded that th e se  f a c to rs  alone did no t 

co n stitu te  a s a tis fa c to ry  exp lanation  fo r  such  an  in v asio n . T he a v a ila b ility  

of bom b s ite s  a f te r  the Second W orld W ar m ight a lso  have b een  a  

c o n tr ib u ta ry  fa c to r , u n d e re s tim a te d  by  T eag le , s in ce  fo x es  a r e  now 

re p o rte d  to be in c re a s in g  in  n u m b er in B e lfa s t a s  the d ire c t  r e s u l t  of 

the av a ila b ility  of bom bed a r e a s  a s  h a rb o u ra g e .

B eam es (1969, 1972) docum ented the  fu r th e r  advance of fo x es  in to  

suburban  London. ' He noted  th a t the fox ap p ea red  to have s p re a d  in to  the 

in n e r  p a r ts  of the city  and w as re g u la r ly  re c o rd e d  fro m  New C ro s s  and 

D ulw ich to the e a s t  to W andsw orth and P u tn ey  in  the w est; they  w ere  

seen  re g u la r ly  in  p la ce s  such  a s  H am m er sm ith , K ilburn , H ighbury  and 

H ackney. B ea m e s  a lso  noted th a t it ap p eared  th a t foxes had occupied  

m o st of the  su itab le  a r e a s  contain ing  open sp ac e s  and la rg e  g a rd e n s  in  

the so u th ern  h a lf of the a re a .

O ccasio n a l foxes tu rn  up even n e a r e r  the c e n tre  of London. F o r  

in s tan ce  on S ep tem b er 11 1972 a  fox w as ru n  o v e r  in  B la c k f r ia rs  U n d erp ass  

in  the  C ity  of London its e lf  (The F ie ld  5-10-1972 and H o rse  and Hound 

6-10-1972), and i t  w as suggested  th a t the  an im a l w as liv in g  in  the bom b 

s ite s  of n ea rb y  T em ple  G arden . S im ila rly , a  fox w as ru n  o v er in  Y ork  

Road, W aterloo  (w ithin h a lf a m ile  of C h arin g  C ro ss)  in F e b ru a ry  1975 

(The Sun 18-2-1975).

A s can  be s e e r  fro m  th is  b r ie f  re su m e , foxes a re  now w id esp read  

throughout London. B reed in g  populations a re  found only a few m ile s  f ro m  

the c e n tre  of the city , and o ccas io n a l a n im a ls  o ccu r even fu r th e r  in; th ey  

a r t  s t i l l  in c re a s in g  in  n u m b e rs  and expanding th e ir  ran g e  s lig h tly , . y e t 

th e se  a n im a ls  a re  che o ffsp rin g  of no m o re  than  35 g e n e ra tio n s  of 

suburban  foxes. T h e re  h a s  been  som e d isc u ss io n  a s  to  w hich h a b ita ts  

in  London a r e  of im p o rtan ce  to foxes, p a r t ic u la r ly  a s  b re e d in g  s i te s  

and day tim e h a rb o u ra g e . B eam es (1969, 1972) noted  th a t foxes had 

occupied m o st of the su itab le  a r e a s  contain ing  open sp a c e s  and la rg e
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g a rd e n s  in  the so u th e rn  h a lf  of the  a r e a .  H ow ever B e a m e s  w as w rong  

in  h is  a ssu m p tio n  tha t p a rk s  and  la rg e  g a rd e n s  a r e  of p a ram o u n t 

im p o rta n c e  to foxes. Open sp a c e s  a r e  avoided b y  foxes a s  h a rb o u ra g e , 

s in ce  they  a re  heav ily  populated d u rin g  the  day, and such  a r e a s  a r e  o v e r 

ru n  by  dogs being  e x e rc ised ; g r a s s y  law ns a r e ,  how ever, of im p o rta n c e  

in  the e a r ly  m o rn ing  a s  so u rc e s  of e a rth w o rm s  fo r  the  foxes (Section 7).

T h a t sub u rb an  foxes r a r e ly  u se  p a rk s  fo r  ly in g -u p  d u rin g  the day  is  

co n firm ed  by S im m s (1974), who d e sc rib e d  the w ild life  of L o n d o n 's  R oyal 

P a r k s .  The only R oyal P a rk s  in  w hich foxes a r e  com m on a re  R ichm ond 

and B ushey, w h ere  la rg e  a r e a s  of land  a r e  in a c c e s s ib le  to bo th  th e  public  

and th e i r  dogs.

M ost fox e a r th s , and day tim e h a rb o u ra g e s , a r e  in  q u ie t g a rd en s , 

i r r e s p e c t iv e  of th e ir  s ize , w hich m ay be e i th e r  v /ell kep t o r  n eg lec ted  

and b ad ly  overg row n. Such g a rd en s  a r e  u su a lly  mvned by  old people 

o r  im m ig ra n ts , who n eg lec t the  garden , o r  by  people w ithout c h ild re n  

and dogs. In  such  s itu a tio n s  foxes a r e  ac tiv e  th roughou t the day . A lso  

of im p o rtan ce  a r e  London T ra n s p o r t  and B r i t is h  R a il ra ilw a y  em b an k m en ts, 

w hich a r e  becom ing  m o re  overgroTvn and im p e n e tra b le  in  the ab se n c e  of 

r e g u la r  b u rn in g .

T he h a b ita ts  in w hich sub u rb an  foxes a r e  found re n d e r  c o n tro l o p e ra tio n s  

e i th e r  d ifficu lt o r  im p o ss ib le . London T ra n s p o r t  and B r i t i s h  R a il  Bye 

L aw s p ro h ib it the c a rry in g  o r  u se  of f i r e - a r m s  on th e ir  p ro p e r t ie s ,  ' so 

th a t only g ass in g  o p era tio n s  a r e  allow ed, and s in ce  ad u lt foxes r a r e ly  u se  

e a r th s  th is  m ean s tha t only young cubs a re  d e s tro y e d  by  sp rin g  g assin g ; 

g a ss in g  a t any o th e r  tim e  of the y e a r  i s  p o in tle ss . On p r iv a te  p ro p e r ty  

th e re  is  often  a  conflic t of opinions, som e people w anting  th e i r  lo c a l 

C ouncil to co n tro l foxes, w hile o th e r  people dem and th e ir  p re s e rv a tio n .

If foxes a re  liv ing  in  two o r  th re e  neighbouring  g a rd e n s  they  can  often  

' only be  sho t in  one of the p ro p e r t ie s  so th a t som e of the a n im a ls  e sc a p e . 

S im ila r ly  people often com pla in  to th e i r  C ouncil about fox dam age bu t no 

ac tio n  can be taken  s ince  the foxes a re  liv ing  in  a  n e ig h b o u r 's  g ard en , 

w h ere  they  a r e  p ro te c te d  by  the  landow ner. Such a  co n flic t of op in ions
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e n s u re s  the continued su rv iv a l of foxes in  the  London su b u rb s .

S ince no r e s e a rc h  h as  p rev io u s ly  b een  conducted  on su b u rb an  foxes 

any  a s p e c ts  of th e i r  biology, ecology* o r  b eh av io u r could  have b een  

stud ied . T im e h as  p e rm itte d  only a  lim ited  n u m b e r of a s p e c ts  to  be 

stud ied , th e se  being  chosen  to  d e m o n s tra te  th e  w ay of life , g e n e ra l  h ea lth  

and ad ap ta tio n s  of suburban  fo x es. ,
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SECTION 2 

COLLECTION OF M ATERIAL

2 .1  STUDY AREA

T he study a r e a  w as taken  a s  the u rb an  a r e a s  w ithin  th e  G re a te r  

London B o u n d aries ; in  som e a re a s ,  p a r t ic u la r ly  on the so u th -w e s t and 

n o r th -e a s t  s id e s  of London, the b u ilt-u p  a re a  h as  s p re a d  beyond the 

G .  L. C .  boundary , and foxes have been  co llec ted  fro m  th e se  a r e a s  a s  

w ell. In  the  e a r ly  p a r t  of the study the  supply  of foxes f ro m  the 

su b u rb an  a r e a  w as v e ry  e r r a t ic ,  and som e foxes w ere  c o lle c te d  f ro m  

the  f r in g e s  of London, p a r t ic u la r  the outly ing su b u rb s  of the G re e n  B e lt 

zone. T h e se  an im a ls  in te rch an g e  w ith th o se  liv ing  w ithin  the  G re a te r  

London b o u n d a rie s  and fo rm  p a r t  of th e  sam e population .

2 .2  SU PPLY  OF MATERIAL

M ost fox c a d a v e rs  w ere  obtained  f ro m  the B orough  P u b lic  H ea lth  

O ffice rs , the an im a ls  being  k illed  in  re sp o n se  to sp ec ific  co m p la in ts . 

T he m ethods of dealing  w ith co m p la in ts  v a ry  (Table 1). M any an im a ls , 

p a r t ic u la r ly  l i t t e r s  of cubs, a re  k illed  b y  g a ss in g  and th e se  c o rp s e s  a re  

not re c o v e re d . The London B orough of Sutton r e l ie s  h eav ily  on b o x - 

tra p p in g  to co n tro l i ts  fox population  and th e se  a n im a ls  could not 

th e re fo re  be used  fo r  s to m ach  co n ten ts  a n a ly s is . H ow ever, d e sp ite  

th e  p ro b le m s  of shooting in  a b u ilt-u p  a re a , m o st B oroughs r e ly  on th is  

m ethod  of fox c o n tro l and a n im a ls  k illed  in  th is  w ay fo rm ed  the bu lk  of 

th e  sam p le .

In  one o r  two a r e a s  p riv a te  ind iv iduals  un d erto o k  fox c o n tro l w ork . 

A la rg e  sam p le  of an im a ls  (20 in a ll)  w as obtained  f ro m  an in d iv id u al
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TA BLE 1

SIZE OF THE 33 GREATER LONDON BOROUGHS AND TH E FOX 

CONTROL MEASURES IN  OPERATION 

(ACREAGE G ËBBETT 1972).

B orough T o ta l
A creag e

Open
Spaces
(ac re s )

R e s id e n tia l F o x  C o n tro l M e a su re s  
(a c re s )  In  O p e ra tio n

B ark in g

B a rn e t

B ex ley

B re n t

B ro m ley

C am den

8, 877 

23, 124

E a lin g  

, E n fie ld

G reenw ich

1, 324 

7, 391

15, 896 4 ,240

10, 923 1, 496

39, 293 20, 834

5, 365 1 ,043

C ity  of London 739 22

5, 464 1, 109
W e s tm in s te r

C roydon 23, 812 3, 018

13, 708 2, 892
20, 060 7, 532

12, 565 2, 636

2, 666

8, 116

5, 530

4, 826 

10. 907

1, 923 

8

1,297 

8, 950

5, 032 

5, 931

3, 984

No fox p ro b le m . 

O ccas io n a l foxes sho t 

in  re sp o n se  to sp e c ific  

co m p la in ts .

L a rg e  n u m b er of foxes 

sho t annually  by  the 

C ouncil,

No fox p ro b le m .

L a rg e  n u m b er of foxes 

sho t o r  g a sse d  

an n u a lly  in  the b u il t-  

up a r e a .

No fox c o n tro l a t 

p re se n t.

No fox p ro b le m .

No fox p ro b le m .

F o x e s  c o n tro lled  

m ain ly  b y  g ass in g ; 

som e shoo ting  and 

tra p p in g .

No fox co n tro l.

F o x es  sho t v e ry  

o ccas io n a lly .

F o x e s  c o n tro lle d  by 

shooting  c a r r ie d  out 

u n d er c o n tra c t.
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B orough T o ta l
A creag e

Open
Spaces
(a c re s )

R e s id e n tia l F o x  C o n tro l M e a su re s  
(a c re s )  In  O p era tio n

H ackney 4, 815

H a m m e rsm ith  4 ,181 

H arin g ey  7 ,490

H arro w

H avering

H illingdon

H ounslow

Isling ton  

K ensington  and 

C h e lsea  

K ingston upon 

T h am es

L am beth

L ew isham

M erton

N ewham

3, 679 

3 ,015

9,279

6, 840 

8, 611

769

538

1.299

12, 555 2, 956

29, 650 13, 412

27, 259 9, 981

14, 631 3, 482

117

381

2 , 680

681 

1, 171

9, 379 2, 571

9, 575 1, 077

1, 898 No fox c o n tro l p r o 

g ra m m e .

1,421 No fox p ro b le m .

3, 044 V e ry  few  fo x es  p re s e n t

and no c o n tro l 

n e c e s s a ry .

5, 825 No c o n tro l c a r r ie d  out

by  C ouncil; som e foxes 

sho t by p r iv a te  

ind iv idual.

6, 768 F o x e s  com m on bu t no

c o n tro l o p e ra tio n s  

d u rin g  study  p e r io d . 

6 ,499  F o x e s  c o n tro lle d  by

r e g u la r  shoo ting  by 

C ouncil; som e box- 

tra p p in g .

4, 040 F o x e s  r a r e  - only  a

few  a r e  sho t.

1, 564 No fox p ro b le m .

1, 223 No fox p ro b le m .

3, 751

3, 292

4, 194

3, 570

2, 444

F o x e s  p re s e n t  but no 

fox c o n tro l o p e ra tio n s .

No fox p ro b le m .

F o x e s  com m on and 

controH.ed by  C ouncil 

sh o o ts  and by c o n tra c t 

shooting .

F o x e s  c o n tro lled  by  

o c ca s io n a l c o n tra c t  

shooting .

F o x es  v e ry  r a r e  - no 

fox c o n tro l p ro g ra m m e .
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B orough T o ta l
A c rea g e

Open
Spaces
(ac re s )

R e s id e n tia l
(a c re s )

F o x  C o n tro l M e a su re s  
In  O p era tio n

R edbridge 13, 954 4, 411 5 ,230 O ccas io n a l fo x es  - no 

fox c o n tro l p ro g ra m m e .

R ichm ond 13, 967 6,110 3,757 F o x e s  com m on bu t no

upon T h a m es fox c o n tro l p ro g ra m m e .

Southw ark 7, 374 896 2 ,6 2 3 No fox p ro b lem .

Sutton 10,729 2, 154 4, 817 L a rg e  n u m b e r of fo x es 

-  c o n tro lle d  by  b o x - 

tra p p in g  and som e 

shooting .

T o w er H am le ts 5, 322 356 1, 180 No fox p ro b le m .

W altham 9, 804 2, 200 3, 481 O nly r a r e ly  tro u b led

F o r e s t by fo x es - no co n tro l 

p ro g ra m m e .

W andsw orth 8, 860 1, 896 3, 467 F o x es  r a r e  - no fox 

c o n tro l p ro g ra m m e .

G. L . C. Owned No r e g u la r  fox c o n tro l

Land o p e ra tio n s .

T o ta l a c re a g e
in  G re a te r 399, 795 117, 675 133, 308
London
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in  B a m e t, who sn a re d  foxes in  h is  g a rd en  in  o rd e r  to  p ro te c t h is  w ild 

fow l co llec tio n , and a  few  a n im a ls  w ere  a lso  sn a re d  in  B u c k h u rs t H ill 

f o r  the sam e re a so n . T he m ain  so u rc e s  of m a te r ia l  a r e  show n in 

T ab le  2.

2 .3  SEX-RATIO OF SAM PLE

W ith the excep tion  of one m onth, a l l  the cub sa m p le s  show ed a  

p rep o n d e ran ce  of m a le  a n im a ls , and fo r  the to ta l cub sam p le  the  sex  

ra t io  i s  126 m a le s  : 100 fe m a le s . T h is  is  due to tw o f a c to r s : -

a) m ale  a n im a ls  a r e  m o re  ad v en tu ro u s, and so m o re  re a d ily  

bo lted  by  t e r r i e r s .  F e m a le s  a r e  le s s  bold  and a r e  m o re  

often  k illed  u n d erg round , th e ir  c o rp se s  n e v e r  b e in g  re c o v e re d .

b) in  m any sp e c ie s  of can id s  th e re  is  c. r e a l  p re p o n d e ra n c e  of 

m a le  cubs. Jo h an sso n  (1938), in  a  study of Sw edish S ilv e r  

fox fa rm s , found th a t the  sex  r a t io  of cubs one o r  two w eeks 

a f te r  b ir th , e x p re s se d  a s  p e rcen tag e  of m a le s , w as 52. 93 

(112 m a le s  : 100 fem a le s) . F o r  th re e  s e p a ra te  y e a r s ,  Layne 

& M cKeon (1956) found th a t the sex  ra t io  fo r  R ed fo x -fo e tu ses  

co llec ted  in  New Y ork s ta te  w as 147 .4 , 156. 8 and 153. 6 m a le s  ; 

100 fe m a le s  and fo r  cubs the sex  ra t io  fo r  the sam e y e a r s  w as 

102.7 , 85. 6 and 94 .2  m a le s  : 100 fe m a le s . Lund (1959) quoted 

the  N orw egian  S ta tis t ic a l  B ureau  of 1948, w hich no ted  th a t on 

1-9^1946 th e re  w ere  65, 753 fem ale  and 71, 768 m ale  cubs 

am ong the S ilv e r  foxes on N orw egian fox fa rm s , a  sex  ra t io

of 109 .3 . F a i r le y  (1970) found th a t in  N o rth e rn  I re la n d  the 

sex  ra t io  fo r  em b ry o s  v/as 100 m a le s  : 96 fe m a le s , and fo r  

ju v en ile s  ihe se x  r a t io  w as 100 m a le s  : 91 fe m a le s .

T he o v e ra ll  sex  ra t io  fo r  the cub sam ple  is  h ig h e r  than  th a t  found in  

m o s t s tu d ie s , and th is  i s  a ttr ib u te d  to  a  com bination  of a  r e a l  

p rep o n d eran c e  of m a le  cubs, and to the  g r e a te r  chance of re c o v e r in g  

m ale  c u b s ’ c o rp se s .
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SOURCES OF CADAVERS
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L o ca lity Dogs V ixens Cubs T o ta l
D ogs V ixens

B a rn e t, L. B . of 13 8 - - 21

B exley, L. E . of 10 7 - 2 19

B ro m ley , L .B . of 34 34 27 15 110

Croydon, L .B . of 2 7 - - 9

E psom  and E w ell, U. D. of - 1 - - 1

E s h e r ,  U D of 4 1 - - 5

E s s e x  Suburbs 16 16 4 1 37

G reenw ich, L . B . of 6 9 10 11 36

H arro w , L .B . of 2 3 - - 5

H illingdon, L .B . of 19 11 11 7 48

K ent Suburbs 12 25 2 4 ■ 43

L ew isham , L. B . of - 1 - - 1

M erton , L .B . of 2 1 3 2 8

R edbridge , L .B . of - 1 - - 1

R ichm ond upon T h am es, 
L .B . of

3 5 3 2 13

S u rre y  Suburbs 12 10 2 3 27

Sutton, L .B . of 2 7 5 6 20

T o ta ls 137 147 67 53 4 0 4
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TA BLE 3

DISTRIBUTION OF CADAVERS THROUGH THE YEAR

Dogs V ixens
Dogs

Cubs
V ixens

T o ta l

J a n u a ry 20 14 34

F e b ru a ry 28 25 53

M arc h 19 18 37

A p ril 10 18 28

M ay 8 17 26 14 65

June 3 8 15 19 45

J u ly 2 4 7 5 18

A ugust 5 4 11 10 30

S ep tem b er 6 4 8 5 23

O ctober 3 8 11

N ovem ber 20 15 35

D ecem b er 13 12 25

137 147 67 53 404
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T he o v e ra ll  se x  ra t io  fo r  th e  adu lt sam ple  w as 93 m a le s  : 100 

fe m a le s , w ith a  p rep o n d eran ce  of m a le s  du ring  the  w in te r , and of fe m a le s  

d u rin g  th e  su m m e r w hen m o st co n tro l o p era tio n s  a r e  d ire c te d  to w a rd s  

v ixens and th e i r  l i t t e r s .  Layne & M cKeon (1956) su g g es ted  th a t th e re  

m a y b e  a  d iffe re n tia l  m o rta lity  du rin g  g es ta tio n  o r  b e fo re  the cubs 

le f t the den, so favouring  the su rv iv a l of fem a les , and th is  d if fe re n tia l  

su rv iv a l m ay accoun t fo r the decline  in  the p ro p o rtio n  of m a le s  in  the 

adu lt sam p le .

A s im ila r  annual v a ria tio n  in  the  sex  r a t io  in  the  adu lt sam p le  is  

co n firm ed  by m o s t w o rk e rs , e. g. Lund (1959), but n o rm a lly  the  o v e ra ll  

sex  ra t io  show s a  p rep o n d eran ce  of dog foxes in  the to ta l  sam p le .

Lund (1959) found an o v e ra ll  sex  ra t io  of 123 m a le s  : 100 fe m a le s  and 

F a ir le y  (1970) found a ra tio  of 100 m a le s  : 91 fe m a le s . Lajm e &

M cKeon (1956), studying  bo th  Red and G ray  foxes in  New Y ork, noted  

th a t in  bo th  sp e c ie s  adu lt m a le s  outnum bered  ad u lt fe m a le s  th roughou t 

th e  y e a r . H ow ever, the  d iffe re n t sex  ra t io s  a re  an  e x p re s s io n  of d iffe re n t 

sam pling  tech n iq u es  - L ayne & M cKeon obtained th e i r  sam p le  from, 

p ro fe s s io n a l t r a p p e rs  who used  fo o t- tra p s , and s in ce  dog fo x es ra n g e  

m o re  w idely  than  v ixens (e .g . F a ir le y  1969a, P h illip s , et_al 1972,

Jen se n  1973) m o re  dog foxes w ill be  caught. T he sam e a p p lie s  to 

s a m p le s  th a t include a  la rg e  n u m b er of sn a red  a n im a ls .

In  London, how ever, v e ry  few  an im a ls  a r e  caught in  th is  m an n e r, 

and p re su m ab ly  o rg an ised  shooting  g iv es  a  f a i r e r  r e p re s e n ta t io n  of the 

t ru e  sex  ra tio  (although durin.g peak b ir th  p e rio d s  shoo ting  s e le c ts  

dogs and b a r re n  v ixens, w hile an im a ls  n e a r  to  p a r tu r i t io n  a r e  u n d e r 

ground). T hus M cIntosh (1063o)^ studying  foxes sho t a t n igh t in  the  

C a n b e rra  d is t r ic t  of A u s tra lia , found a  sex r a t io  of 53. 3 m a le s  : 46. 7 

' fe m a le s  (114 : 100) w hich did no t d e p a r t s ig n ifican tly  f ro m  an  even  

ra tio . .
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SECTION 3 

BODY SIZE OF SUBURBAN FOXES

3 .1  INTRODUCTION

T he s iz e  of foxes is  often u tilise d  a s  a  c h a ra c te r  of im p o rta n c e  in  the 

re c o g n itio n  of sub specific  o r  r a c ia l  d iffe re n c e s . M ille r  (1312) no ted  

th a t  V ulpes vu lpes c ru c ig e ra  B ech ste in  fro m  c e n tra l  and so u th e rn  E u ro p e  

h a s  a  m ax im um  size  r a th e r  le s s  than th a t of V ulpes v u lp es  v u lp es  , 

L in n aeu s  fro m  the Scandinavian P en in su la . T e tle y  (1941) co m p ared  

S co ttish  and Scandinavian foxes, and c o n s id e red  th a t they  bo th  belonged 

to  V ulpes vu lp es  vulpes, and th a t th ese  an im a ls  w ere  d is tin c tly  l a r g e r  

th an  th o se  found in  c e n tra l  England. S im ila rly  H attingh (1956) co m p ared  

fo x es  f ro m  Scotland and England. He found th a t th e re  w ere  no d iffe re n c e s  

betv^een foxes fro m  W estm orland  and so u th e rn  E ngland, and th a t the 

fo x es f ro m  Scotland w ere  of a d is tin c t ra c e .

Kolb h  Hew son (1974) exam ined the body s iz e  of S co ttish  foxes 

c o lle c ted  f ro m  n o r th -e a s t  Scotland and A rg y ll. T h ese  w ere  co m p ared  

w ith  sa m p le s  fro m  England (H attingh 1956), N orw ay (Lund 1959) and 

f ro m  N o rth e rn  Ire lan d  (F a ir le y  1970). Kolb & H ew son concluded  th a t 

"too m uch s t r e s s  has been  la id  on the s im ila r i ty  in  s iz e  of S co ttish  

and Scandinavian foxes" and that "each  population  of foxes p ro b ab ly  h as  

i t s  own s ize  c h a ra c te r is t ic s  which w ill have been  evolved to su it  c e r ta in  

ec o lo g ic a l re q u ire m e n ts , r a th e r  than th e re  b e in g  a sm a ll n u m b e r of 

d is tin c t r a c ia l  ty p es" .
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3 .2  RECORDING OF DATA

A ll  undam aged c a r c a s s e s  w ere weighed, both  e n tire  and e v isc e ra te d , 

to  th e  n e a re s t  te n  g ram m e s. The s tan d a rd  m e a su re m e n ts  of head  p lus 

body and ta i l  leng ths w ere  re co rd ed  (-2 m m ). The pinna, hind foot, 

len g th  of the  head f ro m  the tip  of the nose  to the  e x te rn a l o cc ip ita l 

p ro tu b e ra n c e , and the w idth of the  head betw een the b a s e s  of the p innae 

w e re  a lso  m e asu red  (-1 m m ). The la s t  two m e a su re m e n ts  w ere  taken  

along the c u rv a tu re  of the head.

3 .3  BODY MEASUREMENTS

T he m e asu re m e n ts  of head plus body and ta i l  leng th  fo r  54 dogs 

and 46 v ixens k illed  during  the w in ter (O ctober - M arch) w ere  an a ly sed  

in  the  sam e way a s  th a t u sed  by Kolb & Ilew son (1974), and fo r  th e se  

m e a su re m e n ts  the range, m eans and stan d ard  d ev ia tio n s  a re  shown 

in  F ig u re  2, w here the body s ize  of suburban  foxes is  co m p ared  w ith 

sa m p le s  fro m  England, N o rth ern  Ire lan d , N orw ay and Scotland . The 

m ean  head plus body length  fo r  dog foxes fro m  sub u rb an  London w as 

l a r g e r  than  the sam e m easu rem en t fo r  the o th e r populations, w ith the 

ex cep tio n  of the N o rth e rn  Ire lan d  population, w hich had a  s lig h tly  l a r g e r  

m ean  leng th . F o r  the v ixens the m ean length  w as a lm o st e x ac tly  the 

sam e  a s  tha t fo r  S co ttish  v ixens, and th ese  two popula tions fo rm ed  the 

l a r g e s t  sam p les .

T he m o st in te re s tin g  point is  the v e ry  sh o rt ta i l  leng th  see n  in  

su b u rb an  foxes, and in both dogs and v ixens the m ean  ta i l  leng th  is  

s h o r te r  than  that from  the o th e r populations, w ith  the  excep tion  of the 

sam p le  fro m  N o rth e rn  Ire lan d . The sam p les show a d is tin c t 

c o r re la t io n  betw een w in ter te m p e ra tu re  and ta i l  length, the  s h o r t 

ta ile d  an im a ls  liv ing in  a re a s  w ith a m ild  w in te r c lim a te , such  a s  

N o rth e rn  Ire lan d  and suburban  London.

H alten o rth  & Roth (1968) quote B e rg m an n 's  ru le  tha t the s ize  and

of an an im al in c re a se s  fro m  w arm  to cold a re a s ,  and they  noted  thau
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foxes  from , n o r th -e a s t  G erm any w ere  la r g e r  than  th o se  f ro m  the so u th 

w e s t. H ow ever a  sim ple  explanation such a s  B e rg m a n n 's  ru le  does not 

app ly  to  fox body size  d a ta . A s can be seen  f ro m  T ab le  4, the  g re a te s t  

head  and body leng ths o ccu r in  populations f ro m  the m ild e s t c lim a te s , 

b u t th is  in c re a se d  s ize  i s  coun terac ted  by  a  red u ced  ta i l  length , so that 

popu la tions f ro m  m ild e r  c lim a tes  a re  in to ta l leng th  s h o r te r  th an  m o st 

(but not all) populations fro m  m o re  r ig o ro u s  c lim a te s . H attingh  (1956) 

could find no d ifferen ce  in  the body size  of foxes fro m  so u th e rn  E ngland 

and W estm orland , desp ite  the v e ry  d ifferen t c lim a tic  cond itions.

C om paring  the o th e r body m easu rem en ts  of hind foot leng th  and 

p inna leng th  (T ab les 5 and 6), no d is tin c t p a tte rn s  em e rg e . The 

s h o r te s t  e a r s  a re  not seen  in an im als  fro m  the co ld est a re a s ,  a s  usuaU y 

a tte s te d  . N e ith e r do the la rg e s t  an im als  have the la rg e s t  p innae and 

hind fee t.

3 .4  BODY WEIGHT

Body w eight is  affected by a num ber of fa c to rs . Lund (1959) 

show ed th a t the body weight fluc tua tes w ith the season , dogs being  

h e a v ie s t in  Ju ly /A ugust and N ovem ber, w h ereas  v ixens w ere  h e a v ie s t 

in  A p r il  (due to pregancy) and O ctober/N ovem ber. S im ila rly  body 

w eight is  reduced  by d isea se  - sa rco p tic  m ange red u c es  body w eight 

by  up to ha lf that of the healthy an im al.

To com pare  the body weight of suburban  foxes only healthy , non

p reg n an t, w in te r-k illed  an im als  w ere used . 54 dog foxes w ere  found 

to  have an av e rag e  weight of 6 . 43 kg .(range 5 .16  - 8. 20 kg.) and 46 

v ix en s  an  av erag e  of 5. 45 kg .(range 4. 00 - 6. 77 kg. ).

A s can  be seen  fro m  T able 7, the lig h tes t foxes a re  those  f ro m  

K a n sa s . The A m erican  Red fox (considered to be co n -sp ec ific  w ith  th e  

E u ra s ia n  an im als  by C h u rch er (1959)) is  con sis ten tly  re p o rte d  to  be  a  

sm a ll  an im al throughout i ts  range . Rue (1969) re c o rd e d  tha t the  A m eric a n
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TA BLE 5 ;

COMPARISON OF HIND FOOT LENGTHS FROM  D IFFE R E N T  

FOX POPULATIONS. A LL FIGURES ARE 

MEASUREMENTS IN MILLHVIETRES-

Source of 
M a te ria l

D ogs

R ange Av

V ixens

R ange Av
A uthor

E ngland 135 - 170 152 125 - 150 141 H attingh  1956

London 140 - 173 155 128 - 161 143 P re s e n t

study .

N o rth e rn  I re la n d 109 - 173 161 134 - 166 151 F a i r le y  1970

Scotland 143 - 178 167 143 - 168 159 Kolb & 

H ew son 1974
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TA BLE 6 -

COMPARISON OF PINNA LENGTH FROM  D IFFE R E N T  FOX 

POPULATIONS. A LL FIGURES ARE MEASUREMENTS 

IN M ILLIM ETRES.

Source of 
M a te ria l

Dogs

Range Av

V ixens 

Range Av
A uthor

London 82 - 102 93 78 - 9 9 89 P re s e n t  study.

E ngland 85 - 100 93 80 - 95 89 H attingh  1956.

Scotland 87 - 106 96 85 - 100 93 Kolb & H ew son

1974

N o rth e rn  Ire lan d 94 - 113 104 56 - 110 99 F a ir le y  1970.
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fox w eighs 8 - 1 1  lb s  (3. 63 -  4. 99 kg. ) w ith  an  a v e rag e  w eight of 9 ^1 b s 

(4. 31 kg. ). Rue o b se rv ed  th a t th e  la rg e s t  fox he had seen  w as a  m ale  

w hich w eighed 14 lb s  12 ozs (6 . 69 kg. ), and  he a lso  noted a fox fro m  

P en n sy lv an ia  w hich w eighed ju s t o v e r  16 lb s  (7 .2 6  kg. ). S im ila r ly  

A rno ld  (1956) re c o rd e d  th a t the  n o rm a l w eigh ts of foxes (unsexed) f ro m  

M ichigan w as fro m  8 - 1 2  lb s  (3 .63  - 5 .4 4  kg. ), w ith  an e x tra  la rg e  

fox w eighing up to 15 lb s  (6 . 80 kg. ). Rue com m ented  th a t th e  w eigh ts 

re c o rd e d  b y  Hoffm an & K irk p a tr ic k  (1954) w ere  w ell above the 

n a tio n a l a v e ra g e .

F ro m  the  ran g e  of w eights fo r  E u ro p ean  a n im a ls , shown in  T ab le  7, 

i t  can  ag ain  be seen  tha t the  m ean  w eight of th e  population  does not 

in c re a s e  w ith la titu d e , c o n tra ry  to  B e rg m a n n 's  ru le , a lthough H a lten o rth  

& R oth (1968) c la im ed  th a t the w eight of the Red fox ra n g e s  fro m  3 - 

14 kg. in  acco rd an ce  w ith B e rg m an n 's  ru le . H ow ever, th is  u p p e r  l im it 

does seem  r a th e r  high; F a ir le y  (1969) noted a  p a r t ic u la r ly  la rg e  v ixen  

f ro m  Co. Down a s  w eighing 11. 6 kg. (25. 5 lbs), and th is  an im a l w as 

co n s id e rab ly  la r g e r  than  m o st foxes en co u n tered . A s is  a lso  a p p a re n t 

f ro m  T a b le s  4 and 7, the lo n g est foxes a r e  not the h e a v ie s t.

3. 5 SEXUAL DIMORPHISM IN THE WIDTH OF THE HEAD

It is  freq u en tly  a s s e r te d  th a t th e re  is  a sex u a l d im o rp h ism  in  the 

w idth of the head e. g. T albo t (1906), B u rro w s (1968). . Dog fo x es a r e  sa id  

to iiave a head tha t is  b ro a d e r  betw een  the e a r s ,  and a lso  to  have a  m o re  

dom ed fo reh ead . T a lbo t d e sc rib e d  th is  a s  the e a r s  and snout fo rm in g  a  

V shape in  the v ixen  and a W shape in  the dog when view ed h ead -o n .

In an  a n a ly s is  of the head  m e a su re m e n ts  fo r  52 dog foxes and 46 

v ixens k illed  in London th e re  w as no s ta t is t ic a l ly  s ig n ifican t d iffe ren ce  

in  the w idth of the  head when e x p re ssed  a s  a  p e rcen tag e  of th e  len g th  

of the  head . T h is  p e rcen tag e  ra n g e s  fro m  38 - 62 in  v ix en s  and 33 - 63 

in  dogs, w ith a  com plete  o v erlap  in  d is tr ib u tio n s  (F ig u re  3).
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TA BLE 7 .

COMPARISON OF BODY WEIGHTS FROM  D IFFE R E N T  FOX 

POPULATIONS. A L L FIGURES ARE WEIGHTS IN 

KILOGRAMMES.

S ource of 
M a te ria l

Dogs 

Range Av

Viicens 

Range Av
A uthor

K ansas 4 .0 8  - 5. 67 4. 61 2 .7 2  - 4 .1 4 3 .99 S tan ley  1963 (lbs 

co n v erted  to  

k ilo s  ).

Indiana 3. 81 - 6 .08 5 .25 3. 36 - 5. 67 4 .21 H offm an & K irk 

p a tr ic k  1954 (lbs 

co n v e rted  to 

k ilo s).

N orw ay 3 .75  - 8 . 45 5. 90 2 .12  - 7. 80 5 .1 9 Lund 1959.

N e th e rlan d s 4 .2 8  - 8 .19 5.97 4 .0 0  - 6 . 80 5. 10 H aaften  1970.

London 5. 16 - 8 .20 6.43 4 .0 0  - 6 .77 5 .4 5 P re s e n t  study.

E ngland 5 .5  - 8 .2 6 .7 3 .5  - 6 .7 5 .4 H attingh  1956

N o rth e rn
Ire la n d

Scotland

S outh-w est
G erm any

N o r th -e a s t 
* G erm any

4 .0  - 9 .2  6 .9

5 .7  - 9 . 3  7 . 3

7 . 0

8. 5

4 . 0  - 6 . 9

4 . 2  - 7 . 8

(re a n a ly se d  by 

Kolb & Hewson 

1974).

5. 8 F a i r le y  1970,

6. 2 Kolb & Hewson

1974.

5 .5

7 .5

H alten o rth  & 
R oth  1968.
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H u r re l l  (1962) and F a ir le y  (1970) both  c la im  th a t dog fo x es  have w id er 

snou ts th an  v ixens,, but tak ing  exact m e a su rem en ts  of the  w idth of the  

snout p roved  im p o ss ib le . T ha t dog foxes m ay have w id e r snou ts  i s  

sup p o rted  by sk u ll m e a su re m e n ts . Ognev (1931) noted  th a t sk u lls  

f ro m  m a le s  have a b ro a d e r  ro s tru m  and a  b ro a d e r  p a la te . C h u rc h e r  

(1960) se p a ra te d  Red fox sk u lls  into m ale  and fem ale  on in d ice s  b ased  

on to ta l length, zygom atic w idth and m asto id  width, p rov ided  th a t f i r s t  

and second y e a r  an im als  w ere  co n s id e red  se p a ra te ly  fro m  o ld e r  sp ec im en s. 

T he effic ien cy  of th is  sep a ra tio n  v a ried  betw een N orth  A m erican  

popu la tions, and in  som e populations th e re  w as c o n s id e rab le  o v e rlap  

betw een  the sex es .

3. 6  SUMMARY

E a c h  fox population exhib ited  d iffe ren t s iz e  c h a ra c te r s ,  evolved to  

m e e t i t s  own eco lo g ica l re q u ire m e n ts . The fa c to rs  th a t g o v ern  body 

s iz e  a r e  com plex  and sim ple  exp lanations such  a s  B e rg m a n n 's  ru le  do 

no t apply . Suburban foxes a re  lo n g er in  body leng th  and s h o r te r  in  ta i l  

leng th  than  m o st populations with xhe exception  of th a t f ro m  N o rth e rn  

I re la n d . T h e re  i s  no c o ro lla ry  betw een body length , pinna leng th  and 

hind foot length. However, fo r  th e ir  s ize , suburban  foxes a r e  

c o m p ara tiv e ly  light, being  the sam e w eight (but longer) than  E n g lish  r u r a l  

foxes, l ig h te r  than  S co ttish  and N o rth e rn  Ire la n d  foxes, and h e a v ie r  than  

th o se  fro m  N orw ay and the N eth e rlan d s.
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SECTION 4

COMPARISON OF THE TECHNIQUES FOR AGE 
DETERMINATION, AS A PPL IE D  TO SUBURBAN FOXES

4 .1  INTRODUCTION

T he ab ility  to d e te rm in e  the abso lu te  age of an an im al i s  one of the 

m o s t u se fu l techn iques availab le  to any w ildlife b io lo g ist, A lexander 

(1958) d isc u s se d  the value of age d e te rm in a tio n  in  w ild life  m anagem ent, 

p a r t ic u la r ly  in  re la tio n  to  in te rp re tin g  population changes, and he show ed 

th a t such  d a ta  a re  invaluab le , p a r t ic u la r ly  in  the  m anagem en t of gam e 

sp e c ie s . M o rr is  (1972) rev iew ed  som e of the re c e n t l i te r a tu r e  on 

age d e te rm in a tio n  techn iques, and he noted  th a t "w ithout d a ta  on an 

a n im a l 's  age we cannot e s ta b lish  i ts  r a te  of grow th, the age of reach in g  

m a tu rity , life  span  and a  whole ran g e  of fa c to rs  of v ita l in te r e s t  to  the 

w ild life  b io lo g ist" .

Spinage (1973) rev iew ed  the l i te r a tu r e  on the  u se  of te e th  in  the  

d e te rm in a tio n  of an a n im a l's  age, p lacing  p a r t ic u la r  em p h as is  on A frican  

m a m m a ls . He a lso  re c o rd e d  th a t "know ledge of the ag es of ind iv iduals  

i s  e s se n tia l  to u n d erstan d m g  the r a te s  of grow th, o n se t of sex iia l m a tu rity , 

f e r t i l i ty  peak , sen escen t decline  and life  span, a s  w ell a s  so c ia l 

b eh av io u rs" . Spinage a lso  noted th a t ex trem e  p re c is io n  in  age 

d e te rm in a tio n  is  often of m o re  academ ic  than  p ra c tic a l  in te re s t ,  and 

th a t e m p ir ic a lly  c rude  m ethods often su ffice .

T h is  l a s t  poin t m ade by Spinage is  only tru e  in  c e r ta in  in s ta n c e s ; 

f o r  s tu d ie s  of p roductiv ity , so c ia l behaviour, e tc . b ro ad  age g roup ings 

often  do su ffice , but fo r  s tu d ies  on population  dynam ics d iffe ren t 

g en e ra tio n s  need  to be reco g n isab le . Shilyaeva (1971), fo r  exam ple.
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stu d ied  the s tru c tu re  of R u ssian  A rc tic  fox (Alopex lag o p u s) popu la tions, 

in  w hich he exam ined the ro le  of d iffe ren t g en e ra tio n s  in  the  dynam ics 

of the population. He showed th a t th e re  w ere  b a s ic a lly  th re e  ty p es  of 

g en era tio n , co rrespond ing  to  the th re e  p e rio d s  of one cyc le  of a rc t ic  fox 

n u m b e rs . Shilyaeva found th a t g en era tio n s  b o rn  in  d iffe ren t y e a rs , in  

d iffe re n t liv ing  conditions, d iffered  in  the ra te  of m u ltip lica tio n , n u m b ers , 

s tru c tu re  and life  span, the n u m eric a lly  l a r g e r  g en e ra tio n s  liv ing  le s s  

long, but m ultip ly ing  m o re  b risk ly , and the n u m e ric a lly  sm a ll g e n e ra tio n s  

having  ra is e d  in d ices  of life  span, f e r ti l i ty , e tc .

To be ab le  to  reco g n ise  s e p a ra te  y e a r  c la s s e s  (= g e n e ra tio n s  in  the 

fox) is  a lso  advantageous in  the  study of d ise a se  in  a  population , and one 

of the f i r s t  app lications of th is  technique to  the study  of th e  tim e  of 

a p p ea ran ce  and r a te s  of developm ent of a  patho log ica l condition in  a  

population  is  p re se n te d  in  sec tio n  s ix  of th is  the s ic .

I t  i s  no t alw ays p o ssib le  to d e te rm in e  ex ac tly  the age of a  m am m al. 

T hus T a b e r  (1971), in  h is  rev iew  of the c r i t e r i a  of sex  and age, no ted  

th a t in  m am m als  the c r i te r ia  of age a re  b ased  on p h y s ica l m a tu ra tio n , 

and th a t th e re  ap p e a rs  to be m o re  v a ria tio n  in  th is  r e s p e c t  betw een 

ind iv idual m am m als  than betw een indiv idual b ird s . T h is  m ean s  th a t 

c r i t e r i a  of age a r e  g en e ra lly  som ew hat le s s  p re c is e  fo r  m am m als  than  

th ey  a r e  fo r  b ird s . T a b e r  a lso  s ta te d  th a t th e se  p ro c e s s e s  of g row th  

a re  to  som e ex ten t co n tro lled  by health  and n u tritio n , so th a t th ey  m ay  be 

s lo w e r in  one indiv idual and m o re  rap id  in  ano tlier.

T h e re  a re  s e v e ra l  p o ssib le  m ethods fo r  the d e te rm in a tio n  of age in  

th e  R ed fox. Some of th ese  have a lre ad y  been exam ined  b rie fly , but so 

, fai* no a ttem p t h as  been m ade to  c o r re la te  the r e s u l ts  ob tained  fro m  

th e se  d iffe ren t m ethods when applied  to  the sam e in d iv id u a ls, and to  

* co m p are  the re la tiv e  e ffec tiv en ess  of th e se  d iffe re n t tech n iq u es . Since 

th e re  is  often co n sid e rab le  ind iv idual v a ria tio n  in  r a te s  of g row th  and 

developm ent, abso lu te  re lia n c e  on one technique should  be avoided  if
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p o ss ib le  - Dolgov & R osso lim o  (1966) noted  th a t in  d e te rm in in g  the ag es 

of a n im a ls  i t  i s  b e tte r  to  u se  a  com plex of fe a tu re s .

4 .2  INCREM ENTAL LINES OF THE DENTINE, CEM ENT AND 
PERIO STEA L BONE OF THE LOWER JAW

4 . 2 . 1  In troduction

T h e  u s e  of th is  technique has been rev iew ed  in  d e ta il by îQ evezaI'

& K Leinenberg (1969), who noted th a t " th is  m ethod en ab les  u s  to  d e te rm in e  

th e  age, in  y e a rs ,  of ev e ry  an im al and is  p ra c tic a lly  the only m ethod 

p e rm ittin g  d e te rm in a tio n  of the age of young o r  old an im a ls  of e i th e r  sex  

w ith an  e r r o r  of only up to one y e a r" . W hile th is  s ta te m e n t is  som ew hat 

sw eeping , the  technique is  a  v e ry  u se fu l one, and i t  allow s the ex ac t 

d e te rm in a tio n  of an an im als  age w ith a  high d eg ree  of acc u rac y .

K Levezal’ & KLeinenberg noted th a t s ince  the 1850s the  l i te r a tu r e  

h as  con ta ined  d a ta  on the p re se n c e  of la y e rs  in  the dentine and th e  p re se n c e  

of r id g e s  on the ro o ts  of the tee th  of m a rin e  m am m als . T he techn ique, 

how ever, w as not u tilise d  fo r  age d e te rm in a tio n  u n til S ch effe r (1950) and 

L aw s (1952) re -e x a m in e d  the technique in  P inn iped ia . S ch effe r exam ined  

the  can in es  of the F u r  s e a l (C allo rh inus u rs in u s ) , found th a t an annual 

r id g e  w as la id  down in the tooth cem entum . Law s d e m o n s tra te d  the 

fo rm a tio n  of an annual la y e r  in  the dentine of the can in es of the  E lep h an t 

s e a l  (M irounga leon ina).

S ince th e se  w o rk e rs , the technique h as  been app lied  to  a  w ide  ̂

ran g e  of t e r r e s t r i a l  and aquatic m am m als, which in c lu d es  sp e c ie s  f ro m  

the follow ing o rd e rs : S iren ia , P inn iped ia , In sec t!v o ra , C h irc p te ra , 

P r im a te s ,  C etacea , F is s ip e d ia , P e ris so d a c ty la , A rtio d ac ty la  and 

R oden tia . A l i s t  of r e fe re n c e s  to  th is  w ork  is  p re se n te d  by M adsen  (1967% , 

and rev iew s of the l i te ra tu re  a re  p re se n te d  by T a b e r  (1963, re v is e d  1971), 

KLevezal' & KLeinenberg (1969), M o rr is  (1972) and Spinage (1973), and 

so  no s im ila r  rev iew  w ill be included  h e re .
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Both cem en t and dentine a re  la id  down oppositionally , den tine  on the  

in te rn a l  s u rfa c e s  of the tooth, and cem ent e x te rn a lly  a round  the  ro o t.

T h is  m ean s  th a t cem ent can be deposited  w ithout being lim ite d  by a  la c k  

of sp ace , w h ereas  grow th of the  dentine in  m o st m a m m als  i s  a  re la t iv e ly  

tra n s ie n t  p ro c e s s , often ceasing  soon a f te r  m a tu rity  is  a tta in ed . The 

excep tio n s  to  th is  a re  the  co n ica l tee th  of odontocete w hales  and the  

can in es  of se a ls , w here grow th of the  dentine is  p ro longed  th roughou t 

l ife  (M o rris  1972). M ost w o rk e rs  have ag reed  th a t the  u se  of tooth  

cem en tum  is  a  m o re  valuable technique than  studying se c tio n s  of the  

dentine e, g. H ew er (1964), who stud ied  the G rey  s e a l (H a lich o e ru s  g ry p u s ), 

and G ilb e r t (1966), who studied  V.Tiite-tailed d e e r  (O docoileus v irg in ian u s).

T he w idth of the cem ent v a r ie s  f ro m  one sp ec ie s  of m am m al to 

an o th e r. M o rr is  (1972) noted hi a t i t  w as v ir tu a lly  n o n -e x is te n t on the  

te e th  of the hedgehog, (E rin a ce u s  e u ro p aeu s). In lie rb iv o re s  th e  cem en t 

fo rm s  a  th ick  la y e r , w h ereas  in  c a rn iv o re s  th is  la y e r  is  m uch th in n e r, 

but i t  i s  s t i l l  deposited  in  reco g n isab le  annual la y e r s ,  even the  la s t  fo rm e d  

la y e r s  of old an im als  being d is tin c t.

T he u se  of p e r io s te a l  la y e rs  in  tlie bone fo r  age d e te rm in a tio n  is  a 

m o re  re c e n t technique, fo r  which the e a r ly  l i te r a tu r e  w as rev iew ed  by 

KLevezal' & K leinenberg  (1969). T h ese  au th o rs  l is te d  annual la y e r s  a s  

o c c u rrin g  in  the p e r io s te a l  bone of the m andible in the  follow ing o rd e rs  

of m am m als: In sec tiv o ra , L agom orpha, R odentia, C etacea , F is s ip e d ia  

and P in n ip ed ia . H ow ever the techiiique is  of m o re  lim ite d  app lica tio n  

than  grow th  lin e s  in the tee th , and w ithin one m am m alian  o rd e r  the annual 

l in e s  can  be re a d ily  d em o n stra ted  in  one sp e c ie s  and not in  an o th e r. In 

re c e n t y e a rs  the technique h as  been applied  with som e su c c e ss  to  hedgehogs 

(E rin a ce u s  eu ro paeus) by M o rr is  (1970), and th is  technique w as then  

app lied  by K ris to ffe rsso n  (1971) to  hedgehogs .In F in lan d , fo r  w hich he 

d e te rm in e d  the  age d is tr ib u tio n  of the population. M iU ar & Z w ickel (1972) 

a lso  u se d  th is  technique in th e ir  study  on the age s tru c tu re  and m o rta li ty  

of the p ik a  (Ochotona p rin cep s) in A lb e rta  and C olorado.
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A lthough a  la rg e  volum e of l i te r a tu r e  now e x is ts  d em o n stra tin g  the 

p re se n c e  of grow th  lin e s  in  h a rd  t is s u e s ,  v e ry  l i t t le  e ffo rt h as  been m ade 

to  exp la in  the o cc u rre n c e  of th ese  lin e s . K leveza l' & K Leinenberg (1969) 

exam ined  the effec t of w in te r  on the  grow th r a te s  of a  v a r ie ty  of m am m a ls , 

and th ey  show ed th a t in  m o st m am m als  th e re  w as a  c e s sa tio n  of grow th, 

and so m e tim e s  aj.so a  lo s s  of body w eight (although the R ed fox show s an 

in c re a s e  in  w eight in  the  w in te r  and a  lo s s  of w eight in  the  su m m e r 

(H attingh 1956, Lund 1959, p re se n t study)). K levezal' & K le inenberg  

concluded th a t a ll m am m als  a re  su b jec t to  an annual d e c re a se  in  the  

g ro w th  r a te  of the  t is s u e s  of the te e th  and bone, re su ltin g  in  the fo rm a tio n  

of annual la y e r s  in  th ese  t is s u e s .  They thought th a t d a rk  w in te r  l in e s  

w e re  fo rm e d  by a reduction  in  the ra te  of grovi:h of the o rg an ic  s tro m a  

of the  t is s u e  witli no change in  the r a te  of ca lc ifica tio n , re su ltin g  in n a rro w  

w in te r  l in e s  w ith a  high ca lc iu m  content.

M o r r is  (1970) sa id  th a t they  w ere  "c au sed  by se a so n a l f lu c tu a tio n s  in  

g row th  r a te " ,  although he did not explain  the n a tu re  of th e se  s e a so n a l 

flu c tu a tio n s . M o rr is  did note th a t one hedgehog w hich had  not been 

allow ed to  h ib e rn a te  showed no grow th lin e s  in  the p e rio s teu m , and he 

com m ented  th a t " d a rk  bands in  the p erio stea l zone each  one co rre sp o n d in g  

to  a  p e rio d  of a r r e s te d  grow th, ^ a r e j  u su a lly  caused  by h ib e rn a tio n " .

W hile h ib e rn a tin g  m am m als, such as  the  hedgehog, show ed m ark e d  

grow tli l in e s  developed during  h ibernation , m any an im als  th a t do not 

h ib e rn a te  a lso  show w ell -developed  annuli, although K lev eza l' & 

K le inenberg  (1969) noted th a t e sp e c ia lly  d is tin c t annual la y e r s  a re  

o b se rv ed  in h ib ern a tin g  m am m als.,

S e rg ea n t (1967) sa id  " th e  type of cem ental grow th is  dependent upon 

n u tr i t io n a l  s ta te . Since body grow th of captive C erv id ae  fed a  h igh  

ra iio n  d ec lin es  a t the ru ttin g  season , sex  h o rm o n es red u ce  food in tak e  

and p re su m a b ly  cem en ta l grow th a lso " . M itch e ll (1967) d isc u s se d  the  

g row th  l in e s  in the cem ent of re d  d e e r  (C ervus elaphus) f ro m  Scotland.

He found th a t the cem ent pad  of the f i r s t  low er m o la r  c o n s is te d  of 

b ro ad  la y e r s  r ic h  in  cem en tocy tes , a sso c ia te d  w ith the  s u m m e r / autum n
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p e rio d  of grow th, se p a ra te d  by n a r ro w e r  la y e rs  d efic ien t in  cem en to cy tes , 

c o rre sp o n d in g  w ith the  p e rio d  of w in te r /e a r ly  sp rin g  food r e s tr ic t io n .

L ik e  S erg ean t (1967), M itchell found a  c o rre la tio n  betw een sex  h o rm o n e s  

and g row th  lin e s , m d  d em o n stra ted  the p re se n c e  of " ru ttin g  la y e rs "  in  som e, 

but no t a ll, s ta g s . M itch e ll a lso  p re s s e d  the id ea  th a t g row th  l in e s  a re  

no t e n tire ly  dependent on w in te r conditions, and noted  a  la c k  of an obvious 

re la t io n  betw een the th ick n ess  of the w in te r  la y e rs  and the  w in te r  cond itions. 

He su g g ested  th a t h is  r e s u l ts  ind icated  th a t the technique m ay  be le s s  

e ffec tiv e  w ith an im als  showing i r r e g u la r  o r  le s s  se a so n a l v a r ia tio n s  in  

grow th .

T h a t ph y sio lo g ica l s ta te  m ay, on occasions, be im p o rtan t in  the  

developm en t of grow th lin e s  w as suggested  by the ru ttin g  lin e s  of som e 

c e rv id s  ( e .g .  M itcheU  1967), but Spinage (1973) noted  th a t d esp ite  the fac t 

th a t o e s tro g e n s  p lay  a  ro le  in  ca lc ium -phosphate  re te n tio n  th e re  w as 

l i t t le  ev idence th a t cem entum  lin e s  w ere  re la te d  to p a r tu r it io n , la c ta tio n  

o r  sex u a l ac tiv ity . The ru ttin g  lines of M itchell could eq u ally  w ell be 

a ttr ib u te d  to  n u tritio n a l dep rivation  during  the ru t.  S im ila rly , the  n a rro w  

lin e  a s so c ia te d  w ith the m oult "hau l-ou t"  of G rey  s e a ls  (H ew er 1964) could 

equally  weU be a ttr ib u ted  to  lack  of food r a th e r  than  change in  p h y sio lo g ica l 

condition . H ow ever C raighead , C ra ighead  & M cC utchen (1970) show ed 

th a t in  th e  fo u rth  p re m o la r  of g r iz z ly  b e a rs  (U rsu s  a r c to s ) the d a rk  la y e r  

w as fo rm ed  fro m  e a r ly  autum n to  M ay, when the an im a ls  a re  in  

h ib e rn a tio n , and th a t th e re  appeared  to be no re la tio n sh ip  betw een 

d eposition  of the d a rk  cem entum  la y e r  and low n u tritio n  b ecau se  b e a r s  

re m a in e d  in  good ph y sica l condition throughout fa ll and w in te r . T hey  

su g g ested  th a t an in tr in s ic  m echan ism , p o ssib ly  endocrine , p ro d aced  

p h y sio lo g ica l changes th a t caused  the  fo rm atio n  of the la y e r s  - im p o rtan t 

en d o crin e  changes o ccu r in  the g r iz z ly  during and im m ed ia te ly  follow ing 

h ib e rn a tio n  when the d a rk  la y e r  is  deposited . M iles  (1961) d e m o n s tra ted  

' i r r e g u la r  la y e r s  in  the cem entum  of hum an te e th  w hich m ay  have been 

cau sed  by changes of h ea lth  (and th e reb y  physio log ica l s ta te ) , and i l l -  

h e a lth  (physio log ical im balance) cau ses  lay e rin g  in  m any  hum an bones.
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K lev e za l' (1973) com pared  the p a tte rn s  of the annual la y e r s  in  the 

ce m e n t of th e  b e a v e r  (C a s to r  f ib e r ) and the elk (A lee s  a lc e s ) , and in  the 

bone and the cem ent of the m ice Apodem us a g ra r iu s  and A. f la v ic o llis .

F o r  each  sp ec ie s  he com pared  populations fro m  re g io n s  w ith  a  m ark ed  

c o n tin en ta l c lim a te  w ith populations fro m  reg io n s  w ith a  w eak 

c o n tin en ta l c lim a te . He showed tha t an im als  fro m  an  a r e a  w ith  a  w eak 

co n tin en ta l c lim a te  have poorly  developed annual la y e rs , and th a t counting 

th e se  la y e r s  is  m o re  com plicated  and the da ta  so obtained  le s s  re l ia b le .

K lev eza l' & Mina (1973) exam ined the fa c to rs  th a t d e te rm in e  the 

an n u a l la y e r s  of tee th  and bones, using m a te r ia l  f ro m  u ngu la tes, 

c a rn iv o re s ,  ro d en ts  and ce tacean s . They concluded th a t in  m am m als  

w hich  do not h ib e rn a te  the  p a tte rn  of annual la y e rs  is  la rg e ly  d e te rm in e d  

g e n e tic a lly  and tha t "the deg ree  of v a r ia b ili ty  of the  annual la y e r  

p a t te rn  in  v a rio u s  populations ap p ea rs  to be d e te rm in ed  b y  the  v a lu e  of 

s ta b iliz in g  se le c tio n  p re s s u re ,  being  in v e rse ly  dependent on it" .  In m o st 

of th e  c a s e s  exam ined they concluded that the se le c tio n  fa c to rs  w ere  

s e a so n a l changes of c lim a tic  c h a ra c te r is t ic s .  K lev eza l' & M ina fu r th e r  

concluded  th a t the  annual la y e r  of adult m am m als  w as not a ffec ted  b y  

sex  o r  a change of physio log ical s ta te  a s so c ia te d  w ith sex  (ru t, p regnancy), 

and n e ith e r  w as the p a tte rn  of a given la y e r  p e c u lia r  to the sp ec ific  

co n d itio n s of the y e a r  when th a t la y e r  w as fo rm ed .

T h e se  v iew s a re , how ever, a t v a rian ce  w ith th o se  of R ob inette  & 

A rc h e r  (1971), who exam ined the cem entum  pad of the f i r s t  m o la r  of 

T h o m p so n 's  gaze lle  (G azella  thornsonii) f ro m  the e q u a to r ia l reg io n  of 

T a n zan ia . They co n sid e red  that two lin es  w ere  fo rm ed  each  y e a r , and 

th a t one p a r t ic u la r ly  bad drought y e a r  p roduced a  re co g n isab le  d is tin c t 

l in e . C ra ig h ead , C raighead  & M cCutchen (1970) showed th a t the  f i r s t  five 

annu li a r e  w ider than  subsequent annuli in  the fo u rth  p re m o la r  of g r iz z ly  

b e a r s ,  and th is  phenom en w as c o rre la te d  w ith p h y s ica l m a tu ra tio n  and 

th e  c e s sa tio n  of rap id  grow th.

T he fo rm a tio n  of two lin e s  each  y e a r  seem s to  be a  com m on 

phenom enon in A frican  m am m als, and th is  w as d isc u sse d  by Spinage (1973)
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in  h is  re v iew  of the fo rm atio n  of annual la y e rs  in  A fric an  sp e c ie s . In h is  

w ork  on th e  Ugandan w aterbuck  (Kobus d e fa ssa  ugandae), Spinage (1967) 

c o r re la te d  the  fo rm ation  of two annual la y e rs  w ith the  two w et and d ry  

se a so n s . H ow ever, Sim pson & E ld e r  (1969) a lso  found two annual lin e s  

in  the  g r e a te r  kudu (T rag e lap h u s s tre p s ic e ro s )  in  sou thw est R hodesia , 

w h ere  th e re  is  only one d ry  seaso n  each  y e a r , and they  a ttr ib u te d  th e  tv/o 

lin e s  to  h o rm o n a l balance on one hand and n u tritio n a l s t r e s s  on the  o th e r .

I t  is  obvious that no sa tis fa c to ry  explanation  h as  b een  p r e fe r r e d  to  

accoun t fo r  the fo rm atio n  of annual la y e rs , and w o rk e rs  f ro m  d iffe re n t 

c lim a tic  a r e a s  a ttr ib u te  the  fo rm atio n  of annual lin e s  to  d iffe re n t c a u se s . 

T he fo rm a tio n  of annual lin es  is , how ever, a w ell-docum en ted  phenom enon, 

bu t w ith  la c k  of defin ite  in fo rm ation  about the underly ing  c a u se s  fo r  th e i r  

fo rm a tio n  som e cau tion  m ust be placed  on the in te rp re ta tio n  of g row th  

l in e s .

A lthough annual in c rem en ta l lin es  have been  d em o n stra ted  in  a  v a r ie ty  

of an im a ls , the technique h as  been  applied  to re la t iv e ly  few  wild can id s . 

S m irnov  (1960), in  K levezal- & K leinenberg  (1969), noted the  p re se n c e  

of la y e r in g  in  the cem ent of the Red fox, A rtie  fox and wolf, but com m ented  

th a t i t  did not o ccu r in a ll  sp ec im en s.

D olgov & R osso lim o  (1966) d esc rib e d  the c lo su re  of the pulp cav ity  

of th e  u p p er canine of the A rtie  fox (Alopex lagopus) due to  d ep o sitio n  of 

d en tin e . B y th is  technique they  could d is tin g u ish  betw een  young and old 

a n im a ls , but no exact age w as a sc rib e d  to th e  occu lsion  of the d en ta l 

cav ity . F ro m  th e ir  data, i t  seem s that the  d en ta l cav ity  w as m a rk e d ly  

red u ced  in  s ize  in an im als  en te rin g  th e ir  second w in ter, and in  a n im a ls  

o v e r two y e a rs  old it  is  red u ced  to a sm a ll fine canal. In th e ir  w in te r  

sam ple , u s in g  th is  c h a ra c te r  alone, the population could be d ivided w ith 

a  high d e g ree  of accu racy  into juven iles, an im a ls  1 - 2  y e a r s  old and 

o ld e r  a n im a ls .
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K lev eza l' & K leinenberg  (1969) d e sc rib ed  th e ir  w ork  on the  A rc tic  

fox, in  w hich they  d em o n stra ted  annual la y e rs  in  the dentine, cem en t 

and p e r io s te u m  of the m andible, and u sing  ran ch  an im a ls  of known age 

they  show ed tha t th e se  la y e rs  co rresp o n d ed  to the  age of the  a n im a l.

In  the  den tine m any a c c e s so ry  bands of v a rio u s  d e g re e s  of c la r i ty  

w ere  found, and these  m ade it  d ifficu lt to  d e te rm in e  the b o undary  of the 

annual la y e r .  T he tooth cem ent lin e s  w ere  m o re  d is tin c t, a lthough the 

f i r s t  annual la y e r  w as co nsiderab ly  le s s  d is tin c t th an  th e  su cceed in g  on es . 

T hey  a lso  found that the num ber and c la r i ty  of the  la y e r s  in  d iffe ren t 

te e th  of th e  sam e an im al w ere  the sam e, and tha t in  the can ine the cem en t 

w as c o n s id e ra b ly  th ic k e r  in the low er p a r t  of the canine but th a t d ep o sitio n  

of cem en t o c c u rre d  a ll  over the ro o t and so la y e rs  could be counted by 

c ro s s  se c tio n s  taken  fro m  the m iddle of the ro o t. The p e r io s te a l  la y e r s  

of the m andib le  w ere  b e s t developed in  the reg io n  of the  la s t  p re m o la r  o r  

f i r s t  m o la r , w ith  the lingual w all so m etim es s lig h tly  w id er. The o ld e s t 

fox exam ined  w as six  y e a rs  of age, and the f i r s t  la y e r  of the  p e r io s te a l  

zone w as s t i l l  not re so rb e d . To date, th is  is  s t i l l  the only w ild canid  

in  w hich annual grow th lin es  have been  d em o n stra ted  in  the  p e r io s te u m  and 

the d en tin e .

L in h a rt & Knowlton (1967) studied  the  coyote (C an is la t r a n s ) u s in g  

30 known age sk u lls  and the te e th  f ro m  156 an im a ls  of unknown ag e . T hey  

show ed th a t th e  p erm an en t can ines e ru p t a t 4 to 5 m onths, and th a t the 

ro o t can a l c lo sed  betw een the 8th  and 9th m onth. T he f i r s t  opaque la y e r  

w as fo rm ed  a t 2 0 - 2 3  m onths, and a c c u ra te  counts w ere  obtained  in  

a n im a ls  up to 21 y e a rs  of age. They showed tha t long itud inal s e c tio n s  

w ere  m o re  e a s ily  in te rp re te d .

L om b aard  (1971) studied the B lack-backed  jack a l (C anis m eso m elas) 

in  the T ra n sv a a l, and exam ined both longitudinal and t r a n s v e r s e  sec tio n s  

of the up p er canine, f i r s t  in c iso r  and f i r s t  m o la r. He found that 

long itud inal sec tio n s  w ere  m o re  e a s ily  in te rp re te d , and th a t the  lin e s  

w ere  b e s t  developed on the canine tee th . The canine e ru p ted  a t 2 l|-  w eeks 

of age and the  f i r s t  opaque band began fo rm in g  a t about te n  m on ths. The
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age of an  an im a l was d e te rm in ed  by counting the  d a rk  la y e r s  and adding  

one y e a r  fo r  the  f i r s t  y e a r  of life  when no d a rk  la y e r  w as d ep o sited . A fte r  

d e te rm in in g  the age of h is  m a te r ia l  f ro m  th e se  g row th  lin e s , L o m b aa rd  

then  co m p ared  the  r e s u l ts  obtained by  o th e r tech n iq u es .

J e n se n  & N ie lsen  (1968) d em o n stra ted  the  u se  of cem en tum  lin e s  

of the lo w er can ines to d e te rm in e  the age of R ed foxes in  D en m ark . T hey  

m anaged  to  age 518 out of 522 foxes k illed  d u rin g  the w in te r  m o n th s. F iv e  

w ild know n-age foxes w ere  used  in  the study, and fro m  th e se  i t  w as shown 

th a t the  f i r s t  dense  cem entum  la y e r  w as la id  down betw een  the  f i r s t  and 

second au tum n of the life  of the an im al. They noted th a t the  f i r s t  la y e r s  

o ften  co n s is te d  of m any fain t la y e rs , th e se  seem in g  to becom e packed  

to g e th e r  a s  the an im al g rew  o ld e r.

G rue & Jen sen  (1973) supplied fu r th e r  d e ta ils  on the  fo rm a tio n  of the 

lin e s , u s in g  135 know n-age wild foxes, w ith an age ran g e  of 5 m o n ths to  

4 y e a r s .  T hey  found a  com plete co rresp o n d en ce  betw een  the n u m b er 

of annu li and the known age in  foxes le s s  than  one y e a r  old and m o re  

th an  th re e  y e a rs  old. F o r  foxes in  th e ir  second and th ird  y e a r  the 

techn ique  seem ed  to be le s s  re lia b le , showing le s s  d is tin c t d a rk  lin e s  

w hich cau sed  a  tendency to  u n d e re s tim a te  the age . T hey  a lso  show ed 

th a t f ro m  the  age of one y ea r, annuli a re  fo rm ed  ev e ry  tw elve m onths 

in  can ine too th  cem entum , the dense d a rk  line  being  fo rm ed  f ro m  M arch  

to  au tum n. H ow ever th is  la s t  s ta tem en t is  un likely  to  be  tru e , th e  d a rk  

lin e  b e in g  fo rm ed  in the w in te r but only becom ing  v is ib le  du rin g  the 

su m m er when le s s  dense cem ent is  la id  down ou tside  the  d a rk  la y e r .

Johnston  & B eau reg ard  (1969) u tilised  the techn ique  in  a  s tudy  of 

r a b ie s  ep idem iology in O ntario . They ground th in  sec tio n s  of n o n 

d eca lc if ied  u p p er le ft canine tee th , and found tha t the o u te r  c le a r  band 

' (the dense  d a rk  line in  d eca lc ified  sec tions) w as not w ell defined u n til 

June, when the new cem entum  had b een  la id  down.

M onson, Stone & P a rk s  (1973) a lso  in v estig a ted  the u se  of annual 

g row th  lin e s  in  the d e te rm in a tio n  of the age of 50 cap tive  and 15 wild
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R ed foxes in  New Y ork S ta te . The know n-age an im a ls  ran g ed  f ro m  6 

m onths to  3^ y e a r s  of age . S ag itta l sec tio n s  of p re m o la rs  and m o la rs  

w ere  exam ined, and both  sa g itta l a n d .tra n s v e rs e  sec tio n s  of the  ca n in e s . 

T hey  found th a t p re m o la rs  w ere  e a s ie r  to in te rp re t  th an  ca n in e s . B ased  

on the can in es , a c c u ra c y  of age d e te rm in a tio n  w as 45. 7%, w h e rea s  u s in g  

the  p re m o la rs  an  a c c u ra c y  of 90% w as obtained when com bining  the  

e s tim a te s  of th re e  o b s e rv e rs . No sex d iffe ren ce  w as noted, but th e re  

w as a  p o ssib le  in c re a se d  c la r i ty  of lay e rin g  in  w ild R ed fo x es. T hey  

concluded th a t sec tio n s  of p re m o la rs  w ere  the m o st u sefu l, and th a t a 

concensus of read in g s  should be taken  a s  the  a c tu a l age .

A llen  (1974) exam ined the up p er can ines of 95 know n-age w ild R ed 

foxes f ro m  N orth  D akota, the age range  of the sp ec im en s  being  0. 5 to

3. 5 y e a r s .  He found 100% ag reem en t betw een th e  know n-ages and the  

ag es  a ss ig n e d  by  cem entum  annuli; i t  w as n e c e s s a ry  to  add 0. 5 y e a r s  

to  the  count of the cem entum  annuli to obtain  the  t ru e  age of an im a ls  

c o llec ted  in  the  autum n and 1. 0 y e a r s  to an  ind iv idual co llec ted  in  la te  

w in te r . A llen  a lso  d e sc rib e d  a m odified technique th a t red u ced  the 

t im e  needed  in  the p re p a ra tio n  of the sec tio n s .

T he u se  of in c re m e n ta l lin es  of dentine, cem en t and p e r io s te a l  bone 

w as in v estig a ted  in  the  d e te rm in a tio n  of age in  suburban  foxes, and the  

a g e s  so obtained  w ere  then  used  a s  a  b a s e - i in e  to co m p are  the u se fu ln e ss  

of o th e r  age d e te rm in a tio n  tech n iq u es .

4. 2. 2 P re p a ra t io n  of Tooth  and Jaw  Sections

W henever p o ssib le , the le f t lo w er jaw w as u sed . T h is  w as cut 

m anually  (with a  hack-saw ) in to  sh o rt sec tio n s , each  sec tio n  hold ing  one 

tooth . In the f i r s t  sp ec im en s the com plete  jaw  leng th  w as used , but 

handling  and in te rp re tin g  of m o la r  sec tio n s  and p e r io s te a l  bone f ro m  the  

r e a r  of the jaw proved  d ifficu lt, and in la te r  sp ec im en s  only the can ine  

and p re m o la r  sec tio n s  of the jaw w ere  u tilise d . T h ese  sec tio n s  w ere  then  

d eca lc if ied  in  a  3% solu tion  of n i tr ic  ac id  in  10% fo rm aldehyde , in  open
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i
v e s s e ls ,  the decalc ify ing  flu id  being changed tw ice a  day. The vo lum e 

of the deca lc ify ing  solution w as alw ays a t le a s t  50 tim e s  the  vo lum e of 

the t is s u e  (D ru ry  & W allington 1967).

Once the  e x te rn a l la y e rs  of the bone began to  fe e l so ft and spongy, 

com plete  d éca lc ifica tio n  w as checked using  the techn ique reco m m en d ed  

b y  M ahoney (1965). When a l l  the ca lc iu m  s a lts  had b een  rem o v ed , the  

t is s u e  w as n e u tra lis e d  in a 5% sodium  sulphate  so lu tion  fo r  tw elve  h o u rs , 

and p r io r  to  section ing  the t is s u e  w as s to re d  in  70% alcohol.

S ections w ere  cut on a  f re e z in g  m ic ro to m e , and v a r ie d  in  th ic k n e ss  

f ro m  10 - 30 m ic ro n s ; th ese  sec tio n s  w ere  cu t v e r t ic a l ly  th ro u g h  the  te e th  

a t r ig h t an g les  to the  long ax is  of the jaw . Since the too th  w as le f t in  i ts  

socket th is  a lso  gave a t r a n s v e r s e  sec tio n  of the jaw . F o r  the can ine  a 

t r a n s v e r s e  sec tio n  of the ro o t w as obtained w here it  lay  b en ea th  th e  f i r s t  

p re m o la r .  In som e c a s e s  longitud inal sec tio n s  of the  can ine ro o t w ere  

a lso  cut if  in te rp re ta tio n  of the tra n s v e rs e  sec tio n  p roved  d ifficu lt.

T he sec tio n s  w ere  held betw een t\vo m ic ro sco p e  s lid e s  and s ta in ed  

in  D e la fie ld s  H aem atoxylin . They w ere  then  m ounted in  G ly cerin e  J e lly  

and sea led  w ith Gold Size.

4. 2. 3 R e su lts

The sec tio n s  w ere  exam ined fo r  in c re m e n ta l l in e s  in  the p e r io s te u m  

of the lo w er jaw, in  the seco n d ary  dentine, and in  the cem en tum  of the 

too th  ro o ts .

In th e  p e rio s te u m  m any lin e s  w ere  v isib le , th e ir  n u m b er in c re a s in g  

in  sec tio n s  taken  fu r th e r  b ack  along the lo w er jaw . The n u m b er of th e se  

lin e s  showed no c o rre la tio n  w ith age; sec tio n s  tak en  f ro m  the  sam e reg io n  

of the  lo w er jaw in an im als  of v e ry  d iffe ren t ag es  showed th e  sam e n u m b er 

of lin e s . A s a  r e s u l t  the  techn ique w as abandoned.
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G row th  lin e s  in  the seco n d ary  dentine w ere  m o s t e a s ily  in te rp re te d  

in  t r a n s v e r s e  sec tio n s  (F ig u re  4d) of the tee th , a lthough they  could 

a lso  be counted in longitud inal sec tio n s .

T he pulp cav ity  is  c lo sed  p ro g re s s iv e ly  d u rin g  th e  second  y e a r  of life , 

when the f i r s t  den tine line  i s  deposited , and by the end of th e  second y e a r  

i s  red u ced  to  a n a rro w  can a l. T h e re a f te r  deposition  of th e  se c o n d a ry  

den tine i s  p ro g re s s iv e ly  red u ced  each  y e a r , w ith  the  r e s u l t  th a t the 

annual g row th  lin e s  becom e le s s  d is tin c t, and counting such  l in e s  is  

d ifficu lt in  o ld e r  a n im a ls . T h is  technique w as found to  be u n re lia b le  fo r  

a n im a ls  of fo u r y e a r s  of age o r  o ld er, bu t w as invaluab le  fo r  s e p a ra tin g  

a n im a ls  in  th e ir  second su m m er and autum n fro m  o ld e r  a n im a ls , s in ce  

the m ark ed  d iffe ren ce  in  the s ize  of the pulp cav ity  could be  d e te rm in e d  

s im p ly  b y  cu tting  the canine te e th  in  ha lf t r a n s v e r s e ly  w ith a  h a c k -sa w . '

In  only one o ld e r  an im a l (n early  th re e  y e a r s  of age) w as the  pulp cav ity  

s t i l l  p ronounced, and th is  w as a  pa tho log ical condition  in  vThich the an im a l 

seem ed  to be su ffe rin g  fro m  a  ca lc iu m  d efic iency  (the te e th  w ere  hollow  

sh e lls  w ith p o o rly  defined grow th lin es).

Only sec tio n s  of the  too th  cem entum  gave grow th  lin e s  w hich could 

b e  d e m o n s tra te d  co n s is ten tly , (F ig u re s  4 to 6), and w hich could be 

m atched  re lia b ly  w ith  th e  age of the an im a l a s  rough ly  e s tim a te d  by  o th e r  

tech n iq u es . F o r  the m o la r  and in c iso r  te e th  the grow th lin e s  w ere  

d ifficu lt to  d e m o n s tra te  and u su a lly  so c lo se ly  spaced  tha t a c c u ra te  

counting w as d ifficu lt. Longitudinal sec tio n s  of the canine w ere  d ifficu lt 

to  in te rp re t  n e a r  the  roo t, v /here the lin e s  w ere  m o re  often sp lit  and 

disto i-ted  (F ig u re  4b), a lthough along the leng th  of th e  can ine an a c c u ra te  

count could often be obtained d esp ite  the  c lo se  spac ing  of the lin e s . T h ese  

lin e s  w ere  counted m o re  e a s ily  on t ra n s v e r s e  sec tio n s  of the can ine 

ro o t (F ig u re  4d), the g row th  lin e s  extending along the ro o t to th e  gum  lin e  

(although they  becom e p ro g re s s iv e ly  crow ded a s  th ey  re a c h  the gum  

lin e).

The m o s t u se fu l tooth  sec tio n s  w ere  v e r t ic a l  sec tio n s  of the  p re m o la r  

tee th , so long a s  c a re  w as taken  to  e n su re  th a t (a) th e  sec tio n  w as v e r t ic a l
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FIG U RE 5 TOOTH SECTIONS

a . ' SAGITTAL SECTION P3 OF NO. 1099 t ANIMAL K ILLED
12 -3 -1 9 7 2 ,AT END OF ITS THIRD W INTER. THIRD GROWTH 

. LIN E NOT Y E T A PPA R E N T .

b . SAGITTAL SECTION P3 of NO. 1188 - ANIMAL K ILLED
13-4-1972 , ALSO AT THE END OF ITS THIRD W INTER. 
SECTION IS NOT QUITE VERTICAL AND THE TWO 
GROWTH LINES ARE MUCH LESS CLEA R THAN IN 5a.

c . SAGITTAL SECTION P3 of NO. 1077 - ANIMAL K ILLED
17-2 -1972 . NO GROWTH LIN ES CAN BE SEEN AT THE T IP  
OF THE ROOT, BUT FOUR ANNULI CAN BE SEEN CLEA RLY  
ON THE SIDES OF THE ROOT, W HERE THEY ARE MORE 
CLOSELY SPACED THAN AT THE T IP  OF THE ROOT e . g. 5a.

d. LONGITUDINAL SECTION OF TH E CANINE OF THE SAME
ANIMAL, ALSO SHOWING FOUR GROWTH LIN ES, ALTHOUGH 
THESE ARE SPLIT  AND MORE D IFFIC U LT TO IN T E R P R E T .
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FIGURE 6 D EV ELO PM EN T OF 

AN ANNULUS IN PREM OLAR TE E T H

a . SAGITTAL SECTION P3 OF NO. 1050 - ANIMAL K ILLED  
1 -2 -1972 , AT THE END OF ITS F IR ST  YEAR OF L IF E . 
THE FIR ST ANNULUS W ILL NOT A PPE A R  UNTIL THE 
SECOND SUMMER.

b . SATITTAL SECTION F3 OF NO. 1183 - ANIMAL K ILLED  
3 0 -5 -1 9 7 2 . TH E FIR ST ANNULUS IS JU ST BECO M IN G 
DISTINCT.

c . SAGITTAL SECTION P3 OF NO. 1317 - ANIMAL K ILLED
26-1 -1973 , W HILE IN ITS SECOND W IN TER. ONE GROWTH 
LIN E PR ESEN T BUT NOT VERY DISTINCT AROUND T IP  
OF ROOT.

d. SAGITTAL SECTION P2 OF NO. 1082 - ANIMAL K ILLED
18-2-1972 , W HILE IN ITS SECOND W INTER. ONE VERY 
CLEA R GROWTH LIN E PR E SE N T  - COM PARE W ITH 6c.
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and (b) th a t it p a sse d  th rough  the ro o t of the  too th  (F ig u re s  6a -  d). In  the 

p re m o la rs  the lin e s  a re  c le a r , un ifo rm ly  spaced  (even in old a n im a ls  - 

F ig u re  4a), and only v e ry  r a r e ly  sp lit into th e  su b sid u ary  lin e s  w hich 

m ake in te rp re ta tio n  of the  canine sec tio n s d ifficu lt.

T he d a rk ly -s ta in in g  grow th line fo r  the p rev io u s  w in te r  b e c o m e s  

d is tin c t d u rin g  the su m m er, being sep a ra ted  a s  e a r ly  a s  A p r il  o r  a s  la te  

a s  A ugust, and so during  the su m m er c a re  m u st be tak en  to  e n su re  

c o r r e c t  in te rp re ta tio n  of the  grow th lin e s . T he annual lin e  u su a lly  

ap p ea red  f i r s t  in  only one o r  two tee th , la te r  becom ing  m o re  d is tin c t in  

o th e r  te e th . S om etim es the line w as f i r s t  d e tec ted  in  the la s t  p re m o la rs ,  

a t o th e r  t im e s  in  the canine, no se t p a tte rn  being  ap p a ren t.

F o r  an  a c c u ra te  a s se s sm e n t of the age of an an im a l i t  is  im p e ra tiv e  

to  se c tio n  m o re  than  one tooth, s ince  d iffe ren t te e th  f ro m  the sam e an im a l 

m ay  y ie ld  d iffe re n t counts (Table 8), and so the d e te rm in e d  age should be 

b ased  on sec tio n s  of a t le a s t  two, and p re fe ra b ly  th re e , tee th .

Sub s id u a ry  lin e s  betw een  the  annual grow th lin e s  m ake counting  and 

in te rp re ta tio n  d ifficu lt. To check  on the ea se  and a c c u ra c y  of in te rp re ta t io n  

of the sec tio n s , a  sam ple  of 237 canine and p re m o la r  se c tio n s  f ro m  76 

a n im a ls  w ere  a lso  exam ined by D r. G .I. Twigg, who had no p rev io u s  

e x p e rien ce  of tooth  sec tio n  in te rp re ta tio n . A s shown in T ab le  9 th e re  

w as 84% a g re e m e n t in  the  in te rp re ta tio n  of ind iv idual e lid es , and f ro m  

T ab le  10 i t  can  be  seen  tha t th e re  w as 88. 1% ag reem en t in  the  

d e te rm in a tio n  of the age of indiv idual an im als , and th e re  w as a c tu a l d i s 

a g re e m e n t in  only 4 (5. 3%) of the c a s e s . In th e se  fo u r c a s e s  two d i s 

a g re e m e n ts  w ere  by one y ea r , two by  two y e a r s .  It i s  lik e ly  th a t a f te r  

a  p e rio d  of p ra c tic e  by both  r e c o rd e r s  a g re a te r  d eg ree  of a g re e m e n t 

would be  oDtained. s ince  the le v e l of d isa g ree m e n t d e c re a se d  p ro g re s s iv e ly  

d u rin g  the t r i a l  p erio d . Since th is  t r i a l  sam ple  included m o stly  s u m m e r - 

k illed  an im a ls , when in te rp re ta tio n  of sec tio n s  is  m o re  d ifficu lt, a  g r e a te r  

d e g re e  of a g ree m e n t would be expected  in  a  sam ple  of w in te r-k ille d  

a n im a ls  (which fo rm ed  the bu lk  of the m a te r ia l  u sed  in  th is  study).
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TA BLE 8

COMPARISON OF ANNUAL GROWTH LINE COUNTS 
IN ANIMALS WITH THREE TO FIVE D IFFEREN T T E E T H  

(CANINE TO FOURTH PREMOLAR) SECTIONED

N um ber of 
an im a ls P e rc e n t

A ll s e c tio n s  a g ree  w ith a s s e s s e d  age 132 82 .5

One se c tio n  d is a g re e s  w ith a s se s se d  age 23 1 4 .4

Two sec tio n s  d isa g re e  with a s se s se d  age 5 3. 1

T o ta l nu m b er of an im als 160 100.0
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TA BLE 9 '

COMPARISON OF SECTION IN TERPRETA TIO N  BY 
AN EX PERIEN CED AND AN INEXPERIENCED RECORDER

N um ber of 
sec tio n s P e rc e n t

In te rp re ta tio n  ag reed 199 34. 0

One y e a r  d isa g re e m e n t 36 15 .2

Two y e a r s  d isag re em e n t 1 0 .4

T h re e  y e a r s  d isag re em e n t 1 0 .4

T o ta l 237 100.0
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TA BLE 10 .

COMPARISON OF AGE D E TE R m N A T IO N  BY AN 
EX PERIEN CED  AND AN INEXPERIENCED RECORDER

N um ber of 
an im a ls P e rc e n t

A g reem en t on age d e te rm in a tio n 67 88.1

U n certa in ty  on age 5 6 .6

D isa g re e m e n t on age d e te rm in a tio n 4 5 .3

T o ta l 76 100.0
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4 . 2 .4  D isc u ss io n  of Tooth  and Jaw  Section D ata

D esp ite  th e  absen ce  of annual grow th lin e s  in  the p e r io s te u m  of the  

lo w er jaw  of V ulpes vulpes, K levezal' & K le inenberg  (1969) have 

d e m o n s tra te d  th e se  la y e rs  in  Alopex lagopus (the a n im a ls  being  cap tive  

b re d ). Jo h n sto n  & B eau reg a rd  (1969) a lso  found the m an d ib u la r 

p e r io s te u m  to  b e  u n re liab le  a s  an  in d ica to r of age in  the R ed fox, bu t th ey  

did find a  m o re  re g id a r  deposition  of the grow th lin e s  in  th is  a r e a  i .  e.

"In a r e a s  of the  m andib le  w here  the p e r io s te a l  la y e rs  w ere  th ick , u su a lly  

two cem en t lin e s  w ere  o b serv ed  p e r  y e a r . In a r e a s  w h ere  the p e r io s te u m  

w as th in n e r, how ever, u sually  only one cem en t line  w as seen  p e r  y e a r . 

B etw een th e se  two e x tre m e s  th e re  w ere  a r e a s  w here  two lin e s  "jo ined" 

to  becom e a sing le  lin e " . No such p a tte rn  w as a p p a ren t in  th e  p re s e n t  

study.

D entine la y e rs  a r e  r a r e ly  used  fo r  the d e te rm in a tio n  of age in  can id s  

s in ce , a s  in  m o st c a rn iv o re s , annuli of the cem entum  a re  m o re  d is tin c t. 

K lev eza l' & K le inenberg  (1969) noted tha t in  A rc tic  foxes th e re  w ere  

m any a c c e s s o ry  bands of v a rio u s  d e g re e s  of c la r i ty  w ith in  th e  annual 

la y e r s  of the  dentine, m aking  it  d ifficu lt to  d raw  the b o undary  of the 

annual la y e r .  In the Red fox B ree , Soest & S trom an  (1974) noted  th a t 

th ey  aged th e ir  m a te r ia l  by dentine annuli, th e se  being  d e m o n s tra te d  by 

cu tting  th e  canine te e th  in half, po lish ing  and e tch ing  th e  cut su rfa c e  and 

then  s ta in in g  it  w ith  to lu id in  b lue. H ow ever they  did not a ttem p t to  show 

the c la r i ty  of th e se  lin es , n o r  the re lia b ili ty  of th e  tech n iq u e  in  age 

d e te rm in a tio n . F o r  176 foxes (79 fro m  the N e th e rlan d s  and 97 f ro m  

F ra n c e )  no an im a l exceeded GO m onths of age, d esp ite  the  o c c u rre n c e  

of m uch o ld e r  an im a ls  in  H aa ften 's  (1970) sam ple  of foxes, a lso  f ro m  the 

N e th e rla n d s . The p re se n t study showed th a t den tine lin e s  tend to  u n d e r 

e s tim a te  th e  age of o ld e r an im als , and the o b se rv a tio n s  above su g g est 

th a t B re e , Soest & S trom an (1974) have a lso  u n d e r-e s tim a te d  th e  age of 

th e ir  m a te r ia l .  Je n se n  & N ie lsen  (1968) noted th a t in  th e i r  D an ish  

m a te r ia l  annu li in  the pulp w ere  of i r r e g u la r  o c c u rre n c e .
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In  the  R ed fox the s ize  of the pulp cav ity  can  be u sed  to s e p a ra te  young 

of the y e a r  f ro m  o ld e r an im als , and the value of pulp cav ity  o cc lu s io n  fo r  

s e p a ra tin g  an im a ls  le s s  than 18 m onths old fro m  o ld e r an im a ls  h as  a lso  

been  no ted  in  A lopex lagopus by  Dolgov & R osso lim o  (1966).

A nnual in c re m e n ta l lin es  in  the cem entum  of th e  canine te e th  of the  

Red fox w e re  f i r s t  d em o n stra ted  by Jen sen  & N ie lsen  (1968), and G rue & 

Je n se n  (1973) p re se n te d  fu r th e r  data  b ased  on 135 know n-age w ild  fo x es. 

They show ed th a t a  sing le  d a rk  line w as fo rm ed  any tim e  fro m  M arch  to the  

autum n, a s  in  the p re se n t study, but th ey  a lso  found th a t fo r  fo x es in  th e ir  

second and th ird  y e a r  th e  technique tended to  u n d e r-e s tim a te  th e  age of the  

a n im a ls . In  the  p re se n t study by c a re fu l r e fe re n c e  to  the  o th e r  age d a ta  

the e s tim a te d  ag es  w ere  checked fo r th ese  age c la s se s , and no ten d en cy  

to  u n d e r -e s tim a te  age w as noted. The r e s u l ts  of G rue & Jen sen  could be 

a ttr ib u ta b le  to  th e  low er d eg ree  of a cc u rac y  fo r  can ine sec tio n s  noted  in  

the p re s e n t  study. G rue & Jen sen  a lso  noted th a t the  a c c u ra c y  of age 

d e te rm in a tio n  depends on tech n ica lly  s a tis fa c to ry  sec tio n s  and on th e  sk ill  

of the o b se rv e r ;  the  sam e o b serv a tio n s  w ere  m ade in  the p re s e n t  study.

M onson, Stone & P a rk s  (1973) in A m erica  found tha t cem en tum  r in g s  

in  the m o la rs  and p re m o la rs  w ere  m o re  e a s ily  and m o re  a c c u ra te ly  

d is tin g u ish ed  and counted than  w ere  the r in g s  in  th e  cem entum  of the  

can ine te e th . T h is  w as found to be tru e  of the p re m o la rs  in  the p re s e n t 

study, bu t m o la rs  w ere  co n sid e red  to be u n sa tis fa c to ry  due to  th e  fac t 

th a t th e  lin e s  w ere  often c lo se ly  crow ded. U sing th re e  o b s e rv e rs  and 

know n-age m a te r ia l, Monson, Stone & P a rk s  found a 45. 7% a c c u ra c y  in  

can ine too th  in te rp re ta tio n  bu t a 90% a c c u ra c y  fo r  two out of th re e  

o b s e rv e r s  w ith th e  p re m o la r  - m o la r  tee th . M ost in c o r re c t  e s tim a te s  

w ere  only  out by a  y e a r .

J e n se n  & N ie lsen  (1968), G rue & Jen sen  (1973) and M onson, Stone & 

P a rk s  (1973) have a ll d em o n stra ted  the a cc u ra c y  of th is  techn ique  on 

know n-age m a te r ia l, showing that sk ill of in te rp re ta tio n  is  the m a in  so u rc e  

of e r r o r .  In the p re se n t study the  re lia b ili ty  of th e se  r e s u l ts  h a s  b een
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accep ted , and the a c cu ra cy  of in te rp re ta tio n  of the sec tio n s  checked  by  

a  second  o b s e rv e r , the r e s u l ts  suggesting  a m axim um  of 11. 9% of the 

sam p le  be ing  in c o r re c tly  aged, a  fig u re  c lo se ly  p a ra l le l  to th a t of M onson, 

Stone & P a r k s  (1973). Since one o b se rv e r  w as re la tiv e ly  in ex p e rien ced  

in  in te rp re ta tio n  of too th  sec tio n s  and the  m ost d ifficu3.t sec tio n s  w ere  

u sed  in  the t e s t s  th is  f ig u re  is  c e r ta in ly  a  m axim um  e s tim a te .

In  view  of the re l ia b il i ty  th a t can  be p laced  on the  age of the a n im a ls  

a s  d e te rm in e d  by  tooth  cem entum  la y e rs , th is  s tan d a rd  w as then  u sed  to 

d e te rm in e  the  va lue  of o th er, le s s  tim e-co n su m in g  tech n iq u es  in  the 

e s tim a tio n  of age in  the Red fox.

4. 3 USE OF THE BACULUM IN AGE DETERlVriNATIGN

4. 3. 1 In tro d u c tio n

T he b acu lu m  is  found in  m ale  c a rn iv o re s , p inn ipèdes, b a ts , and 

som e ro d e n ts  and p r im a te s  (M o rris  1972). It can  be u sed  a s  a  taxonom ic 

c h a ra c te r  e . g. B u rt (1960), who d e sc rib ed  the b acu la  of N o rth  A m e ric a n  

m am m als , and i t  h a s  been  used  fo r  age d e te rm in a tio n  in  som e sp e c ie s , 

no tab ly  som e p inn ipèdes (e .g . H ew er 1964), c a rn iv o re s  of the fa m ilie s  

U rs id ae  ( e .g .  R au sch  1961), M aste lidae  (e .g . W alton 1968), C anidae (e .g .  

L o m b aard  1971) and P rocyon idae  (e .g . S anderson  1961), and in  som e 

ro d e n ts , such  a s  th e b ea v e r  (C a s to r  can ad en sis  m ich ig an en sis) (F r i le y  1949), 

the B ank vole (C le th rionom ys g la reo lu s) (A rtim o 1964) and the M usk 

r a t  (Onda t r a  zibeth ica) (E ld e r & Shanks 1962).

T he e a r ly  w ork  of D eanesley  (1935) on the s to a t (M uste la  e rm in ea ) 

and of W righ t (1947, 1951), on the L ong-ta iled  w ease l (M uste la  fren a ta )  

showed th a t g row th  and fo rm  of the baculum  is  r e la te d  to  in c re a se d  le v e ls  

of sex  h o rm o n es, the bone grow ing throughout p u b erty  so th a t th e  m a tu re  

fo rm  of the  bacu lum  is  a tta in ed  during  the f i r s t  b re e d in g  seaso n .

D eane s le y  a lso  showed th a t th e  change in  the bacu lum  fro m  im m a tu re
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to  m a tu re  type o c c u rre d  o v er a period  of about a m onth. S an d erso n  

(1961) show ed th a t fin a l m a tu ra tio n  of the bacu lum  in  the  ra c c o o n  

(P ro cy o n  lo to r ) is  dependent on th e  sex  ho rm ones, and th a t c a s tra te d  m a le s  

had a  b acu lu m  th a t w as juvenile in  i ts  c h a ra c te r , be ing  m uch s h o r te r  

and th in n e r  th an  one fro m  an  in tact an im al of co m p arab le  ag e . T he sex  

h o rm o n es  w ere  found to have lit t le  o r  no effect on th e  ra cc o o n  b acu lu m  

p r io r  to  th e  an im a ls  reach in g  seven  m onths of age . In  h is  s tudy  S an d erso n  

d e m o n s tra te d  co n s id e rab le  indiv idual v a r ia tio n  in  the  s iz e  and co n fo rm atio n  

of the  bacu lum , bu t d esp ite  th is  v a r ia tio n  during  the hunting se a so n  he w as 

ab le  to  c la s s ify  m ale  racco o n s  into juvenile o r  adu lt an im a ls , w ith  only  

3 - 6% of the  an im a ls  being c la ss if ie d  a s  in te rm e d ia te .

S im ila r ly  W altun (1968) could d is tin g u ish  juven ile  f ro m  ad u lt p o le c a ts  

(P u to r iu s  p u to riu s) du ring  the la t te r  half of the y e a r , b u t f ro m  J a n u a ry  

onw ards the sam p les  w ere  of m ixed ag es . W alton gave no d e ta ils  on the  

d eg ree  of s e p a ra tio n  of the  autum n sam ple . O ccasio n a lly  a  g r e a te r  

d eg ree  of s u c c e ss  is  encountered  - F r i le y  (1949) c la s s if ie d  the  b a c u la  of 

h is  M ichigan b e a v e rs  into th re e  age c la s s e s  (y ea rlin g s , tw o- and  th r e e - 

y e a r  o ld s, and fo u r-y e a r  o lds p lus).

M ost a u th o rs  have shown that the g e n e ra l p a tte rn  of g row th  of the 

bacu lum  is  of a  rap id  grow th in leng th  in  juvenile an im a ls , the g row th  

in  leng th  slow ing a t the  onset of p u b erty  and the bone becom ing  th ic k e r  

and h e a v ie r  u n d er the influence of the sex h o rm o n e s.

T he  bacu lu m  has been  studied  in  a  few wild can id s , bu t w ith  only  

lim ited  s u c c e ss  when applied  to age d e te rm in a tio n . Dolgov & R o sso lim o  

(1966) stud ied  the A rc tic  fox (A lopex lagopus). T hey  found th a t th e re  w as 

a  g re a t  v a r ia tio n  in  the fo rm  and size  of the bacu lum , th a t of f i r s t  y e a r  

a n im a ls  being  p a r t ic u la r ly  d is tin c t. F ro m  th e ir  data , in  w hich they  

u sed  a  w eight to  length  ra tio , i t  ap p ea rs  th a t a n im a ls  up to  a  y e a r  old w ere  

d is tin c t f ro m  the an im als  of the p rev io u s  y e a r , when co m p arin g  a n im a ls  

sam p led  a t the  sam e tim e  of the y ea r , but th e re a f te r  th e  sam p le s  w e re  

m ixed .
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L o m b aa rd  (1971) exam ined  the  bacu lum  of the  B lack -b ack ed  ja c k a l 

(C an is  m e so m e la s ) . He showed th a t im m atu re  and m a tu re  b acu la  looked 

a lik e , and th a t no change in  shape could be o b serv ed  fro m  the  age of two 

w eeks to  five y e a r s .  M onthly sam p les  showed co n s id e rab le  o v e rlap  in  

leng th  and w eight m e a su re m e n ts . He found tha t the w eight and leng th  

of b acu la  of sp ec im en s  le s s  than  five m onths old w ere  a lw ays lo w er than  

fo r  y e a r -o ld  sp ec im en s; th o se  of spec im ens s ix  and m o re  m onths old 

w e re  in d istin g u ish ab le  f ro m  adult b acu la . On th is  b a s is  L o m b aard  

noted a n im a ls  younger than  five m onths to  be im m a tu re , and th o se  o ld e r  

th an  five m onths a s  m a tu re , the  m axim um  w eight and leng th  of th e  

b acu lu m  b e in g  ach ieved  quite rap id ly  betw een the  fifth  and six th  m onths.

B re e , C hanudet & Saint G irons (1966) studied  126 fox b acu la  f ro m  

F ra n c e , and sug g ested  th a t foxes w hose b acu la  had re ac h e d  a leng th  

of 50 m m  w e re  a t the  beginning  of puberty , and th a t th o se  in  w hich  the  

w eight of th e  bacu lum  exceeded  0. 5 gm s m ust be co n s id e red  to be  sexuaU y 

m a tu re  (age c la s s  9 - 1 2  m onths and o ld er). In a c o r re c tin g  no te , B re e , - 

C hanudet, Saint G irons & S trom an  (1973) used  m a te r ia l  f ro m  the 

N e th e rla n d s . A fte r  sec tio n in g  the low er le ft canine to  d e te rm in e  the 

exact age of the an im al, they  m odified th e ir  v iew s, re p o r tin g  th a t fo x es 

w ith  a  b acu lum  lo n g er th an  45 m m  and h e a v ie r  than  400 m g. w ere  

sexuaH y m a tu re . T hey  a lso  noted th a t N eth erlan d s foxes a r e  g e n e ra lly  

a  l i t t le  " s tu rd ie r"  th an  F re n c h  foxes, and so they  co n s id e red  th a t th e  

leng ths and w eigh ts g iven  applied  to F re n c h  an im a ls  with an  even  m o re  

m ar ked sa fe ty  m arg in . T hey  a lso  re c o rd e d  th a t foxes becom e sex u a lly  

m a tu re  d u rin g  the f i r s t  w in te r  a f te r  b ir th , and in  consequence the  l im it 

g iven app lied  to an im a ls  m o re  than  nine m onths old. H ow ever th ey  m ade 

no a ttem p t to  p re se n t d a ta  showing the  deg ree  of s e p a ra tio n  of ju v en ile s  

6 to  9 m onths old fro m  ad u lt an im a ls , th is  being the im p o rta n t age a t 

w hich the young of the y e a r  e n te r  the adu lt population . T hey p re se n te d  a 

 ̂ g rap h  show ing the  grow th of the  baculum , but no tim e  sc a le  w as g iven  to 

th is  g raph . H ow ever, i t  ap p ea red  that th e re  w as co n s id e rab le  o v e rlap  

betw een  th e  bacu lum  s ize  of juven ile  and adult an im a ls .
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4 . 3 .2  P re p a ra t io n  of the B acu la

T he p en is  w as rem oved , and the bulk  of the f le sh  w as c lean ed  off 

u s in g  a  p a ir  of s c is s o r s  and a  blunt scapel, tak ing  c a re  not to  dam age 

the  su rfa c e  of the bone. The bone w as then  bo iled  gen tly  in  a  10% 

so lu tion  of sod ium  p e rb o ra te  to  rem ove any rem a in in g  m ea t and to  

b leach  the bone. If any fa t w as le ft, th is  w as rem oved  w ith  ace to n e .

T he b acu la  w ere  m easu red  w ith a p a i r  of c a lip e rs  to  the n e a re s t  

0 .1  m m , and weighed, to  the  n e a re s t  m illig ra m m e . Some b acu la  

exh ib ited  old in ju r ie s , p o ssib ly  a s  the r e s u l t  of figh ts , and w ere  

d isc a rd e d .

4. 3. 3 R e su lts

D e sc rip tio n  of baculum ; The Red fox bacu lum  is  s im ila r  to  the  

bacu lum  of m o st o th e r can id s . It l ie s  along the leng th  of the  p en is , a s  

in  C an is  m e so m e la s (L om baard  1971) and C an is fa m ilia r  is  (M ille r 1952). 

The th re e  re g io n s  of the bacu lum  (head o r b a se , body and ta i l  o r  apex) 

a r e  s lig h tly  m o re  d is tin c t than  in  C anis m eso m elas , the  bone being  

s im ila r  in  g e n e ra l ap p earan ce  to the  bacu lum  of som e b re e d s  of dog.

The b a se  i s  sm ooth  in  young an im als , becom ing  roughened and m o re  

pronounced w ith age. T h e re  is  a  deep u r e th ra l  groove along the v e n tra l  

side of the body, which extends f ro m  ^ t o  ^ o f  the  leng th  of th e  bone, 

which c a u se s  th is  p a r t  of the  baculum  to be V shaped  in  c ro s s - s e c t io n .  

The caudal end of the  bone is  bent v en tra lly  th rough  an  angle of 10° - 30°, 

and s e v e ra l  m in o r bends m ay o ccu r along the  leng th  of the bone, th is  

u su a lly  being  a  double bend a s  Dolgov & R o sso lim o  (1966) d e sc r ib e d  in  

A lopex lagopus. The ta i l  of the bone is  f la tten ed  o r  oval in  shape , and 

is  often b ifu rc a te d  a t i ts  apex .. In A lopex Dolgov & R o sso lim o  (1963) 

c la im ed  th a t th e  b ifu rca tio n  deepened w ith age; in  the Red fox the  r e v e r s e  

tre n d  w as evident but could not be quantified . In young a n im a ls  a s tr ip  

of f ib ro -c a rtila g e  a few m ill im e tre s  in  length  con tinues to  th e  end of 

the g lans pen is, but th is  p ro g re s s iv e ly  d isa p p e a rs  w ith age . A gain  th is  

could not be quantified .
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T he young bacu lum  exh ib its  the sam e g e n e ra l shape, but it  i s  

m ade of porous bone and i s  fe n e s tra te d . D uring  grow th  th e re  is  no 

change in  shape, and som e of th ese  a p e r tu re s  in  th e  bone m ay  p e r s i s t  

in  som e ad u lt an im a ls .

U se of the b acu lum  fo r  age d e term ina tion : F ro m  F ig u re  7, i t  can  

be  seen  th a t th e  Red fox bacu lum  undergoes a p e rio d  of ra p id  g row th  

in  length , u n til a length  of 40 m illim e tre s  and a w eight of 200 m i l l i 

g ra m s  is  re a c h e d . T h is  s ize  is  a tta ined  by la te  S ep tem ber, when the  

a n im a ls  a r e  six  m onths old. F ro m  that p e rio d  the g row th  of the t e s te s  

a c c e le ra te s  w ith the  ap p ro ach  of the b reed in g  season , and co n co m ittan tly  

th e  b acu lu m  beg in s  to  undergo an in c re a se  in w eight w ith  l i t t le  in c re a s e  

in  leng th . T h is  grow th  in  w eight o ccu rs  throughout life , although 

a t a  d e c re a s in g  r a te .

F o r  the  se p a ra tio n  of y e a r  c la s se s  the w eight is  obviously  th e  m o re  

u se fu l m e a su re m e n t, but a s  F ig u re  7 shows any an im al w ith a  bacu lu m  

w eight in  e x c e s s  of 275 m gm s (and a length  in  e x c e ss  of 42. 5 m m ) m ay  

be e i th e r  a f i r s t -  o r  sec o n d -y e a r  an im al, and any an im al w ith a  

bacu lum  w eight in  ex c e ss  of 400 m gm s (and a leng th  in  e x ce ss  of 45. 0 m m ) 

m ay  belong to  any of the e igh t y e a r  c la s s e s  en coun tered .

T h e re  w as a  g e n e ra l in c re a se  in  w eight of the  bacu lum  w ith  age, 

bu t w ith  th e  sam p le  divided in  h a lf -y e a r  c la s s e s  th e re  w as a  c o n s id e ra b le  

o v e rlap  in  both  the  ran g e  of w eights and a lso  th e ir  s tan d a rd  d ev ia tio n s, 

so th a t the  se p a ra tio n  of age c la s s e s  w as not p o ss ib le .

A v a r ie ty  of bacu lum  in d ices  based  on a ra t io  of the w eight and 

length  m e a su re m e n ts , a s  u tilised  with su cc e ss  by  H ew er (1964), B re e , 

Je n se n  & K le ijn  (1966) and Dolgov & R osso lim o  (1966), w ere  tr ie d , but 

no se p a ra tio n  of y e a r  c la s s e s  could be  achieved, even when co m p arin g  

m onthly  sam p le s .

C om paring  the bacu lum  w eight of th re e -m o n th ly  sa m p le s  (F ig u re  8)
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it can  be see n  th a t 100% sep a ra tio n  of juvenile and adu lt an im a ls  can  only 

be ach ieved  to  the  end of Sep tem ber, when the young of the y e a r  a r e  only 

six  m onths old . F ro m  O ctober to D ecem ber the sam p le  of b a cu la  (25) 

w eighing le s s  than  600 m gm s co n sis ted  of 20 (80%) f i r s t - y e a r  an im a ls ,

4 (16%) se c o n d -y e a r  an im als  and 1 (4%) th ird -y e a r  and o ld e r  a n im a ls .

No f i r s t  y e a r  an im a l had a bacu lum  w eight in  ex cess  of 600 m gm s. In  the 

Jan u a ry  to M arch  sam ple  f i r s t - y e a r  an im als  exhibited  bacu lu m  w eights 

up to  750 m g m s, and showed a com plete o v erlap  w ith o ld e r an im a ls ; of 

th ese  57 a n im a ls  w ith a  bacu lum  w eight of le s s  than  750 m gm s 31 (54. 4%) 

w ere  f i r s t - y e a r  an im a ls , 13 (22.8%) w ere  se c o n d -y e a r  an im a ls , and 

13 (22 , 8%) w ere  th ird -y e a r  p lus an im als .

O ld er b acu la  can  be reco g n ised  by an in c re a se d  roughening  to th e  

b a se , bu t such  c h a ra c te r s  w ere  not quan tifiab le .

4 .3 .4  D isc u ss io n  of B aculum  D ata

T he b acu lu m  in  can ids o ffe rs  l i ttle  help  in  age d e te rm in a tio n .

L o m b aard  (1971) noted th a t in  C anis m eso m elas  the bacu lu m  could only 

be u til ise d  to  s e p a ra te  an im a ls  of five m onths of age o r  le s s  f ro m  o ld e r  

an im a ls , and a  s im ila r  r e s u l t  w as obtained in  the p re se n t study, only 

a n im a ls  le s s  than  six  m onths old being  se p a ra b le  on th is  c h a ra c te r .  G re a te r  

s u c c e ss  w as ach ieved  by  Dolgov & R o sso lim o  (1966) with the  A rc tic  fox, 

in  w hich th ey  could s e p a ra te  an im a ls  le s s  than  tw elve m onths old f ro m  , 

o ld e r a n im a ls .

T he d a ta  p re se n te d  by B ree , Chanudet, Saint G irons & S trom an  

(1973) su g g e s ts  th a t fo r  the Red fox the bacu lum  can be u sed  to d is tin g u ish  

an im als  le s s  than  nine months? old. H ow ever th e i r  sam p le  w as sm a ll 

( le ss  than  50 know n-age an im als) and th e ir  data do not a g re e  w ith the 

r e s u l ts  p re se n te d  h e re . T hey noted th a t an im als  w ith a  bacu lu m  w eight 

in e x c e ss  of 400 m gm s (and a length  m o re  than 45 m m) w ere  sex u a lly  

m a tu re  ( i .e .  o v er nine m onths of age). In  the p re se n t study a  ran d o m  

sam ple  of 30 m ale  foxes k illed  d u ring  O ctober to D ecem b er con ta ined  16
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FIGURE 8 BACULUM W EIGHT IN D IFFE R E N T  
YEAR CLASSES, COMPARING TH R EE-M O N TH LY

SAM PLES

FIR ST YEAR CLASS 

E 5 3 I SECOND YEAR CLASS

THIRD YEAR AND OLDER
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4 4  anim als killed April to  June:-

Number

29 anim als killed July to  Sep tem ber:-

Num ber 4

3 0  anim als kiNed O ctober to  D ecem b er-
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Number

6 4  an im als killed Jan u ary  to  M arch:-
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10 -
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W r i-f P07 as a90 3 0-601 02 050 4

W eigh t o f baculum  in g ram m es
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a n im a ls  w ith  a  bacu lu m  w eight in ex cess  of 400 m gm s; of th e se  8 (50%) 

w ere  a n im a ls  only 6 - 9  m onths old and not sexually  m a tu re  acco rd in g  to 

B re e , C hanudet, Saint G irons & S trom an. The s lig h tly  l a r g e r  w eight 

of London foxes o v er th e se  fro m  the N eth erlan d s (Section 3) does not 

exp la in  such  a  d isc re p a n cy . In the sam e sam ple of London foxes a second  

y e a r  an im a l had a  bacu lum  w eight of le s s  than 300 m g m s. Since London 

dog foxes have an  av e rag e  w eight 8% h e a v ie r  than  dog foxes fro m  the 

N e th e rlan d s  (T able 7), i t  is  su rp r is in g  tha t s e c o n d -y ea r  London foxes can  

exh ib it a  b acu lu m  so m uch lig h te r  than  th a t sa id  to  typify  a sex u a lly  

m a tu re  dog fox fro m  the N eth erlan d s.

D esp ite  the m o re  o p tim is tic  v iew s of o th e r a u th o rs , the bacu lum  can 

only be u sed  to  s e p a ra te  re lia b ly  an im als  le s s  than  six  m onths old f ro m  

o ld e r a n im a ls . Since m o st foxes a re  sam pled  in the w in te r m onths it  is  

m o st u se fu l to  be able to s e p a ra te  an im als  7 - 1 2  m onths old (the young of 

the y e a r)  f ro m  o ld e r an im als , and so the technique is  of l i t t le  ap p lica tio n  

in  a  s tudy  of population  dynam ics.

4. 4 USE OF THE EY E LENS WEIGHT IN AGE DETERMINATION

4. 4. 1 In tro d u c tio n

F r ie n d  (1967) rev iew ed  the l i te ra tu re  on r e s e a r c h  on e y e - le n s  

w eigh ts a s  a  c r i te r io n  of age in  an im als . He d e sc rib ed  the e a r ly  w ork 

on the hum an eye len s, d e sc rib in g  stud ies  since 1720 and noting th a t 

Sm ith (1883) m ade the im p o rtan t ob serv a tio n  that the grow th of th e  len s  

does not c e a se  w ith th a t of the  r e s t  of the body but that i t s  g row th  is  

continuous th roughout the  whole perio d  of life . T h is  p a tte rn  of g row th  is  

ty p ica l of e c to d e rm a l s tru c tu re s ,  but because  of i t s  un u su a l p o s itio n  in  the 

body l i t t le  if  any of th is  add itional len s  m a te r ia l  is  w orn away, so 

re su ltin g  in  a  s teady  in c re a se  in  s ize  (M o rris  1972). T h is  im p o rtan t 

concep t i s  the b a s is  on w hich the eye len s  w eight is  u sed  fo r  age 

d e te rm in a tio n . A s an exam ple of th is  p ro c e ss  F r ie n d  noted the  w ork  of
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C ollins (1905), who re c o rd e d  an in c re a se  in  len s  w eight fo r  hum ans 

fro m  b ir th  to  e igh ty  y e a rs  of age.

T h e re  w ere  som e e a r ly  s tu d ies  of the grow th of the  eye le n s  in  

la b o ra to ry  an im a ls , no tab ly  w hite Norway r a ts  (R attus n o rv ég ien s), bu t 

the f i r s t  s tudy  of the grow th of the eye, len s  in  a wild an im al w as th a t of 

L o rd  (1959), who found tha t in the  co tto n ta il ra b b it (Sylvilagus flo rid an u s) 

the w eigh ts of fo rm a lin -fix ed , o v en -d ried  le n se s  could be u sed  fo r  age 

d e te rm in a tio n . Since then  the technique h as  b een  applied  to a  w ide 

v a r ie ty  of m am m als  and b ird s  (F rien d  1967).

T h is  h a s  p roved  a su c c e ss fu l technique fo r  m any sp e c ie s , e i th e r  

allow ing fo r  a  s e p a ra tio n  of the y o u n g -o f- th e -y e a r  f ro m  ad u lts , o r  so m e 

tim e s  even  allow ing sep a ra tio n  of y e a r  c la s s e s  e .g .  L o n g h u rst (1964) w ith 

C olum bian  b la c k - ta ile d  d e e r  (O docoileus hem ionus colum bianus) in  w hich 

he w as ab le  to s e p a ra te  a t le a s t  the f i r s t  five y e a r  c la s s e s .

The e y e - le n s  w eight h as  been  u tilise d  a s  a  m ean s of age d e te rm in a tio n  

in  re la t iv e ly  few sp ec ie s  of can id s . L o rd  (1961) exam ined the e y es  of 104 

G ray  foxes (U rocyon c in e reo a rg e n te u s  f lo rid an u s) fro m  F lo r id a . He found 

th a t th e re  w as a 78% ag reem en t betw een  len s  w eight and tooth  w e a r  

tech n iq u es  when bo th  w ere  used  to e s tim a te  the y e a r  of b i r th  of the  foxes, 

and th a t th e re  w as a  90% ag reem en t when the two techn iques w ere  s im p ly  

used  to d is tin g u ish  betw een  juvenile and adult foxes. He m ade no a ttem p t 

to  d e te rm in e  the u se fu ln e ss  of the technique and the p e rcen tag e  se p a ra tio n  

betw een  the  d iffe ren t age c la s s e s .

L o rd  (1966) a lso  exam ined the grow th of the eye le n s  in  42 P a m p a s  

g ray  foxes (D usicyon gynm ocercus an tiquus) and in  175 P atagon ian  g ra y  

foxes (D usicyon g r is e u s  g r is e u s ) . The data  obtained w ere  p lo tted  on a 

, freq u en cy  d is tr ib u tio n  h is to g ra m  and L ord  a ssu m ed  that each  peak  

re p re s e n te d  an  age c la s s .  H ow ever he had no re a so n  to  m ake th is  

assu m p tio n , and n e ith e r  did L o rd  m ake any a ttem p t to  d e te rm in e  the u se fu l 

n e s s  of the technique in  age d e te rm in a tio n .
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F r ie n d  & L in h a r t (1964) exam ined the techn ique in  the R ed fox, u s in g  

72 know n-age S ilv e r  foxes and 458 w ild Red foxes coU ected in  New Y ork 

s ta te . T h ey  concluded th a t juven iles could he se p a ra te d  f ro m  ad u lts  by 

th is  techn ique  w ith  "a high d eg ree  of a c c u ra c y " , bu t th a t th e  se p a ra tio n  

of age g ro u p s  am ong ad u lts  ap p eared  rem o te . H ow ever when Johnston  & 

B e a u re g a rd  (1969) tr ie d  to apply th is  technique to Red foxes in  O n tario  

they  found th a t th e re  w ere  in co n s is te n c ie s  in  p a ire d  len s  w eigh ts w hich 

f a r  exceeded  the  expected  v a ria tio n , p o ssib ly  due to th e  v a r ia tio n  in  th e  

in itia l  hand ling  of sp ec im en s befo re  fixa tion  in  the lab o ra to ry ; th ey  

abandoned th is  techn ique . In c o n tra s t H aaften (1970), u s in g  the d r ie d  

eye le n s  w eight, w as ab le  not only to se p a ra te  ju v en iles  fro m  ad u lts  

buc w as a lso  ab le  to  age th e  adu lts, and p re se n te d  convincing d a ta  fo r  

a n im a ls  up to  e igh t y e a rs  of age. The u se fu ln ess  of the tech n iq u e  fo r  

the R ed fox is  th e re fo re  su b jec t to  som e debate .

L o m b aard  (3 971) exam ined the eye le n se s  of 64 know n-age B lack - 

backed  ja c k a ls  (C an is m e so m e la s ) . He found th a t 39% of th e  p a ire d  le n se s  

w eighed the  sam e o r  only d iffe red  by le s s  than  1% fro m  the  m ean  w eight 

of the two le n se s , bu t th a t the  eye len s  w eight w as only u se fu l fo r  

s e p a ra tin g  th o se  jack a ls  le s s  than  30 w eeks of age f ro m  th o se  of m o re  

than  30 w eek s. H ow ever L om baard  w ashed the  fixed eye le n se s  in  tap  

w a te r  b e fo re  w eighing and th is  in tro d u ces  a v a r ia b le  fa c to r  wliich m ay  

red u ce  the re l ia b il i ty  of h is  r e s u l ts .

4 .4 .2  P re p a ra t io n  of E ye L en ses

F r ie n d  (1968) h as  su m m a rise d  the so u rc e s  of v a r ia tio n  in h e re n t in  

th is  techn ique , a n d  M o r r i s  (1972) expanded s lig h tly  on th is , d isc u ss in g  

the  handling  of eye le n se s . The follow ing p ro c e d u re s  w ere  r ig id ly  a^lhered 

to: -

1) T he e n tire  ey es w ere  rem oved w ithin 24 h o u rs  of dea th  f ro m  

u n fro zen  sp ec im en s  only, and th e re a f te r  the  two ey es  w e re  

hand led  se p a ra te ly .
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2) T he ey es  w ere  fixed in  a  10% n e u tra l so lu tion  of fo rm ald eh y d e , 

and  a  r a t io  of a t le a s t  1 0 ; 1 by  volum e of f ix a tiv e  to  t is s u e  w as 

u sed , A s li t  w as m ade in  the  back of the e y e -b a ll to allow  

e a sy  p en e tra tio n  of fixa tive .

3) F ix a tio n  w as c a r r ie d  out fo r  exactly  30 days in  a  cool ro o m .

4) T he  eye w as then cut open, the len s  rem oved , a i r -d r ie d ,  and

th en  d r ie d  in  an  oven at 80^C un til a constan t d ry  w eight

w as ob tained .

5) S ince the  le n se s  a r e  hygroscop ic , they  w ere  cooled in  a 

d e s ic c a to r  o v e r  anhydrous ca lc iu m  ch lo ride , and only rem o v ed  

b r ie f ly  fo r  w eighing.

6) F o r  a g e -d e te rm in a tio n  p u rp o ses  the reco m m en d a tio n s  of

M o rr is  (1972) w ere  followed, only le n se s  w ith no e x te rn a l 

s ig n s  of dam age being  used, and the two le n se s  had to 

d if fe r  in  w eight by only 1% o r  le s s  (L ord  1959). A la rg e  

n u m b er of a n im a ls  w ere  shot in  the  head, so th a t one of 

th e  ey es  w as dam aged. In th e se  c a se s , the re m a in in g  eye 

le n s  w as u sed  if  i t  showed no e x te rn a l s ig n s of dam age, bu t 

l e s s  re lia n c e  w as p laced  on th e  re s u l ts  so obtained .

4 . 4 . 3  R e s u lts

In  a l l  144 p a i r s  of le n se s  d ifferin g  in  w eight by  1% o r  le s s  w as 

p re p a re d . A fu r th e r  30 s ing le  undam aged le n se s  w ere  a lso  co lle c te d . 

T he grow th  of the eye len s  w ith  age is  shown in F ig u re  9. - s in ce  no sex  

d iffe ren ce  w as found both  sex es  w ere  grouped to g e th e r  on the d ia g ra m .

F ro m  F ig u re  10 i t  can be seen  that th e re  is  a com ple te  se p a ra tio n  

of young of the  y e a r  fro m  o ld e r  an im als  up to th e  end of S ep tem b er. 

D uring  the  w in te r  m onths (O ctober to M arch) only one an im a l le s s  than  

a y e a r  old had an  eye len s  w eight in  ex cess  of 210 m gm s (217. 3 m gm s), 

and 210 m g m s w as tak en  a s  the sep a ra tio n  point betw een  ju v en ile s  and 

ad u lts . In  the  th re e -m o n th  sam ple  O ctober - D ecem b er 21 /23  (91%) of
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FIGURE 9 GROWTH O F THE EY E LENS W ITH 
AGE, SHOWING THE AVERAGE, STANDARD 

ERROR (LOZENGE) AND RANGE 
O F READINGS
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the a n im a ls  w ith an  eye len s  w eight of le s s  than  210 m gm s w ere  le s s  

than  a  y e a r  old, and fo r  the  Ja n u a ry  - M arch  sam p le  21 /25  (84%) w ere  

l e s s  th an  a  y e a r  old. T h e re a f te r  th e re  w as a com plete  o v e rlap  betw een 

age c la s s e s .

4. 4. 4 D isc u ss io n  of E ye L ens W eight D ata

F r ie n d  & L in h a r t (1964) a lso  found tha t th e  se p a ra tio n  of juven ile  

f ro m  adu lt Red foxes o c c u rre d  w ith an eye len s  w eight of 203 - 213 

m illig ra m m e s ; it  is  in te re s tin g  to  note the  sam e se p a ra tio n  poin t 

be tw een  London foxes and A m eric an  foxes when the two sam p les  v a ry  

m a rk e d ly  in  body s iz e  (Section 3). F r ie n d  & L in h a rt a lso  found th a t fo r  78 

sp ec im e n s  th e re  w as com plete  a g ree m e n t betw een  eye le n s  d a ta  and 

d e g re e  of o s s if ic a tio n  of the  p ro x im a l ep iphysis of the h u m eru s . H ow ever 

th e ir  sam p le  w as co llec ted  only in  S ep tem b er and O ctober, and the sam e 

s u c c e s s  in  se p a ra tin g  ju v en iles  f ro m  ad u lts  in  th e  la te  au tum n w as found 

in  the  p re s e n t  study . At th a t tim e  of the y e a r  m any tech n iq u es  a r e  

equally  ap p licab le  and la te r  in  the w in te r, when m o re  a n im a ls  a r e  

sam pled , le s s  re l ia b le  se p a ra tio n  of young of the y e a r  f ro m  ad u lts  w as 

ach iev ed  u sin g  eye le n s  w eight. F r ie n d  & L in h art, w ith  a  sam p le  lim ite d  

to  only a  few  m onths of the y e a r , o v e r-e s tim a te d  the  va lu e  of th is  techn ique. 

T he d a ta  p re se n te d  by H aaften  (1970) w as convincing fo r  h is  population; 

why he ob ta ined  such  good r e s u l ts  i s  d ifficu lt to  exp lain  but p re su m a b ly  

h is  a n im a ls  w ere  sam pled  f ro m  v e ry  un ifo rm  en v iro n m en ta l cond itions - 

no d e ta ils  of the sam p le  w ere  given.

T he eye le n s  technique a lso  su ffe rs  fro m  th e  d isad v an tag es  of being  

tim e -c o n su m in g  and a lso  be ing  lim itin g  in  th a t only v e ry  f re s h  an im a ls  

can  be aged . In the  p re se n t study  m any a n im a ls  had b een  shot in  th e  

head, th e re b y  re n d e r in g  one o r  bo th  eyes unusab le , and th is  a lso  lim ite d  

the u se fu ln e ss  of the  tech n iq u e .
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FIGURE 10 ÉYE LENS W EIGHT IN D IFFER EN T 
YEAR CLASSES, COMPARING THREE-M ONTHLY

SAM PLES

FIR ST YEAR CLASS 

SECOND YEAR CLASS 

THIRD YEAR AND OLDER
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4. 5 USE OF TOOTH WEAR IN AGE DETERMINATION

4 .5 .1  In tro d u c tio n

T ooth  a t tr i t io n  i s  one of the o ld est tech n iq u es fo r  age d e te rm in a tio n , 

being  p a r t ic u la r ly  app licab le  to  la rg e  h e rb iv o re s . T he d e g re e  of a t t r i t io n  

of the  p e rm a n e n t te e th  is  e i th e r  d e te rm in ed  v isu a lly  by co m p arin g  a 

s e r ie s  of know n-age m a te r ia l,  o r  by  m ea su rin g  too th  heigh t. A s Spinage 

(1973) po in ted  out, such  m e a su re m e n ts  a r e  only p seu d o -o b jec tiv e  s in ce  

although m e a su re m e n ts  m ay  rem o v e  o b se rv e r  b ia s  they  do not e lim in a te  

v a r ia tio n s  due to ind iv idual r a te s  of w ea r. Spinage a lso  no ted  th a t th e  

p a tte rn  of a t t r i t io n  should tend  to  follow a  negative  exponential r a te  of decay , 

so  th a t a  ra p id  r a te  of w e a r  in  the younger c la s s e s  m akes th em  look o ld e r, 

w h ils t f la tten in g  of the cu rv e  in the o ld e r  c la s s e s  m ak es  th em  d ifficu lt 

to s e p a ra te  f ro m  younger ones. E xam p les  of th is  a r e  seen  in  O docoileus 

v irg inicinus (Ryel, F a y  & E tten  1961), and in  O deocoileus hem ionus 

(E rick so n , A nderson , M edin & Bowden 1970). S ilv e r (1969) no ted  th a t in  

th e  h o rs e  b e tw een  five y e a r s  and seven  y e a rs  the  in c is o r s  w ea r a t a  r a te  

of p e r  y e a r  w hile la te r  in  life  the r a te  i s  m uch red u ced  so  th a t o v er 

20 y e a r s  of age, the  in c is o rs  w e a r  a t a  r a te  of p e r  five y e a r s .

T he u se  of tooth  w e a r  h as  been  used  fo r  som e tim e  to  d e te rm in e  th e  

age s tru c tu re  and p ro d u c tiv ity  of a  v a r ie ty  of un g u la tes  e. g. a s  long, ago 

a s  1932 C ahalane d e sc rib e d  th is  technique in the  W hite - ta ile d  d e e r  

(O docoileus v irg in ia n u s ). S ince the developm ent of th e  u se  of in c re m e n ta l  

lin e s  fo r  age d e te rm in a tio n , s e v e ra l  a ttem p ts  have b een  m ade to 

d e te rm in e  the v a lid ity  of th e se  to o th -w e a r s ta n d a rd s  in  age d e te rm in a tio n . 

B o o ze r (1969) exam ined  O docoileus v irg in ian u s  and found a  72% a g r e e 

m ent be tw een  cem en tum  annuli and to o th -w e a r techn iques, and 88% 

a g re e m e n t w itliin  p lus o r  m inus one y e a r . K e iss  (1969) obtained  a 50% 

a g re e m e n t betw een  the  ag es  d e te rm in e d  by  tooth  w e a r and cem en tu m  lin e s  

in  A m e ric a n  elk  (C ervus can ad en sis), and he a lso  noted th a t fo r  too th  

w ea r som e e s tim a te s  w ere  a s  m uch a s  seven  y e a rs  out. T h ese  and m any  

o ther a u th o rs  have e x p re sse d  doubts a s  to  the  v a lid ity  of the  d eg re e  of too tn
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w e a r  a s  a s s e s s e d  v isu a lly . O th er a u th o rs  e. g. Q uim by &. Gaab (1957), 

w ith  elk , a r e  of the opinion that v isu a l e s tim a tio n  is  a  r e l ia b le  

techn ique , and N ovakow ski (1965) found in c iso r  w ea r to be a  u se fu l 

f ie ld  techn ique in  b iso n  (B ison b iso n ) .

F o r  a  fu ll rev iew  of the technique a s  applied  to  h e rb iv o re s  se e  T a b e r  

(1971) and Spinage (1973); Spinage a lso  d isc u ssed  the d ra w -b a c k s  of the 

techn ique in  som e d e ta il.

F ew  a tte m p ts  have been  m ade to d e te rm in e  the age of can id s  u s in g  

too th  a ttr i t io n . G ier (1968) aged coyotes (C anis la t r a n s ) u sing  w e a r of the 

u p p e r and lo w er in c is o rs  and can ines, and included a d ia g ra m  show ing the 

d e g re e s  of w e a r  of th ese  te e th  in an im als  up to eigh t y e a r s  old. H ow ever 

he  m ade no a ttem p t to  d e te rm in e  the deg ree  of a c c u ra c y  of h is  tech n iq u e . 

S ilv e r  (1969) noted  th a t in  the D om estic  dog (C an is  fa m ilia r is )  a t  one y e a r  

a l l  the in c is o r s  a re  in  w ear bu t s t i l l  have the f le u r -d e - ly s  shape w hich is  

co m p le te ly  lo s t  by  two y e a r s .  L om baard  (1971) u sed  the sam e teclin ique 

fo r  d e te rm in in g  the age of B lack -backed  jack a ls  (C an is m eso m elas) bu t 

on ly  u sed  the  u p p e r in c is o rs .  In d e sc rib in g  the w ea r of th e se  te e th  by 

y e a r  c la s s e s  he noted th a t in two y e a r  old an im als  the f i r s t  s ig n s  of 

w e a r  s ta r te d  to a p p e a r  on I^ and I^, and that in  an im a ls  of seven  y e a r s  

of age and o v e r  no cu sp s  o r  f is s u re s  rem ained ; fu r th e rm o re , in  som e 

a n im a ls  the te e th  w ere  w orn down to the gum line , so that age d e te rm in a tio n  

by  m ean s  of the d e g re e  of a t tr i t io n  of the upper i i ic iso rs  could no t be u sed  

fo r  a n im a ls  of seven  y e a rs  and o v er. L om baard  a lso  noted th a t too th  

w e a r  of the u p p e r in c is o rs  w as influenced by the  lo s s  of contiguous tee th , 

and the  lo s s  of u p p er o r  low er in c iso rs  on the one side of the jaw 

in c re a se d  too th  w ea r m ark ed ly  on the opposite side of the jaw, and th a t 

th e  m o re  te e th  th a t a re  lo s t the  g re a te r  the w earin g  s t r e s s  on the 

re m a in in g  tee th .

G u rsk ii (1973) d e sc rib e d  age changes in the sk u ll of the w olf (C an is  

lu p u s). He noted  th a t the u p p er in c iso rs  and can in es  w ere  a ll  c le a n  w ith 

sh a rp  a p ic e s  in  an im a ls  2 - 4  y e a rs  old, the f i r s t  s igns of w ea r a p p ea rin g
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in  the  4 - 6  y e a r  age c la s s .  He noted tha t w ith ab n o rm a l b i te s  th e  r a te  

of a t t r i t io n  w as m ark ed ly  in c re a se d .

In the v a rio u s  foxes exam ined, Dolgov & R o sso lim o  (1966) no ted  th a t 

in  the A rc tic  fox (A lopex lagopus) tooth  w ear p roved  u n re lia b le  a s  an 

index of age due to the  se lf - in flic te d  dam age caused  by  liv e -tra p p in g .

M ark ina  (1962) d e sc rib e d  the sequence of w e a r of the te e th  in  the  

R ed fox (V ulpes v u lp e s), although he m ade no a ttem p t to  c o r re la te  th is  

w ith  ag e . He noted  th a t th e  sequence of w ear of the  te e th  depends on 

w h e th e r the te e th  of the u p p er and lov/er jaw s a re  in  con tact, and th a t 

te e th  th a t undergo  f r ic t io n  and a m o re  constan t load a r e  w orn  down m o re  

q u ick ly  i . e .  in c is o rs , can in es and c a rn a s s ia l  tee th . He d e sc rib e d  a lso  

how too th  w ea r depends la rg e ly  on the changing load  on the d iffe re n t 

te e th  in  re la t io n  to the food of the ind iv idual an im a ls , so cau s in g  ind iv idual 

v a r ia t io n  in  the w earin g  down of the tee th . A s a r e s u l t  sp ec im e n s  a re  

found w ith in c is o r s  w orn down to the  dentine bu t w ith the m o la rs  not w orn  

down, and v ice  v e r s a . T h is  m u st be b o rn  in m ind when tak ing  accoun t 

of too th  w e a r  d u rin g  age d e te rm in a tio n . M arkina found chat th e  in c is o r s  

show ed the f i r s t  s ig n s  of w ear, th is  app earin g  a t about one y e a r  of age.

Wood (1958) aged the G ray  fox (U rocyon c in e re o a rg e n te u s ) by  too th  

a t tr i t io n . He checked the w ea r on the in c iso rs , can in es , c a rn a s s ia ls  

and c ru sh in g  m o la rs , but found that only the la t te r  te e th  showed p ro m ise  

fo r  an  age c r i te r io n , and the c h a ra c te r  se le c ted  w as the d e g ree  of w ear 

on the p ro toconu le  and m etaconu le  of the f i r s t  upper m o la r . He noted 

five d e g re e s  of tooth  w ea r w hich he thought w ere  c o r re la te d  w ith y e a r  

c la s s e s .  F o r  44 know n-age read in g s  he found a  93. 2% c o r re la tio n  w ith  • 

e s tim a te d  age.

• F o r  the Red fox Stubbe (1965) m odified  th is  schem e, reco g n is in g  fo u r 

d is tin c t age g ro u p s fo r  h is  m a te r ia l; w hich w as sam pled  only in  the autum n, 

so fa c ilita tin g  se p a ra tio n  of age c la s s e s .  B ree , Soest & S tro m an  (19(4) 

exam ined  the tech n iq u es  of Wood and of Stubbe, u s in g  m a te r ia l  f ro m  the
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N e th e rlan d s  and fro m  F ra n c e , having f i r s t  de term ined  the age of th e ir  

m a te r ia l  b y  m ean s  of dentine la y e rs  of the canine tee th . T hey  found 

th a t only  35% of the  N e th erlan d s  foxes and 47% of the F re n c h  fo x es w ere  

aged  in  a c c o rd an ce  w ith  th e ir  objective age, but m o st e r r o r s  w e re  not in  

e x c e s s  of one y e a r .  T hey concluded tha t age d e te rm in a tio n  by to o th  w ea r 

c h a r a c te r is t ic s  w as co n s id e red  an u n re liab le  m ethod b y  w hich to  study 

the  age s tru c tu re  of a c a rn iv o re  population, and th a t the  g re a t 

v a r ia b i li ty  in  the w earin g  p ro c e s s  is  probably  due to such f a c to rs  a s  

the genetic  background  of the ind iv iduals, the s ize of the l i t t e r  f ro m  w hich 

th ey  o rig in a ted , the s tru c tu re  and the calc ium  content of the  food taken  

and the  in id iv id u a l v a r ia tio n  in  ca lc iu m  m etabo lism .

4 .5 .  2 R ec o rd in g  T ooth  A ttr itio n

A v a r ie ty  of te e th  w ere  o rig in a lly  exam ined w ith  re s p e c t  to  th e  d e g re e  

of a t t r i t io n  in  a l l  an im a ls  o v e r six  m onths old; p r io r  to th a t date  the  m ilk  . 

te e th  a r e  s t i l l  be ing  re p la c e d  by  the adu lt dentition  (M ark ina 1962,

L in h a r t 1968, H aaften  1970). It soon becam e app aren t th a t the can in es , 

p re m o la rs  and c a rn a s s ia ls  w ere  so e a s ily  broken th a t they  v /e re  of l i t t le  

u se  in  age d e te rm in a tio n , and a s  a r e s u l t  only the u p p e r in c is o r s  and f i r s t  

u p p e r m o la rs  w ere  exam ined in  de ta il; the low er in c is o rs  w ere  w orn  too 

ra p id ly  to  be of u se  in  age d e te rm in a tio n . The d eg ree  of u p p er in c is o r  

w e a r  w as m ark ed  on a c a rd  showing the outline of the unw orn te e th . M olar 

w e a r  w as re c o rd e d  using  the s ta n d a rd s  of Wood (1958).

4. 5. 3 R e su lts

Tooth  w e a r  p roved  to  be a v e ry  v a riab le  c h a ra c te r , and a s  such  w as 

u n re lia b le  a s  a c r i te r io n  of abso lu te  age. If an an im al showed ex c e ss iv e  

.w ear of the in c is o rs ,  i t  in v a riab ly  showed the co n v erse  on i ts  m o la rs , and 

v ice  v e r s a .  M ark ina  ( 1 9 6 2 ) m ade s im ila r  observations; th is  p re su m ab ly  

r e f le c ts  th e  a n im a ls  own food p re fe re n c e s , those w ith b ad ly  w^orn in c is o r s  

sp e c ia lis in g  in  b itin g -ty p es  of food, while those w ith w^orn m o la rs  sp e c ia lis in g  

in  gnaw ing-types of food.
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T he a v e ra g e  d e g re e  of in c is o r  w ea r in  w in te r -k ille d  a n im a ls  i s  shown 

on F ig u re  11, the lin e s  denoting  th e  am ount of w e a r  expected  fo r  th a t 

y e a r  c la s s ,  up to six  y e a r s  of age . S u m m er-k illed  a n im a ls  show  a  d e g re e  

of w e a r  in te rm e d ia te  betw een the w infer s am p le s . T h e re  w as a  la rg e  

d e g re e  of v a r ia b i li ty  in  bo th  the d eg ree  of developm ent of the  v a r io u s  

cu sp s  and a lso  the d eg ree  of a ttr i t io n , th is  often  being  m o re  p ronounced  

on one s ide  of the m outh than  th e  o th er, and a lso  w as m o re  m ark e d  in  

te e th  ad ja ce n t to  b ro k en  o r  m iss in g  tee th . In consequence, any f ig u re s  

g iven m u st be  an  a v e ra g e .

B y m a rk in g  the d eg ree  of in c is o r  w ea r on a  blsmk ou tline, 65. 5% 

of the  a n im a ls  w ere  aged c o r re c t ly  u sing  the sc a le  in  F ig u re  11, and 93. 3% 

of the sam p le  of a n im a ls  up to  fo u r y e a r s  of age w ere  aged w ith  only one 

y e a r  e r r o r  o r  le s s  (T able 12). W ith in c re a s in g  age the am ount of 

ad d itio n a l too th  w e a r  each  y e a r  w as le s s  (Spinage 1973), so th a t w ith 

in c re a s in g  age the p e rcen tag e  a c c u ra c y  of th is  technique d im in ish ed  

(T able 11).

T he u se  of m o la r  w ea r fo r  age d e te rm in a tio n  w as c o n s id e ra b ly  le s s  

re lia b le , show ing a g r e a te r  d e g re e  of v a r ia b ili ty  than  in c is o r  w e a r . T h e re  

w as a  m a rk e d  tendency  to o v e r -e s tim a te  th e  age of f i r s t  y e a r  w in te r - 

k illed  a n im a ls  (Table 13), w ith  about half the second  and th ird  y e a r  

a n im a ls  c o r r e c t ly  aged, and th e re a f te r  the  age w as u n d e r-e s tim a te d . 

O v e ra ll, only  41. 4% of the sam p le  w as c o r re c t ly  aged, bu t w ith one y e a r  

e r r o r  o r  le s s  a lm o s t ex ac tly  th e  sam e a c c u ra c y  (92.5%) w as obtained  

a s  w ith  in c is o r  w ea r (Table 14). G re a te r  a c c u ra c y  w as not obtained  if  

the sam p le  of a n im a ls  w as lim ited  to  any one tim e  of the y e a r .

4. 5. 4 D isc u ss io n  of Tooth  W ear D ata

T he r e s u l t s  obtained  h e re  a re  th e  co n v erse  to  th o se  obtained  fo r  

U rocyon by  Wood (1958), in tha t the  in c is o rs  show a  g r e a te r  r e l ia b il i ty  

in  age d e te rm in a tio n  th an  do the m o la rs , but even th e  in c is o r s  should 

only be  u sed  a s  a  guide to  age. Some an im a ls  show an  e x tre m e  ran g e  f ro m
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TA BLE 11

EFFE C T IV E N ESS OF U PPER  INCISOR WEAR IN THE 
DETERM INATION OF AGE IN 185 WINTER (OCTOBER-MARCH)

KILLED ANIMALS

Age e s tim a te d  fro m  u p p er in c iso r  w ea r 
(F ig u re  9)

1s t y r  
No %

2nd y r  
No %

3rd
No

I y r  
%

4th y r  
No %

o ld e r  
No %

a>
< 1s t  y e a r 65

73%
20

23%
3

' 3%
1

1%
-3
Üd>

6

2nd y e a r 11
23%

31
65%

4
8%

1
2%

1
2%

3rd  y e a r 6
33%

8
44%

3
17%

1
6%

4th y e a r 4
40%

1
10%

4
40%

1
‘ 10%
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TA BLE 12

ACCURACY OF AGE D ETERM N A TIO N  USING INCISOR 
WEAR IN 165 W INTER-K ILLED  ANIMALS

N um ber P e rc e n ta g e

Age c o r re c t ly  d e te rm in ed 108 65.5%

1 y e a r  e r r o r 46 27.8%

2 y e a r s  e r r o r 9 5.5%

3 y e a r s  e r r o r 2 1 . 2%
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TA BLE 13 .

E FFE C T IV E N E SS OF FIRST U PPE R  MOLAR WEAR IN THE 
DETERM INATION OF AGE IN 227 ANIMALS SAMPLED 

THROUGHOUT THE YEAR

Age e s tim a te d  fro m  f i r s t  u p p e r m o la r  w ea r 
(from  Wood 1958)

<IÜo
O

1s t  y r  

No %

2nd y r  

No %

3rd

No

[ y r

%

4th y r  

No . %

o ld e r 

No %

1s t y e a r
(O c to b er-
M arch)

28
31%

54
60%

6
7%

2
2%

2nd y e a r 7
8%

47
52%

31
34%

5
6%

3rd  y e a r 1
3%

6
19%

15
47%

10
31%

4th y e a r 3
20%

7
46%

4
27%

1
7%
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TA BLE 14

ACCURACY OF AGE DETERM INATION USING FIRST U P P E R  MOLAR 
WEAR IN 227 ANIMALS SAMPLED THROUGHOUT THE YEAR

N um ber P e rc e n ta g e

Age c o r r e c t ly  d e te rm in e d 94 41.4%

1 y e a r  e r r o r 116 51. 1%

2 y e a r s  e r r o r 15 6. 6%

3 y e a r s  e r r o r 2 0. 9%
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the a v e ra g e , p re su m a b ly  due to  ind iv idual v a r ia tio n s  in  the ca lc iu m  

conten t of th e  tee th , food se lec tio n , and o th e r  fa c to rs .

In c is o r  w e a r  is  m o st u se fu l in  sep a ra tin g  the m a jo rity  of th e  young 

of the y e a r  f ro m  o ld e r  a n im a ls . F i r s t  y e a r  an im a ls  show a  m ark ed  

f le u r - d e - ly s  p a tte rn  to  the  u p p er in c iso rs , wliich a r e  iv o ry  w hite. T h is  

co lo u r  and p a tte rn  d isa p p e a r  by  the second y e a r  of life ; if  the an im a l 

show s th is  f le u r -d e - ly s  shape i t  is  a  f i r s t  y e a r  an im al, w hile if i t  does 

no t it  could be a f i r s t  y e a r  an im al w ith bad ly  w orn te e th  but it  is  m o re  

lik e ly  to be an  o ld e r  an im al. S ilv er (1969) noted a s im ila r  p a tte rn  of 

e v en ts  o c c u rr in g  in  the dog (Can is  f a m il ia r is ) , th is  f le u r -d e - ly s  being  

co m p le te ly  lo s t  by two y e a r s  of age . G u rsk ii (1973) c la im ed  th a t in th e  

w olf (C an is  lu p u s) the f i r s t  s igns of w ea r do not ap p e a r  u n til the  fo u rth  

to  s ix th  y e a r .

A lthough bo th  G ie r (1968) and L om baard  (1971) have app lied  th is  

in c is o r  w e a r techn ique to C anis la tra n s  and C an is m e so m e la s  re sp e c tiv e ly , 

n e ith e r  have a ttem p ted  to d em o n stra te  the p e rc e n t a c c u ra c y  of th e ir  

r e s u l ts ,  and so  no co m p ariso n  can  b e  m ade w ith th e  r e s u l t s  p re se n te d  

h e re .

W ith the w ea r on the f i r s t  u p p er m o la r  of U rocyon Wood (1958) found 

a  93. 2% a c c u ra c y  when exam in ing  know n-age a n im a ls . He a lso  noted th a t 

th e re  w as no d iffe ren ce  in  th e  r a te  of w ea r betw een  wild and p e n - ra is e d  

a n im a ls . Stubbe (19G5) did not d em o n stra te  the  a c c u ra c y  of th is  teclm ique 

when he app lied  i t  to  the R ed fox, bu t B re e , S oest & S trom an  (1973) found 

a  35% a c c u ra c y  w ith 79 foxes f ro m  the N e th e rlan d s  and 47% of 97 foxes 

f ro m  F ra n c e . T hey  a lso  noted th a t m o st e r r o r s  did not exceed  one y e a r . 

W ith 227 su b u rb an  foxes o v er six  m onths of age an  a c c u ra c y  of 41. 4% 

w as ob ta ined . T h is  c lo se  s im ila r i ty  of the r e s u l ts  obtained  f ro m  foxes 

sam p led  in  th re e  w idely d iffe re n t en v iro n m en ts  i s  in te re s tin g , e sp e c ia lly  

s in ce  one ex p ec ts  a m ark ed  v a r ia tio n  in  tooth  w ear in  re la t io n  to  the  

n a tu re  of the  food.
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D esp ite  th e  ten ta tiv e  suggestion  tha t too th  w ear in  foxes f ro m  

d iffe re n t en v iro n m en ts  m ay  be re m a rk a b ly  s im ila r , too th  w e a r should 

no t be ran d o m ly  app lied  to d iffe ren t populations w ithout r e fe re n c e  to 

know n-age m a te r ia l .  Even then, i t  should be  u sed  only a s  a guide to 

a p p ro x im a te  age - G rau , S anderson  & R o g ers  (1970) w ith P ro c y o n  lo to r 

a lso  no ted  a  high a c c u ra c y  (82. 7%) in  aging a  sam ple  of an im a ls , bu t th a t 

th e  o v e rla p  w as too g re a t  to  m ake the m ethod re lia b le  on an  ind iv idual 

b a s is .  E x a c tly  the  sam e lim ita tio n  ap p lies  to V ulpes \u lp e s .

4. 6 USE OF CRANIAL SUTURES IN AGE DETERMINATION

4 . 6 . 1  In tro d u c tio n

T he r a te  of c lo su re  of the c ra n ia l s u tu re s  has been  used  to d e te rm in e  

sk e le ta l age in  m an  ( Homo sa p ie n s ) fo r  m any y e a rs , each  su tu re  being  

thought to  c lo se  a t  a s e t age, the sequence of c lo su re  be ing  r ig id ly  

defined, follow ing the s ta n d a rd s  of Todd & Lyon (1924, 1925a, 1925b. 

1925c). W eidenreich  (1939), fo r  exam ple, u tilised  th is  techn ique  in  h is  

s tudy  on the d u ra tio n  of life  of fo s s il  m an  in  C hina. H ow ever m o re  re c e n t 

w ork (B rooks 1955, G enoves 1969) h as  shown that the  p ro c e s s  of su tu re  

o b lite ra tio n  in  Homo sap ie n s  does not follow  a w ell-d efin ed  p a tte rn  and is  

an u n re lia b le  c r i te r io n  of age . G enoves (1969) noted th a t only the b a s i-  

sphenoid  sy n ch o n d ro s is  can  be u sed  in  age d e te rm in a tio n , th is  gap 

be tw een  the b a s i-sp h e n o id  and b a s i-o c c ip ita l  being  o b lite ra te d  a t  about 

ad u lt hood.

T he u se  of su tu re  c lo su re  has b een  used  to  d e te rm in e  the age of som e 

w ild m a m m a ls . F o r  in s tan ce , M arks & E ric k so n  (1966) d e sc rib e d  the 

sequence of su tu re  c lo su re  in  the B lack  b e a r  (U rsu s  a m e r ic a n u s ), noting  

' à  g r e a te r  r a te  of c lo su re  in fem ale  a n im a ls . A ll su tu re s  w ere  c lo se d  

in  the  n in th  seaso n  in  both  se x e s . G rau, S anderson  & R o g e rs  (1970) 

found th a t w ith the  racco o n  (P rocyon  lo tor) the  c lo su re  of the c ra n ia l  

s u tu re s  w as a con tinuous p ro c e s s  and th a t the  sequence of su tu re  c lo su re
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allow ed  se p a ra tio n  of m ale  racco o n s  into seven  age g ro u p s. T h e re  w ere  

too few  fe m a le s  to allow  d e te rm in a tio n  of the sequence of su tu re  c lo su re .

C ra n ia l  s u tu re s  have b een  u sed  to d e te rm in e  the age of s e v e ra l  c an id s  - 

Wood (1958) exam ined  the G ray  fox (U rocyon c in e re o a rg e n te u s ). He found 

th a t m o s t of the  sk u ll su tu re s  w ere  c lo sed  by Jan u a ry  in  the f i r s t  y e a r  of 

the an im al’s life  and he concluded that an im a ls  w ith open o r  re c e n tly  

c lo sed  s u tu re s  w ere  0 - 1 2  m onths old.

D olgov & R o sso lim o  (1966) d esc rib ed  the r a te  of su tu re  c lo su re  in 

the A rc tic  fox (A lopex lag o p u s). T hey concluded th a t the  e x te rn a l ap p ea ran ce  

of the sk u ll w as of l i t t le  use  fo r age d iag n o sis . B y a v a r ie ty  of e x te rn a l 

f e a tu re s , m ain ly  su tu re  c lo su re , they  could d is tin g u ish  f i r s t  y e a r  sp ec im e n s  

f ro m  in d iv id u a ls  of the 1 . 5 - 2  y e a r s  and o v e r 2 y e a rs  age g ro u p s. T hey  

no ted  th a t  th e  b a s i-o c c ip i ta l  and sphenoid su tu re  was c lo sed  even  in  

a n im a ls  only  6 - 1 0  m onths old, and in  an im a ls  10 - 12 m onths old the 

b a s i-  spheno id  and p re -sp h en o id  su tu re  and a v a r ie ty  of o th e r  s u tu re s  w ere  

o s s if ie d . T h is  is  a  re m a rk a b ly  fa s t  r a te  of su tu re  c lo su re , only s lig h tly  

s lo w e r than  th a t fo r  the G ray  fox (Wood 1958). Dolgov & R o sso lim o  a lso  

no ted  th a t age d e te rm in a tio n  in  fem a le s  w as s t i l l  m o re  d ifficu lt due to  

th e  p o ss ib ili ty  of c o n s id e rab le  e r r o r ,  som e fem ale  sk u lls  being  " in fa n tile " 

in  th e ir  c h a r a c te r s .

G u rsk ii (1973) d e sc rib e d  the sequence of c ra n ia l  changes w ith age in  

the wolf (C an is  lu p u s). He noted th a t the  su tu re s  w ere  o b lite ra te d  

g ra d u a lly  in  s t r i c t  sequence, and th a t th e re  w ere  no sex  d iffe re n c e s  in  the 

d e g re e  of o b lite ra tio n  of the su tu re s . The sequence of c lo su re  w as the sam e 

a s  th a t d e sc r ib e d  fo r  o th e r  can ids, bu t the r a te  of c lo su re  w as m uch  s lo w er. 

T he b a s i-o c c ip i ta l  sy n ch o n d ro sis  beg ins in  an im a ls  7 - 8  m onths old, being  

com ple ted  in  an im a ls  1 2 - 1 8  m onths old. The s m a ll su tu re  betw een  the 

b a s i-sp h e n o id  and p re -sp h en o id  s ta r te d  to  c lo se  in  the fo u rth  y e a r , b e ing  

co m ple ted  in  the s ix th  y e a r . S im ila r  changes w ere  d e sc rib e d  fo r  a  v a r ie ty  

of o th e r  s u tu re s .
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C h u re  h e r  (1960) t r ie d  to  dev ise  a technique fo r  d e te rm in in g  the  age 

of the  R ed fox, u s in g  the sk u lls  of 188 know n-age fa rm  an im a ls  and 1288 

w ild c ra n ia . U sing  the b a s i-o c c ip ita l  - b a s i-sp h en o id  (BOBS), p re -sp h e n o id  

- b a s i-sp h e n o id  (PSBS) and p a la ta l p o rtio n  of the p r e -m a x i l la r  - m a x illa ry  

s u tu re s  (PMMS), a l te ra t io n  in  the  shape of the  p o s t o rb ita l  p ro c e s s e s  

(POPS) and of th e  a n te ro la te ra l  p ro c e s s e s  of the n a sa ls  (ALPN) and te x 

tu re  of the  te m p o ra l a r e a s  (TA), he dev ised  the key  inc lu d ed  below :-

Age (m onths) Y e a r - c la s s

1. BOBS open 0 - 9  1st

BOBS c lo se d  • — — — —“ 2,

2. PSBS open, TA sm ooth,

A L PN  pointed, pulp cav ity  la rg e  1 0 - 2 1  2nd

PSBS c lo sed , TA roughened, -  ,

A L PN  poin ted  o r  b lu n tly  pointed, 

pulp cav ity  red u ced   -i3 , .

3. PO PS tr ia n g u la r ly  pointed 22 - 33 3rd

P O P S  sp a tu la te ly  rounded,

A L PN  u su a lly  b lun tly  rounded  - - 4 .

4. PMM S open 34 - 57 4th + 5th

PMM S p a r t ly  fused  o r  fu sin g  5 8 - 8 1  6th  + 7th

PM M S fu sed  82 + 8th  + o ld e r

A s can  be seen , C h u rc h e r  w as of the opinion tha t the  s u tu re s  c lo sed  

in  a  s e t  o rd e r  and a t p re c is e  a g es .

Jo h n sto n  & B e a u re g a rd  (1969), in  th e ir  s tudy  on r a b ie s  ep idem io logy  

in  O n ta rio , exam ined  the u se  of c ra n ia l  su tu re s  in  age d e te rm in a tio n , 

a lso  u ti l is in g  the re fe re n c e  m a te r ia l  of 188 know n-age c ra n ia  u sed  by 

C h u rc h e r  (1960) in  h is  study . T hey noted th a t th e  su tu re  c lo su re  

techn ique "w as ex c e lle n t fo r  d istin g u ish in g  a n im a ls  d u rin g  the f i r s t  2 

y e a r s  of life , bu t th e re  w as no way of a c c u ra te ly  se p a ra tin g  3 and 4 

y e a r  old a n im a ls  by  th is  m ethod. None of the a n im a ls  showed fu sio n  of 

the m a x illa ry  - p re m a x illa ry  su tu re  which would in d ica te  an  age of 5 y e a r s
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o r  o ld e r" . Of the 235 ra b id  an im a ls  tha t th ey  aged, the o ld e s t w as only 

51 m on ths, and w ith  such  a young sam p le  c ra n ia l  su tu re s  seem ed  to  be a 

u se fu l techn ique , but no a ttem p t w as m ade to c o r re la te  th is  techn ique 

w ith th e  o th e rs  Johnston  & B e a u re g a rd  exam ined .

M ark in a  (1962) a lso  exam ined  the s tu tu re s  in  166 c ra n ia  of R u ss ia n  

R ed fo x es. He found th a t in  an im a ls  6 - 1 2  m onths old the b a s io c c ip ita l - 

b a s isp h e n b id  su tu re  c lo sed , bu t s in ce  he had no c r i te r i a  b y  w hich to  age 

old sk u lls  he w as unable to com m ent fu r th e r  on su tu re  c lo su re  a s  an  

age d e te rm in a tio n  tech n iq u e .

4. 6. 2 P re p a ra t io n  of M a te ria l

M ost c ra n ia  w ere  p re p a re d  by allow ing the e n d re  c o rp se  to decom pose , 

a f te r  w hich the c ra n ia  w ere  b leached  in  a  hot so lu tio n  of sod ium  p e rb o ra te .  

A few  c ra n ia  w ere  d eflesh ed  by  gen tle  bo iling , and then b leach ed  in  the 

n o rm a l way.

T he  s u tu re s  w e re  then  sc o re d  a s  open, c lo sin g  o r  co m p le te ly  c lo se d .

4. 6 . 3 R e su lts

A v a r ie ty  of s u tu re s  w ere  exam ined  w ith r e s p e c t  to age d e te rm in a tio n , 

p a r t ic u la r ly  th o se  s u tu re s  u sed  by C h u rc h e r  (1960) in  h is  key.

M ost s u tu re s  c lo se d  i r r e g u la r ly  and proved  to  be  of l i t t le  u se  in  age 

d e te rm in a tio n . T he m o st u sefu l su tu re  w as th a t betw een  the b a s i-o c c ip i ta l  

and b a s i -  sphenoid  (BOBS). T h is  su tu re  began  to  c lo se  in  som e cubs a s  

e a r ly  a s  June, the f i r s t  fu lly  c lo sed  s u tu re s  ap p ea rin g  in  cubs in  O cto b er, 

and b e in g  c lo se d  in  a l l  a n im a ls  by Jan u a ry  (Table 15). F o r  the th re e  m onth  

sam p le  O cto b er - D ecem b er 12/26 (46. 2%) did not have the su tu re  fu lly  

c lo sed , and so they  could s t i l l  be reco g n ised  a s  young of the y e a r  on th is  

c h a r a c te r  a lo n e . T hose  w ith the BOBS su tu re  c lo sed  s t i l l  had the p r e -  

sp h e n o id /b a s i-sp h e n o id  su tu re  open o r  ju s t s ta r t in g  to c lo se  and th is
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TA BLE 15

CLOSURE OF TH E B A SI-Q CC IPITA L/BA SI-SPH EN O ID  

SUTURE IN 108 ANIMALS LESS THAN A YEAR OLD

M onth Open C losing C losed
No % No % No %

M ay 10 100

June 17 94.4 1 5 . 6

Ju ly 7 87 .5 1 12.5

A ugust 8 61 .5 5 38 .5

S ep tem b er 2 40 3 60

O cto b er 1 25 3 75

N ovem ber 1 7 .2 8 57. 1 5 35 .7

D ec em b er 1 12.5 1 12 .5 6 75

Ja n u a ry 11 100

F e b ru a ry 17 100
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c h a r a c te r  d e lim ite d  th em  a s  f i r s t  y e a r  a n im a ls .

T he  su tu re  betw een  the  p re -sp h e n o id  and b a s i-sp h e n o id  (PSBS) s ta r te d  

to  c lo se  in  som e a n im a ls  7 - 9  m onths old (T able 16). In the sam p le  

tak en  O c to b er - D e c e m b e r th is  su tu re  w as c lo sin g  in  1 /28  (3. 6%) a n im a ls . 

In  the  a n im a ls  1 0 - 1 2  m onths old (Ja n u a ry -M arch ) th is  s u tu re  w as c lo s in g  

in  4 /61  (6. 6%) and w as fu lly  c lo sed  in  2/61 (3. 3%) of the sam p le , th ese  

la s t  two an im a ls  b e in g  le s s  than a y e a r  old. In  m o st a n im a ls  th is  su tu re  

c lo sed  p ro g re s s iv e ly  d u rin g  the second y e a r  of life . D uring  the p e rio d  

A p r il  - D e c e m b e r in  the second  y e a r  of life  th is  su tu re  would c h a r a c te r is e  

second  y e a r  a n im a ls  if  i t  w as open o r  c lo sin g  - if  c lo sed  the  a n im a l could 

be long  to  any  y e a r  c la s s  f ro m  the second  u p w ard s. T h is  allow ed 

reco g n itio n  of 36 /53  (67. 9%) of the second  y e a r  a n im a ls  up to  th e  end 

of D e ce m b er. It m u s t be pointed out th a t in  2 /29  (6 . 9%) of the th ird  y e a r  

a n im a ls  th is  su tu re  re m a in e d  open, and on th is  c h a ra c te r  such  a n im a ls  

would be  c la s s if ie d  a s  b e in g  in  th e ir  second y e a r .

F ro m  J a n u a ry  - M arch  of the second  y e a r  no PSBS s u tu re s  w ere  

fu lly  open; th o se  a n im a ls  w ith the  su tu re  c lo sin g  could eq u a lly  w e ll be 

f i r s t  o r  p o ss ib ly  th ird  y e a r  an im a ls , and th o se  w ith th e  su tu re  fu lly  

c lo sed  could be  f ro m  the f i r s t ,  second o r  h ig h e r y e a r  c la s s e s .  A s a lre a d y  

noted , th is  s u tu re  m ay  p e r s i s t  a s  only p a r t ia lly  c lo sed  in  6. 9% of the  th ird  

y e a r  a n im a ls , bu t s u tu re s  th a t n o rm a lly  c lo sed  a f te r  th e  PSBS s u tu re  w ere  

fu lly  c lo se d  in  th o se  a n im a ls , w hich enabled  th e ir  d is tin c tio n  f ro m  second 

y e a r  a n im a ls .

T he r a te  of c lo su re  of the l a te r a l  p a la ta l p o rtio n  of the  p re m a x illa r  - 

m a x illa ry  su tu re  (PMMS) w as even m o re  v a r ia b le  a s  an in d ic a to r  of 

age (T able 17). T h is  s u tu re  f i r s t  s ta r te d  to  c lo se  in  a  few  a n im a ls  a s  they  

e n te re d  the  th ird  y e a r  c la s s ,  the f i r s t  fu lly  c lo se d  su tu re  o c c u r r in g  in  

. an  an im a l a t the  end of th a t y e a r  c la s s .  T h is  su tu re  p ro g re s s iv e ly  c lo sed  

d u rin g  the  fo u rth  y e a r  (open in  25%, c lo sin g  in 50%, fu lly  c lo sed  in  25%), 

so  th a t by the fifth  y e a r  i t  w as e i th e r  c lo sin g  (40%) o r  c lo sed  (60%) in  a ll  

a n im a ls . By the s ix th  y e a r  c la s s  a l l  PMMS s u tu re s  w ere  c lo sed .
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CLOSURE OF THE PRE-SPHENOID/BASI-SPHENOID 
SUTURE IN 200 ANIMALS
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Month
Open 

No %

Closing 

No %

Closed 

No %

O ctober
/

4 100
Novem ber 13 92, 8 1 7.2
D ecem ber
January F i r s t  ye a r  of life

10

9

100

75 2 16.7 1 8.3
F eb ru a ry 18 90 1 5 1 5
M arch ----- ^ 28 96. 6 1 3.4
A p ril 14 93.3 1 6,7

May 5 45.4 3 27. 3 3 27.3

June 4 66.7 2 33. 3

July 1 50 1 50

August 2 50 2 50

Septem ber

O ctober
Second ; 

life
rear of 1

2

100

100

Novem ber 1 9. 1 1 9. 1 9 81. 8

D ecem ber 1 100

Jan u ary 3 30 7 70

F eb ru a ry 2 15.4 11 84.6

M arch

A pril

1 16.7 5

5

83. 3 

100

May 3 100

June 1 100

July 3 100

August 1 100

Septem ber

O ctober
Third

life
rear of 1 100

N ovem ber 1 100

D ecem ber 1 100

Jan u ary 5 100

F e b ru a ry 4 100

M arch 2 50 2 50



TABLE 17

CLOSURE OF I^VTERAL PALATAL PORTION OF THE PREMAXILLAR- 
■ MAXILLARY SUTURE IN 59 THIRD TO SIXTH YEAR ANIMALS

110

Open 
No %

Closing 
No %

Closed 
No %

A pril-June  

Ju ly-S eptem ber 

O ctober-D ecem ber 

January -M arch

T hird  y ea r  c la ss

8 88. 9

4 80

3 100

9 64. 3

1 11 . 1 

1 20

4 28. 6 7.1

T ota l fo r th ird  y e a r  c lass

A p ril-Ju n e  
Ju ly -S ep tem ber 

O ctober-D ecem ber 

January -M arch

T o ta l fo r fourth  y ea r c la ss

24 77 .4 19.4

F ourth  y ea r  c lass

66 . 6

25 50

3.2

25

20 

33. 3

25

A pril-June

Ju ly-S eptem ber

O ctober-D ecem ber

January -M arch

F ifth  y ea r  c la ss

50

60

50 

100 

2 100 

2 40

T o ta l for fifth y ear c la ss 40 60

A pril-June 

Ju ly -S ep tem ber 

O ctober-D ecem ber 

January - M arch

Sixth y e a r  c la ss

2 100 

1 100 

1 100 

2 100

T ota l fo r sixth y e a r  c la ss 100
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No o th e r  su tu re  p ro v id ed  even re m o te ly  u se fu l da ta  fo r  age 

d e te rm in a tio n . F e a tu re s  such  a s  the change in the shape of the post 

o rb ita l  p ro c e s s e s ,  fo rm a tio n  of the o cc ip ita l c r e s ts ,  and fo rm a tio n  

of the  s a g it ta l  c r e s t  p roved  to  be v e ry  i r r e g u la r ,  p ronounced  ch an g es 

o c c u rr in g  e a r ly  in  the  life  of som e an im a ls , w hile only  fa in t ch an g es w e re  

d e te c te d  in  som e qu ite  old an im als ; although such changes a r e  a s so c ia te d  

w ith  aging, the r a te  of change is  v e ry  v a r ia b le .

4. 6 . 4 D isc u ss io n  of Su ture D ata

T he d a ta  obtained  fo r  the r a te  of su tu re  c lo su re  is  of in te r e s t  s in ce  

i t  i s  a t v a r ia n c e  w ith th e  r e s u l ts  of C h u rch e r (1960|. A s can  be  seen  f ro m  

the d a ta  p re se n te d  h e re , the indiv idual r a te  of su tu re  c lo su re  i s  v e ry  

v a r ia b le , w ith  a s lig h t tendency  fo r  the r a te  of c lo su re  to be s lo w er in  

fe m a le s , although the d iffe ren ce  w as not m ark ed  enough to w a r ra n t 

c o n s id e rin g  the sex es  se p a ra te ly . Dolgov & R o sso lim o  (1966) no ted  the  

sam e  tendency  in  A lopex lagopus. In a v/ild population  i t  i s  co m p le te ly  

im p o ss ib le  to  a s s ig n  s e t  ag es  to  the  tim e  of su tu re  c lo su re , a s  did 

C h u rc h e r  fo r  h is  cap tive  -b re d  an im a ls . T he only p o ss ib le  exp lan atio n  

fo r  th e se  w idely  d iffe rin g  r e s u l ts  is  th a t C hurchers^  a n im a ls  had b een  

kep t and b re d  u n d e r u n ifo rm  conditions fo r  m any g en e ra tio n s , and th a t 

th is  tended  to  e lim in a te  d ie ta ry , en v iro n m en ta l and genetic  fa c to rs  

a ffec tin g  the  tim e  of c lo su re  of the s u tu re s , th e re b y  in tro d u c in g  a  high 

d e g re e  of u n ifo rm ity  to  h is  sam p le . T h is  obviously  would not be  seen  in  

a  ran d o m  co llec tio n  of w ild an im a ls .

T he  m ain  fau lt w ith C h u rc h e r ’s key is  th a t when applied  to  B r i t is h  

fo x es i t  g ro s s ly  o v e r -e s t im a te s  age, u su a lly  by  one y e a r  in  yo u n g er 

a n im a ls , and by  th re e  to five y e a r s  when co n s id e rin g  the c lo su re  of the 

PM M S.

Johnston  & B e a u re g a rd  (1969) sug g ested  th a t th is  technique "w as 

e x c e llen t fo r  d is tin g u ish in g  a n im a ls  d u rin g  the f i r s t  7 y e a r s  of l ife " .

T h is  w as no t the c a se  in  the  p re se n t study, th e  su tu re  techn ique  only
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allow ing  re co g n itio n  of 67. 9% of second y e a r  an im a ls  up to th e  end of 

D ecem b er, and no second  y e a r  an im a ls  th e r e a f te r .  A lso  Johnston  & 

B e a u re g a rd  found th a t none of th e ir  a n im a ls  show ed a fu s io n  of the m a x illa ry  

-  p re m a x illa ry  su tu re , although the o ld e s t an im a l w as 51 m on ths old (as  

aged  b y  cem en tu m  lin e s) . T h is  an im a l w as in  i t s  f if th  y e a r , and in  the  

p re s e n t  study  a l l  such  a n im a ls  showed th is  su tu re  to  b e  c lo sin g  o r  fu lly  

c lo se d . F r o m  the r e s u l t s  of C h u rch e r  and of Johnston  & B e a u re g a rd  it  

s e e m s  th a t the  r a te  of su tu re  c lo su re  in  E n g lish  foxes is  c o n s id e ra b ly  fa s te : 

p re su m a b ly  due to  d iffe re n t eco log ica l, e n v iro n m en ta l and g e n e tic a l 

co n d itio n s.

T h is  techn ique  ex em p lifie s  the need to  check  each  s e t of d a ta  b e fo re  

app ly ing  i t  to  an o th e r  population .

In  a l l  the can id s  s tud ied , the sequence of su tu re  c lo su re  i s  v e ry  

s im ila r ,  a l th o i^ h  the r a te  of c lo su re  v a r ie s  c o n s id e rab ly . Wood (1958) 

re c o rd e d  the  f a s te s t  r a te  of c lo su re  in  U rocyon, follow ed by  D olgov & 

R o sso lim o  (1966) w ith  A lopex . V ulpcs is  co n s id e rab ly  s lo w e r th an  the  

p re v io u s  two a n im a ls , and G u rsk ii (1973) re c o rd e d  a  m uch p ro tr a c te d  

r a te  of c lo su re  in  C an is  lupus. In  a l l  th e se  a n im a ls  su tu re  c lo su re  

allow ed  the age d e te rm in a tio n  ex ac tly  in  v e ry  young a n im a ls , and only  

a p p ro x im a te ly  in  o ld e r  age c la s s e s ,  s ince  the sequence of c lo su re  is  

f a i r ly  (but not in v a riab ly ) co n stan t.

4. 7 USE OF EPIPH Y SE A L CLOSURE IN AGE D E TE R m N A T IO N

4 . 7 . 1  In tro d u c tio n

In  th eo ry , the ep ip h y ses  of a  m am m al re m a in  c a r tila g in o u s  d u rin g  

* the p e rio d  of grow th, and b ecom e o ss if ie d  when adu lt s iz e  i s  a tta in ed , 

so  th a t unfused ep ip h y se s  a r e  found in  younger a n im a ls . A cco rd in g  to  

M o rr is  (1972) no t a l l  bones develop  a t the sam e ra te ,  so th a t d iffe re n t 

e p ip h y se s  c lo se  in  a  sequence a t d iffe rin g  ag es . He a lso  noted th a t a s  a
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r u le  "ep ip h y ses  su b jec t to  c o m p re ss io n  c lo se  b e fo re  th o se  u n d er tra c t io n  

and a t a  m o re  co n s tan t r a te " .

M o rr is  (1972) rev iew ed  som e of the e a r ly  l i te r a tu r e  on e p ip h y sis  

c lo su re , and d e s c r ib e d  h is  w ork  (M o rris  1971) on the  e p ip h y se a l fu sio n  of 

th e  b o n es  of the fo re fo o t of the hedgehog (E r in a c e u s  e u ro p a e u s ) . He 

re c o g n ise d  sev en  d ev e lo p m en ta l c a te g o r ie s , b u t th e  la s t  th re e  c a te g o r ie s  

(a n im a ls  in  th e ir  second  su m m er onw ards) could  no t be a s s ig n e d  to a 

sp e c ific  age - M o rr is  (1972) noted  th a t in  c a te g o ry  sev en  the  a n im a ls  

could  be any th ing  fro m  18 m onths to  5 o r  6 y e a r s  old.

T he  techn ique  se e m s  to  be m o s t u se fu l in  s e p a ra tin g  young of the 

y e a r  from , ad u lts  e . g. fo r  the C o tto n ta il ra b b it  (S y lv ilagus f lo r id  anus) the 

e p ip h y se a l c a r t i la g e  of the  h u m eru s  w as u sed  in  age d e te rm in a tio n  by 

T hom sen  & M o rten sen  (1946), the techn ique  b e ing  re fin e d  by  H ale (1949). 

L o rd  (1958) u til is e d  the techn ique to  c a lc u la te  th e  im p o rta n c e  of juven ile  

a n im a ls  in  the annual c o tto n ta il h a rv e s t .  H ow ever when P e lt  on (1969) 

co m p ared  the  ep ip h y se a l c lo su re  of the h u m e ru s  w ith  ob jec tiv e  age 

d e te rm in e d  b y  eye le n s  w eight he found a  d is tin c t s e p a ra tio n  po in t b e tw een  

p re se n c e  and ab sen ce  of the g roove in  a n im a ls  ap p ro x im a te ly  te n  m onths 

old, bu t th e  ep ip h y sea l g roove w as p re s e n t  in  so m e an im a ls  tw enty  m onths 

old and a b se n t in  som e a n im a ls  only e igh t m on ths o ld . D esp ite  th e  

v a r ia b i l i ty  of th e  tech n iq u e , F e lto n  concluded th a t i t  w as s t i l l  a  w orthw hile  

to o l fo r  s e p a ra tin g  m o st co tto n ta ils  qu ick ly  in to  two age c la s s e s  in  the 

f ie ld .

S im ila r  s tu d ie s  have b een  c a r r ie d  out on o th e r  lag o m o rp h s  e .g .  

O ry c to lag u s  cu n icu lu s  (W atson & T y n d a le -B isco e  1953), L epus c a lifo rn ic u s  

(T ie m e ie r  & P le n e r t  1964), L epus eu ro p aeu s  (W alhovd 1966, C abon- 

R aczy n sk a  & R aczjm sk i 1972, P e p in  1973), a l l  w ith  v e ry  s im ila r  r e s u l t s .

T h e re  a r e  s e v e ra l  o th e r  p a p e rs  u til is in g  th e  tech n iq u e  to  s e p a ra te  

young of the  y e a r  f ro m  adu lt a n im a ls  e . g. C hipm an (1965) fo r  th e  C otton 

r a t  (Sigm odon h isp id u s), S an d erso n  (1961) fo r  the  ra c c o o n  (P ro cy o n  lo to r ), 

e tc .
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S e v e ra l long itud inal s tu d ie s  of ep ip h y sea l fu s io n  have b e en  m ade fo r  

v a r io u s  b re e d s  of D om estic  dog (C an is fa m il ia r is )  e .g .  Seoudi (1948), 

P o m ria sk in sk y -K o b o z ie ff  & K obozieff (1954), B re s so u , P o m ria s k in sk y -  

K obozieff & K obozieff (1957), H are  (1959), S m ith  (1960), Sm ith  & A U cock

(1960), Sum ne r  - Sm ith  (1966). T h ese  a u th o rs  c o n s id e re d  th a t sex  does 

n o t in fluence th e  r a te  of o s s if ic a tio n  of th e  ep ip h y se s  (unlike ro d e n ts  

and  p r im a te s ) , and Sm ith  & A llcock  (1960), when co m p arin g  the  da ta  

of s e v e ra l  a u th o rs , no ted  th a t it  w as s u rp r is in g  th a t o s s if ic a tio n  of the 

ep ip h y sea l c a r t i la g e s  took p lace  a t such  s im ila r  t im e s  in  v a r io u s  b re e d s  

and  in d iv id u a ls . A ll ep ip h y ses  w ere  fu sed  by about e ig h teen  m o n th s.

L o m b aard  (1971) s tu d ied  ep ip h y sea l c lo su re  in  som e of the  long  bones 

of C anis m e so m e la s . He found th a t th e  d is ta l ep ip h y ses of the  ra d iu s  and • 

u lna w e re  c lo sin g  a t 40 w eeks of age, and fu lly  o s s if ie d  a t 44 w eeks; the 

p ro x im a l ep ip h y sis  of the ra d iu s  o s s if ie d  a t 48 w eeks; the  p ro x im a l 

ep ip h y sis  of the  h u m eru s  w as o ss if ie d  a t 4 8 - 52 w eek s. He concluded  tha t 

X - ra y  exam in a tio n  of the  d is ta l ep iphyses of the  h u m e ru s , ra d iu s  and ulna' 

allow ed  d is tin c tio n  betw een ind iv iduals  younger o r  o ld e r  th an  e lev en  m o n th s.

N a g re tsk ii  (1971) s tu d ied  the l in e a r  g row th  of the  sk e le to n  of th e  

A rc tic  fox, A lopex lagopus b e r in g e n s is . He found th a t the  m o s t in te n se  

grow th  of the  c e r e b ra l  p a r t  of the sk u ll o c c u rs  up to  the age of 1 5 - 2 0  days, 

fo llow ed by a  s h a rp  in c re a s e  in  the re la t iv e  g row th  of the  fa c ia l  p a r t , so 

th a t by  th e  age of 2 - 3 m onths th e  cub sk u ll a lre a d y  h a s  the  ad u lt fo rm .

Studying the  l in e a r  g row th  of the sk e le ta l bones, he found th a t th e  g r e a te s t  

ab so lu te  g a in s  fo r  a l l  p a r ts  of th e  sk e le to n  w ere  o b se rv e d  in  the  f i r s t  

th re e  m on ths of p o s t-e m b ry o n ic  life  and the le a s t  f ro m  the age of fo u r 

to s ix  m o n th s. O ss if ic a tio n  of the  sk e le to n  te rm in a te d  a t the  age of fo u r 

to  six  mon+hs. G row th of th e  sk u ll ended f i r s t ,  follow ed by  the b o n es  of 

the p e r ip h e ra l  sk e le to n  w ith  th e  a x ia l sk e le to n  com ing la s t .

Sullivan  & H augen (1956) exam ined  ep ip h y sea l c lo su re  in  th e  R ed fox, 

(V ulpes fu lva = V ulpes vu lp es  C h u rc h e r  1959) and the G ray  fox (U rocyon 

c in e re o a rg e n te u s ) . T hey X -ra y e d  the lo w er ra d iu s  and u lna  of the  f o re -
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fe e t  of young cap tiv e  a n im a ls , and found th a t a n im a ls  could be c la s s if ie d  
dependably  a s  young of the y e a r  o r  ad u lts  th ro u g h  N ovem ber, and som e 

w ere  d is tin g u ish ab le  th ro u g h  m o st of D e ce m b er. T hey  took  th is  to  in d ica te  

th a t o s s if ic a tio n  w as com p le ted  in  foxes betw een  e igh t and n ine m on ths 

of a g e . A fa in t and in co m p le te  lin e  along the ep ip h y se a l p la te  w as  s t i l l  

v is ib le  on som e foxes in  Jan u a ry , a t w hich tim e  th ey  a r e  a p p ro x im a te ly  

ten  m onths old.

R e illy  & C u rre n  (1961) exam ined  the  p ro x im a l ep ip h y se s  of the 

h u m eru s ; they  show ed b y  m ean s  of X - ra y s  th a t th is  e p ip h y sis  c lo se d  a t 

9 to  9 ^ m o n th s  of age, so th a t fo r  e a r ly  l i t t e r s  the  ep ip h y sis  w ill c lo se  

in  la te  D ecem b er, w h e re a s  fo r  la te  l i t t e r s  i t  w ill no t c lo se  u n til la te  in  

J a n u a ry  o r  even F e b ru a ry . T hey  su g g ested  chat th e  techn ique  w as 100% 

re l ia b le  to the  end of N o v em b er. R e illy  & C u rre n  a lso  exam ined  the 

p ro x im a l ep iphysis  of the tib ia  and found th a t th e  condition  of the  p ro x im a l 

ep ip h y ses  of the h u m e ru s  and tib ia  f ro m  the sam e  an im a l in  a sam p le  of 

238 foxes showed th a t th e  s ta tu s  of a l l  c a te g o r ie s  w as s im ila r ,  so  the 

p ro x im a l t ib ia l  ep ip h y sis  p e r s is te d  a t le a s t  a s  long a s  the  p ro x im a l 

ep ip h y sis  of the h u m e ru s .

4 . 7 . 2  R ec o rd in g  E p ip h y s is  D ata

O rig in a lly  e p ip h y sea l c lo su re  w as re c o rd e d  b y  m ean s  of bo th  X - ra y  

p la te s  and by  u sin g  c lean ed  bones, p re p a re d  by  a llow ing  the c o rp se  to 

decom pose  and then  b leach in g  the bones in  hot (not boiling) 10% sodium  

p e rb o ra te .  B oth  tech n iq u es  y ie lded  the  sam e  r e s u l t s ,  and so fo r  the 

m a jo r i ty  of sp ec im e n s  only c leaned  b o nes w ere  used , a lthough the 

e p ip h y se s  in  the fe e t w e re  alw ays re c o rd e d  by m ean s  of X - ra y  p la te s .

T he a c tu a l age of the  cubs w as d e te rm in e d  in  the follow ing w ay. E ig h t 

, a n im a ls  (four m a le s  and fo u r  fem ales)  w ere  r a is e d  in  cap tiv ity , and a t 

w eekly  in te rv a ls  th e  r a te  of developm ent of the  ad u lt d en titio n  w as . 

r e c o rd e d . T h is  co n firm ed  the d a ta  of H aaften  (1970). The cap tiv e  

a n im a ls  w ere  X -ra y e d  (and la te r  k illed) a t s e t d a te s  to co n firm  the
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a p p ro x im a te  r a te  of ep ip h y sea l c lo su re ; the r a te  of too th  e r ru p tio n  w as 

th en  u se d  to  age th e  c a d a v e rs  of w ild cubs.

4 .7 .  3 R e s u lts

F o r  th e  f i r s t  th re e  w eeks of life  no d a ta  a r e  av a ila b le  on ep ip h y se a l 

c lo s u re .  T h e re a f te r  th e  sequence of ep ip h y sea l c lo su re  is  show n in  T ab le  

18. A s  can  be se e n  th e  b o nes of the fee t o ss ify  by  22 w eeks of age , th o se  

of the v e r te b ra l  co lum n o ss ify  by  27 w eeks, and the lim b b o n es  by  30 

w eeks of ag e . T h e re a f te r  th e  c a r tila g in o u s  b o rd e r s  of the scap u la , iliu m  

and isc h iu m  o ssify , and the sy m p h y sis  pub is and sy n p h y sis  is c h ii  

c lo se , bu t th e se  p ro c e s s e s  a r e  g rad u a l and o c c u r  a t v a ry in g  r a te s  in  

d iffe re n t a n im a ls , so th a t an  exact tim e  sc a le  cannot be  a s c r ib e d  to th e i r  

c lo s u re .

T he tim e  of c lo su re  a s c r ib e d  to each  e p ip h y sis  i s  an  a v e ra g e , so th a t, 

a  l i t t e r  of cubs k illed  in  June w ill show a  ran g e  of d ev e lo p m en ta l s ta g e s , 

w ith  up to fo u r w eeks se p a ra tin g  the  le a s t  and b e s t  developed  a n im a ls  in  

the  sam e  l i t t e r .  A s a  r e s u l t  ep ip h y sea l c lo su re  (and too th  developm ent) 

a r e  m o s t u se fu l fo r  ag ing  a  whole l i t t e r  of cubs, and w ith in d iv id u al 

a n im a ls  an  e r r o r  of up to  tw o w eeks cou ld  o ccu r, th is  r is in g  to th re e  w eeks 

fo r  a  cub k illed  in  the la te  su m m e r.

A fte r  the  c lo su re  of each  ep ip h y sis  a  line  m ark in g  the p o s itio n  of the 

ep ip h y sis  w as v is ib le  on the bone su rfa c e  fo r  up to  fo u r w eeks, and can  be 

u sed  to denote  re c e n t c lo su re  of th a t ep ip h y sis .

D u rin g  the au tum n and e a r ly  w in te r , only one ep ip h y sis  is  of u se  

fo r  se p a ra tin g  young of the y e a r  f ro m  adu lt a n im a ls , th is  being  the fu sio n  

of the ap o p h y sis  w ith  the  d iap h y sis  of the tib ia  (T able 19). T h is  c lo se s  

s low ly  d u rin g  the au tum n, s ta r t in g  to  c lo se  in  O ctober, be ing  fu lly  c lo sed  

in  a  few  a n im a ls  k illed  in  N ovem ber, and in  90% of the f i r s t - y e a r  a n im a ls  

k illed  in  F e b ru a ry . H ence d u rin g  the au tum n and w in te r  an  open ap o p h y sis  

denoted  a  f i r s t  y e a r  an im al, but a  c lo se d  ap o p h y sis  d o es  no t n e c e s s a r i ly  

m ean  an  o ld e r  an im a l. ' .
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TA BLE 18 THE AGES AT WHICH THE EPIPH Y SES 
CLOSE IN RED FOX CUBS
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TA B LE 19

DATE OF CLOSURE OF THE APOPHYSIS IN 202 
ANIMALS LESS THAN 18 MONTHS OLD

O pen C losing C losed
No % No % No %

M ay 16 100

June 24 100

Ju ly 4 100

A ugust 13 100

S ep tem b er 5 100

O cto b er 5 100

N ovem ber 14 87. 5 2 12.5

D ecem b er 6 50 6 50

Ja n u a ry 4 36.4 7 63.6

F e b ru a ry 2 9. 1 20 90. 9

M arch 30 100

A p ril 1 5. 3 18 94 .7

M ay 12 100

June 6 100

Ju ly 2 100

A ugust 4 100

S ep tem b er 1 100
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4 ,7 .4  D isc u ss io n  of E p ip h y sis  D ata

T he ep ip h y se s  in  the R ed fox c lo se  rap id ly , so th a t m o st ch an g es  a r e  

co m p le te  b y  the  t im e  th e  an im a l is  sQven m onths old . T he r a te  of c lo su re  

i s  f a s te r  th an  A m e ric a n  a u th o rs  have re c o rd e d  e . g. S u llivan  & H augen

(1956) no ted  th a t o s s if ic a tio n  of the  ra d iu s  and u lna  of the fo re - fe e t  w as 

co m p le te  in  foxes e igh t to  n ine m onths old. S im ila r ly  R e illy  & C u rre n

(1961) ex am in ed  the p ro x im a l ep ip h y sis  of the h u m e ru s , w hich they  

c la im e d  re m a in e d  open u n til 9 to 9 ^ m o n th s  old, and th ey  su g g ested  th a t 

th e  tech n iq u e  w as 100% re l ia b le  to  th e  end of N o v em b er. If th is  i s  tru e  

fo r  A m e ric a n  foxes it  c e r ta in ly  i s  not t ru e  fo r  the  population  s tu d ied  h e re , 

the only ep ip h y sis  th a t re m a in s  open beyond sev en  m on ths of age be ing  

the  ap o p h y sis . ,

N a g re tsk ii  (1971) a lso  no ted  a  fa s t  r a te  of ep ip h y sea l fu sion  in  the. 

A rc tic  fox, o s s if ic a tio n  of the  sk e le to n  be ing  te rm in a te d  a t th e  age of fo u r 

to  s ix  m onths; the s tu d ie s  d iffe red  ia  th a t N a g re tsk ii found the b o n es  of the 

a x ia l sk e le to n  w ere  the la s t  to  o ssify , w h e rea s  in  th e  p re s e n t  s tudy  th e  

long  b o n es  w ere  the la s t  to  o s s ify  co m p le te ly .

M acin tosh  (1975) show ed th a t in  th e  dingo (C an is  f a m il ia r is  d ingo) 

e p ip h y sea l fu s io n  o c c u r re d  e a r l i e r  than  in  D o m estic  dogs, w ith  som e 

ep ip h y ses  c lo s in g  up to  sev en  m onths e a r l i e r  in  th e  w ild b re e d  of w hat is  

a ssu m e d  to  be  the  sam e sp e c ie s .

In  g e n e ra l  i t  seo m s th a t ep ip h y ses  c lo se  m o re  qu ick ly  in  w ild an im a ls  

th an  in  d o m e s tic a te d  r e la t iv e s ,  th is  p re su m a b ly  b e in g  of s u rv iv a l v a lu e . 

T he ra p id  r a te  of ep ip h y sea l c lo su re  in  the  R ed fox r e n d e r s  the tech n iq u e  

of l i t t le  v a lu e  in  d e te rm in in g  the age of an  adu lt an im al, a lthough  i t  is  

a p p licab le  to  a n im a ls  ) e s s  than  sev en  m onths old.
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4. 8 USE OF GROWTH CURVES IN AGE DETERM INATION

4 . 8 . 1 In tro d u c tio n  *

In c re a s e  in  s ize , e i th e r  in  w eight o r  in  l in e a r  d im en sio n s , can  be 

u sed  in  age d e te rm in a tio n . It i s  p a r t ic u la r ly  u se fu l fo r  sm a ll  m a m m a ls  

w hich do no t liv e  long a f te r  adu lt s iz e  i s  a tta in ed . W eight a s  a 

m e a su re m e n t i s  m o re  v a r ia b le , being  d ire c tly  r e la te d  to  sea so n , 

re p ro d u c tiv e  s ta te , fa t con ten t and g e n e ra l h e a lth  of the  an im al, so th a t 

l in e a r  m e a s u re m e n ts  a r e  u su a lly  m o re  re lia b le  a s  in d ic a to rs  of age 

e .g .  B row n (1969) study ing  Apode mu s . F lu x  (1970) gave ex am p les  of 

g ro w th  c u rv e s  fo r  L epus tim id u s  and found th a t a  l e s s e r  d e g ree  of 

v a r ia b il i ty  w as found fo r  m e a s u re m e n ts  of h a rd  p a r ts  (v a rio u s  bones) 

than  fo r  so ft p a r ts  (e. g. leng th  of p inna).

A v a r ie ty  of c o m p a ra tiv e ly  long  - liv e d  m a m m a ls  have b een  s tud ied  

w ith  r e s p e c t  to  g row th  e .g .  the ra c co o n  (P ro cy o n  lo to r ) (S anderson  1961),' 

C otton  r a t  (Sigm odon h isp id u s ) (C hipm an 1965), F a llo w  d e e r  (D am a d a m a) 

(C haplin  & W hite 1969), e tc . and the g e n e ra l con c lu sio n  in  a l l  s tu d ie s  

h a s  b een  th a t the  age of an  an im a l can  be d e te rm in e d  only up to  th e  

a tta in m e n t of ad u lt s iz e , u su a lly  w ith in  a  few m onths, and th a t th e r e a f te r  

th e  tech n iq u e  show s l i t t le  ap p lica tio n  in  age d e te rm in a tio n .

A v a r ie ty  of can id s  have b een  s tu d ied  in  r e s p e c t  of bod ily  g row th . 

D e a v e rs , H uggins & Sm ith  (1972) s tud ied  the g row th  of b e a g le s  in  the 

la b o ra to ry . T hey  noted  th a t "som e of the n u m ero u s  f a c to r s  th a t in fluence 

the  g row th  r a te  of an  o rg a n ism  a r e  the  s ize  of the dam , the n u tr it io n a l 

s ta te  of the  dam  d u rin g  p regnancy , l i t t e r  s ize , and the av a ila b ility  of food 

a f te r  b i r th  ana a f te r  w eaning . C onsequently , even  w ith in  a p a r t ic u la r

b re e d  of an im a l th e re  i s  a  w ide ran g e  of n o rm a l v a r ia tio n  in  the body
. \

» w eigh t a t b i r th  and d u rin g  developm ent, w hich w as a p p a re n t in  th e  

b e a g le s " . In  the g row th  cu rv e  p re se n te d , th e re  w as c o n s id e ra b le  o v erlap  

b e tw een  age c la s s e s  up to  385 days of age even u n d e r th e i r  r e la t iv e ly  

u n ifo rm  la b o ra to ry  co n d itio n s.



122

S tud ies  of w ild can id s  have u su a lly  shown an  even  g r e a te r  v a r ia b il i ty  

b e tw een  age g ro u p s  in  body s iz e . G ie r (1968), studying  C an is  la t ra n s ,  

p re se n te d  g row th  c u rv e s  f ro m  b ir th  to  m a tu r ity  (nine m on ths old). He 

found th a t sex  d iffe re n c e s  f i r s t  b ecam e ev iden t a t 100 to 125 days, and 

th a t by  250 d ays m o s t fem ale  w eigh ts  and m e a s u re m e n ts  feU  below  the 

a v e ra g e  l in e s  he p re se n te d  on h is  g raph , and th o se  of the m a le s  w ere  

above the  a v e ra g e . Of th e  v a r io u s  m e a su re m e n ts  stud ied , hind foot and 

len g th  of head  c e a se d  grow th  e a r l ie s t ,  w hile body leng th , to ta l  len g th  and 

w eight in c re a s e d  fo r  som e tim e  lo n g e r. U n fo rtu n a te ly  G ie r  m ade no 

a ttem p t to  show the ran g e  of re c o rd in g s  fo r  each  age c la s s .

L o m b aa rd  (1971) s tud ied  C an is  m e som e la  s . He found th a t m e a s u re m e n ts  

f o r  m a le s  w ere  l a r g e r  than  th o se  fo r  fe m a le s , and th a t c e s s a tio n  of g row th  

o c c u r re d  a t  d iffe re n t ag es  fo r  the v a r io u s  p a r ts  of the  body m e a su re d .

H ead p lus body leng th  lev e lle d  out a t the  age of 40 w eeks, hind le g  a t  22 

w eeks, e a r s  a t  27 w eeks, w eight and e a r -n o s e  len g th  a t 32 w eek s . S im ila r  

r e s u l t s  w e re  ob ta ined  w ith  v a r io u s  c ra n ia l  m e a s u re m e n ts .

Wood (1958) s tud ied  g row th  in  U rocyon c in e re o a rg e n te u s . He found 

th a t adu lt w eigh ts  w e re  a tta in ed  by ju v en ile s  five to  six  m onths a f te r  b ir th , 

so  th a t w eight w as of l i t t le  value  in  d e te rm in in g  age . W eight, w ith  som e 

re s e rv a t io n , could  be u sed  to  s e p a ra te  age g ro u p s in  ju v en ile s  and 

ju v en ile s  f ro m  a d u lts .

N a g re tsk ii  (1971) stud ied  the l in e a r  g row th  of the sk e le to n  of A lopex 

la gopus. He found th a t the  g r e a te s t  ab so lu te  gains of a l l  p a r ts  of the sk e le to n  

w e re  o b se rv ed  in  the  f i r s t  th re e  m onths of p o s t-e m b ry o n ic  life  and the 

le a s t  f ro m  the  age of fo u r to  s ix  m onths. G row th of the  sk u ll ended 

e a r l i e s t  of a ll, follow ed by  the b o n es  of the p e r ip h e ra l  sk e le to n  w ith the 

a x ia l sk e le to n  com ing la s t .

M ark in a  (1962) stud ied  the age cran io lo g y  of V u lpes v u lp e s . He app lied  

a  v a r ie ty  of m e a su re m e n ts  to  th e  sku ll, and developed  a  v a r ie ty  of In d ices, 

b u t w as unable to d e te rm in e  the ab so lu te  age of an  an im a l. He d iv ided
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h is  sam p le  in to  fo u r  age g ro u p s  : I (up to  5 -6  m onths); II (6 m on ths to  a 

y e a r) ; III (1 y e a r  to  old age); IV (old age). He found th a t the  m e a su re m e n t; 

and  in d ic e s  fo r  g ro u p s II, III and IV o v erlap p ed , and c ra n ia  can  b e  div ided  

in to  th e se  c a te g o r ie s  on a  b r ie f  exam in a tio n  w ithout any  m easu rin g !

F a i r l e y  (1970) s tud ied  the g row th  of cubs f ro m  n o r th -e a s t  I re la n d .

He found th a t th e  hiiid foot and pinna of the cubs had  e ffec tiv e ly  re a c h e d  

p e rm a n e n t leng th  by  Ju ly , bu t even  in  S ep tem b er the body w eight, body 

and ta i l  le n g th s  w ere  s t i l l  in c re a s in g , so tha t even s ix  m on ths a f te r  b ir th  

fo x es  a r e  no t fu ll grow n. H ow ever a f te r  S ep tem b er it  w as not p o ss ib le  to 

d is tin g u ish  ju v en ile s  f ro m  ad u lts  in  au tum n on s ize  a lone s in ce  the la r g e s t  

of th e  fo rm e r  a r e  a s  b ig  a s  the s m a lle s t  of the  la t te r .

4. 8 . 2 R ec o rd in g  Body and S kele ta l M easu rem en ts

T he r e c o rd in g  of body m e a su re m e n ts  i s  d e sc rib e d  in  Section  3. 

S k e le ta l m e a s u re m e n ts  w ere  m ade on d rie d , c leaned  b o n es  u s in g  a  p a ir  

of c a l ip e rs ,  a l l  m e a su re m e n ts  b e in g  tak en  to  th e  n e a r e s t  m il l im e tre .

4 .3 .3  R e su lts

G row th c u rv e s  fo r  e v is c e ra te d  body w eight, head  p lus body length , 

t a i l  length , hind foot leng th  and pinna leng th  a r e  show n in  F ig u re s  12 to  

16. A s can  be seen , g row th  in  fo x es is  a  ra p id  p ro c e s s , the young of the 

y e a r  re a ch in g  adu lt w eight by  O c to b er/N o v em b er, m ax im um  head  plus 

body leng th  and ta i l  leng th  by  S ep tem ber, m ax im um  hind foot leng th  by  

Ju ly  and m ax im um  pinna leng th  in  Ju ly /A u g u s t. T h is  r e f le c ts  th e  ra p id  

p a tte rn  of o s s if ic a tio n  seen  in  the ske le ton , and so  c ra n ia l  and s k e le ta l  

m e a s u re s  of g rovdh  p roved  of l i t t le  value in  age d e te rm in a tio n . M ost 

b o n es  show ed a grow th p a tte rn  v e ry  s im i la r  to  th a t d e sc rib e d  fo r  the 

* b a c u lu m , and so no m o re  d e ta ils  a r e  included  h e re .
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4. 8 .4  D isc u ss io n  of G row th D ata

T h is  ra p id  r a te  of g row th  i s  ty p ica l of w ild c an id s . F a i r le y  (1970) 

found s im i la r  r e s u l t s  in  I re lan d , show ing th a t th e  hind foot and e a r  had
■ m ■ ■

e ffe c tiv e ly  re a c h e d  p e rm a n e n t len g th  by  Ju ly  b u t w eight, head  p lu s  body 

and ta i l  len g th s  continue to  in c re a s e  u n til the end of S ep tem b er. L o m b aa rd  

(1971) found s im ila r  r e s u l t s  fo r  C an is  m eso m e la s , w ith  g row th  c u rv e s  a l l  

le v e llin g  off ra p id ly  by  40 w eeks of age (head p lus body len g th  le v e lle d  out 

a t -40 w eeks, hind leg  a t -22 w eeks, e a r  a t -27 w eeks and w eight a t -32 

w eeks of age). G ie r  (1968) found ex ac tly  the  sam e  g row th  p a t te rn s  in  

C an is  la t ra n s ,  the hind foot and len g th  of head  c e a s in g  g row th  f i r s t ,  w hile 

body  leng th , t a i l  leng th  and w eight in c re a se d  fo r  som e tim e  lo n g e r .

/

W ild can id s  a l l  show s im ila r  p a tte rn s  of grow th, bu t th e  ra p id  g row th  

r a t e s  and the  la rg e  o v e rlap  betw een  age c la s s e s  r e n d e r s  g row th  c u rv e s  

of l i t t le  va lue  in  age d e te rm in a tio n .

4. 9 GENERAL DISCUSSION OF AGE DETERM INATION TECHNIQUES

E ric k s o n  e t a l  (1970) noted th a t "In choosing  an  a g e -e s tim a tio n  

tech n iq u e  . . . .  im p o rta n t co n s id e ra tio n s  a r e  re la tiv e  a c c u ra c y  (c lo se n e s s  

to  a c tu a l age), p re c is io n  (rep ea tab ility ) , and re q u ire m e n ts  of tra in in g , 

e x p e rie n c e , equ ipm ent, and f a c i l i t ie s " .

T h e se  c r i t e r i a  a r e  im p o rtan t w hen c o n s id e rin g  the v a lu e  of any  

in d iv id u a l techn ique in  age d e te rm in a tio n . Som e te ch n iq u e s  r e q u ire  sk ill  

in  in te rp re ta tio n , s o 'th a t a sing le  sk illed  r e c o r d e r  should be  u sed  to 

in te rp r e t  a l l  the da ta , th e re b y  e n su rin g  u n ifo rm ity  of r e s u l t s .  T h is  a p p lie s  

to  in c is o r  w ear, w hich often is  a  su b jec tiv e  e s tim a te  due to  v a r ia b le s  

such  a s  the te e th  on one side  m ay  be b ad ly  w orn, w hile th o se  on the o th e r  

s id e  show l i t t le  w ear, m iss in g  te e th  p ro d u ces  g r e a te r  w e a r  on the  rem a in in g  

* te e th , and so on. Skill m ay  a lso  be re q u ire d  in  the  in te rp re ta t io n  of too th  

se c tio n s , a lthough in  the p re s e n t  study the  annu li w ere  w ell defined , so 

th a t a  c lo se  c o r re la t io n  w as found betw een  th e  in te rp re ta t io n s  of an  

e x p e rie n c e d  and an  in ex p e rien ced  r e c o rd e r ,  su g g estin g  th a t the techn ique  

i s  re p e a ta b le  by  o th e r  w o rk e rs .
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Since v ir tu a lly  a l l  fox l i t t e r s  in  London a r e  b o rn  one m onth  e i th e r  

s id e  of A p r il  1 st, any technique th a t can  s e p a ra te  y e a r  c la s s e s  w ill g ive 

th e  age  of the a n im a l - one m onth. U nfo rtunate ly  only one of the te c h n iq u e s  

ex am in ed  (annuli in  the  cem en tum  of-the p re m o la rs )  w as a c c u ra te  to  the  

n e a r e s t  y e a r .  T h is  technique a lso  h as  the advantage of be ing  re p e a ta b le , 

and  r e q u i r e s  re la tiv e ly  l i t t le  equipm ent, only r e q u ir in g  som e ex p e rie n c e  

in  the  p re p a ra tio n  and in te rp re ta tio n  of the s e c tio n s . T he tech n iq u e  can  

be  tim e -c o n su m in g , but once a ll  the m a te r ia l  h as  b een  co lle c te d  a  la rg e  

n u m b e r of sec tio n s  can  be p re p a re d  in  a  s h o r t p e rio d  of tim e  (A llen 1974).

Since the  m a jo r ity  of th e  a n im a ls  sam pled  in  the w in te r  a r e  young of 

the  y e a r , any  technique tha t can  s e p a ra te  a l l  th e se  ju v en ile s  d u rin g  the  

m o n ths O c to b er to M arch  is  of g re a t  value , s in ce  i t  could save  a  la rg e  

am oun t of tim e  spen t sec tio n in g  te e th  th a t lack  annu li in  the cem en tu m .

R e la tiv e ly  few  of the  tech n iq u es  exam ined  w ere  of v a lu e  even  in  th is  

lim ite d  r e s p e c t .  T he s im p le s t techn ique co n s id e red  to  be  a b so lu te ly  

re l ia b le  is  to  sec tio n  th e  can ine tooth  w ith  a h ack -saw ; if  the pulp ca v ity  

i s  la rg e , about h a lf the w idth of the tooth, the  an im a l is  a ju v en ile . T he 

only  an im a l th a t did not co n fo rm  to th is  p a tte rn  w as an  ad u lt su ffe rin g  

f ro m  a  p a th o lo g ica l condition  of the tee th , but i t  w as e a s ily  re c o g n ise d  a s  

a  p a th o lo g ica l condition  and so no e r r o r  i s  lik e ly  to o c cu r w ith  such  

a n im a ls .

A v a r ie ty  of tech n iq u es  w ill s e p a ra te  a p ro p o rtio n  of ju v en ile s  in  the 

w in te r  sa m p le . T h ese  include an open apophysis , an  unfused  b a s i-  

o c c ip ita l/b a s i-sp h e n o id  su tu re  in  the sku ll, and a  f le u r - d e - ly s  p a t te rn  to 

the  u p p e r in c is o r s ,  bu t th e se  tech n iq u es  a l l  su ffe r  f ro m  a  s e r io u s  d ra w 

b ac k  in  th a t th ey  cannot be u sed  to re co g n ise  aJl the young a n im a ls , and 

so cannot be  u sed  even to  ca lcu la te  the annual r e c ru itm e n t to  the adu lt 

population .

S im ila r ly  A llen  (1974) showed th a t 88% of the ju v en ile s  (an im a ls  le s s  

th an  a  y e a r  old) could be  s e p a ra te d  f ro m  the  ad u lts  b y  m e a su r in g  the
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d is ta n c e  f ro m  the  en am el lin e  to the a lv e o la r  so ck e t of the can in e . If, 

how ever, th e  sam e  too th  w as cut in  h a lf  and the s iz e  of the pulp cav ity  

exam ined , a l l  the juven ile  a n im a ls  could be reco g n ised , so  A lle n ’s 

techn ique  ho lds few  ad v an tag es .

None of the m e a s u re s  of g row th  (baculum  w eight, e y e - le n s  w eight, 

body w eight, l in e a r  m e a s u re s  of s ize , sk u ll and sk e le ta l  m e a su re m e n ts )  

p ro v ed  of any value  in  age d e te rm in a tio n , no t even a llow ing  se p a ra tio n  

of young of the y e a r  f ro m  ad u lts  in  a w in te r  sam p le . Som e m e a su re m e n ts , 

such  a s  b acu lu m  w eight and e y e - le n s  w eight, can  be a guide to  th e  a p p ro x i

m a te  age of an  adu lt a n im a l (young, m id d le -a g e  o r  old), he lp ing  in  

in te rp re ta t io n  of annuli in  the too th  cem en tum . T he sam e a p p lie s  to in c is o r  

w e a r  and su tu re  c lo su re , w hich allow  a  b ro a d  age g roup ing  of th e  sp e c im e n s .

H ence d e sp ite  c la im s  to the  c o n tra ry  too th  cem en tu m  lin e s , p a r t ic u la r ly  

th o se  of the p re m o la rs , p roved  to  be the only m ethod  fo r  d e te rm in in g  

ab so lu te  age in  the Red fox, and the  d a ta  so ob tained  h as  b een  u sed  in  the 

n ex t sec tio n  to  ca lcu la te  the age s tru c tu re  and life  tab le  of the su b u rb an  

fox population .
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SECTION 5 

POPU LA TIO N  STRUCTURE

5. 1 INTRODUCTION

E b e rh a rd i  (1969) defined  an im a l popu la tion  a n a ly s is  a s  ”th e  p ro c e s s  

of a ttem p tin g  to  d e te rm in e  the s tru c tu re  (i. e . , the  age and sex  com position) 

of a  population  and the  fo rc e s  co n tro llin g  the  p a s t  and fu tu re  com position  

of th a t popu la tion” . Id ea lly  the sam p le  should  p ro v id e  a  la rg e  n u m b er 

of a n im a ls  f ro m  one a re a , sam p led  th ro u g h  a  s in g le  y e a r , s in ce  

p o pu la tions of w ild a n im a ls  a r e  r a r e ly  s ta tic  and flu c tu a tio n s  of n u m b ers  

a r e  in v a r ia b ly  accom pan ied  by changes in  s tru c tu re .  The aged sam p le  

f ro m  su b u rb ia  is  of l im ite d  s iz e  (168 m a le s  and 168 fe m a le s)  sam p led  

o v e r  a two y e a r  p e rio d . H ow ever th e re  w as no change in  c o n tro l 

m ethods during  th is  p e rio d , so  i t  i s  u n lik e ly  th a t any changes in  

popu la tion  s tru c tu r e  o c c u rre d .

The sam p le  s iz e  allow s a  p re l im in a ry  a n a ly s is  of the  population  

s tru c tu re .  M ore  d e ta iled  a n a ly s is  of population  d y n am ics w ill be d e fe rre d  

u n til  l a t e r  when a  l a r g e r  sam p le  and m o re  in fo rm a tio n  on rep ro d u c tiv e  

biology, n u m b ers , e tc . h as  been  co llec ted .

5 .2  DISCUSSION

T he ra t io  cf young a n im a ls  : ad u lts  in  a  sam p le  depends on the 

: in te n s ity  of co n tro l m e a s u re s  en fo rced . M o st foxes a re  k illed  in  the 

w in te r  m onths. . W ith l i t t le  o r  no im m ig ra tio n  o r  em ig ra tio n , a liigh 

e ffo rt expended on cub c o n tro l in  the su m m e r y ie ld s  a w in te r  sam p le  

w ith  a  low  ad u lt to  cub ra tio  - 1 : 1. 06 o c c u rs  in  London (T able 20).

(The y e a r ly  London sam p le  show s only a  s lig h tly  h ig h e r  ra t io  of 1 adu lt :
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TABLE 20

AGE RATIOS {PROPORTION OF YOUNG ANBVIALS IN SAT*IPLE)
IN RED FOX POPULATIONS UNDER DIFFERENT CONTROL REGIMES

Ratio A dults 
to Juven iles A uthor L ocality  and Collection 

D eta ils
C ontrol Regim e W here 

Known

1 ; 0. 75 Lloyd & Page 

p e rs . comm.

P em b ro k esh ire . 154 foxes 

coR ected Jan u ary  to  M arch 

1971 & 1972.

1 ; 0. 92 B ree, Chanudet, 

Saint G irons & 

S trom an 1973.

N etherlands. Data 

ex trac ted  fo r 48 anim als 

from  baculum  graph.

1 : 0. 98 H aaften 1970. N etherlands. Data 

ex trac ted  fo r 168 anim als 

fro m  eye len s graph.

1 : 1. 06 P e tr id e s  1950. Ohio, U .S .A . 7 4 #  

sam pled N ovem ber 1947 - 

Jan u ary  1948.

Open and close seasons; 

an im als h arv ested  fo r pelts .

1 : 1. 06 P re s e n t study London. 192 an im als 

sam pled Oct. 1st - 
M ar. 31st.

C ontrol operations in 

response  to specific 

com plaints. Some na tu ra l

1 : 1.11 P re se n t study. London. 336 anim als 

sam pled through year.

w in ter m o rta lity  due to 

mange.

1 : 2 .1 S torm  (quoted 

fro m  P h illip s 

1970).

N orthw est IR inois.

1 : 2. 54 G ie r  (quoted 

fro m  P e tr id e s  

1950).

Ohio. 85? foxes 

coR ected O ctober- 

D ecem ber 1939-1946.

1 : 2. 60 PM Rips 1970. N ortheast Iowa. 203 

foxes la te  O ctober- 

D ecem ber 1966 & 1967.

Bounty paid but ro in tensive 

contro l p rogram m e.

1 : 2. 75 SuRivan & A labam a. 60 foxes T rapped fo r bounty in

Haugen 1956. trapped  at. o r  near dens 

la te  sum m er and faR.

connection with a fox control 

p rogram m e.

1 : 3. 02 Je n sen  & South JuRand, Denm ark. Bounty paid since spring

N ielsen  1968. 518 foxes k illed  m id- 

O ctober 1967 - m id- 

Jan u ary  1968.

1964, in attem pt to reduce 

fox population to reduce 

r is k  of rab ie s .

1 : 5. G P hiR ips 1970. C en tra l Iowa. 145 foxes 

la te  O ctober-D ecem ber 

1966 and 1967.

Intensive con tro l fo r seven 

y ea rs  and a double bounty 

paid.
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1 .1 1  cubs s in c e  du ring  the  su m m e r m any  cubs a re  k illed  u n d erg ro u n d  

by g ass in g  o r  by t e r r i e r s  and so a re  n e v e r  re c o v e re d  - hence th e  sam p le  

d o es  n o t r e p re s e n t  th e  t ru e  p ro d u c tiv ity  of the  population . )

U n d er in te n s iv e  co n tro l m e a s u re s  e. g. in  D en m ark  w h ere  the sam p le  

co n ta in ed  a  ra tio  of 1 adu lt : 3. 02 cubs and in  c e n tra l  Iow a w h ere  the 

r a t io  w as 1 : 5. 60, a  v e ry  h igh p ro p o rtio n  of the sam p le  w as cubs, the 

n u m b e r  of cubs caught exceeding  the n a tu ra l  p ro d u c tiv ity  of th e  population . 

P h ill ip s  (1970), d isc u ss in g  the Iow a re s u l ts ,  no ted  th a t in ten s iv e  tra p p in g  

y ie ld ed  few re s id e n t foxes, so th a t m any  young a n im a ls  m oved in to  o r  

th ro u g h  the  v acan t h ab ita t.

T he sa m e  s itu a tio n  h as  been no ted  in  o th e r  can id  s p e c ie s .. Knowlton

(1957), (quoted fro m  P h illip s  1970), s tud ied  C anis la t r a n s  in  sou thw est 

T e x a s . He re p o r te d  age ra t io s  to  be r e la te d  to  the in te n s ity  of c o n tro l 

e f fo r t  - 15. 7 young/ adu lt being re c o rd e d  on in te n s iv e ly  c o n tro lle d  a r e a s  

w h e re a s  the  ra t io  w as only 4. 0 y o u n g /ad u lt in  a r e a s  of lig h t co n tro l.

M o re  e x tre m e  v a r ia t io n s  in  the age ra t io s  a re  seen  in  the annual 

h a r v e s t  of A lopex lag  opus in  R u ss ia  - S m irnov  (1967) re c o rd e d  a  r a t io  of 

up to  40 cubs : 1 adu lt, the h igh  p e rc e n ta g e  of young anima3.s caught being 

a ttr ib u te d  to  the  in e x p e rie n c e  of th a t age c la s s .  S im ila r ly  M acp h e rso n  

(1969), studying  A lopex, found a w help : adu lt r a t io  v a ry in g  f ro m  100 : 0 

to  1 : 100 , and he p re se n te d  a  h y p o th esis  to  accoun t fo r  th is  d ra m a tic  

v a r ia t io n  in  age r a t io s .  E ngland  (1970), studying V ulpes v u lpes in  Sweden, 

found the  p ro p o rtio n  of ju v e n ile s  re p re s e n te d  in  the sa m p le s  c o lle c te d  

w as about 20% too high, the ex ten t of the  b ias  being c a lc u la te d  by 

co m p arin g  th e  p ro p o rtio n  of ju v e n ile s  in  th e  sam p le  of one y e a r  w ith  the 

p ro p o rtio n  of i t  y e a r  old foxes am ong th e  adu lt foxes in  the n ex t y e a r . 

A gain th is  b ias  w as due to  the in ex p e rien ce  of the  young a n im a ls . W here 

tra p p in g  i s  em ployed, the sam p le  can  be ex pected  to  be b ia se d  to w ard s  

in e x p e rie n c ed  an im a ls , but in  London v ir tu a lly  a ll  th e  sp ec im e n s  w ere  

» sh o t and u sin g  E n g lu n d 's  techn ique  no such  b ia s  can  be d e tec ted , although 

d u rin g  the w in te r  th e re  is  a tendency  fo r  the  p e rc e n ta g e  of ju v e n ile s  in  

the  London sam p le  to  fa ll  (T able 21) suggesting  e a r ly  in ex p e rien ce  on the 

p a r t  of the ju v e n ile s . H ow ever th e  r e s u l ts  a r e  not s ig n ifican tly  d iffe re n t 

a t  the le v e l P  = 0 .1  (using a  2 x 2 con tingency  tab le ) . G ie r  (1968) noted
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th e  sam e  t r a i t  in  C anis la t r a n s  popu la tions, a lthough th is  w as no t 

quan tified .

A lopex populations a r e  f a r  le s s  s ta b le  and such  ch an g es in  age r a t io s  

a r e  v e ry  m ark e d  in  h a rv e s te d  sa m p le s  (S m irnov  1967, M acp h e rso n  1969). 

S m irnov  (1967) no ted  th a t if  a  d isp ro p o rtio n a te ly  la rg e  n u m b e r of young 

an im a ls  i s  caught, the n u m b er of young an im a ls  in  the  su rv iv in g  p a r t  

of the  population  is  co n s id e ra b ly  s m a lle r ,  and th e  p ro p o rtio n  of young 

a n im a ls  in  the population  d e c re a s e s  a s  the  hunting se a so n  p r o g re s s e s .  

S m irnov  u ti l is e d  the  n a tu re  and ex ten t of th e se  changes to  c a lc u la te  the 

s iz e  of th e  p ro d u c tio n  stock . U nfo rtu n a te ly  M s sch em e is  only ap p licab le  

to  A lopex  populations which, due to  the  c lo se  se a so n  du rin g  th e i r  

v u ln e rab le  b reed in g  p e rio d , show a  M gh cub to adu lt r a t io  e a r ly  in  the 

hunting  seaso n , fo llow ed by s ig n ifican t changes in  age r a t io s  a s  the 

hunting sea so n  p ro g re s s e s .

T he ab sen ce  of a  m a rk e d  au tu m n al influx of ju v en ile  an im a ls  

in to  the  sam p le  show s th a t the  London fox popu la tion  is  s e lf-m a in ta in in g , 

any c o n tro l o p e ra tio n s  fa ilin g  to  red u ce  the popu la tion  below  c a rry in g  

cap ac ity , and th e  population  i s  no t dependent on a  re g u la r  au tu m n al influx 

of new  an im a ls . In  fa c t fo r  th e  w in te r  population  (O c to b er-M arch ) 

516/1000 an im als  a r e  cubs, the  rem a in in g  484 an im a ls  being m a in ly  

ad u lts  in  the  age ran g e  1 - 5  y e a r s  (only 1. 04% a r e  6 and 7 y e a r  o lds and 

a re  ig n o red  as  an in s ig n if ic an t p o rtio n  of the population). F ro m  the 

w in te r  life  tab le  fo r  adu lt foxes (T able 25) i t  can be see n  th a t the  av e rag e  

annual r a te  of adu lt ( 1 - 5  y e a rs )  m o r ta li ty  is  521/1000 ad u lts  i. e. an 

annual lo s s  of 252 ad u lts  p e r  1000 an im a ls  in  the to ta l  w in te r  population . 

H ence 2. 05 cubs a r e  en te rin g  the w in te r  population  to  re p la c e  the  lo ss  

of one adu lt, and so  d esp ite  the  h eavy  cub m o rta li ty  the popu lation  is  

continuing to  expand. P re su m a b ly  som e of the s u rp lu s  is  lo s t  by 

em ig ra tio n , e ith e r  fu r th e r  into London (new a r e a s  of London a r e  s t i l l  

being co lon ised) o r  (p resu m ab ly ) som e an im a ls  m ove out of London in to  

the su rro u n d in g  a r e a s .

T he age d is tr ib u tio n  of 336 an im a ls  sam p led  f ro m  London is  shown 

in  T ab le  22, the se x e s  being t re a te d  se p a ra te ly . T h e re  i s  a  g r e a te r  

m o r ta li ty  r a te  fo r  dog foxes in  th e i r  f i r s t  y e a r , tM s being due to  th e ir
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TA BLE 22

COMPARISON OP AGE FREQU ENCIES OF SUBURBAN 
DOG FOXES AND VIXENS

D ogs V ixens

No. 7o No. 7 o

0 y e a r s 95 56. 5 88 4 8 ,8

1 y e a r 37 2 2 .0 55 32. 7

2 y e a r s 17 10 .1 15 8 . 9

3 y e a r s 6 3 .6 9 5 .4

4 y e a r s 5 3 .0 5 3 .0

5 y e a r s 6 3 .6 2 1 .2

6 y e a r s 1 0. 6

7 y e a r s 1 0. 6

T o ta l 168 100 . 0 168 100 .0

X fo r  7 d e g re e s  of f re e d o m  = 9. 202 

D iffe ren ce  no t s ig n ifican t a t P  = 0 .1  lev e l.
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g r e a te r  a c tiv ity  (and hence  v u ln e rab ility )  w hile d isp e rs in g . T h is  is  

c o u n te ra c te d  by a  h ig h e r  m o rta li ty  r a te  fo r  v ixens in  th e i r  second  y e a r , 

th is  being  due to  th e i r  in c re a s e d  v u ln e ra b ility  w hile r e a r in g  cubs. 

T h e re a f te r  the  r a te s  of m o r ta li ty  fo r  both se x e s  a r e  equal, w ith  a  s lig h tly  

g r e a te r  l ife  ex p ec tan cy  fo r  dog fo x es. T h ese  d iffe re n c e s  a re  no t 

s ig n if ic a n t a t the  le v e l P  = 0 .1 . T he sam e  tre n d s  can  be se en  in  the D an ish  

sam p le , th e  two popu la tions being co m p ared  on the  su rv iv a l  cu rv e  

(F ig u re  17). B eck (1973) found the  r e v e r s e  to  be t ru e  fo r  su b u rb an  dogs, 

th e  h ig h e r  r a te  of m o r ta li ty  o c c u rr in g  in  fe m a le s  up to  2 - 3 y e a r s  of age, 

and th e r e a f te r  a  h ig h e r  r a te  of m o r ta l i ty  o c c u r re d  in  m a le s , w ith  a  

s lig h tly  g r e a te r  life  expec tan cy  fo r  fe m a le s .

T h e  age s tru c tu re  of d iffe ren t fox popu lations i s  re m a rk a b ly  s im i la r  

(T ab le  23), th e  g r e a te s t  dev ia tion  being seen  in  the  D an ish  sam p le , w hich 

w as co lle c te d  f ro m  an a r e a  su b jec t to  in ten se  c o n tro l a c tiv ity , w h e re a s  

the  London sam p le  w as co lle c te d  f ro m  an a r e a  su b jec t to  l e s s  in te n se  

c o n tro l. In both  D an ish  and London w in te r  s a m p le s  th e  age s tru c tu r e  of 

th e  two se x e s  is  no t s ig n ifican tly  d iffe re n t (T able 24), and so  fo r  f u r th e r  

c o m p a riso n  of the  two popu la tions the  se x e s  have been  com bined . F o r  the  

to ta l sam p le  of each  population , the age s t r u c tu r e s  a re  s ig n if ic an tly  

d iffe re n t (P  = 0. 001). T h is  d iffe ren ce  can  be se e n  on the  s u rv iv a l  cu rv e  

(F ig u re  17), w h ere  the  D an ish  population  show s a  7 5 .1 %  cub m o rta li ty  

in  the w in te r , w h e re a s  fo r  the  London population  th is  is  only 51. 6%.

T he r e  aft e r  the  r a te  of m o r ta li ty  fo r  each  population  is  co n s ta n t, a s  

show n by a  s tr a ig h t  lin e  on the  log . su rv iv a l cu rv e . C alcu la ting  the  log. 

r e g re s s io n  co effic ien t fo r  the  age ran g e  1 - 5 ,  r  = -0 . 9G157 fo r  London 

dogs, -0 . 94279 fo r  London v ixens, -0 . 86238 fo r  D an ish  dogs and -0 . 98535 

fo r  D an ish  v ix en s . S im ila r ly  the  age s tru c tu re  fo r  the two adu lt 

po pu la tions (an im a ls  o v e r  one y e a r  of age) i s  not s ig n if ic a n tly  d iffe ren t; 

the  life  ta b le s  fo r  th e  w in te r -k ille d  adu lts  (T able 25) show  th a t fo r  the 

age ran g e  1 - 5, tlie a v e ra g e  r a te  of m o r ta li ty  fo r  su b u rb an  foxes is  521 

a d u lts /1 0 0 0  ad u lts  p e r  annum , and 490 ad u lts /1 0 0 0  ad u lts  p e r  annum  

fo r  the  D an ish  fo x es.

F o r  co m p ariso n , p ro v is io n a l life  ta b le s  have been  c o n s tru c te d  fo r  

London foxes (T ab le  26) and D anish  foxes (T able  27), b ased  on the  h a rv e s te d  

sam p le . •
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TABLE 23

COMPARISON OF AGE FREQUENCIES FOR DIFFERENT RED FOX 
POPULATIONS, PRESENTED AS PERCENTAGES OF THE TOTAL SAMPLE

L ocality Suburban London D enm ark : 

Ju tland

South N ether
lands
(1)

N eth e r
lands
(2)

P em broke
sh ire

W ales

Sex cf ? 5 + ? cT ? (Î+ ? <?+? (? J  + ? ?

0 y e a rs 56. 5 48.8 52. 6 77,5 70.9 75.0 4 9 .4 47.9 42 .8 59.1

1 y e a r 22 .0 32.7 27 .4 10. 0 13.2 11.2 16.7 33. 3 23 .4 24. 3

2. y ea rs 10.1 8 .9 9 .5 6.1 9.5 7. 3 10. 7 10. 4 13 .0 10. 0

3 y e a rs 3. 6 5 .4 4 .5 3.3 3.2 3. 3 6 .5 4 .2 11 .0 4.1

4 y ea rs 3 .0 3 .0 3. 0 0. 6 1. 6 1 .0 10.1 4 .2 2. 6 1.7

5 y ea rs 3. 6 1 .2 2 .4 1 .5 1.1 1 .4 3 .6 4 .5 0 .7

6 y ea rs 0. 6 0 .3 0.9 0 .5 0.8 1 .2 0 .7

7 y e a rs 0. 6 0. 3 1 .2 1 .3
8 y ea rs 0. 6 0. 7

Source of data;

1. London :

2. D enm ark :

3. N etherlands 1:

4. N etherlands 2 :

5. P em b ro k esh ire  :

6. W ales ;

P re se n t study. 336 an im als sam pled through the y ear.

Je n sen  & N ielsen (1968). 518 an im als sam pled O ctober 1967

Ja n u ary  1968.

H aaften (1970). No co llection  d e ta ils . D ata fo r 168 

an im als ex tracted  from  eye lens weight tab le.

B ree , Chanudet, Saint G irons & Strom an (1973). D ata 

fo r  48 an im als ex trac ted  from  baculum  growth 

g raph.

L loyd & Page (pers. com m. ). 154 foxes sam pled

Ja n u a ry  -  M arch 1971 and 1972.

Lloyd (1968). C alculated from  annual m o rta lity  ra te  

of 61.4% of fem ale population, assum ing a constant 

r a te  of m o rta lity  fo r each adult age c la ss .
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TA B L E  24

COMPARISON O F AGE FREQ U EN CIES IN  W INTER 
SA M PLES O F SUBURBAN AND DANISH FOXES, SEXES 

BEING CONSIDEREP SEPA RA TELY .

London D an ish

D ogs V ixens T o ta l Dogs V ixens T o ta l

0 y e a r s 55 44 99 255 134 389

1 y e a r 20 30 50 33 25 58

2 y e a r s 12 7 19 20 18 38

3 y e a r s 5 5 10 11 6 ' 17

4 y e a r s 3 4 7 2 3 5

5 y e a r s 3 2 5 5 2 7

6 y e a r s 1 0 1 3 1 4

7 y e a r s 1 0 1

T o ta ls 100 92 192 329 189 518

In  both  sa m p le s , the age s tru c tu re  of the  s e x e s  a re  n o t s ig n ifican tly  

d iffe re n t.
2

C o m p arin g  the  to ta l  s a m p le s , X  = 4 4 .15  f o r  7 d e g re e s  of f re e d o m  

and th e  d iffe re n c e  is  s ig n ifican t a t the le v e l  P  = 0, 001.

C o m p arin g  the  adu lt s a m p le s  (sH  a n im a ls  o v e r  the  age of one y ea r)
2

X = 6 . 7 4  fo r  6 d e g re e s  of f re e d o m  and th e  d iffe re n ce  i s  no t s ig n ifican t 

a t  the le v e l P  = 0 .1 .
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FIGURE 17 SURVIVAL CURVES FO R W IN TER -K ILLED  
FOXES FRO M  LONDON (SU BJECT TO LIGHT CONTROL) 
AND SOUTH JUTLAND, DENMARK (SU BJECT TO HEAVY 
CONTROL).

LONDON DOGS AVERAGE AGE 21 MONTHS

■O LONDON VIXENS AVERAGE AGE 20 MONTHS

-■ DANISH DOGS AVERAGE AGE 15 MONTHS

-a DANISH VIXENS AVERAGE AGE 16 MONTHS
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TABLE 25

LIFE TABLES FOR WINTER SAMPLES OF SUBURBAN FOXES AND 
DANISH FOXES (SEXES COMBINED), TO COMPARE ADULT MORTALITY 

RATES UNDER RELATIVELY LIGHT AND INTENSE CONTROL OPERATIONS

1. Suburban foxes. A verage ra te  of m o rta lity  fo r age groups 1 - 5 521/1000 anim als

Age c la ss  
in y e a rs

Num ber alive 
at s ta r t  of 
y ea r c lass

Num ber dying 
during age 

c la ss

M orta lity  ra te  
p e r  1000 

alive a t s ta r t  
of age c lass

Num ber alive 
between age 
X and x + 1

T otal num ber 
of anim al age 
un its beyond 

age X

E xpectation  of 
life  in  y ea rs  

fo r  those attaining 
age c la ss

X Ix dx lOOOqx Lx Tx ex

1 1000 537 537 732 1484 1.484
2 463 204 441 361 752 1. 624
3 259 108 417 205 391 1.510

4 151 75 497 114 . 186 1.232

5 76 54 711 49 72 0. 947

6 22 11 500 17 23 1.045

7 11 11 1000 6 6 0. 500

2. Danish foxes. A verage ra te  of m o rta lity  fo r age groups 1 - 5 490/1000 an im als.

X lx dx lOOOqx Lx Tx ex

1 1000 449 449 776 1549 1.549

2 551 295 535 404 773 1.403

3 256 132 516 190 369 1.441

4 124 39 316 105 179 1.444

5 85 54 635 58 74 ,0.871

6 31 31 1000 16 16 0. 500
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26

LIFE TABLES FOR SUBURBAN FOXES, SEXES BEING TREATED 
SEPARATEI.Y. SAMPLE COLLECTED OVER A TWO-YEAR PERIOD

1. D ogfoxes.

Age c la s s  
i n  y e a rs

N um ber alive 
at s ta r t  of 
y e a r  c la ss

N um ber dying 
during age 

c lass

M orta lity  ra te  
p e r  1000 

alive a t s ta r t  
of age c la s s

Num ber alive 
between age 
X andx +I

T otal num ber 
of an im al age 
un its beyond 

ag ex

E xpectation  of 
life  in y ea rs  

fo r  those attaining 
age c la ss

X Ix dx , lOOOqx Lx Tx ex

0 1000 565 565 718 1409 1.409

1 435 220 506 325 691 1.589

2 215 101 470 165 366 1.702

3 114 36 316 96 201 1. 763

4 78 30 385 63 105 1. 346

5 48 36 750 30 42 0, 875

6 12 6 500 9 12 1. 000

7 6 6 1000 3 3 0.500

2. V ixens

X lx dx lOOOqx Lx Tx ex

0 1000 488 488 756 1348 1. 348

1 512 327 639 349 592 1.156

2 185 89 481 141 243 1.314

3 • 96 . 54 563 69 102 1.063

4 42 30 714 27 33 0. 786

5 12 12 1000 6 6 0.500
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TABLE 27

LIFE TABLES FOR DANISH FOXES, SEXES BEING TREATED 
SEPARATELY, DATA CALCULATED FROM JENSEN & NIELSEN 1968. 

SAMPLE COLLECTED OCTOBER 1967 - JANUARY 1968

1. Dog foxes.

Age c la ss  
in y ea rs

N um ber alive 
a t s ta r t  of 

y e a r  c la ss

N um ber dying M orta lity  ra te  
during age p e r  1000 

c la ss  alive a t s ta r t  
of age c la ss

Num ber alive 
between age 
X  aiidx +1

T otal num ber 
of anim al age 
un its  beyond 

age X

Expectation of 
life  in y e a rs  

fo r  those attaining 
age c la ss

X Ix dx lOOOqx Lx Tx ex

0 1000 776 776 612 976 0, 976
1 224 100 446 174 364 1, 625
2 124 61 492 94 190 1.532

3 63 33 524 47 96 1,524
4 30 6 200 27 49 1. 633

5 24 15 625 17 22 0, 917

6 9 9 1000 5 5 0, 500

2. Vixens

x be dx lOOOqx Lx Tx ex

0 1000 709 709 646 1069 1.069

1 291 132 454 225 423 1.454

2 159 95 597 112 198 1.245

3 64 32 . 500 48 86 1.344

4 32 16 500 24 38 1.188

5 16 11 688 11 14 0,875

6 5 5 1000 3 3 0,500
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T h is  d iffe ren c e  in  fox population  s tru c tu re  u n d e r in ten se  and lig h t 

c o n tro l re g im e s  r a i s e s  s e v e ra l  im p o rta n t co n cep ts  when c o n s id e rin g  

c o n tro l o p e ra tio n s . U nder in ten se  c o n tro l the  e ffe c ts  on the  population  

a r e : -

a) a  re d u c tio n  in fox n u m b ers

b) the  p ro d u c tio n  of a  la rg e  au tum nal influx  of ju v e n ile s  

d isp e rs in g  f ro m  a re a s  of h ig h e r  den sity , p ro d u c in g  a  v e ry  h igh 

cub : adu lt r a t io  in a  w in te r  sam p le  of foxes.

c) no e ffec t on adu lt population  s tru c tu re ,  adu lt m o r ta li ty  

r a te  o r  adu lt life  expectancy , the  only e ffec t on popu la tion  

s tru c tu r e  being to  in c re a se  the p ro p o rtio n  of cubs 

p re s e n t.

T h is  in c re a s e  in  the  p ro p o rtio n  of cubs in  a  sam p le  is  of m a jo r  

im p o rta n c e  when co n s id e rin g  ep izo o tic s . In ten se  co n tro l o p e ra tio n s  a r e  

c a r r i e d  out in  a r e a s  w h ere  ra b ie s  is  p re v a le n t, but Jo h n sto n  & B e a u re g a rd

(1969) have show n th a t in  O n ta rio  in  la te  su m m e r  and au tum n 66% of the 

ra b id  foxes a re  m a le s , and 65% of the m a le s  a re  ju v e n ile s . H eavy c o n tro l 

in  an a r e a  p ro d u c es  a  m a rk e d  influx of the  age and sex  c la s s  m o st 

im p o rta n t in  sp rea d in g  the d ise a se . P re lim in a ry  d a ta  f ro m  London 

su g g e s ts  th a t young a n im a ls  a re  a lso  m o s t h eav ily  in fe c ted  w ith  s a rc o p tic  

m ange, w hich h as  re c e n tly  becom e a  d ise a se  of c o n s id e ra b le  econom ic 

im p o rtan ce  in  London, being re a d ily  t ra n s m itte d  f ro m  foxes to  p e t dogs, 

and in  som e c a s e s  f ro m  dogs to  th e ir  ow ners.

Any c o n tro l o p e ra tio n s  a im ed  a t e lim in a tin g  e i th e r  s a rc o p tic  m ange 

o r  ra b ie s  m u s t (a) red u ce  the n u m b ers  of foxes to  below  a le v e l a t  w hich 

the  d is e a se  i s  t r a n s m is s ib le  and (b) s e t  up a  la rg e  b u ffe r  zone to p re v e n t 

in w ard  m ovem ent of a  la rg e  n u m b er of ju v en ile  (and hence p ro b ab ly  

in fec ted ) a n im a ls .

T h e re  a r e  a  few  population  s tu d ie s  on o th e r  w ild can id s  w ith  w hich 

to  c o m p are  the  life  ta b le s  p re se n te d  h e re . Of p a r t ic u la r  in te r e s t  is  th e  

s tu d y  on s t r a y  sub u rb an  dogs in  B a ltim o re  (B eck 1973). The life
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ex p ec tan cy  of th e  s t r a y  an im a ls  w as l e s s  th an  d o m e stic  an im a ls , being 

6 - 7  y e a r s ,  the sa m e  as  in  su burban  fo x es. H ow ever, the m eari age of 

B eck ’s sa m p le  w as h ig h e r  (2. 31 y e a rs  fo r  m a le s  and 2. 62 y e a r s  fo r  

fe m a le s , c o m p a re d  w ith 1. 41 y e a rs  fo r  dog foxes and 1. 35 y e a r s  fo r  

v ix en s  in  su b u rb an  London), B eck accoun ted  fo r  23% m o r ta l i ty  a  y e a r  

and  e s tim a te d  th a t i t  could be a s  h igh  a s  50% , w ith  a  m in im u m  of 44. 9% 

of th e  popu la tion  dying in  i t s  f i r s t  y e a r . T h is  is  a  re m a rk a b le  p a r a l le l  

to  the  London r e s u l ts ,  and the two popu la tions, occupying s im i la r  

ec o lo g ica l n ich es , a r e  su b je c t to the  sam e  le v e l of p re d a tio n .

M a c p h e rso n  (1969) p re se n te d  a life  ta b le  fo r  C anadian  A rc tic  foxes, 

w hich show ed a  m uch h ig h e r  m o rta lity  r a te ,  only 39. l^of the  popu lation  

re ac h in g  s ix  m onths of age, and v e ry  few, if  any, of the a n im a ls  exceed ing  

4 ^ y e a r s  of age.

S im ila r ly  Wood (1958) found a  h ig h e r  r a te  of m o r ta l i ty  fo r  th e  G ra y  

fox; he  a lso  found no d iffe ren ce  in  m o r ta li ty  r a te s  betw een  m a le s  and 

fe m a le s . T he m o r ta l i ty  r a te  betw een the f i r s t  and second  N o v em b er of 

life  being 7 0 ^ , and th e r e a f te r  50^  p e r  annum . 5 0 ^  of th e  cubs d ied  in  

th e i r  f i r s t  su m m e r, 90^  in  th e ir  f i r s t  w in te r . O nly 9^  of h is  popu la tion  

w as two y e a r s  of age and o v er.

M ech  (1970) com pounded s u rv iv a l c u rv e s  fo r  th e  w olf (C anis lupus) 

in  N o rth  A m e ric a , th e  d a ta  being draw n f ro m  s e v e ra l  s o u rc e s . He 

su g g es ted  a  m ax im um  life  span  of 10 - 11 y e a r s ,  w ith a 50% annual adu lt 

m o r ta l i ty  u n d e r m o d e ra te  to  heavy  exp lo ita tion , and 22% annual adu lt 

m o r ta l i ty  in  unexp lo ited  popu la tions (p re su m ab ly  th is  w as due to  n a tu ra l  

c a u se s ) . Knowlton (1972) p re se n te d  a  p ro p o sed  m odel of the annual cycle  

of coyote n u m b e rs  u n d e r  unexp lo ited  and in ten se  co n tro l re g im e s ; th is  

show ed the  sam e  population  tre n d s  as  M ech  d e s c r ib e d  fo r  th e  wolf, M ech

(1970) a lso  rev iew ed  the  l i te r a tu r e  on pup : adu lt r a t io s  in  w olf popu la tions 

b e fo re  and a f te r  c o n tro l o p e ra tio n s . T he r e s u l ts  show ed a m ark ed  

in c re a s e  in  the p ro p o rtio n  of cubs in  popu la tions u n d e r  in te n se  co n tro l 

o p e ra tio n s , so  p a ra lle lin g  the r e s u l ts  fo r  fox popu la tions, although h e re  

the  in c re a s e  in  th e  p ro p o rtio n  of cubs is  due to  in c re a s e d  p ro d u c tiv ity  r a th e r  

th an  by im m ig ra tio n  a s  in  fox popu la tions.
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T h u s th e  d e riv e d  s tru c tu re  fo r  the London fox popu la tion  show s th a t 

th e  popu la tion  i s  su b jec t to lim ite d  c o n tro l m e a s u re s , i s  s e lfm a in ta in in g ,  

w ith  tw ice  a s  m any  cubs en te r in g  th e  w in te r  population  a s  ad u lts  b e in g  

k illed  each  y e a r .  The s tru c tu re  of the population  is  v e ry  s im i la r  to  o th e r  

R ed  fox p o p u la tions su b jec t to  n o rm a l le v e ls  of co n tro l, and th e se  

p o p u la tio n s  only d iffe r  in  s tru c tu re  f ro m  popu la tions su b jec t to  in te n se  

c o n tro l in the r a t io  of cu b s  to  ad u lts  sam p led  d u rin g  the  w in te r  m on ths, 

the  r a te  of annual adu lt m o r ta l i ty  re m a in in g  c o n s tan t. T h is  c o n tra s te d  

w ith  the  population  d a ta  co llec ted  fo r  the wolf, w h ere  the r a te  of annual 

ad u lt m o r ta li ty  w as doubled in  popu la tions su b jec t to  in te n se  co n tro l.
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SECTION 6

SPONDYLOSIS DEFORMANS IN THE RED FOX

6 . 1 INTRODUCTION

Of the v a r io u s  d is e a s e s ,  in ju r ie s  and p a th o lo g ica l co n d itio n s  th a t 

a ffec t su b u rb an  foxes, spondy losis  d e fo rm an s  w as se le c te d  fo r  d e ta ile d  

s tudy  s in ce  the cond ition  is  e a s ily  quan tified . Spondylosis d e fo rm a n s  

i s  a  cond ition  of the  sp in a l colum n, and i s  c h a ra c te r is e d  by  the  fo rm a tio n  

of bony sp u rs  and b r id g e s  a c r o s s  the  in te rv e r té b ra l  sp a ce s  (F ig u re s  20 

and 21 ).

T he e a r ly  l i te r a tu r e  co n cern in g  the condition, e sp e c ia lly  th a t 

r e f e r r in g  to m an, is  la rg e ly  confused  and c o n tra d ic to ry . S pondylosis  is  

f re q u e n tly  found in  m an a s  a  consequence of a  ra d io lo g ic a l ex am in a tio n  

of an  u n re la te d  com pla in t, bu t few  p a p e rs  a g re e  a s  to  the p a th o lo g ica l 

n a tu re , freq u en cy , d is tr ib u tio n  and c lin ic a l s ig n ifican ce  of the cond ition . 

T h is  lack  of a g re e m e n t h as  led  to  the  u se  of s e v e ra l  te r m s  to d e s c r ib e  

the  sam e  condition . A rev iew  of th e  te rm in o lo g y  is  p re se n te d  by  M organ 

(1967), M organ, L ju n g g ren  & R ead  (1967) and R ead & S m ith  (1968), who 

su g g est th e  u se  of the t e r m  "sp o n d y lo sis  d e fo rm an s"  to d e s c r ib e  the 

cond ition  of o s teo p h y tes  of th e  v e r te b ra l  body, and "sp o n d y lo sis  

anky lopoetica"  fo r  the condition  of o s teo p h y tes  of the  sy nov ia l jo in ts  

of the  v e r te b ra l  co lum n. T h is  te rm in o lo g y  w ill be  ad h e red  to h e re .

M organ (1967), in  h is  m onograph  on sp o n d y lo sis  in  the dog, 

p re se n te d  v a lu ab le  h is to lo g ica l, c lin ic a l and e x p e r im e n ta l da ta , in  

add ition  to  h is  m o rp h o lo g ica l w ork  (M organ a lso  gave a  fu ll rev iew  and 

d isc u s s io n  of th e  e a r l i e r  w ork  in  those  f ie ld s , and s in ce  no h is to lo g ica l.
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c lin ic a l  o r  e x p e r im e n ta l da ta  a r e  p re se n te d  h e re , only  c u r re n t  id e a s  

a r e  e x p re s s e d . F o r  a  fu ll rev ie w  of the  l i te r a tu r e  in  th e se  f ie ld s  see  

M organ  (1967)). M organ show ed th a t the  s tru c tu re  of the o steo p h y tes  

did not d iffe r  f ro m  th a t of the vertebl*al b o d ie s  and th a t the  o steo p h y tes  

ev en tu a lly  b ecam e  an  in te g ra l  p a r t  of the  v e r te b ra e .  T he in te rv e r té b r a l  

d is c s  have fo r long  b een  su sp ec ted  to  be of im p o rta n c e  in  the p a th o g en es is  

of spo n d y lo sis  - M organ show ed th a t changes w ith in  th e  anu lus f ib ro s u s  

of the  d isc  led  to in tra d is c a l  f is s u re s  th a t p re d isp o se d  the  fo rm a tio n  of 

the o s teo p h y te s . M organ a lso  showed th a t no c o r re la t io n  ex is te d  be tw een  

c lin ic a l s ig n s  and spo n d y lo sis  d e fo rm an s .

A lthough d e ta iled  ex am in a tio n  of the condition  h as  only b een  co m ple ted  

fo r  dogs and c a ts , sp ondy losis  d e fo rm an s  h as  b een  re p o r te d  f ro m  the 

fo llow ing g ro u p s of d o m estic  a n im a ls  : bov ines (F ran k  19S9, Anon. 1956/7 , . 

B ane & H ansen  1962, Jubb & K ennedy 1963, S te ch e r  1963), c a m e ls  (H ansen  

& M ostafa  1958), c a ts  (G lenney 1956, B eadm an, Sm ith  & K ing 1964, R ead 

& Sm ith  1968), dogs (H ansen 1952, G lenney 1956, A rch ib a ld  & C aw ley  

1966, M organ  1967, M organ, L junggren  & R ead 1967, R ead & Sm ith  

1968, B e l la r s  & God sa l  1969, H a rc o u rt 1971), equine s (C a llen d e r & K e ls e r  

1938, S tec h e r  & G oss 1961), sheep  (H arco u rt 1971), and sw ine (F e ld m an  

& O lson  1933, Jubb & K ennedy 1963, H a rc o u rt 1971).

F o r  sp e c ie s  of w ild m am m als , r e p o r ts  of sp ondy losis  d e fo rm an s  

a r e  s c a t te re d . M oodie (1923) show ed the an tiq u ity  of the condition , the  

e a r l i e s t  fo s s i ls  in  w hich th e se  o s teo p h y tes  have b een  re c o rd e d  a r e  

d in o sa u rs  of the C om anche an  p e rio d  110 m illio n  y e a r s  ago. M oodie a lso  

docum ented  a continuous fo s s i l  h is to ry  fo r  the  condition, w ith  r e p o r ts  of 

o s teo p h y tes  in C re ta c e o u s  d in o sa u rs , p r im itiv e  E ocene u n g u la tes , an 

E gyp tian  c ro co d ile  f ro m  the M iocene, a P lio cen e  cam el, and c a v e -b e a r s  

and s a b e r- to o th  c a ts  of,the P le is to c e n e . In  the sam e v e in  M oodie p r e 

s e n ts  ex am p les  f ro m  e a r l i e r  hum an r a c e s  - N eo lith ic  m an, an c ien t 

E g y p tian s , and p re -C o lu m b ia n  Ind ians of A m e ric a .

In  h is  su rv e y  of d is e a s e s  in  cap tive  w ild m am m a ls  F ox  (192 3) m ak es  

no m en tio n  of sp o n d y lo sis , b u t in  h is  m onograph  on ch ro n ic  a r th r i t i s  in
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m a m m a ls  F ox  (1939) p re s e n ts  m any  ex am p les . In  to ta l F o x  exam ined  

1, 749 sk e le to n s , of w hich 77 showed som e fo rm  of a r th r i t i s .  F o x 's  

m a te r ia l  w as d e riv ed  f ro m  bo th  w ild and m e n a g e r ie  so u rc e s , and th is  

sam p le  r e p re s e n te d  m o st of the m a jo r  g ro u p s of m a m m a ls . F o x  

d e m o n s tra te d  spondy losis  to  be p re s e n t  in  M arsu p ia lia , A rtio d a c ty la ,

P e r is s o d a c ty la .  C a rn iv o ra  (fam ilie s  U rsid ae , H yaenidae, V iv e r r id a e  

and F e lid a e )  and P r im a te s .  H ow ever, th roughou t h is  su rv e y  F ox  s t r e s s e s  

th e  ab sen ce  of any fo rm  of a r th r i t i s  in  the  fam ily  C an idae .

In  add ition  to  th e  o b se rv a tio n s  of F o x  (1939) sp o n d y lo sis  d e fo rm an s  

h a s  b een  re p o r te d  fro m  the follow ing g roups of w ild m a m m als  : U rsid ae  

(S tec h er 1963), C e tac ea  (C risp  1860, S lijp e r  1936, B re e  & N ijs s e n  1964), 

P r im a te s  (S tech er 1958), and C erv id ae  (C hapm an & C hapm an 1969a). The 

fre q u e n t p a th o lo g is ts ' r e p o r ts  f ro m  the l a r g e r  zo o log ica l c o lle c tio n s  

a lso  co n ta in  freq u en t r e fe re n c e s  to  spondy losis  in  m e n a g e rie  sp ec im e n s , 

bu t d e ta ile d  re fe re n c e  to  th e se  r e p o r ts  is  not included  s in ce  the  sp ec im e n s  

r e f e r r e d  to a re  liv in g  u n d e r a r t i f ic ia l  cond itions, and a re  o ften  of an 

u n u su a lly  advanced  age. T h e se  r e p o r ts  do not r e f e r  to any  can id s  o r  

o th e r  g ro u p s not a lre a d y  m entioned  a s  exh ib iting  sp o n d y lo sis .

A lthough F ox  (1939) w as m is ta k e n  in  s ta tin g  th a t w ild C anidae do not 

ex h ib it a r th r i t i s ,  th e re  a re  only a  few  re p o rte d  c a s e s  of spo n d y lo sis  in  

th is  fa m ily . M e rr ia m  (1912) re p o r te d  sp ondy losis  in  the la rg e  ex tin c t 

w olf A enocyon d iru s  L e idy  f ro m  the  t a r  p its  of R ancho la  B re a  in  S ou thern  

C a lifo rn ia . C ro s s  (1940) re c o rd e d  sp o n d y lo sis  in  the  sp in e  of a w ild 

m a le  T im b e r  wolf (C an is  lupus ly cao n ). G adzhiev & G adzhiev (1954) 

d e sc r ib e d  spondy losis  d e fo rm an s  in  v e r te b ra e  of v a rio u s  skeletons? of 

th e  B inagad insk  wolf (C an is lupus ap sh e ro n icu s) f ro m  the Q u arte  m a r  y E ra , 

and a s  a r e s u l t  of th e ir  find ings pointed out th e  need fo r  ? co m p reh en siv e  

study  of th is  condition  in  co n tem p o ra ry  m a m m a ls .

T he o c c u rre n c e  of spondy losis  in  the la rg e  can id s  is  not s u rp r is in g . 

H am erto n  (1944) noted an k y lo sis  of the co ccy g ea l v e r te b ra e  of a sp ec im e n  

of N y c te re u te s  p rocyono ides in  London Zoo a s  a  r e s u l t  of an  in ju ry , bu t it
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is  u n c le a r  a s  to w h eth er th is  w as due to sp o n d y lo sis  d e fo rm an s  o r  to  som e 

o th e r  condition . Spondylosis d e fo rm an s  h as  not p re v io u s ly  b een  co n firm ed  

in  any  of th e  s m a lle r  w ild can id s .

6 . 2 CO LLECTIO N  AND PREPA RA TIO N  OF M ATERIAL

T he sk e le to n s  of a l l  foxes w e re  p re p a re d  b y  a llow ing the e n tire  

c a r c a s s  to  decom pose in  the open a i r .  Any re m a in in g  m u sc le s  and 

lig a m en ts  w ere  then  rem o v ed  by gen tle  bo iling , and the b ones w e re  

fin a lly  b leach ed  in  a hot 2. 5% so lu tion  of sod ium  p e rb o ra te  (C hapm an & 

C hapm an 1969b).

Only sk e le to n s  w ith  a l l  v e r te b ra l  ep ip h y ses  fu sed  w ere  u sed . T h is  

gave a  to ta l  of 252 u sab le  v e r te b ra l  co lum ns (122 m a le s  and 130 fem ales). 

U n fo rtu n a te ly  i t  w as com m on p ra c t ic e  by the  s u p p lie rs  to rem o v e  th e  

" b ru sh e s"  of the foxes k illed , and th is  w as done e ith e r  by  sk inn ing  the 

t a i l  (when a v a r ia b le  n u m b er of te rm in a l  v e r te b ra e  w ere  o ften  lo s t)  o r  

by  cu ttin g  off the  e n tire  t a i l  (when a l l  excep t the  four p ro x im a l cau d a l 

v e r te b ra e  w ere  lo s t) . A s a r e s u l t  a  n u m b er of sp ec im en s  have so m e o r  

a l l  ta i l  v e r te b ra e  m iss in g .

6 . 3 RECORDING OF OSTEOPHYTES

S k e le ta l an o m a lie s  can  be  re c o rd e d  by  m ean s  of ra d io g ra p h s , 

a n a to m ica l s tu d ie s , p r  c lin ic a l s tu d ie s . T he la t t e r  a r e  no t p o ss ib le  

w ith  a  w ild population . A lthough ra d io g ra p h s , a r e  bo th  q u ick e r and s im p le r , 

m o re  a c c u ra te  r e s u l t s  can  be ob tained  fro m  a n a to m ic a l s tu d ie s . S ch m o rl 

& Junghanns (1959) no ted  th a t an a to m ica l s tu d ie s  show a  f a r  h ig h e r  

in c id en ce  of spondy losis  than  do c lin ic a l and ra d io lo g ic a l s tu d ie s . S im ila r ly  

B eadm an, Sm ith & King (1964) noted  th a t only 85% of the o steo p h y tes  

found in  p o s t-m o r te m  ex am in a tio n s  w ere  v is ib le  on ro u tin e  la te r a l  

ra d io g ra p h s . M organ, L ju n g g ren  & R ead (1067) found th a t a h ig h e r 

in c id en ce  of spondy losis  w as re c o rd e d  when the sp ine w as rem o v ed  

b e fo re  X -ra y in g , th e re b y  in c re a s in g  the effic ien cy  in  lo ca tin g  o s teo p h y tes .
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H ow ever, th e se  w o rk e rs  s t i l l  found th a t id en tifica tio n  of s m a ll la te r a l  

o s teo p h y tes  w as a lm o s t im p o ss ib le , and i t  w as a lso  fe lt th a t m o s t d o r s a l  

o r  d o r s o la te r a l  o s teo p h y tes  w ere  m is se d  b e c a u se  of th e ir  s m a ll s iz e  and 

the  p re se n c e  of o v erly in g  s tr u c tu r e s .  In  v iew  of the  d iff ic u ltie s  ou tlined , 

only c lean ed  m a te r ia l  w as u sed  in  the p re s e n t  study .

T he c lean ed  v e r te b ra e  w ere  exam ined  m a c ro sc o p ic  a lly  fo r  o s te o 

phy tes, u s in g  a xlO hand le n s  when n e c e s s a ry . E a c h  v e r te b ra l  m a rg in  

w as d iv ided  in to  fo u r seg m en ts  (d o rsa l, v e n tra l, le f t and r ig h t  la te ra l)  

a s  d e s c r ib e d  b y  M organ  (1967), and on each  seg m en t th e  o s teo p h y tes  

w e re  c la s s if ie d  by  s iz e , u s in g  the s ta n d a rd s  of N athan  (1962). T hus 

s ta g e  one co n s is te d  of th e  s m a lle s t  o s teo p h y tes  on the  v e r te b ra l  m a rg in s ; 

in  s tag e  two la r g e r  o s teo p h y tes  w ere  seen  bu t th e se  did not p ro je c t  

beyond the v e r te b ra l  end p la te ; in  s tag e  th re e  the o s teo p h y tes  p ro je c te d  

beyond the v e r te b ra l  end p la te  bu t opposing  o steo p h y tes  did not fu se ; 

in  s tag e  fo u r  a c tu a l fu sion  be tw een  opposing o steo p h y tes  o c c u rre d  

(F ig u re s  18 and 21). W here m o re  than  one osteophy te  w as p re s e n t  on 

each  seg m en t only the la r g e s t  w as re c o rd e d .

S im ila r  s iz e  s ta n d a rd s  w ere  u sed  by  M organ (1967) to m e a s u re  the 

o s teo p h y tes  on dog v e r te b ra l  co lum ns. H ow ever M organ u sed  five 

s ta n d a rd s , s ta g e s  two to  five b e ing  ex ac tly  th e  sam e  a s  s ta g e s  one to 

fo u r of N athan  (1962) and the p re s e n t study . Stage one in  M o rg a n 's  study 

c o n s is te d  of so ft t is s u e  only (d esc rib ed  a s  palpab le  nodu les), w hich is  only 

re c o g n isa b le  in  d is s e c te d  sp e c im e n s  and hence cannot be r e c o rd e d  fro m  

c lean ed  v e r te b ra e  o r  f ro m  m a c ro ra d io g ra p h s .

I t  is  n e c e s s a ry  to  have som e m ethod of co m p arin g  the d e g re e  of 

a ffec tio n  be tw een  an im a ls , and fo r  th is  p u rp o se  an A ffection  Index w as 

d ev ise d . T h is  w as obtained  b y  su m m atin g  th e  s iz e s  of the la r g e s t  

o s teo p h y te s  re c o rd e d  on each  segm en t of each  v e r te b ra l  m a rg in , th e re b y  

giving a  to ta l "A ffection  Index" fo r  each  an im al. S ince m any sp ec im en s have 

som e cau d a l v e r te b ra e  m iss in g  the  A ffection  In d ices  p re se n te d  h e re  w ere  

b a se d  only on the c e rv ic a l, th o ra c ic , lu m b a r  and s a c r a l  v e r te b ra e .
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FIGURE 20 SPONDYLOSIS DEFORMANS ON 
THORACIC V ERTEBRA E 1- 10 O F NO. 1014, 
SHOWING OSTEOPHYTES PARTICULARLY 
W E LL D EV ELO PED  ON THORACIC 3 AND 4,



164



165

FIGURE 21 SPONDYLOSIS DEFORMANS ON 
LUMBAR V ERTEBR A E O F NO. 1028. GRADE 
4 OSTEOPHYTES ARE SEEN FUSING LUMBAR 
4 AND 5.
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T he in te rv e r té b r a l  d isc s  a re  n u m b ered  a cc o rd in g  to the s y s te m  of 

H ansen  (1952).

6 .4  RESULTS

6 . 4. 1 N u m b er of A n im als  A ffected

34. 5% of the to ta l  sam ple  w as affec ted  w ith spo n d y lo sis  

w ith a s lig h tly  h ig h e r p e rcen tag e  of the m a le s  a ffec ted . H ow ever th is  

d iffe re n c e  w as not s ig n ifican t at th e  le v e l P  = 0. 1 (T able 28).

6. 4. 2 D eg ree  of A ffection

T he d e g re e  of a ffec tion  (A ffection Index ) is  shown in  T ab le  29 and 

F ig u re  22. A lthough the p ro p o rtio n  of m a le s  and fe m a le s  a ffec ted  w as 

no t s ig n ifican tly  d iffe ren t, the  A ffection Index of the a ffec ted  m a le s  w as 

s ig n if ic a n tly  h ig h e r  than  th a t fo r  affec ted  fe m a le s  a t the  le v e l P  = 0, 05,

6 . 4. 3 D is tr ib u tio n  of O steophy tes along the V e r te b ra l  C olum n

In the p r e - s a c r a l  v e r le b ra e  peaks of a ffec tio n  a re  se en  a t the 

c e rv ic o - th o ra c ic  and lu m b o -s a c ra l  junctions (F ig u re  23). T he g r e a te s t  

n u m b er of a ffec ted  d is c s  o c c u rs  a t the c e rv ic o - th o ra c ic  junction , bu t 

a h ig h e r  A ffection Index is  found a t the lu m b o -s a c ra l  junction  (F ig u re  24). 

M inor p eak s  a re  seen  a t d isc s  8 and 9 ( th o rac ic  v e r te b ra e  2 to 4), d isc  20 

(lu m b ar v e r te b ra e  1 and 2), and d is c s  24 and 25 (lu m b ar 6 and 7). V e ry  

low le v e ls  of a ffec tion  a r e  se en  in  the c e rv ic a l  and m id - th o ra c ic  re g io n s .

In the p o s t- s a c r a l  v e r te b ra e  the p a tte rn  of d is tr ib u tio n  is  r e v e r s e d .  

T he peak  of a ffec tio n  is  seen  in  the m id -c a u d a l reg io n , d im in ish in g  

to w ard s  each  end of the  ta i l .  T he f i r s t  fo u r cau d a l v e r te b ra e  a re  

m o rp h o lo g ica lly  d is tin c t f ro m  the r e s t  of the cau d a l v e r te b ra e  and they  

show a m a rk e d ly  lo w er in c id en ce  of sp o n d y lo sis .
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TA BLE 28

NUMBER OF ANIMALS A F F E C T E D  WITH 
SPONDYLOSlâ DEFORMANS

T o ta l Sam ple M ales F e m a le s

No % No % No %

A ffected 87 34 .5 45 36. 9 42 32 .3

U naffected 165 65 .5 77 63. 1 88 68 .7

T o ta l 252 100.0 122 100 . 0 130 100. C

C o m p arin g  the  n u m b ers  of m a le s  and fem a le s  a ffec ted , X - 0 .591  

fo r  1 d eg ree  of fre ed o m . D ifferen ce  is  no t s ig n ifican t a t th e  le v e l 

P  = 0. 1.
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TA BLE 29

DEGREE OF A FFEC TIO N  WITH 
SPONDYLOSIS DEFORMANS

A ffection
T o ta l Sam ple M ales F e m a le s

Index No % No % No %

0 165 65 .48 77 63. 11 88 6 7 .70

1-10 49 19 .44 18 14 .75 31 23. 85

11-20 15 5. 95 10 8 .20 5 3 .8 5

21-30 8 3. 17 4 3 .2 8 4 3 .0 8

31-40 2 0 .7 9 2 1. 64 - -

41-50 5 1 .98 4 3 .2 8 1 0 .7 7

51-60 4 1.59 3 2 .4 6 1 0 .7 7

61-70 - - - - - —

71-80 1 0 .40 1 0 . 82 - -

81-90 1 0 .4 0 1 0 . 82 - -

91-100 - - - - - -

101-110 1 0 .40 1 0 . 82 -

111-120 - - - - -

121-130 - - - - - -

131-140 - - - - - -

141-150 - - ... - - -

151-160 1 0 .4 0 1 0 . 82 - -

T o ta l 252 100.00 122 100.00 130 100.02

C o m p arin g  the  d eg ree  of a ffec tio n  in  m a le s  and fe m a le s , X = 1 3 . 08 

f o r  6 d e g re e s  of fre e d o m . D iffe ren ce  w as s ig n ifican t a t the le v e l 

P  = 0 .0 5 .
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T h e re  is  a  d iffe re n c e  in  the p e rc en ta g e  a ffec tio n  betw een  the  a n te r io r  

and p o s te r io r  edge of each  d isc  space  - th roughou t n e a r ly  the w hole len g th  

of the v e r te b ra l  co lum n the p o s te r io r  edge of th e  d isc  sp ace  show s a 

s lig h tly  h ig h e r  p e rc e n ta g e  affection , 'th i s  d iffe re n c e  b e in g  m a rk e d ly  

e x a g g e ra te d  a t d isc  6 (c e rv ic o - th o ra c ic  junction). T h is  t r a i t  i s  le a s t  

p ronounced  in  th e  lu m b a r  reg ion , w here  the  n o rm a l p a t te rn  m ay  even  be  

s lig h tly  r e v e r s e d  (F ig u re  2 3).

In  the c e rv ic a l  and m o st of the  th o ra c ic  re g io n  only o s teo p h y te s  of 

g rad e  I and II a r e  to  be  found (F ig u re  25). A few  g ra d e  III o s teo p h y te s  

a r e  seen  in  the th o ra c ic  reg ion , and m o st of th e se  a r e  seen  in  the  a n te r io r  

th o ra c ic  re g io n  (d isc s  7 -9 ). In  the lu m b a r and s a c r a l  re g io n s  a  m uch 

h ig h e r  in c id en ce  of g rad e  III o s teo p h y tes  is  found, and g rad e  IV o s teo p h y te s  

a r e  only  found in the p o s te r io r  lu m b a r and s a c r a l  re g io n s . A lthough th e re , 

i s  a lo w er p e rc e n ta g e  affec tion  in  the lu m b a r and s a c r a l  re g io n s  than  in  

the  th o ra c ic  reg io n , l a r g e r  o steo p h y tes  a re  se en  and th is  g iv es  the  

h ig h e s t A ffection  Index a t th e  lu m b o -s a c ra l  jo in t.

6 . 4. 4 P o s it io n  of O steophy tes  on the V e r te b ra l  M arg in

In  the p r e - s a c r a l  v e r te b ra e  th e re  a re  s c a rc e ly  any d o r s a l  o s teo p h y tes . 

In  the c e rv ic a l  re g io n  th e re  a re  too few o s teo p h y tes  to  a s c r ib e  any  p a t te rn  

to  th e ir  d is tr ib u tio n  (F ig u re  26). In  the a n te r io r  th o ra c ic  reg io n , a s  f a r  

p o s te r io r ly  a s  d isc  9, o s teo p h y tes  a r e  p red o m in an tly  la te r a l  in  p o sition , 

m a in ly  a ffec tin g  th e  c o s ta l a r tic u la tio n s . F ro m  d isc  10 to the th o ra c o 

lu m b a r  junc tion  th e re  is  a p rep o n d e ren c e  of v e n tr a l  o s teo p h y te s . T h is  , 

p a t te rn  ex ten d s in to  the  a n te r io r  lu m b a r reg io n , a lthough in d isc  26 th e re  

is  a  m a rk ed  in c re a s e  in  l a te r a l  o s teo p h y tes , th e se  o u tnum bering  v e n tra l  

o s te o p h y te s . In the  s a c r a l  reg io n , in  c a s e s  w h ere  the v e r te b ra e  a r e  

not fused , o s teo p h y tes  a r e  equally  d is tr ib u te d  betw een  the v e n tra l  and 

two l a t e r a l  re g io n s . .

In  the p o s t - s a c r a l  v e r te b ra e  a d iffe re n t p a tte rn  is  seen . In  the f i r s t  

fo u r  cau d a l v e r te b ra e  no d o r s a l  o s teo p h y tes  a r e  p re se n t,  and the  p a tte rn
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FIGURE 26 POSITION OF OSTEOPHYTES ON 
V ERTEBR A L BODY FOR BOTH CRANIAL AND 
CAUDAL A SPECTS O F IN TERV ERTEBR A L SPACE
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of d is tr ib u tio n  i s  s im ila r  to th a t o b se rv ed  in  the s a c r a l  reg io n . In th e  

r e s t  of th e  cau d a l v e r te b ra e  th e re  a r e  a la rg e  n u m b e r of d o r s a l  

o s teo p h y tes , and the o s teophy tes  a r e  equally  d is tr ib u te d  be tw een  a l l  fo u r 

q u a d ra n ts  of the v e r te b ra l  m arg in .

6. 4. 5 P o s itio n  on the  V e r te b ra l  C olum n a t w hich S pondylosis 
D efo rm an s  f i r s t  a p p e a rs

To d e te rm in e  the point on the  v e r te b ra l  co lum n a t w hich sp o n d y lo s is  

d e fo rm an s  f i r s t  a p p e a rs , the 49 an im als  w ith an A ffec tion  Index  of le s s  

than  10 w e re  exam ined . On each  an im al the in te rv e r té b ra l  d is c s  w ere  

re c o rd e d  a s  e i th e r  affec ted  o r  not affec ted .

M ost a n im a ls  f i r s t  show signs of affec tion  in  the  a n te r io r  th o ra c ic  

re g io n  (F ig u re  27), p a r t ic u la r ly  a t the c e rv ic o - th o ra c ic  junc tion . In  the 

e a r ly  s ta g e s  the lu m b a r  reg io n  is  n o rm a lly  a ffec ted  to  a  m uch  l e s s e r  

ex ten t them th e  a n te r io r  th o ra c ic  reg ion , although th e re  is  a  s lig h t 

in c re a s e  in  inc idence  a t th e  lu m b o -s a c ra l  junction . H ow ever, in  a  few  

a n im a ls  only the lu m b a r reg io n  w as affected , even in  the  e a r ly  s ta g e s  

of a ffec tion .

6 .4 .6  E ffe c ts  of Age on Spondylosis D efo rm an s

Of the 252 a n im a ls  u sed  in th is  study, i t  w as im p o ss ib le  to age one 

a ffec ted  fem ale , leav in g  an aged sam ple  of 251 a n im a ls  (122 m a le s , 129 

fe m a le s) , of w hich 86 w ere  affec ted .

T h e re  is  a  m ark ed  in c re a s e  in  the inc idence  of sp o n d y lo sis  d e fo rm a n s  

w ith  age, so  th a t by the s ix th  y e a r  of life  a l l  a n im a ls  show som e s ig n s  

of the cond ition  (T able 30).

T h e re  is  a lso  a m ark ed  in c re a s e  w ith age in the d eg re e  of a ffec tio n  

(T able 31, F ig u re  28). In the f i r s t  two y e a r s  of life  the d eg ree  of a ffec tion  

is  v e ry  low, bu t th e re  is  a m ark ed  in c re a s e  in the th ird  y e a r  of life , and
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TA BLE 30

INCIDENCE OF SPONDYLOSIS DEFORM ANS IN 
D IFFER E N T YEAR CLASSES

Y ea r c la s s 1 2 3 4 5 6 7 8

N u m b er of 
a n im a ls 95 91 31 15 10 7 1 1

N um ber
affec ted 13 22 20 13 9 7 1 1

P e rc e n ta g e
affec ted 14% 24% 65% 87% 90% 100% 100% 100%



TA BLE 31

E F F E C T  OF AGE ON DEGREE OF A FFE C T IO N  
BY SPONDYLOSIS DEFORMANS

185

M ales F e m a le s

Age
C la s s N um ber

T o ta l
A ffection

Index

A verage  
A ffection  
Index p e r  

an im a l

N um ber
T o ta l

A ffection
Index

A v e ra g e  
A ffec tion  
Index p e r  

a n im a l

1 52 197 3 .79 43 6 0. 14

2 36 69 1.92 55 96 1 .7 4

3 15 163 10. 87 16 85 5 .3 1

4 6 124 20. 67 9 154 17. 11

5 5 139 27. 80 5 61 12.20

6 6 330 55 .0 0 1 23 2 3 .0 0

7 . 1 57 57 .00

8 1 82 82 .00

T o ta l 122 - - 129 - -

C o m p arin g  m a le s  and fe m a le s  up to s ix  y e a r s  of age, 
2

X fo r  5 d e g re e s  of fre ed o m  = 5 .1 9 9 . D iffe ren ce  

no t s ig n ifican t a t the le v e l P  = 0 .1 .
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the d e g ree  of affec tion  con tinues to  in c re a s e  th roughou t life . T he sam e  

p a tte rn  of in c re a s e  is  seen  in  both  sex es , bu t fo r  each  age c la s s  the 

m a le s  show a  h ig h e r d eg ree  of affec tion  (A ffection Index) than  the fem a le s . 

H ow ever th is  d iffe ren ce  is  not s ig n ifican t at th e  le v e l P  = 0 .1 .

6 .4 .7  E ffe c ts  of P h y s ic a l In ju ry  on the D evelopm ent of S pondylosis  
D efo rm an s

P re v io u s  p h y s ica l in ju ry  w as defined a s  any s k e le ta l  d e fec t o r  

f r a c tu re  in d ica tiv e  of a  p rev io u s  acc id en t. A lthough not c le a r -c u t ,  th is  

w as c o n s id e re d  the m o st re a so n ab le  m ean s of d e tec tin g  the  e ffec ts  of a 

m a jo r  tra u m a  on the developm ent of the condition . P h y s io lo g ic a l tra u m a s , 

w hich  could eq u a lly  w ell affec t the developm ent of the  condition , could  

no t be re c o rd e d  and so m ay  w ell red u ce  the s ig n ifican ce  of the r e s u l t s .

Of the 252 an im a ls , 83 (32. 94%) showed ev idence  of p re v io u s  

p h y s ic a l in ju ry , and th is  w as u su a lly  the r e s u l t  of a  c a r  acc id en t. T he 

u su a l s ig n s  of a p rev io u s  in ju ry  w ere  f ra c tu re d  r ib s  o r  long b o n es , m o re  

r a r e ly  in ju r ie s  to the p e lv is  a n d /o r  v e r te b ra l  co lum n.

In each  age c la s s , th e re  w as a m a rk e d ly  h ig h e r  Affection Index  

p e r  an im a l in  those  showing s ig n s  of a  tra u m a  than  th o se  w ithout any such  

ev idence (T able 32, F ig u re  29). C om paring  the f i r s t  s ix  y e a r  c la s s e s ,  

the d iffe re n c e  be tw een  an im a ls  showing p rev io u s  in ju ry  and th o se  th a t 

don’t  is  not qu ite  s ig n ifican t a t the  le v e l P  = 0 .1 .

6 . 4. 8 E ffe c ts  of Spondylosis D efo rm an s on the C ondition  of the  A n im al

A lthough it  i s  d ifficu lt to exam ine the e ffec t on an  a n im a ls ' g e n e ra l 

h e a lth  of one of s e v e ra l  d is e a s e s  th a t m ay be p re se n t, i t  w as fe lt  th a t 

body w eight could be  u sed  a s  a u se fu l guide to  h ea lth , and so  the  e ffec t 

of sp o n d y lo sis  d e fo rm an s  on body w eight w as exam ined .
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TA BLE 32

E F F E C T  OF PHYSICAL INJURY ON THE D EV ELO PM EN T 
OF SPONDYLOSIS DEFORMANS

Y e a r
C la s s

P re s e n c e /a b s e n c e  
in ju ry  (+ o r  -)

N um ber of 
an im a ls

T o ta l a ffec tio n  
index

A v erag e  a ffec tio n  
index  p e r  a n im a l

1 - 67 153 2 .2 8
+ 28 50 1 .7 9

2 _ 67 87 1. 30
+ 24 73 3 .2 5

3 - 20 125 6 .2 5
+ 11 123 11 . 18

4 _ 8 144 18. 0
+ 7 134 19 .1 4

5 5 67 1 3 .4
+ 5 133 2 6 .6

6 2 38 1 9 .0
+ 5 315 63. 0

7 _ 1 57 5 7 .0
+ 0 • *

8 0 «

] 82 82. 0

2C om paring  the f i r s t  six  y e a r  c la s s e s ,  X 

fo r  5 d e g re e s  of freed o m  = 8. 740. D iffe ren ce  

not s ig n ifican t a t the lev e l P  = 0 .1 .
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T he e v is c e ra te d  body w eight w as re c o rd e d  fo r  35 of 42 a ffec ted  

fe m a le s , and 38 of 45 affec ted  m a le s . T he o th e r  a n im a ls  w e re  too b ad ly  

in ju re d  d u rin g  co llec tio n  to m ake w eighing w orthw hile .

A lthough the sam ple  s iz e  fo r  the h ig h e r  le v e ls  of a ffec tio n  i s  sm a ll, 

g e n e ra l tre n d s  a r e  ap p a ren t. F ig u re  30 and T ab le  33 show th a t in  both  

se x e s  the  body w eight in c re a s e s  u n til an A ffection  Index of 41-50  i s  

re a c h e d , th is  being  due to the  in c re a s in g  age of the a n im a ls . W ith 

g r e a te r  le v e ls  of affec tion  th e re  is  a  m ark ed  d e c re a s e  in  body w eight, 

w hich in  the m a le s  am ounts to  20 - 25%. T he only ex cep tio n  to  th is  w ere  

th e  two m a le s  in the group w ith an A ffection  Index of 31 to 40, and both  

th e s e  a n im a ls  w ere  in  poor condition due to o th e r  in ju r ie s .

6 . 4. 9 V a r ia tio n s  in  the V e r te b ra l  C olum n

M any v a r ia t io n s  in the v e r te b ra l  colum n w ere  docum ented . Ind iv idual 

v a r ia t io n s  in  the shape of v e r te b ra e  w ere  com m on, p a r t ic u la r ly  the 

developm en t of long  t r a n s v e r s e  p ro c e s s e s  to the f i r s t  lu m b a r  v e r te b ra ,  

v a r ia tio n s  in  the d eg ree  of developm ent of the  t r a n s v e r s e  p ro c e s s  and 

t r a n s v e r s e  fo ra m en  of c e rv ic a l six , d e g ree  of developm en t of th e  t r a n s 

v e r s e  p ro c e s s  of c e rv ic a l  seven, fu sion  of th o ra c ic  ten  and e lev en  (the 

a n tic lin a l v e r te b ra )  by  th e ir  n e u ra l  sp in es , and in  the fu sio n  of so m e of the 

s a c r a l  e le m e n ts  to  the  p e lv is .

T h e re  w ere  a lso  v a r ia tio n s  fro m  the n o rm a l n u m b er of v e r te b ra e  

{Crj T jg  Lirj Sg Cy^rp - 21^’ n u m b er of cau d a l v e r te b ra e  i s  n o rm a lly

v a r ia b le , and the n u m b er of c e rv ic a l  v e r te b ra e  w as co n stan t in  the  

sam p le  exam ined . H ow ever the  n u m b er of th o ra c ic  v e r te b ra e  w as often  

re d u ce d  to  tw elve o r  in c re a se d  to  fo u rteen , u su a lly  a s so c ia te d  w ith  an  

in c re a s e  in  the n u m b er of lu m b a r v e r te b ra e  to  eigh t o r  a  p a r t ia l  

s a c ra l is a t io n  of the la s t  lu m b ar v e r te b ra  re sp e c tiv e ly . S o m etim es the  

change w as com ple te , so m e tim e s  a v e r te b ra  in te rm e d ia te  in  m orpho logy  

w as found. A ll such  v a r ia tio n s  v /ere  ig n o red  in  re c o rd in g  the o s teo p h y tes  

p re se n t,  s in ce  they  had no e ffec t on the  developm en t of the condition .
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TA BLE 33

E F F E C T  OF SPONDYLOSIS DEFORM ANS ON 

CONDITION (BODY WEIGHT) OF A F F E C T E D  ANIMALS

A ffection  Index M ales F e m a le s

N um ber A v erag e  w eight 
in  k ilo g ra m s

N um ber A v erag e  w eight 
in  k ilo g ra m s

0 68 5 .8 7 79 4. 80

1-10 13 5 .6 7 25 4. 87

11-20 10 5. 97 5 5 .2 7

21-30 4 5. 96 3 5 .4 4

31-40 2 4 .9 9

41-50 4 6.57 1 6. 35

51-60 2 6 .2 4 1 5. 10

61-70

71-80

81-90 1 4 .9 0

91-100

101-110 1 4 .8 0

111-120

121-130

131-140

141-150

151-160 1 5 .2 4
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V a r ia tio n s  in  the s a c ra l  v e r te b ra e  w ere  im p o rta n t in  the  c o u rse  of 

d ev e lo p m en t of spondy losis  d e fo rm an s , and th e se  v a r ia t io n s  a r e  

p re se n te d  h e re  (T able 34). T he fa ilu re  of any s a c r a l  e le m en t to  fu se  

co m p le te ly  cau sed  m ark ed  developm ent of o s teo p h y tes  be tw een  th e  u n 

fu sed  e le m e n ts , a s  shown on F ig u re  25, w h ere  m any  o s teo p h y te s  a r e  

p re s e n t  b e tw een  S2 and S^. In  a ll, 46/252 (18.25% ) of the s a c r a  exh ib ited  

som e anom aly .

6 .5  DISCUSSION

6 .5 .1  N u m b er of A n im als  A ffected

F o r  a  ran d o m  sam ple , taken  f ro m  a  popu la tion  w ith  a  v e ry  low life  

expectancy , an o v e ra ll  a ffec tion  le v e l of 34. 5% is  v e ry  high. T h e re  a r e  

no co m p a ra b le  d a ta  fo r  any  o th e r w ild an im al population , bu t su ch  an  

a ffec tio n  le v e l would be co n s id e red  high even in  a  popu la tion  of d o m e s tic  

a n im a ls .

B eadm an , Sm ith  & King (1964) found 102/150 c a ts  w e re  a ffec ted , 

g iv ing  a freq u en cy  o c c u rre n c e  of 68%. S im ila r ly  R ead  & Sm ith  (1968) 

found 67. 6% of 176 E n g lish  c a ts  and 34% of 100 Sw edish c a ts  w e re  a ffec ted .

T h e re  have b een  a n u m b er of su rv e y s  in to  the in c id en ce  of sp o n d y lo sis  

d e fo rm an s  in  d o m estic  dogs. H ansen  (1951, 1952) d e sc r ib e d  a 

" ch o n d ro d y stro p h o id  b re e d  group" fo r  dogs p a r t ic u la r ly  exposed  to  d isc  

d e g e n e ra tio n . H ansen  (1952) fu r th e r  found th a t d e g e n e ra tio n  of th e  i n t e r 

v e r t é b r a l  d is c s  in  chondrody s tropho id  b re e d s  u su a lly  led  to w hat he 

d e sc rib e d  a s  type I p ro tru s io n s  w ithout a s so c ia te d  sp o n d y lo sis  d e fo rm a n s . 

B ut d isc  d eg en e ra tio n  in  dogs of n o n -ch o n d ro d y stro p h o id  b re e d s ,  a s  w ell 

a s  in  d is c s  in  old dogs of chondrody s tropho id  b re e d s , r e s u l te d  in  type II 

d isc  p ro tru s io n s  a n d /o r  spondy losis  d e fo rm an s . T hus H ansen  found tha t 

of 211 chondrody stropho id  dogs 12 (5. 7%) w ere  a ffec ted  w ith  sp o n d y lo sis  

d e fo rm a n s , w hile 37/350 (10. 6%) of n o n -ch o n d ro d y stro p h o id  b re e d s  w ere



197

TA BLE 34

VARIATIONS IN THE STRUCTURE OF THE SACRUM 
OF THE RED FOX

Type of V a ria tio n N u m b er of 
O c c u rre n c e s

Only f i r s t  two e le m en ts  of s a c ru m  fused 26

T h ird  e lem en t of s a c ru m  only fused  by
la te r a l  c r e s t s 8

F o u r th  s a c r a l  e lem en t p re se n t but co m p le te ly
f re e 1

F o u r th  s a c r a l  e lem en t only fu sed  by  la te r a l
c r e s t s 2

F o u r th  s a c r a l  e lem en t co m p le te ly  fused 2

L a s t  lu m b a r  e lem en t s a c ra l is e d  bu t s e p a ra te ;
s a c ru m  only two e lem en ts 1

L a s t lu m b a r e lem en t p a r t- fu se d  to sac ru m ;
s a c ru m  only two e lem en ts 2

L a s t lu m b a r e lem en t p a r t- fu se d  to sac ru m ;
s a c ru m  th re e  e lem en ts 1

A dditional e ighth  lu m b a r e lem en t p a r t- fu se d  to
sa c ru m ; s a c ru m  th re e  e lem en ts 2

L a s t lu m b a r e lem en t co m p le te ly  fu sed  to  sac ru m ;
s a c ru m  only two e lem en ts 1
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affec ted . M organ (1967) found th a t 71 /116  a n im a ls  (61%) w ere  a ffec ted . 

F o llow ing  H a n sen 's  defin ition  of chondrody s tro p h o id  b re e d s , M organ  

found th a t 22 /29  (76%) of ch ondrodystropho id  a n im a ls  w ere  affec ted , 

w hile in  n o n -ch o n d ro d y stro p h o id  b re e d s  only 49 /87  (56%) w ere  a ffec ted . 

H ow ever th is  d iffe ren ce  w as not s ta t is t ic a l ly  s ig n ifican t. M organ  a lso  

no ted  th a t h is  low  inc idence in  D achsunds, a s  co m p ared  to  B o x e rs  and 

G erm an  sh ep h erd  dogs, w as in  a g re em e n t w ith H a n se n 's  finding  th a t 

chon d ro d y stro p h o id  b re e d s  w ere  le s s  p ro n e  to sp o n d y lo sis  than  w ere  

n o n -ch o n d ro d y stro p h o id  b re e d s . M organ, L ju n g g ren  & R ead  (1967) 

co m p ared  sa m p le s  of dogs fro m  England, Sweden and th e  USA. T hey  

found th a t th e  freq u en cy  of affec tion  fo r  the th re e  c o u n tr ie s  w as a s  

follow s: E ngland  110/144 (62. 8%); Sweden 36/223 (16. 2%); USA 48/206  

(23. 3%). T he h ig h e r inc idence  f ro m  E ngland w as a ttr ib u te d  to a  m o re  

e ffic ien t ra d io g ra p h ic  technique, w hereby  i t  w as le s s  lik e ly  th a t s m a ll 

o s teo p h y tes  w ere m is se d . B e lla r s  & G odsal (1969) no ted  th a t 9/11 

B r i t is h  A n ta rc tic  S urvey  Sledge dogs w ere  a ffec ted , a lthough they  a lso  

noted  th a t the changes w ere  le s s  s e v e re  than  th o se  seen  in  la rg e  dogs 

of s im i la r  ag es  in  the U nited K ingdom .

Som e b re e d s  of dogs a re  thought to  be  m o re  p ro n e  to sp o n d y lo sis  

d e fo rm an s  - M organ (1967) noted a low inc idence  in  D achsunds, w h e re a s  

G lenney (1956) noted the  h ig h est incidence in  D achsunds, and Az ch ibald  

& C aw ley (1966) a lso  noted  a  high inc idence  in  th is  b re e d , a s  w e ll a s  

in  la rg e  dogs such  a s  G rea t D anes and B o x e rs . H ansen  (1952) a lso  

noted  a  h igh  incidence in  B o x e rs  and F ox  t e r r i e r s ,  and M organ (1967) 

no ted  a  h igh  inc idence in  B o x e rs  and G erm an  sh e p h e rd s .

T he im p o rta n t point to  s t r e s s  i s  th a t m o st of th e se  s tu d ie s  on 

d o m estic  a n im a ls  w ere  b a se d  on c a d a v e rs  co llec ted  f ro m  v e fe rin a r] / 

su rgeons, and the a v e rag e  age of the m a te r ia l  w as high. T he av e ra g e  

age of the fo x es u sed  in  th is  s tudy  w as only 1 y r .  9 m th s . , and none of 

the  s tu d ie s  m entioned  above re c o rd e d  a  34. 5% o c c u rre n c e  of sp o n d y lo sis  

d e fo rm an s  in  such  a young population.
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T h is  p re s e n t  study h as  shown a  s lig h tly  h ig h e r  in c id en ce  in  m a le s  
(36. 9% than  in  fe m a le s  (32. 3%). M organ (1967) a lso  found a  s lig h tly

h ig h e r  in c id en ce  in  m a le s  (64%) than  fe m a le s  (59%) bu t in  n e i th e r  c a se

w as the d iffe re n ce  s ta t is t ic a l ly  s ig n ifican t. R ead  & S m ith  (1968) in

s a m p le s  of E n g lish  c a ts , Sw edish c a ts  and E n g lish  dogs found in  each

g roup  a  s lig h tly  h ig h er p e rcen tag e  affec tion  in  m a le s  than  fe m a le s .

H ow ever M organ, L junggren  & R ead (1967) found th a t in  a l l  th re e  of

th e ir  s a m p le s  of dogs, fem a le s  w ere  m o re  a ffec ted  th a n  m a le s . S im ila r

d if fe re n c e s  of opinion a re  e x p re sse d  by w o rk e rs  v/ho s tu d ied  the hum an

sp in e . N athan (1962) found a h ig h er in c id en ce  in  m a le s  than  fe m a le s  in

bo th  w h ites  and n e g ro e s . Roche (1957) found a  h ig h e r in c id en ce  in  fe m a le s

th an  in  m a le s , but w ith in c re a s in g  aga the inc idence  in  m a le s  eq u a lled  o r

exceed ed  th a t found in  fe m a le s . S chm orl & Junghanns (1959) found th a t

th e  sex  d iffe ren ce  in  4, 253 hum an th o ra c o lu m b a r  sp in es  w as le s s

s ig n ifican t than  g e n e ra lly  assu m ed , bu t m a le s  alw ays had  a  h ig h e r  le v e l

of a ffec tio n  th an  fe m a le s .

W ells  (1964) noted th a t in  Saxon sk e le to n s  w om en w e re  eq u a lly  

a ffec ted  w ith  m en, w ith  a to ta l freq u en cy  of n e a r ly  100%, bu t in  P e c o s  

P u eb lo  sk e le to n s  le s s  than  one p e rso n  in  seven  exh ib ited  th e  condition , 

and  h e re  m a le s  w ere  affec ted  th re e  t im e s  a s  o ften  a s  fe m a le s . W ells  

took  th is  to  in d ica te  a  sex u a l d iv isio n  of occupations, and a lso  su g g ested  

th a t th e  second  s itu a tio n  m ay  in d ica te  a  b e t te r  re la t iv e  s ta tu s  fo r  the 

w om en.

In som e sp e c ie s  th e re  is  a m ark ed  sex  d iffe re n c e  in  the  in c id en ce  

of sp o n d y lo sis  d e fo rm an s . A non.(1956/7) noted  th a t sp o n d y lo sis  d e fo rm a n s  

w as e x tre m e ly  com m on in  b u lls , w hile it  w as r a r e  in  cow s, and Jubb & 

K ennedy (1963) d e sc rib e d  ankylosing  sp ondy losis  a s  an  o ccu p a tio n a l 

h a z a rd  of b u lls  kept in  a r t i f ic ia l  in sem in a tio n  s tu d s . H ow ever F ra n k  

(1939) d e sc rib e d  two a ffec ted  cow s and one bu ll, and m ade no r e fe re n c e  

to  an  in c re a se d  o c c u rre n c e  in  b u lls . Jubb & K ennedy (1963) a lso  d e s c r ib e d  

th is  condition  a s  not uncom m on in  adu lt sow s b u t not b o a rs ,  the r e v e r s e  

of the s itu a tio n  seen  in  bov ines.
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6 .5 .2  D eg ree  of A ffection

T h e re  a r e  no co m p arab le  da ta  show ing th e  d e g re e  of a ffec tio n  

th roughou t a population, and so no c o m p a riso n s  can  be d raw n  w ith  the 

d a ta  p re se n te d  h e re .

Why the m ale  foxes show a h ig h e r d eg re e  of a ffec tio n  than  fe m a le s  

i s  u n c e rta in ; p re su m a b ly  som e eco lo g ica l o r  p h y sio lo g ica l d iffe re n c e  

b e tw een  the sex es  is  im p o rtan t h e re  but it  is  im p o ss ib le  to d e te rm in e  

ex a c tly  w hich fa c to r(s ) . W eight m ay  be im p o rta n t in  th is  r e s p e c t  (see  

6 . 5. 8) and dog foxes a r e  h e a v ie r  than  v ixens (Section 3).

6 . 5. 3 D is tr ib u tio n  of O steophy tes along the  V e r te b ra l  C olum n

T he g e n e ra l  p a tte rn  of d is tr ib u tio n  of o s teo p h y tes  in  the  fox is  fo r  

the  h ig h est in c id en ce  to o c cu r  a t the c e rv ic o - th o ra c ic , th o ra c o - lu m b a r  

and lu m b o -s a c ra l  junctions, w ith an o th e r ag g re g a tio n  in  the a n te r io r  ' 

th o ra c ic  reg io n . T h e re  is  a m in o r in c re a s e  a t  th e  a n tic lin a l (11th. 

th o ra c ic )  v e r te b ra ,  and th e re  is  g e n e ra lly  a d e a r th  of o s teo p h y te s  in  the  

c e rv ic a l  reg io n .

Fox  (1939) noted  th a t in  th e  C a rn iv o ra  a s  a  whole a r th r i t i s  i s  m o re  

p ro m in en t p o s te r io r  to the c e rv ic a l  v e r te b ra e .  It co n tin u es to be  

p ro m in e n t a long the th o ra c ic  spine, b eco m es q u ite  m a rk e d  in  the  u p p e r  . 

lu m b a r  reg io n , and a lm o st d isa p p e a rs  to w ard s  the  sa c ru m . He noted 

th a t th e  p o in ts  of g re a te s t  affec tion  w ere  the s ix th  and tv /elfth  th o ra c ic  

and f i r s t  co fo u rth  lu m b a r v e r te b ra e .  T h is  p a t te rn  seen  in  th e  o rd e r  a s  

a  whole is  d iffe re n t f ro m  th a t seen  in  the p re s e n t  study, bu t it  m u st be 

re m e m b e re d  th a t Fox included the U rs id ae , w hich show a  n e a r ly  u n ifo rm  

p a tte rn  of o s teo p h y tes  fro m  the  lo w er neck  to  the  sa c ru m , and the 

K yaenidae, w hich a lso  show o steo p h y tes  a l l  a long  the sp ine, w ith  the 

g re a te s t  p ro m in en ce  in  the low th o ra c ic  and lu m b a r  s e c tio n s . I t m u st 

a lso  be re m e m b e re d  tha t F ox  noted th a t  w ild C anidae do no t exh ib it 

any fo rm  of a r th r i t i s ,  so no re p re s e n ta t iv e s  of the fam ily  w ere  included  

in  h is  to ta l sam p le .
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T he p a tte rn  of d is tr ib u tio n  of o s teo p h y tes  in  th e  fox show s 

s im i la r i t ie s  to  th a t seen  in  both  the ca t and th e  D o m estic  dog. H ansen  

(1952) no ted  th a t in  dogs changes a re  lo c a liz ed , e s p e c ia lly  in  th e  th o ra c ic  

and lu m b a r  p a r ts  of the v e r te b ra l  colum n, w ith  th e  g r e a te s t  in c id en ce  a t 

d isc  26 ( lu m b o -sa c ra l junction), and w ith  a  lo w er in c id en ce  a t d is c s  

10/11  ( th o rac ic  4-6) and p o ss ib ly  d isc  15 ( th o rac ic  9-10). G lenney (1956) 

n o ted  th a t in  dogs o s teo p h y tes  a re  seen  p red o m in an tly  in  the l a s t  two o r  

th re e  th o ra c ic  and any of the lu m b ar v e r te b ra e .  M organ (1967) gave 

a d e ta iled  accoun t of the d is tr ib u tio n  of le s io n s  in  Sw edish dogs. A lthough 

the b a s ic  p a tte rn  of d is tr ib u tio n  is  s im ila r  to  th a t seen  in  the fox, a  

n u m b e r of im p o rtan t d iffe re n c e s  o ccu r. T he high  in c id en ce  a t th e  c e rv ic o -  

th o ra c ic  junction , p re se n t in  the  fox m a te r ia l,  i s  not seen  in  dogs.

S im ila r ly  the g ra d u a l in c re a s e  in  the n u m b er of o s teo p h y te s  see n  in  the 

th o ra c ic  reg io n  of the dog, rea ch in g  a  m ax im um  a t d isc  1C, i s  no t seen  

in  the fox, a lthough  th e re  is  a  v e ry  s lig h t in c re a s e  around  the a n tic lin a l 

v e r te b ra .  B oth  fox and dog sam p le s  show a  s lig h t in c re a s e  aro u n d  d isc  

20, and b o th  show a m a jo r  o c c u rre n c e  a t d isc  26. M organ, L ju n g g ren  & 

R ead  (1967) a lso  d e sc rib e d  the d is tr ib u tio n  of o s teo p h y tes  a long the dog 

v e r te b ra l  co lum n. T he g e n e ra l p a tte rn  w as v e ry  s im i la r  to th a t d e s c r ib e d  

by  M organ  (1967) bu t be tw een  the th re e  sam p le s  they  noted som e d if fe re n c e s  

- two sa m p le s  show ed a s m a ll peak  a t  th o ra c ic  5-6 , w h ils t th e  th ird  sam p le  

had a  la rg e  peak  a t  th o ra c ic  9-10 not m atched  by  the  o th e r  s a m p le s . In  

a l l  th re e  of th e se  sam p le s  a  paucity  of le s io n s  w as noted  in  the c e rv ic o -  

th o ra c ic  a re a ,  w h e rea s  in  the fox the h ig h est p e rc e n ta g e  o c c u r re n c e  of 

o s teo p h y tes  w as seen  h e re  (although the A ffection  Index  w as low s in ce  a ll  

o s teo p h y te s  w ere  sm all) .

H eadm an, Sm ith & K ing (1964) d e sc rib e d  the d is tr ib u tio n  of o s teo p h y te s  

a long  the  ca t v e r te b ra l  co lum n. T hey d e sc rib e d  a u n ifo rm , and r e la t iv e ly  

high, n u m b er of o s teo p h y tes  a t each  d isc  in  the  c e rv ic a l  reg io n , w ith  a 

s lig h t in c re a s e  a t d isc  1 - th is  is  a lso  seen  in  the fox. T hey  a lso  noted  

a  s lig h t in c re a s e  a t the  c e rv ic o - th o ra c ic  junction, w h e re a s  in  th e  fox th e re  

w as a  m a rk e d  o cc u rren c e  at th is  point. T he c a t w as found to  show  a 

h ig h e r  n u m b er of o steo p h y tes  in  the th o ra c ic  than  in  the lu m b a r  re g io n s .
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and a lthough  a  s im ila r  g e n e ra l p a tte rn  w as see n  in  the fox, i t  w as not 

n e a r ly  so  p ronounced . T h e re  w as no in c re a s e  a t th e  lum bo - sac  r a l  

junction  in  the c a t. R ead & Sm ith  (1968) co m p ared  two c a t s a m p le s , 

and found a s im i la r  p a tte rn  of d is tr ib u tio n  to  th a t  found b y  Be ad m an.

Sm ith  & King (1964). R ead  & Sm ith  a lso  noted  tha t th e re  w as no 

c o r re la t io n  be tw een  th e  d is tr ib u tio n  of o s teo p h y te s  in  the  dog and c a t.

In  m an  the d is tr ib u tio n  is  som ew hat d iffe re n t. B ead le  (1931) 

re c o rd e d  that m o st o s teo p h y tes  a r e  seen  f ro m  the 4th o r  5th d o r s a l  

v e r te b ra  dow nw ards, includ ing  the  w hole lu m b a r  sp ine , w h e re a s  N athan 

(1962) show ed a  h igh  c e rv ic a l, e sp e c ia lly  la te  c e rv ic a l ,  low  e a r ly  th o ra c ic , 

and h igh la te - th o ra c ic  and lu m b ar in c id en ce . T h is  is  a lm o s t e x a c tly  th e  

r e v e r s e  of the s itu a tio n  seen  in  the c a t .

In  the  fox no o s teo p h y tes  w ere  no ted  on the  a t la s  n o r  the odontoid 

p ro c e s s  of the a x is . T h is  lack  of o s teo p h y tes  w as a lso  noted  by  Be adm an. 

Sm ith  & K ing (1964) in  the ca t and M organ (1967) in  the dog. H ow ever 

in  m an  the a tla n to - e p is tro p h ic  jo in t m ay  be affec ted , and S tew art (1958) 

no ted  th a t w h ites  have m o re  "lipping" in  the c e rv ic a l  reg io n , e s p e c ia lly  

in  the a tla n to -e p is tro p h ic  jo in t, th an  do E sk im o s  and P ueb lo  In d ian s, 

and B a iley  & C a sa m a jo r  (1911) noted  th a t e x o s to se s  f ro m  the o d o n to -a tlo id  

jo in t c a u se  c o m p re ss io n  of the m edu lla .

M organ (1967) co m p ared  s e v e ra l  d is tr ib u tio n  p a tte rn s  of o s teo p h y tes , 

and noted  th a t in  each  sp e c ie s  exam ined  (dog, ca t, m an  and bu ll) th e re  

w as a d is tin c t c h a ra c te r is t ic  d is tr ib u tio n  p a tte rn , and th a t th is  p ro b ab ly  

r e f le c ts  a d iffe ren ce  in  the b io -m e c h a n ic s  of the  v e r te b ra l  co lu m n s. T h is  

could m ean  th a t f a c to rs  such  a s  p o s tu re , type of p h y s ic a l ac tiv ity , and 

ran g e  of m o b ility  of d iffe re n t seg m en ts  of the v e r te b ra l  co lum n a re  of 

im p o rta n c e  fo r  the o c c u rre n c e  of d isc  changes, and th a t th e se  d isc  

ch an g es m ay  then  cau se  the o c c u rre n c e  of o s teo p h y te s . R ead  & Sm ith 

(1968) su g g ested  th a t d iffe ren t m ethods of m ovem ent m igh t in fluence  the , 

p a tte rn  of d is tr ib u tio n  of the  o s teo p h y tes . H ow ever, M organ, L ju n g g ren  

& R ead  (1967) t r ie d  to e s ta b lis h  p o ss ib le  c o r re la t io n s  be tw een  a r e a s  of
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h ig h e r  in c id en ce  and f a c to rs  such  a s  n o rm a l o r  a b n o rm a l sp in a l m otion, 

and a r e a s  of lig am en to u s a ttach m en t, but th e y  found th a t none of th e se  

fa c to rs  a lone w ere  adequate  in  p rov id ing  a s a tis fa c to ry  ex p lan a tio n  of the 

v a r ia b le  freq u en cy  of le s io n s . *
*

In  b u lls , w here  the bu lk  of the o steo p h y tes  a r e  found in  the  lo w er 

th o ra c ic  and lu m b a r spine. A non.(1956/7) a t t r ib u te s  th e  a c tiv a tin g  ca u se s  

tha t induce osteophy te  fo rm a tio n  to the s t r e s s e s  to  the jo in ts  of the sp ine 

d u rin g  m ounting  and s e rv ic e  re f le x e s . A n o th er c a s e  w h ere  the  lo c a l 

abundance of o s teo p h y tes  i s  e a s ily  exp la ined  is  in  the hum an sp in e , w here  

S hore (1935) and la te r  N athan (1962) found th a t o s teo p h y tes  tended  to  

a p p e a r  w h ere  the p r e s s u re  is  g re a te s t  - th e  p eak s  of re g io n a l d is tr ib u tio n  

w e re  r e la te d  to  the n o rm a l c u rv a tu re s  of the v e r te b r a l  co lum n and the 

d im inu tion  zones a r e  found a t the ba lan ced  v e r te b ra e  th ro u g h  w hich the 

w eight of the tru n k  fa lls  v e r t ic a lly ;  th ese  l a t t e r  v e r te b ra e  m a rk  the p o in ts  

of re la t iv e  s ta s i s  in  re la tio n  to  p o s tu re  and th e  o rd in a ry  m o v em en ts  of the 

e r e c t- s ta n d in g  m an.

T h e re  i s  som e v a r ia tio n  a s  to w hich s id e  of the d isc  show ed the 

g r e a te r  a ffec tio n  lev e l. In th e  fox n e a r ly  e v e ry  d isc  show ed a g r e a te r  

p e rc e n ta g e  a ffec tio n  on the p o s te r io r  edge of the d isc . Be adm an. S m ith  

& K ing (1964) showed tha t in  th e  c a t in te rv e r té b r a l  d is c s  f ro m  c e rv ic a l  

6-7  to the end of the th o ra c ic  v e r te b ra e  i t  w as th e  cau d a l p a r t  of the d isc  

w hich  w as u n ifo rm ly  m o re  com m only  a ffec ted  th an  th e  c ra n ia l, a s  se en  

in  the fox, w h e re a s  in  the re m a in d e r  of the d is c s  the  c ra n ia l  end w as m o re  

f re q u e n tly  a ffec ted . R ead & Sm ith  (1968) no ted  the sam e  d is tr ib u tio n  

p a tte rn  in  th e ir  s am p le s  of Sw edish and E n g lish  c a ts .  T h e se  l a s t  two 

a u th o rs  a lso  s tud ied  a sam ple  of E n g lish  dogs, and found the  r e v e r s e  

p a tte rn  to  th a t seen  in  the ca t - in  the dog m o s t th o ra c ic  in te rv e r té b r a l  

d is c s  a r e  m o re  com m only  affec ted  on the c r a n ia l  edge, w h e re a s  m o s t of 

the  lu m b a r  sp a c e s  a re  m o re  com m only  a ffec ted  on the cau d a l edge, the 

ex cep tio n  being  the  lu m b o -s a c ra l  space  w h ere  the lu m b a r  edge w as m o re  

often  a ffec ted  than  the  s a c ra l  edge. T h is  r e v e r s a l  of the d is tr ib u tio n  

p a tte rn  a t the lu m b o -s a c ra l  junction  w as not se e n  in  the  fox.
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A lthough N athan  (1962) f i r s t  u sed  the  sy s te m  of re c o rd in g  the s iz e  

of the  o s teo p h y tes  he did no t show the d is tr ib u tio n  along the sp ine  of each  

s tag e  of developm ent of the  o s teo p h y tes . M organ  (1967) p re se n te d  th e se  

d a ta  fo r  the dog, although a s  p re v io u s ly  noted  he in tro d u ced  an  e a r l i e r  

s tag e , so th a t s ta g e s  2^5 of M organ a re  eq u iv a len t to  s ta g e s  1-4  u sed  

by  N athan  and in  the p re se n t study. O v era ll, M organ  found a  m uch  lo w er 

o c c u rre n c e  of the e a r l i e r  s ta g e s  of developm ent of o s teo p h y te s  th an  w as 

seen  in  the  fox. T hus M organ noted th a t in. th e  c e rv ic a l  re g io n  m o s t of 

the o s teo p h y tes  w e re  sm all, w ith only two c a s e s  of fu sio n . H ow ever 

in  th e  fox no o steo p h y tes  la r g e r  than  g rad e  2 w e re  re c o rd e d  f ro m  th is  

reg io n . M organ found th a t the m a jo r ity  of s p u rs  in  the th o ra c ic  re g io n  

w e re  s ta g e s  2 and 3, w hich is  a lso  tru e  in  the fox, bu t aga in  M organ  found 

m o re  of the  l a r g e r  o steo p h y tes , including  c a s e s  of fu sion , w hich  w ere  

no t seen  in  the th o ra c ic  reg io n  of foxes. In  the  lu m b a r reg io n  of the dog 

M organ s ta te d  th a t m o st o s teophy tes  w ere  of s ta g e s  3 and 4, and th a t 

th e  n u m b er of s tag e  5 sp u rs  w as g r e a te r  than  in  o th e r  a r e a s  of the  v e r te b r a l  

co lum n. In  the p re -c a u d a l reg io n  of the fox the  only fu sed  o s teo p h y te s  

w e re  found in  the p o s te r io r  lu m b e r reg io n  (d isc  23 b ack w ard s), and the  . 

s a c ru m  when the  s a c ra l  e lem e n ts  w ere  not fu sed . A gain  a  h ig h e r  p e r c e n t

age of la rg e  o s teo p h y tes  w as seen  in  the dog. (The h ig h e s t n u m b er of 

fu sed  o s teo p h y te s  w ere  seen  in  the cau d a l v e r te b ra e  of the fox, but a s  

exp la ined  th is  d a ta  could not be an a ly sed  co m p le te ly .)

6 .5 .4  P o s itio n  of O steo p h y tes  on the V e r te b ra l  M arg in

T he p o s itio n  of the o s teo p h y tes  on the  v e r te b ra l  m a rg in  w as v e ry  

s im i la r  to tha t d e sc rib e d  by  M organ  (1967) fo r  the  dog. In  the  dog M organ  

found tha t th e  m a jo r i ty  of th e  sp u rs  in  the c e rv ic a l  reg io n  w ere  lo ca ted  

on the  v e n tra l  m id line , w h e re a s  in the fox th e re  w e re  so  few  o steo p h y tes  

in  th is  re g io n  th a t it w as not p o ss ib le  to note any  c le a r  p a tte rn . M organ 

no ted  th a t th e se  s p u rs  re p re s e n te d  a  con tinuation  of the  p ro m in en t v e n tr a l  

r id g e  a s  found e sp e c ia lly  on C 2 . 4 . He fu r th e r  found th a t f ro m  d isc  

sp a c e s  7-17 the p a tte rn  had changed, w ith  a p p ro x im a te ly  2 /3  of the s p u rs  

eq u a lly  d iv ided  to the r ig h t and le f t of the m id lin e . In  th e  fox
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th e se  la te r a l ly  p laced  sp u rs  w ere  only p ro m in en t o v er a m uch s h o r te r  

d is ta n c e  - the p o s te r io r  face  of d isc  6 to d isc  9, and th e r e a f te r  the 

m a jo r ity  of the sp u rs  w ere  v en tra l, w ith  th e  ex cep tio n  of d is c s  25 and 26, 

w h ere  the sp u rs  w ere  equally  divided betw een  a l l  th re e  fa c e s . In  the 

dog M organ found that the  m a jo rity  of o s teo p h y tes  o c c u rre d  in  the m id line  

only  fro m  d isc  18 to 23, w h e re a s  fro m  d isc  24 to the  lu m b o -sac  r a l  junction  

the m a jo r i ty  of the sp u rs  w ere  on the la te r a l  a s p e c ts  of the  v e r te b ra l  

m a rg in . B oth s tu d ie s  ag reed  on the paucity  of d o r s a l  o s teo p h y te s .

A lthough both  the dog and fox s tu d ie s  have found the  o steo p h y tes  to  

o c c u r  even ly  on both  s id es  of the v e r te b ra l  colum n, the sam e  s itu a tio n  

is  not seen  in m an. B eadle (1931) noted th a t in  the d o r s a l  sp ine  o steo p h y tes  

w ere  p red o m in a n tly  on the r ig h t s ide, lu m b ar o s teo p h y tes  p red o m in a n tly  

to the  le f t. Tobin  & S tew art (1953) accounted  fo r  th is  unequal d is tr ib u tio n  

by  c la im in g  th a t th o ra c ic  osteophy tes o c c u rre d  m ain ly  on the le f t  s id e  in  

righ t-ha.nded  p e rso n s  and v ice  v e rs a .  S ch o rr, F ra n k e l  & A d le r  (1957) 

show ed th a t r ig h t u n ila te ra l  th o ra c ic  sp o n d y lo sis  w as no t r e la te d  to 

r ig h t-h a n d e d n e ss . C u lv er & P irs o n  (1956), S hap iro  & B a tt (1960) and 

N athan (1962) d em o n stra ted  that the d is tr ib u tio n  of o s teo p h y tes  w as 

re la te d  to the p o sitio n  of the a o r ta  - Shapiro  & B a tt (1960) su g g ested  

th a t  n o rm a l a o r tic  p u lsa tio n s  produce physio log ic  r e s o rp tio n  of bone.

N athan  (1962) a lso  com m entated  th a t w here  the a o r ta  o c c u rs  on the m id 

lin e  o s teo p h y tes  o ccu r sy m m e tr ic a lly  on bo th  s id e s  of the v e r te b ra e .

Since the a o r ta  in  can ids o c c u rs  n e a r ly  m id -v e n tra l]  y (M ille r 1952) the 

s y m m e tr ic a l  o cc u rre n c e  of the o steo p h y tes  in  the th o ra x  is  r e a d ily  

exp la ined .

The ab sen ce  of d o rs a l  osteophy tes  is  com m on to a l l  s tu d ie s . C o llin s  

(194«) poin ted  out that in  m an  osteophy tes  r a r e ly  fo rm  on the p o s te r io r  

su rfa c e  b e ca u se  co llap sed  d isc s  a re  alw ays c o m p re sse d  a n te r io r ly , and 

the bony sp u rs  grow to en c lo se  the ex tru d ed  d isc . M organ (1967) a lso  

noted the r a r i t y  of d o rsa l  osteophy tes , and in none of the  c a s e s  he exam ined  

had  the  o s teo p h y tes  en cro ach ed  on the sp in a l c an a l to  an  ap p re c ia b le  

ex ten t. H ow ever, in adult sow s Jubb & K ennedy (1963) re p o r te d  th a t 

ex ten s iv e  new bone fo rm a tio n  m ay o c cu r in  the n e u ra l  a rc h e s , w hich
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fu se s  the a r t ic u la r  p ro c e s s e s  and e n c ro a ch es  on the sp in a l canal, giving 

i t  an i r r e g u la r  o r  t r ia n g u la r  shape. In the fox, how ever, the  p re se n c e  

of the  n e u ra l  can a l s e e m s  to d ire c tly  inh ib it the developm en t of the 

d o r s a l  o s teo p h y tes . ’ •

In  the  caudal v e r te b ra e  of the fox o s teo p h y tes  o c c u r  eq u a lly  on a ll  

fo u r  q u a r te r s  of the v e r te b ra l  m arg in , d o r s a l  o s teo p h y tes  b e ing  p ronounced  

in  the ab sen ce  of the  n e u ra l canal. T h e re  is  no co m p arab le  d a ta  fo r  the 

dog and the c a t, M organ (1967) did r e p o r t  th a t s p u rs  w ere  f re q u en tly  

lo ca ted  a round  the coccygeal d is c s  although th e ir  lo ca tio n  and n u m b er 

w e re  not re c o rd e d .

M organ (1967) d isc u sse d  the ro le  of the  v e n tra l  long itud ina l lig am en t 

in  o steophy te  fo rm atio n , and showed that i t  w as in flu en tia l only in  

d e te rm in in g  the c h a ra c te r is t ic  shape of the v e r te b ra l  osteoph}des - it  

did not in itia te  th e i i  fo rm atio n , and so does no t a ffec t the  p o s itio n  of the 

o s teo p h y tes  on the v e r te b ra l  m arg in .

6 . 5. 5 P o s itio n  cn the V e r te b ra l  Colum n a t w hich Spondylosis 
D efo rm an s  F i r s t  A p p ears

It w as shown that when spondy losis  f i r s t  a p p e a rs  the th o ra c ic  reg io n  

is  bo th  m o re  often  affected , and a lso  show s a h ig h e r  A ffection  Index, 

than  the lu m b a r reg ion: only when the an im a l is  b ad ly  a ffec tly  d oes 

the lu m b a r reg io n  show an A ffection Index s im i la r  to th a t seen  in  the 

th o ra c ic  reg io n .

T h is  t r a i t  of the th o ra c ic  reg io n  to be a ffec ted  e a r l i e r  h as  b een  noted 

in  the hum an sp ine by  s e v e ra l  w o rk e rs . S ch m o rl & Junghanns (1959) 

no ted  th a t spondy losis  w as lim ited  to  the  th o ra c ic  sp ine  m o re  f re q u e n tly  

in  th e  young than  the old: se v e re  spondy losis  in  the  lu m b a r  sp ine  w ith 

a l e s s e r  d eg ree  in  the th o ra c ic  sp ine, and a lso  s e v e re  sp o n d y lo sis  in  bo th  

lu m b a r  and th o ra c ic  reg io n s  both  show a g r e a te r  in c re a s e  w ith advancing  

ag e . N athan (1962) noted that a n te r io r  o s teo p h y tes  develop  e a r l i e r  in
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the  th o ra c ic  and lu m b a r  re g io n s  than  in  the c e rv ic a l  and s a c r a l  reg io n s , 

a s  w as a lso  found to o cc u r  in  the fox. S im ila rly , in the hum an sp ine,

B ick  (1964) noted  th a t v e r te b ra l  o s teo p h y tes  u su a lly  a p p e a r  f i r s t  in  the 

d o r s a l  sp ine  and then w ith m o re  o r  le s s  equal tim in g  and freq u e n c y  in  the 

m id -c e rv ic a l  and lo w er lu m b a r sp in es .

Anon. (1956/7) re p o rte d  th a t in  b u lls  the d is e a se  com m only  d ev elo p s 

in  the 6th -7 th  th o ra c ic  a r tic u la tio n  and then  m oves p ro g re s s iv e ly  b a c k 

w ard s  to involve a  s e r ie s  of a r tic u la tio n s .

In  c o n tra s t,  M organ, L junggren  & R ead (1967) found the r e v e r s e  in  

the dog. T hey  show ed th a t the av e rag e  s iz e  of the o s teo p h y tes  w as 

s im ila r  th roughou t the  v e r te b ra l  colum n and su g g ested  th a t th is  in d ica ted  

no d iffe re n c e  in  " a g e " of the o steophy tes  a s  r e la te d  to  th e ir  lo ca tio n  

along the v e r te b ra l  colum n.

Shore (1935) noted th a t in the hum an sp ine  o steo p h y tes  a re  a lm o s t 

n e v e r  found on a  s ing le  un it of the v e r te b ra l  co lum n - th e ir  in c id en ce  

i s  sp re a d  o v e r  a  g roup  o r  o v er m o re  than  one g roup  of ad jac en t v e r te b ra e ,  

T h e se  o b se rv a tio n s  would se em  to be  a t v a r ia n c e  w ith  th o se  a u th o rs  who 

found th a t sp o n d y lo s is  f i r s t  a p p e a rs  in a p a r t ic u la r  (lim ited ) re g io n  and 

then  s p re a d s  along the v e r te b ra l  co lum n. C e r ta in ly  in  the  p re s e n t  s tudy  

i t  w as found th a t d u rin g  the e a r ly  s tag e s  of a ffec tio n  only one o r  two 

v e r te b ra e  exh ib ited  o steo p h y tes .

6 . 5. 6 E ffec ts  of Age on Spondylosis D efo rm an s

T hat the  developm ent of spondy losis  is  a s so c ia te d  w ith ageing  h as  

b een  known fo r  a long tim e , and G lenney (1956) d e sc rib e d  sp o n d y lo sis  a s  

a  g e r ia t r ic  p ro b lem . Since sp ondy losis  is  so in v a r ia b ly  a s so c ia te d  w ith 

ageing, the a p p ea ran ce  and developm ent of v e r te b ra l  o s teo p h y tes  m u st 

be  re g a rd e d  a s  n o rm a l, and th is  condition  can only be d e sc r ib e d  as  

p a th o lo g ica l if th e re  i s  an a c c e le ra tio n  of the n o rm a l d e g e n e ra tiv e  

p ro c e s s e s  due to d ie ta ry  d e fic ien c ie s , tra u m a , e t c . ,  o r  when pain  and 

lo co m o to r d e b ility  en su es .
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T he m o s t in te re s tin g  fe a tu re  about spo n d y lo sis  in  the fox population  

exam ined  is  i t s  rap id  developm ent - 65% of the  population  a r e  a ffec ted  in  

th e i r  th ird  y e a r  of life , 90% in  th e ir  fifth  y e a r , and a l l  a n im a ls  f ro m  th e ir  

s ix th  y e a r  onw ards a re  a ffec ted . T h is  c o n tra s ts  m a rk ed ly  w ith the 

o b se rv a tio n s  of M organ, L junggren  & R ead (1967), who noted  th a t in  th e ir  

th re e  dog s a m p le s  the e a r l ie s t  c a se  of sp o n d y lo sis  o c c u r re d  d u rin g  the 

second  y e a r  of life  in  two g roups and in the th ird  y e a r  in  the o th e r  g roup .

T h is  r a te  of developm ent in  the fox is  s ig n ifican tly  f a s te r  th a n  th a t 

se e n  in  b u lls . Anon. (1956/7) re c o rd e d  tha t "anky losing  sp o n d y lo sis  

co m m en ces  a t o r  about the age of five y e a rs "  and i t  i s  " a lm o s t ex cep tio n a l 

fo r  i t  to  be ab sen t in b u lls  o v er the age of 6 ^ y e a r s " .  T he fox d a ta  show 

a  c o n s id e ra b ly  g r e a te r  r a te  of developm ent than  M organ (1967) re c o rd e d  

fo r  d o m estic  dogs - he found that 50% w ere  a ffec ted  b y  th re e  to s ix  y e a r s  

of age, 75% by nine y e a rs , and in  o ld e r  dogs the f ig u re  ap p ro ach ed  100%. 

M organ  a lso  found that m o st of the fo rm a tio n  of o s teo p h y tes  in  the  dog 

took p lace  in  m iddle  age . A s im i la r  conc lu sio n  w as re a c h e d  by G lenney

(1956), who re p o rte d  th a t in the dog sp ondy losis  o c c u rre d  a t m idd le  age 

and a f te r ,  although i t  could o c c u r in an im a ls  e ig h teen  to  tv /en ty -fo u r 

m onths old.

T he r a te  of developm ent of spondy losis  h as  b een  w ell docum ented  

in  m an . S tew art (1958) noted th a t in  each  of the c e rv ic a l, th o ra c ic  and 

lu m b a r  re g io n s  of the sp ine lipp ing  develops slow ly  th rough  the age of 

30, in te n s if ie s  in  the fo u rth  decade, e sp e c ia lly  in  th e  lu m b a r  reg io n , and 

b eco m es  qu ite  pronounced a f te r  50. W hichever s p e c ie s  is  s tud ied , a 

s m a ll n u m b er of ind iv iduals n e v e r  seem  to  develop  sp ondy losis , and 

Stew^art noted th a t even in the e ighth  decade a sm a ll p ro p o rtio n  of 

in d iv id u a ls  do not show any sig n s of v e r te b ra l  lipp ing . H ow ever N athan 

(1962) gave a s lig h tly  d iffe ren t tim e  sc a le  - he s ta ted  th a t sp in a l co lum ns 

f i r s t  show ed o steophy tes  in  the  tw en tie s , and by the  fo r t ie s  aU sp ec im e n s  

exam ined  show ed osteo p h y tes . N athan a lso  show ed an in c re a s e  in  the 

s iz e  of the osteophy tes  w ith age - by the f if tie s  n e a r ly  a l l  sk e le to n s  show ed 

a t  le a s t  som e second d eg re e  o steo p h y tes , and by  the e ig h tie s  n e a r ly  a ll  

v e r te b ra l  co lum ns showed th ird  o r  fo u rth  d eg ree  o s teo p h y tes . B ick  (1964)
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show ed a t im e -s c a le  m uch m o re  s im ila r  to th a t of S tew art (1958), c la im in g  

th a t sp o n d y lo sis  w as found in  m any p e rso n s  p a s t the  age of 35, and w as 

a l l  bu t u n iv e rsa l  p a s t the age of 65 o r  70.

In view  of th is  v e ry  rap id  developm ent in the  fox, w here  a n im a ls  

only  a few m onths old show ex ten siv e  osteophy te  fo rm atio n , i t  would 

a p p e a r  th a t in  th is  an im al spondy losis  is  not ju s t a  n o rm a l d e g e n e ra tiv e  

p ro c e s s  b u t a lso  a pa tho log ica l condition. The re a s o n s  fo r  th is  condition  

b e in g  re g a rd e d  a s  a t le a s t  p a r t ly  pa tho log ica l in  the fox w ill be  d isc u s s e d  

la te r .

6 . 5. 7 E ffe c ts  of P h y s ic a l In ju ry  on the D evelopm ent of S pondylosis 
D efo rm an s

S chm orl, in  h is  ex ten siv e  w orks on the hum an sp ine, f i r s t  show ed 

th a t d eg en e ra tiv e  changes in  the in te rv e r té b ra l  d is c s  w ere  the p re d isp o s in g  

c a u s e s  of spondy losis  d e fo rm an s  (and o th e r v e r te b ra l  a b n o rm a litie s ) , 

a lthough d isc  d eg en era tio n  w as not in v a ria b ly  follow ed by  e x o s to se s . 

H ow ever s e v e ra l  f a c to rs  a ffec t the c o u rse  of a ffec tio n . G lenney (1956) 

su g g ested  th a t v itam in  A d efic ien cy  in  dogs accen tu a ted  the developm ent 

of sp o n d y lo sis . F e ld m an  & C olson (1933) in p igs and F ra n k  (1939) in  

c a ttle  a s so c ia te d  spondy losis  w ith b a c te r ia  of the B ru c e lla  group , and 

N athan  (1916) induced spondy losis  in  dogs by  in jec tin g  s tre p to c o c c i in to  

the  fe m o ra l vein . N athan (1962) n o tes  s tap h y lo co cca l o r  o th e r  b a c te r ia l  

in fec tio n s  a s  so m e tim es  being  im p o rtan t in  the developm ent of sp o n d y lo s is .

T ra u m a  h as  a lso  b een  re p o rte d  by  s e v e ra l  w o rk e rs  a s  be ing  

im p o rta n t in  the developm ent of spondy losis . B ick  (1964) re p o r te d  th a t 

v e r te b ra l  osteophy+es m ay develop a t any  age follow ing a  tra u m a . T ra u m a  

m ay  take any one of s e v e ra l  fo rm s  - in  the p re s e n t  s tudy  p re v io u s  p h y s ica l 

in ju ry  w as exam ined  a s  a p re d isp o s in g  fa c to r  in  the developm en t of 

sp o n d y lo sis , th is  being  reco g n ised  by the  p re se n c e  of f ra c tu re d  b o n es . 

A lthough not included  in the p re se n t exam ination , o th e r  bone d is o rd e r s  

could a lso  be im p o rtan t in th is  r e s p e c t  - N athan (1962) in c lu d es  in fec tio u s  

o s te i t is  due to tu b e rc u lo s is , r ic k e ts ,  o s te o p o ro s is , and o th e rs  a s  being
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tra u m a tic  cond itions tha t m ay a ffec t the developm ent of sp o n d y lo sis , 

and P ayne  (1959) noted  th a t tra u m a , e ith e r  m a ss iv e  o r in s id io u s  w e a r 

and te a r ,  w as im p o rta n t in in itia tin g  in te rv e r té b ra l  d isc  d is tu rb a n c e .

Since tra u m a s  o th e r  than  bone f r a c tu r e s  can a ffec t sp o n d y lo s is , th e se  

m u s t a ffec t th e  r e s u l ts  of a d ire c t  co m p ariso n  betw een  th o se  an im a ls  w ith 

s ig n s  of a p re v io u s  f ra c tu re ,  and those  w ithout. Y et d e sp ite  th e se  m ask in g  

e ffe c ts , in  each  age c la s s  an im a ls  w ith  s ig n s of a p rev io u s  bone f ra c tu re  

show ed a h ig h e r  inc idence  of spondy losis  than  those  w ithout. Hcw^ever, 

a n im a ls  w ithout signs of an e a r ly  in ju ry  can a lso  show w ell-d ev e lo p ed  

sp o n d y lo sis , so tra u m a  only acc en tu a te s  the condition  and is  not the  so le  

re a s o n  fo r  it. T h a t tra u m a  sp eed s the developm ent of sp o n d y lo sis  w as 

re p o r te d  b y  S chm orl & Junghanns (1959), who quote the find ings of 

H e in rich  &. S ta d te r  th a t it tak e s  a t le a s t  e igh teen  m onths fo r  the fo rm a tio n  

of a n o ticeab le  sp u r  in m an, but follow ing sp in a l in ju ry  the beg in n in g s  of 

m a rg in a l o v erg ro w th s  have been  o b se rv ed  w ithin fo u r to e igh t w eeks.

G arv in  (1927) thought it im p ro b ab le  " tha t a sing le  acc id en t o r  in ju ry  is  

re sp o n s ib le  fo r  the developm ent of h y p ertro p h ic  a r th r i t i s  of the sp in e" .

In  c o n tra s t,  how ever. C hapm an & C hapm an (1969a) re c o rd e d  th a t tw elve  

out of tw en ty -fo u r sk e le to n s  of ro a d -k ille d  D am a dam a exh ib ited  

d eg en e ra tiv e  le s io n s  of v a r io u s  s o r ts ,  including  sp o n d y lo s is , w hich  w ere  

a ttr ib u te d  to  e a r l i e r  acc id en ts , u su a lly  ro ad  acc id en ts  o r  g u n -sh o t w ounds.

T he e ffe c ts  of tra u m a  in  accen tu a tin g  th e  developm ent of sp o n d y lo sis  

d e fo rm an s  is  obvious, bu t th is  is  only one of m any com plex  f a c to rs  w hich 

in te ra c t  to a ffec t the  developm ent of the condition. T h is  view  is  in  

su p p o rt of M organ, L junggren  & R ead (1967), who t r ie d  to  e s ta b lis h  a 

c o r re la t io n  betw een  a r e a s  of h ig h e r  inc idence  and fa c to rs  w hich included  

tra u m a , bu t found tha t none of th e se  fa c to rs  alone seem ed  adequate  in  

p ro v id in g  a s a tis fa c to ry  exp lanation  of the  v a r ia b le  freq u en cy  of le s io n s . . 

In  c o n tra s t, how ever. W ells (1964) noted  d iffe ren t p eak s  of d is tr ib u tio n  

along the sp ine depending upon the m ain  focus of any s t r e s s e s  - he noted 

th a t in  p re -R o m a n  wild h o rs e s  spondy losis  a ffec ts  th e  d o rs a l  reg io n  

of the sp ine, w h ereas  in  m o d ern  rid in g  and w orking h o r s e s  it  i s  the
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lu m b a r  reg io n  which is  a ttack ed . W ells noted  a  s im ila r  d is p a r t iy  in  

hum an sp in es  - in ancien t E gyp tians spondy losis  w as p re se n t bo th  

s e v e re ly  and re la t iv e ly  often in  th e  th o ra c ic  seg m en ts , w h e re a s  in  

m o d ern  E u ro p ean  populations the lo w er lu m b a r  re g io n  is  the s ite  of e lec tio n , 

and in  th is  la t t e r  g roup th is  is  the s ite  of a p e rp e n d ic u la r  th ru s t  of 10 o r  

12 stone in  w eight. The av e rag e  an c ien t E gyp tian  w as s lim m e r  and 

l ig h te r  than  the  av e rag e  G erm an, Swede o r  A m e ric a n  today, and it  i s  

su g g ested  th a t th is  m ay  account fo r  the c o m p a ra tiv e ly  low in c id en ce  

of fifth  lu m b a r  dam age in ancien t E g y p tian s . W ells  su g g ested  th a t 

a n o th e r fo rm  of tra u m a  that m ay  cau se  th is  d iffe ren ce  is  th a t E g y p tian s  

did not c o m p re ss  th e ir  lu m b ar d is c s  by  slouch ing  in  e a sy  c h a ir s  o r  by 

s lum ping  o v e r office d esk s .

In  the  p re s e n t  study, the high inc idence of sk e le ta l f r a c tu r e s  (33%) is  

of in te r e s t  in itse lf , s in ce  i t  is  h ig h e r than  m any  p rev io u s  su rv e y s  have 

found. C hapm an & C hapm an (1969a) found tha t 50% of 24 F a llo w  d e e r  

(D am a d a m a ) f ro m  Epping F o r e s t  had b een  involved in  p re v io u s  a c c id e n ts ; 

T a y lo r  (1971) found that 15% of 308 v iv e r r id s  had d ise a se d  o r  f ra c tu r e d  

b o n es  a s  a r e s u l t  of c lim b ing  o r  c a r  ac c id e n ts . B irk h ead  (1973) found th a t 

15 of 186 (8%) of co rv id  sk u lls  showed v is ib le  d e fo rm itie s .

6 . 5. 8 E ffe c ts  of Spondylosis D efo rm an s on the C ondition  of the  A n im al

T he e ffec ts  of tra u m a  on the p a th o g en esis  of sp o n d y lo sis  h as  b een  

d isc u sse d , u s in g  old f r a c tu r e s  a s  an in d ic a to r  of an  e a r l i e r  p h y s ic a l 

tra u m a . P h y sio lo g ica l tra u m a  is  a lso  im p o rta n t in  th is  r e s p e c t ,  

p a r t ic u la r ly  a d re n a l dysfunction  and overw eigh t. S c h o rr, FrM nkel & A d le r

(1957) noted  tha t th o ra c ic  spondy losis  w as found m ain ly  in o v erw eig h t 

m a le s  and fe m a le s  of the pyknic type. S im ila r ly  in  m an  N athan  (1962) 

su g g ested  th a t the  h ig h er inc idence of sp o n d y lo sis  in  m a le s  m ay  be  

a ttr ib u ta b le  to the g r e a te r  p r e s s u re  ex e rted  in  th e  v e r te b ra l  co lum ns of 

m en  b ec au se  of th e ir  g r e a te r  body w eight. T he sam e  is  seen  in  a n im a ls  - 

F o x  (1939) re p o rte d  th a t v a r ie t ie s  w ith a r th r i t i s  a r e  m a c ro so m ie  i . e .  

c o a r s e r ,  h e a v ie r  a n im a ls . M organ (1967) exam ined  the in c id en ce  of



212
spo n d y lo sis  in  dogs w ith re la tio n  to body w eight, and found th e  condition  

to  be p re s e n t  in  18/38 (47%) of dogs u n d er 10 kg. in  w eight, 15/27 (56%) 

of dogs 10. 1 - 20 kg. in  w eight, 23 /34  (68%) of dogs 20. 1 - 30 kg. in  

w eight, and 15/17 (88%) of dogs o v er 30 kg. in  w eigh t.

A s im ila r  in c re a s e  of spondy losis  w ith body w eight is  se e n  in  the  

p re s e n t  study . In both dogs and v ixens th e  A ffection  Index in c r e a s e s  

w ith  body w eight u n til an A ffection  Index of 50 in  v ix en s, and  60 in  dogs, 

is  a tta in e d . T h e re a f te r  th e re  is  a m a rk e d  d e c re a s e  in  body w eight by 

25%. A lthough th e re  a r e  v e ry  few an im a ls  w ith such  a high A ffection  

Index i t  se e m s  c le a r  th a t th e se  an im a ls  have lo s t  condition , and hence  

body w eight, due to th e  d eb ilita tin g  e ffec ts  of sp o n d y lo s is . Such 

a n im a ls  only r e p re s e n t  1. 98% of the to ta l sam p le  of 252 adu lt a n im a ls , 

and i t  would se em  fa ir  to a ssu m e  th a t th e se  an im a ls  in  poo r cond ition  

have been  s e le c tiv e ly  sam pled , and so p ro b ab ly  r e p re s e n t  an  even 

s m a lle r  p ro p o rtio n  of the population . F o x es a ffec ted  w ith spondy losis  

m u st, th e re fo re , be able to su rv iv e  a ll but the  m o st s e v e re  le v e ls  of 

a ffec tio n  w ithout any lo s s  of condition.

A lthough it  is  im p o ss ib le  to study  c lin ic a l s ig n s  in  a w ild population , 

such  d a ta  a r e  av a ilab le  fo r both m an and s e v e ra l  d o m estic  a n im a ls . T hese , 

s tu d ie s  ag re e  in  tha t b ad ly  affec ted  a n im a ls  m ay  show no c lin ic a l  s ig n s , 

w h e re a s  o th e r  a n im a ls  m ay  exhib it such  se v e re  pa in  a s  to m ake w alking  

im p o ss ib le . Any sym ptons that do develop  a re  u su a lly  re fe ra b le  to 

c o m p re ss io n  of the sp in a l co rd  a n d /o r  sp in a l n e rv e s  - B a ile y  & C a sa m a jo r  

(1911) show ed th a t in  m an co m p re ss io n  of the n e rv e s  and sp in a l co rd  m ay  

cau se  pain , p a re s th e s ia , lo c a l a tro p h y  of m u sc le s , and even  p a ra ly s is  

m ay  o ccu r, and P a r k e r  & Ad son (1925) d e sc r ib e d  e igh t hum an p a tie n ts  

w ith  s im i la r  c lin ic a l s ig n s . H ow ever the condition  is  often  only d isc o v e re d  

b y  acc id en t - G arv in  (1927) exam ined  2, 090 p a tie n ts  o v e r  fifty  y e a r s  old 

fo r  ro e n tg e n o g ra m s  of the kidneys, u r e te r s  and b la d d e r , and in c id e n ta lly  

r e c o rd e d  spondy losis  in 67% of the m en  and 40% of the w om en. Of th e se  

c a s e s , G arv in  found that 74% of the m en and 61. 5% of the w om en had no 

accom pany ing  co m p la in t of the v a r io u s  ty p es  of rh eu m a tic  and n e u ro -  

m u s c la r  p a in s . S im ila rly  C o llin s  (1949) found th a t even  v e ry  la rg e
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o steo p h y tes  m ay  cau se  no sym ptom s and th a t no c lin ic a l syndrom e w as 

known to be  a s so c ia te d  w ith the  condition. B ick  (1964) noted  th a t in  m an  

spo n d y lo sis  w as ap t to  cau se  b ack  pain  d u rin g  the f if th  and s ix th  d e ca d es  

of life .

In  dogs G lenney (1956) found that bone changes m ay  cau se  s tiffn e ss , 

s o re n e s s  and red u ced  m otion  in  the hind leg s , b u t se ld o m  did he find 

sudden p a ra ly s is  o r  acu te  pain . A rch ib a ld  & C aw ley  (1966) no ted  th a t in  

dogs i t  w as not uncom m on fo r  m ark ed  la m e n e s s  to o c c u r  in  one of the 

hind leg s , o r  fo r  the b ack  to be  s lig h tly  a rc h e d . H ow ever M organ  (1967) 

found th a t spondy losis  w as u su a lly  p re se n t w ithout a s so c ia te d  c lin ic a l 

s ig n s .

D esp ite  the s lig h t v a r ia n c e  betw een  som e of th e se  o b se rv a tio n s , it  

s e e m s  tha t spondy losis  u su a lly  only c a u se s  s lig h t pain, th is  p o ss ib ly  

in c re a s in g  w ith  age, a lthough even w ell advanced  sp o n d y lo sis  m ay  e lic i t  

no c lin ic a l s ig n s . In the fox no s e r io u s  d eb ility  o c c u rs  u n til the  condition  

is  w ell advanced , when the an im a l lo s e s  w eight. No o th e r  d e b ilita tin g  

e ffe c ts  w e re  no ted .

6 . 5. 9 V a r ia tio n s  in  the V e r te b ra l  Colum n

V a ria tio n s  in the n u m b er of v e r te b ra e  of c lo se ly  redated  sp e c ie s  can  

o c c u r  n a tu ra lly , a s  w as shown b y  Schultz & S tra u s  (1945) in  th e ir  d e ta ile d  

a n a ly s is  of the n u m b er of v e r te b ra e  in  P r im a te s .  V a r ia tio n s  in  n u m b er 

and m orphology  w ill a lso  o c c u r  w ith in  a sp e c ie s .

S lijp e r  (1946) d e sc rib e d  the m ech an ics  of the  m a m m a lian  sp ine , and 

no ted  th a t the  point of g re a te s t  f le x ib ility  w as a t  the  d iap h rag m atic  reg io n  

the ten th  th o ra c ic  v e r te b ra e  in  can id s . It w as th e re fo re  s u rp r is in g  to 

no te  2 /252  c a s e s  w here  the ten th  and e lev en th  (an tic lin a l) th o ra c ic  

v e r te b ra e  w ere  fused  by th e ir  sp in a l p ro c e s s e s .  H ildeb rand  (1954) noted 

the sam e  in  an A rc tic  fox, a G ray  fox and a D o m estic  dog.
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F lo w e r  (1885) noted th a t in  the C a rn iv o ra  the  tru n k  v e r te b ra e  a r e  

n e a r ly  a lw ays 20 o r 21 in  n u m b er. He d e sc r ib e d  two R ed fox sk e le to n s  

w ith  the follow ing a r ra n g e m e n t of the  v e r te b ra e :  -

^7 ^13 S  "a ^^21

^7 ^14 Lg S3 Cy^g

The c e rv ic a l  v e r te b ra e  a re  in v a riab ly  co n stan t in  n u m b er and th e  caudal 

v e r te b ra e  a r e  qu ite  v a r ia b le , u su a lly  w ith in  th e  ran g e  17 - 21 .

V a r ia t io n s  in  the th o ra c o lu m b a r v e r te b ra e  u su a lly  do no t involve 

a v a r ia tio n  in the to ta l n u m b er of th ese  v e r te b ra e .  H ild eb ran d  (1954) 

quoted M ille r , who only found one dog in  300 w ith 21 th o ra c o - lu m b a r  

v e r te b ra e ;  H ildeb rand  a lso  had one such  sp ec im e n  in  h is  sam p le  of 27 

dogs. S isso n  & G ro ssm an  (1955), a lso  d isc u s s in g  the sk e le to n  of the 

d o m estic  dog, noted th a t the  n u m b er of th o ra c ic  v e r te b ra e  m ay  be  tv/elve 

o r  fo u rteen , w ith  o r  w ithout co m p en sa to ry  change in  the lu m b a r v e r te b ra e ,  

Shufeldt (1897-1901) a lso  lis te d  v a r ia t io n s  in the  n u m b er of th o ra c o 

lu m b a r  v e r te b ra e  of can id s .

M ore in te re s tin g  is  the v a r ia tio n  in the sa c ru m , s in ce  th is  h a s  a 

m ark ed  e ffec t on the developm ent of sp o n d y lo sis . T he p re s e n t  study  

found th a t 18.25%  of the s a c ra  showed som e d ev ia tio n  f ro m  the n o rm a l 

p a tte rn , and th is  co n firm s  the da ta  of H ildeb rand  (1954), who found 

that of 78 a s s o r te d  can id  s a c ra ,  1 in  5 d e p a rted  f ro m  the n o rm , and 

he d e sc r ib e d  v a r ia tio n s  s im ila r  to th o se  d e sc r ib e d  h e re .  O th e r a u th o rs  

a l l  a g re e  a s  to the  v a r ia b le  c h a ra c te r  of the s a c ru m  of can id s .

S im ila r  v a r ia tio n s  have been  noted in  the  s a c ru m  of o th e r  s p e c ie s . 

P u ja lsk a  (1961) d e sc rib e d  u n ila te ra l  s a c ra l is a t io n  of the  la s t  lu m b a r  

v e r te b ra  of L epus eu ro p ae u s , and B u ja lsk a  (1963) d e sc r ib e d  b i la te r a l  

s a c ra l is a t io n  in  the h a re , bu t both  th e se  v a r ia t io n s  to ta l only  ju s t o v e r 2% 

of the sam p le . R oskosz  (1962) noted  o v er 30% s a c ra l is a t io n  of the f in a l 

lu m b a r  v e r te b ra  in  B ison  bona sus.
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T h e re  se e m s  to be  no s ig n ifican ce  to th e se  sk e le ta l v a r ia t io n s , ex cep t 

a s  they  Eiffect the c o u rse  of developm ent of sp o n d y lo sis  d e fo rm an s .

6 . 5. 10 G en e ra l D iscu ss io n

T h a t a f re e - l iv in g  an im al population  can  ex h ib it su ch  a  high in c id en ce  

of a  d e b ilita tin g  d ise a se  is. bo th  unexpected  and p re v io u s ly  u n re c o rd e d .

E v e r  s in ce  D arw in  (1859) p ronounced on the o rig in  of sp e c ie s , and 

S p en cer (1893) f i r s t  in tro d u ced  tha t m uch quoted eco lo g ica l m ax im  

" s u rv iv a l of the f it te s t" ,  i t  h as  b een  a ssu m ed  th a t a n im a ls  s tru g g le  

to  su rv iv e , and th a t weak, s ick ly  o r in ju re d  an im a ls  a r e  e lim in a ted  f ro m  

the popu la tion  by in te r -  o r  in tra sp e c if ic  co m p etitio n . A lthough th e re  a r e  

no o th e r  d a ta  on spondy losis  d e fo rm an s  in  a w ild  population , a  c o n s id e ra tio n  

of the  re c o rd e d  in s ta n c e s  of a ll  fo rm s  of sk e le ta l pathology is  in fo rm a tiv e .

A s im p le  s ta te  of a f fa ir s  w hereby  in ju red  and d ise a se d  a n im a ls  a r e  

e lim in a ted  f ro m  the population  is  often sa id  to o c c u r  w ith  v a r io u s  sp e c ie s  

of m am m al. F o r  in s tan ce  D ansie  (1970) reports  th a t in  E ngland m un tjac  

(M untiacus sp . ) a r e  n a tu ra lly  se lec ted , dogs and c a r s  rem o v in g  the slow  

and le s s  a le r t .  U nfortunate ly  he p re s e n ts  no d a ta  to  su b s ta n tia te  th is  v iew . 

F o r  d e e r  popu la tions, how ever, the p r in c ip a l of " su rv iv a l of the f it te s t"  

h a s  b een  n e a tly  d em o n stra ted  by A m e ric a n  s tu d ie s  of p re d a tio n  by  w olves 

(C an is  lu p u s ) on la r g e r  c e rv id s , two ex am p les  of w hich a r e  d isc u s se d  

below .

P im lo tt (1967) and P im lo tt, Shannon & K olenosky  (1969) show ed th a t 

in  O n ta rio  w in te r  p red a tio n  by w olves on W h ite - ta ile d  d e e r  (O docoileus 

v irg in ia n u s) se le c te d  o ld e r a n im a ls . Of the w o lf-k illed  d o er, c la s s e s  

u n d e r 5 y e a r s  of age included  only 42% of the sp e c im e n s , w hile those  

o v e r  5 y e a r s  of age co n trib u ted  58% of the to ta l. C o m p arab le  f ig u re s  

fo r  an im a ls  co llec ted  fo r  r e s e a r c h  o r  k illed  by  c a r s  a r e  87% and 13%. 

S im ila r ly  M ech & F re n z e l  (1971) s tud ied  wolf p red a tio n  on W h ite -ta iled  

d e e r  in  n o r th e a s te rn  M innesota . T hey  showed th a t d u rin g  the w in te r  

the w olves rem o v e  m e m b e rs  of the  p re y  population  th a t a re  old.
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d e b ilita te d , o r  ab n o rm a l. It w as a lso  noted th a t th e se  c la s s e s  of d e e r  

r e p re s e n t  such  a sm a ll p e rcen tag e  of the population  th a t they  a r e  se ld o m  

taken  by  hum an h u n te rs .

In  m am m alia n  popu la tions, th e se  s tu d ie s  a r e  the b e s t  ex am p le s  

of s e le c tiv e  p re d a tio n  on d eb ilita ted  a n im a ls . H ow ever the s itu a tio n  is  

u n u su a l in  tha t the  eco lo g ica l re la tio n sh ip s  involve only two sp e c ie s , 

w ith  the w olves having no a lte rn a tiv e  w in te r  food so u rc e , and they  a r e  in  

consequence  e n tire ly  dependent upon the d e e r . In  such  a s im p le  

eco lo g ica l s itu a tio n  s tro n g  se le c tio n  p r e s s u re s  would b e  exp ec ted  to  

o p e ra te  a g a in s t even re la tiv e ly  m in o r  in ju r ie s  to the  p re y  sp e c ie s , a s  

w as d e m o n s tra te d . In m o st eco lo g ica l sy s te m s  a  g r e a te r  n u m b e r of 

s p e c ie s  in te ra c t ,  so th a t one sp ec ie s  i s  not e n t ire ly  dependent on the  

o th e r , and then  such  in ten se  se le c tio n  p r e s s u r e s  need  not n e c e s s a r i ly  

o p e ra te  a g a in s t w eak an im a ls .

R ec en t w ork  fro m  m o re  d iv e rs if ie d  eco lo g ica l sy s te m s  h as  show n 

th a t w ild a n im a ls  can  and do su rv iv e  s e r io u s  in ju r ie s  and p a th o lo g ica l 

co nd itions. G ie r (1968) h as  d e sc rib e d  sk e le ta l in ju r ie s  f ro m  co y o tes  

(C an is  l a t r a n s ) in  K an sas, and showed th a t a n im a ls  can  r e c o v e r  f ro m  

s e v e re  in ju ry  w ithout la s tin g  w eak n esses  re su ltin g , although S p e r ry  (1939) 

h a s  shown th a t "p eg -leg "  coyotes a r e  le s s  ab le  to  ca tch  ag ile  p re y  and 

e a t  m o re  c a r r io n  and fa rm  s tock  (m ain ly  sheep  sind g o a ts). C hapm an & 

C hapm an (1969a) exam ined  the sk e le to n s  of 24 F a llo w  d e e r  (Dam a  d a m a ) 

k illed  by  c a r s  in  E pping F o re s t ;  of th e se , 12 (50%) had d eg en e ra tiv e  

le s io n s  of v a r io u s  s o r ts ,  a s  a r e s u l t  of p re v io u s  c a r  a c c id e n ts  o r  g u n -sh o t 

w ounds. Spinage (1971) re c o rd e d  two c a s e s  of p a th o lo g ica l bone cond itions 

in  the im p a la  (A ep y cero s  m e lam p u s) f ro m  A k ag e ra  N a tio n a l P a rk , and 

show ed th a t bo th  th e se  an im a ls  d e m o n s tra ted  an  ab ility  to su rv iv e  m a jo r  

in ju ry  and d e fo rm ity  in  the w ild. Spinage does not m en tion  th e  sam p le  

s iz e , but he d oes s ta te  th a t in ju re d  o r  d e fo rm ed  a n im a ls  w ill a lw ays 

fo rm  a m in o rity  in  n o rm a l populations, even though th e re  m ay  no t 

n e c e s s a r i ly  be s tro n g  se le c tio n  p r e s s u r e s  o p e ra tin g  ag a in s t th em  o th e r  

th an  those  in h e re n t in  the  evolu tion  of the an im a l to s ta r t  w ith . In the
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la t te r  p a r t  of th is  a ssu m p tio n  Spinage is  a lm o s t c e r ta in ly  c o r re c t ,  but 

bo th  C hapm an & C hapm an (1969a) and the  p re s e n t w ork  have shown tha t 

in ju re d  o r  d efo rm ed  an im a ls  do not n e c e s s a r i ly  fo rm  a  m in o rity  of a  

population . When a ll  the conditions in the adu lt fo x es  u sed  in  th is  study  

a re  co m p le te ly  catalogued , about ha lf the  popu la tion  w ill exh ib it one o r  

m o re  in ju r ie s  o r  d e fo rm itie s .

T a y lo r  (1971) exam ined  the com plete  sk e le to n s  of 308 E a s t  A fric a n  

v iv e r r id s  of n ine g e n e ra  and tv/elve sp e c ie s . Of th e se  308, 15% show ed 

som e s o r t  of sk e le ta l pathology. D epending on the sp e c ie s , the in ju r ie s  

w e re  e i th e r  a ttr ib u te d  to c a r s  o r c lim b ing  a c c id e n ts . T a y lo r  com m ented  

th a t m any in ju r ie s  to v iv e r r id s  seem  to h e a l s a tis fa c to r i ly .  He a lso  

re je c te d  the h y p o th esis  tha t an  in ju red  an im a l in  the w ild i s  soon e lim in a ted  

f ro m  the population  e i th e r  b ecau se  of in te r - s p e c if ic  co m p e titio n  fo r  food 

a n d /o r  te r r i to r y ,  o r  by being  p rey ed  upon by a n o th e r  sp e c ie s .

In tr a - s p e c if ic  co m petition  is  m o st im p o rtan t in  a  sub u rb an  fox 

population . The m ain  so u rce  of "p red a tio n "  on u rb an  foxes is  hum an, 

e i th e r  in  the fo rm  of d ire c t  c o n tro l o p e ra tio n s  (shooting, g ass in g , o r  d igging 

out of e a r th s )  o r  in d ire c tly  by m ean s of c a r s  and t r a in s .  In  e i th e r  

c a se  it  would be lo g ic a l to a ssu m e , but d ifficu lt to  p ro v e , tha t in ju re d  - 

a n im a ls  w ere  le s s  ab le  to  escap e , and so fo rm  a  b ia s  in  the  sam p le .

H ow ever lo s s  of condition  (body w eight) w as only seen  in  dog foxes w ith  an 

A ffection  Index of m o re  than  60, and in v ixens w ith an A ffection  Index of 

m o re  than 50; th e se  to ta lled  five an im a ls  fro m  a sam p le  of 252 (2%).

S ince only 2% of the population  showed any s igns of s t r e s s  th a t could  be 

a ttr ib u te d  to  spondy losis  d e fo rm an s , i t  i s  a s su m ed  th a t the  sam p le  w as not 

m a rk ed ly  b ia se d  to w ard s  affec ted  a n im a ls .

O th e r ev idence a lso  su g g ests  th a t th is  sam p le  b ia s  to w a rd s  in ju re d  

o r  d ise a se d  an im a ls  i s  m o re  th e o re tic a l  than  fa c tu a l. Any a n im a l th a t 

r e c e iv e s  a s e r io u s  in ju ry , such a s  a f ra c tu re d  long bone, would be a t i ts  

g re a te s t  d isadvan tage  im m ed ia te ly  a f te r  th e  in ju ry . H ow ever, no a n im a ls  

w e re  co llec ted  in such a condition, excep t th o se  a n im a ls  th a t su ffe re d  

such  s e v e re  in ju r ie s  a s  to be re n d e re d  unconsc ious, o r  n e a r ly  so . Once
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the  in ju ry  had h ea led , the  an im a l would be  f a r  m o re  capab le  of e scap in g  

"p re d a tio n "  than  im m ed ia te ly  a f te r  i t s  acc id en t, and so  would b e  b e t te r  

ab le  to  su rv iv e .

T h is  a ssu m p tio n  th a t an  in ju red  an im a l cannot su rv iv e  in  a w ild  s ta te  

h a s  o ften  b een  u tilise d  by  a rc h a e o lo g is ts  to  d is tin g u ish  d o m estic  a n im a ls  

fro m  th o se  fro m  a w ild population . S tech er & G oss (1961) ex am in ed  the 

sp in e s  f ro m  245 eau ine sp e c ie s , and found tha t anky losing  le s io n s  w ere  

only  found in  d o m estic  sp e c ie s . Z e u n e r  (1963), when d isc u s s in g  fe a tu re s  

d iag n o stic  of d o m estic  an im a ls , s ta ted  th a t "p a th o lo g ica l co n d itio n s  a re  

often  fav o u red  and the w ithd raw al of a n im a ls  f ro m  n a tu ra l  s e le c tio n  

m ak es  i t  p o ss ib le  to develop  such c h a ra c te r s  in  d o m e s tic a te d  b r e e d s " .  

Z e u n e r  fu r th e r  added th a t n a tu ra l  se le c tio n  e lim in a te s  p a th o lo g ica l types.

B e r ry  (1969) d isc u s se d  the va lue  of a l l  c h a ra c te r s  in  th e  re c o g n itio n  

of d o m e s tic a te d  a n im a ls . He cam e to the  im p o rtan t conc lu sio n  th a t i t  is  

no t p o ss ib le  to re co g n ise  any t r a i t s  w hich in ev itab ly  accom pany  

d o m estica tio n , and, even  w o rse , m o st of th e  c r i t e r i a  by  w hich d o m e s tic a tio n  

h a s  b een  c la im ed  to be  reco g n izab le  m ay o c cu r  a s  a r e s u l t  of p r o c e s s e s  

w hich have nothing to do w ith d o m estica tio n .

T he sug g estio n  th a t fe a tu re s  such a s  p a th o lo g ica l co n d itio n s  m ay  a r i s e  

a s  a  r e s u l t  of p ro c e s s e s  o th e r  th an  d o m estica tio n  h a s  b een  s e r io u s ly  

o verlooked  by  a  n u m b er of w o rk e rs . H e rc o u rt (1967), in  a  s tudy  of 

o s te o - a r th r i t i s  in  a  R o m an o -B ritish  dog, a rg u ed  th a t the d e g re e  of 

d is a b ili ty  in  th is  a n im a l supported  th e  view  th a t it  w as a  house dog, on 

the g ro u n d s th a t the condition  is  painfu l in  the e a r l i e r  s ta g e s  and can  be 

c rip p lin g , so tha t a  v illag e  scav en g e r would have been  unable to fo rag e  

su c c e ss fu lly  and unable to hold i ts  own in  fights fo r  food. H ow ever the  

d e g re e  of d isa b ili ty  seen  in H a rc o u r t 's  sp ec im en  w as no w o rse  than  th a t 

seen  in  s e v e ra l  sp ec im en s  co llec ted  in the p re s e n t study, and th ey  c e r ta in ly  

su rv iv ed  w ithout obvious s e r io u s  handicap .

It m ay  be  a rg u ed  th a t a su b u rb an  fox population  is  su b jec t to le s s  

in ten se  p re d a tio n  p r e s s u re s  than  a m o re  r u r a l  population, and th a t it  is .
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%
in  co n sequence , not s u rp r is in g  to find such  a  h igh in c id en ce  of sk e le ta l 

a n o m a lie s . H ow ever, ev idence f ro m  pub lished  life  ta b le s  (Section 5) 

show th a t th e  life  expectancy  and ra te  of ad u lt m o r ta l i ty  of a su b u rb an  fox 

population  is  a lm o s t ex ac tly  the sam ê a s  th a t of any  o th e r  fox population .

In  m any  London B oroughs la rg e  n u m b e rs  of fo x es  a r e  d e s tro y e d  each  

y e a r , and since  the sam p le  cam e fro m  th e se  B oroughs one w ould ex p ec t 

the  population  to  be su b jec ted  to  a  re la t iv e ly  h igh  "p red a tio n "  p r e s s u r e .

Since i t  is  obvious tha t the  sk e le ta l an o m a lie s  a r e  not a  fe a tu re  of a 

s h e lte re d  ex is ten c e , why su b u rb an  foxes should show such  a  h igh  in c id en ce  

n eed s  som e o th e r  exp lanation . T he high inc id en ce  of f r a c tu r e s ,  n e a r ly  a l l  

a t tr ib u ta b le  to  c a r  acc id en ts , is  not s u rp r is in g , and su ch  tra u m a  d o es  

accen tu a te  the d eg ree  of developm ent of sp o n d y lo sis  d e fo rm a n s . S im ila r ly  

a  d e fic ien t d ie t m ay p lay  som e ro le  in  accen tu a tin g  th e  d is e a s e .  G lenney 

(1956) no ted  an e a r ly  ap p ea ran ce  of the d ise a se  in  a n im a ls  su ffe rin g  f ro m  

v ita m in  A defic ien cy . S im ila rly  W ells  (1964) noted  th a t w ith  an im p ro v e 

m en t in  n u tr itio n  seen  in  an c ien t people th e re  w as a  d ec lin e  in  the am ount 

of a r th r i t i s .

I t h a s  p roved  im p o ss ib le  to d e te rm in e  the  in c id en ce  of sp o n d y lo s is  

d e fo rm a n s  in  r u r a l  foxes due to a  lack  of s k e le ta l m a te r ia l,  bu t ex am in a tio n  

of m u seu m  m a te r ia l  h a s  shown the d ise a se  to be a b sen t in  f re e - l iv in g  

A rc tic  foxes (Alopex lag o p u s)(although w ell-d ev e lo p ed  in  sp e c im e n s  f ro m  

Z o o lo g ica l C o llec tio n s). C ro s s  (1940) h as  no ted  th e  d is e a se  in  a  w ild  

T im b e r  wolf (C an is  lupus lycaon), and G adzhiev & G adzhiev (1954) have 

shown the d ise a se  to  be  p re se n t in  the fo s s i l  B in ag ad in sk  w olf (C an is  lu p u s 

a p s h e ro n ic u s ) .

D esp ite  the c o n tra ry  view  of F ox  (1939) i t  would a p p e a r  th a t sp o n d y lo sis  

i s  lik e ly  to be found in m any sp e c ie s  of w ild can id s , a s  w ell a s  in  D o m estic  

dogs. Such a high inc idence in  su burban  fo x es m ay  not b e  a  ty p ic a l 

exam ple , since  the inc idence  of the d ise a se  h a s  b een  in c re a s e d  b y  tra u m a , 

and p o ss ib ly  a lso  d ie ta ry  d e fic ie n c ie s . T h is  can  only be  c la r if ie d  by  

s tudying  sk e le ta l  pathology in  a r u r a l  population  of R ed fo x es.
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SECTION 7 

THE FOOD OF SUBURBAN FOXES

7 .1  INTRODUCTION

T he R ed fcx is  found th roughout m o st of th e  w orld , due to bo th  

n a tu ra l  d isp e rs io n  and to in tro d u c tio n s  by m an . In co n seq u en ce , the 

s p e c ie s  is  found in  a wide v a r ie ty  of h ab ita ts , ran g in g  f ro m  a rc t ic  

tu n d ra  to A u s tra lia n  d e s e r t  a r e a s .  To su rv iv e  in  such a v a r ie ty  of 

h a b ita ts , th e  an im al m u st be  adap tab le  and i t s  feed ing  b eh av io u r is  

im p o rta n t in  th is  r e s p e c t .  T he Red fox is  w idely  re c o g n ise d  a s  an  

o p p o rtu n is tic  fe e d e r, ea tin g  anything th a t is  av a ilab le  e .g .  A rno ld  (1956), ' 

in  h is  acco u n t of the  Red fox hi M ichigan.

T h e re  have b een  som e accoun ts  of the  eco lo g ica l s ig n ifican ce  of the 

fox a s  a  p re d a to r .  I t  w as found tha t u n d er sp e c ia lis e d  co n d itio n s  the ' 

fox can  be a p re d a to r  of co n s id e rab le  im p o rtan ce , p a r t ic u la r ly  to  

ag g re g a tio n s  of b reed in g  a n im a ls . K ruuk (1964, 1972) show ed th a t the 

fox w as a  m a jo r  p re d a to r  of a  B lack -h ead ed  gu ll (L a ru s  rid ib u n d u s) 

colony, p a r t ic u la r ly  un d er c lim a tic  conditions such  a s  d a rk , s to rm y  n igh ts, 

w hich fav o u r the p re d a to r  and inh ib it f lig h t of the  g u lls . B u s ta rd  (1968) 

no ted  the  fox to be a  s e r io u s  p re d a to r  on n e s ts  of Sea tu r t le s  (C a re tta  

c a r e t ta , C helon ia  d e p re s s a  and C helon ia  m y d as), the eggs b e ing  dug up 

ju s t b e fo re  hatch ing . T hose  eggs no t ea ten  d ied of ex p o su re . N o rm an

(1971) s tud ied  fox p red a tio n  on co lo n ies  of S hort -ta iled  s h e a rw a te rs ' 

(P u ffin u s  te n u iro s tr is ) , and found th a t fox p re d a tio n  w as re la t iv e ly  u n 

im p o rta n t u n le ss  no o th e r  v e r te b ra te  p re y  w as p re se n t.
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T h e se  g e n e ra l find ings a r e  a lso  su p p o rted  b y  ex ten s iv e  s tu d ie s  in  

A u s tra l ia  on the  e ffec ts  of fo x es on lam b su rv iv a l e . g. A lex an d er, e t. a l. 

(1967), who docum ented  the  developm ent of a  f lo ck  of M erino  la m b s . 

P re d a tio n  on h ea lth y  lam b s  w as not o b se rv ed . T h e ir  r e s u l t s  c o n firm ed  

the  A u s tra lia n  food study  of M cIntosh (1963), find ing  the  fox to  b e  an  

o p p o rtu n is t p re d a to r  and a scav en g e r, u til is in g  the m o s t r e a d ily  ob ta ined  

food s o u rc e .

A d e ta iled  rev iew  of the  m any a n a ly se s  of R ed fox food h a b its  would 

n o t be  re le v a n t h e re , but a  b r ie f  re su m e  of the  m a in  p u b lish ed  w o rk s  

w ill be included  on a  con tinen t by con tinen t b a s is .

In  A m e ric a  Scott (1941, 1943, 1947) s tud ied  fox feeding b eh a v io u r in  

Iow a. In  h is  1947 p a p e r  he co m p ared  fox feed in g  b eh a v io u r f ro m  two a r e a s  

and show ed th a t foxes would adap t th e ir  feed in g  in  re sp o n s e  to a v a ila b le  

food. T h is  w as d e m o n stra ted  again  by E rr in g to n  & Scott (1945), who 

show ed th a t d u rin g  a  d rough t p e rio d  foxes re a d ily  m odified  th e ir  food 

h a b its  to  u til is e  a new food so u rce , in  th is  c a se  m u s k ra ts  (O n d a tra  

z ib e th ic a ) exposed  by  a d r ie d -u p  m a rsh . The d e p red a tio n s  of the  fo x es 

re d u c e d  about 25% of the t r a p p e r s ' incom e f ro m  the  m a rs h .

Cook & H am ilton  (1944) stud ied  the eco lo g ica l re la t io n s h ip s  of R ed 

fox food in  e a s te rn  New Y ork. T hey  found a  m ark e d  se a so n a l v a r ia t io n  

in  food h ab its , w ith m am m als  be ing  m o st com m on in  the  w in te r  and f ru i t  

m o s t im p o rta n t in  the autum n. In se c ts  w ere  tak en  to a  l im ite d  ex ten t in 

the su m m e r  and autum n, bu t b ird s  w^erc g e n e ra lly  of l i t t le  im p o rta n c e . M ost 

of th e  food cam e fro m  b ru sh  lo ts , fencerow s and g ra s s la n d , f o r e s ts  b e in g  

of m in o r  im p o rtan ce  a s  a  food so u rce .

L a th am  (1950) rev iew ed  the l i te r a tu r e  on fox food h a b its  in  the  n o r th 

e a s te r n  U nited S ta tes; he l is te d  a ll  the pub lished  r e s u l t s  (and som e 

unpub lished) bu t m ade no a ttem p t to  d raw  g e n e ra l co n c lu s io n s  on feed ing  

tre n d s .
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K o rsch g en  (1957, 1959) stud ied  fox food h a b its  in  M is so u r i. He 

p re se n te d  a  d e ta iled  a n a ly s is  of h is  r e s u l t s  and (1959) a b r ie f  r e su m e  

of fox food s tu d ie s  in  the M idw est and e lse w h e re , to co m p lem en t the  

re v ie w  of L a th am  fo r  the n o r th e a s t a re a .  M ost p a p e rs  rev iew ed  showed 

la g o m o rp h s  to be  the p r in c ip a l food item , w ith  s m a ll  m a m m a ls  second  in  

im p o rta n c e . O th e r sp e c ie s  of m am m als  and b i rd s  f ig u red  m uch  le s s  

fre q u e n tly .

T hetje a re  m any o th e r s m a lle r  food s tu d ie s  on A m e ric a n  fo x es, a ll  

w ith  the  sam e  g e n e ra l r e s u l ts .  The only one of in te r e s t  in  th e  p re s e n t  

co n tex t i s  th a t of Johnson (1970) fo r  the Is le  R oyale  N a tio n a l P a rk .  H ere  

a g a in  m am m a ls  w ere  the m o st im p o rtan t food i te m  w ith  th e  Snow shoe 

h a re  (L epus a m eric an u s)  being  the m o st im p o rta n t s in g le  ite m . F r u i t s  

w e re  the m ain  food in  A ugust and S ep tem b er. T he a r e a  s tu d ied  w as of 

in te r e s t  b e c a u se  it, like  London, had re la t iv e ly  few  m am m a lian  p re y  

s p e c ie s  p re s e n t .  Johnson concluded tha t fox d e n s ity  w as le s s  th an  

re c o rd e d  e lse w h e re , and s in ce  the m ain  p re y  sp e c ie s  u til is e d  on the  m a in 

land  w e re  not p re s e n t on th e  is lan d , "b u ffe r sp e c ie s"  (both p lan t and 

an im al) w ere  u tilise d  to a  g r e a te r  ex ten t. Johnson  fe lt th a t th e  fox w as 

no t ex p lo itin g  e ffic ien tly  the  food so u rc e s  p re se n t,  and th a t food w as an 

im p o rta n t f a c to r  in  lim itin g  population  grow th .

In  A u s tra lia  the Red fox is  an  in tro d u ced  s p e c ie s . R o lls  (1969) 

d e s c r ib e d  in  d e ta il how fox hounds w ere  f i r s t  u sed  to  hunt d ingoes and 

m acro p o d s  and then, when th e se  sp e c ie s  b ecam e  fe w er in  n u m b e rs , foxes 

s ta r te d  to  be in tro d u ced  in  the 1860s. R o lls  a lleg ed  th a t the  fox w as an 

im p o rtan t p re d a to r  of the m any sp e c ie s  of g round -he s tin g  b i rd s  in  

A u s tra lia , and a lso  of the n a tiv e  m am m als .

M cIntosh  (1963) stud ied  fox food h a b its  in  the C a n b e rra  d i s t r i c t  of 

A u s tra l ia .  He found the s tap le  d ie t to be sheep  c a r r io n  and ra b b its ,  w ith 

in v e r te b ra te s  m aking up a la rg e  p ro p o rtio n  of the d ie t d u rin g  the w a rm e r  

m o n ths and b ird s  and co ld -b looded  v e r te b ra te s  b e in g  of m in o r im p o rta n c e . 

He poin ted  out th a t th e re  w as no ev idence to su p p o rt a lle g a tio n s  that 

fo x es  a r e  a m enace  to g ro u n d -n e s tin g  b ird s .
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M cIn to sh 's  study a r e a  con tained  few n ativ e  m a m m a l s p e c ie s .

M a rte n sz  (1971) s tud ied  fox food in  an a r id  a r e a  of New South W ales, 

w h ere  such  sp e c ie s  w ere  m o re  com m on. He found a  g r e a te r  v a r ie ty  of 

r e p tile  and m am m al sp e c ie s  in  the  fox s to m ach  co n ten ts , bu t even  h e re  

the  m a in  food w as c a rr io n , in  th is  c a se  the re m a in s  of k an g a ro o s  sho t 

b y  a  p ro fe s s io n a l sh o o te r. ^

C om an (197 3) stud ied  fox food h ab its  in  V ic to ria , and found v e ry  

s im i la r  r e s u l ts  to  those  a lre a d y  d e sc rib e d . He found the m a in  food ite m s  

to  be ra b b its ,  sheep  c a r r io n  and m ice , w ith  l e s s e r  am oun ts  of n a tiv e  

m a m m a ls , b ird s , co ld-b looded v e r te b ra te s ,  in v e r te b ra te s  and p lan t 

m a te r ia l .  C om an a lso  d em o n stra ted  a  s e a so n a l and re g io n a l v a r ia t io n  

in  food h ab its , but w as unable to d raw  any co n c lu s io n s  on the s ig n ifican ce  

of fox p re d a tio n  on na tive  w ild life .

T h e re  have b een  s e v e ra l  food s tu d ie s  in  E u ra s ia , one of the 

e a r l i e s t  being  th a t of B aran o v sk ay a  & K olosov (1935), who d e s c r ib e d  the 

food h a b its  of the fox in  R u ss ia . M ore re c e n tly  P e tro v  (1967) s tu d ied  the 

food of foxes (V ulpes vu lpes k a rag o n ) in  M iddle A s ia  (w est T ian -S lian ).

He p re se n te d  food h ab its  an a ly se s  fo r  th re e  s e p a ra te  y e a r s ,  and found 

th a t v e r te b ra te s  w ere  of m in o r im p o rtan ce  in  the d ie t, m a m m a ls  and_ 

b i rd s  b e ing  ea te n  se ldom . T he m ain  food ite m s  w ere  in se c ts ,  w ild f ru i ts  

and b e r r i e s .

✓
R yszkow ski, W agner, G oszczynsk i & T ru szk o w sk i (1971) s tu d ied  

th e  e ffe c ts  of a  v a r ie ty  of c a rn iv o re s , includ ing  to x es, a s  p re d a to rs  of 

s m a ll  m am m als  in  fo re s ts  and cu ltiv a ted  f ie ld s  in  P o land . T hey  found 

th a t th e  in te n s ity  of p red a tio n  on ro d en t populations w as v e ry  h igh  and in  

fa c t m o re  F ie ld  v o les  (M ic ro tu s  a r v a l i s ) w ere  e a te n  th an  had b een  e s tim a te d  

to  be p re se n t!  R zebik  - K ow alska (1972) studied  th e  food h ab its  of foxes 

in  P o land , finding  that m am m als  w ere  of g r e a te s t  im p o rta n ce  a s  food 

i te m s , w ith  b ird s  com ing second . The r e s u l t s  su p p o rted  the  g e n e ra l 

find ings of the p red a tio n  study, s ince  the g re a te s t  s ing le  food ite m  w as 

v o le s , m ain ly  M icro tu s, and the m o st im p o rtan t av ian  p re y  ite m  w as the
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/
D o m estic  hen. S im ilarly , G oszczynski (1974) s tud ied  the food of foxes 
in  P o lan d . He found th a t sm a ll ro d en ts  dom inated  the  d ie t of foxes, and 

th a t of th e se  93. 1% w ere M icro tus a r v a l is . T he av a ila b ility  of v o le s  w as a 

fa c to r  dec id ing  the d ie t of foxes. H a re s  w ere  of seco n d a ry  im p o rtan ce , 

w ith  Roe d e e r  and b ird s  as  su p p lem en ta ry  co n s titu en ts .

In  E u ro p e  Lund (1962) studied  the food h ab its  of the fox in  N orw ay, 

an  a r e a  w hich lack s  wild ra b b its . H is r e s u l ts ,  how ever, w ere  not 

m a rk e d ly  d iffe ren t fro m  those re co rd e d  in o th e r co u n tr ie s , ro d en ts , 

p a r t ic u la r ly  M icro tinae , fo rm in g  the bulk  of the food. M ur id s  w ere  of 

l e s s e r  im p o rtan ce . B ird s  constitu ted  30% of the w arm -b lo o d ed  p rey , 

p a r t ic u la r ly  the fa m ilie s  T u rd id ae  and T e trao n id ae . B e r r ie s  and f ru i ts  

w e re  of im p o rtan ce  in  the autum n.

Englund (1965a, 1965b, 1969) studied  the food of foxes in Sweden. H is 

d e ta i le d  an a ly se s  y ielded  r e s u l ts  v e ry  s im ila r  to th o se  of Lund, w ith  M ic ro 

tin ae  be ing  the m ost im p o rtan t sing le  food item . Englund a lso  show ed 

th a t sm a ll ro d en ts  w ere  consum ed to a g r e a te r  ex ten t when the supply  

of s m a ll  ro d e n ts  in c re a se d , and a t the sam e tim e  o th e r  k inds of food 

d ec lin ed  in  im p o rtan ce . In h is  study on Gotland, w here  v o les  a r e  absen t, 

Englund (1965b) showed that when the ra b b it population  declined  to 1 /2 0th. 

a s  a  r e s u l t  of m yxom atosis , the p recen tag e  of s to m ach s con tain ing  ra b b its  

dec lin ed  to a  half, h a re s , m ice and p h easan ts  com pensa ting  fo r  the 

d e c re a se  of ra b b its  in  the  foxes d ie t. Studying the food of fox cubs 

Englund (1969) showed tha t w here the sm a ll ro d en ts  co n s titu te  the  s tap le  

food, h a re s  o ccu r m o re  freq u en tly  in  the s tom ach  of s m a lle r  cubs, 

th e se  la rg e  p re y  ite m s  being  b rough t back  to the e a r th  by the ad u lts .

Englund docum ented a s e r ie s  of changes in food h ab its  d u rin g  the 

developm ent of the cubs.

F a i r le y  (1965, 1966, 19.70) h as  studied  the food of the fox in I re la n d .

In h is  f i r s t  two p ap e rs  he .com pared the food of foxes in Co. Down a t a tim e  

of high ra b b it populations w ith the food of foxes in  C os. Down and A n trim  

a f te r  a  red u c tio n  in the ra b b it population due to m y x o m ato sis . He found 

a  m ark ed  red u c tio n  in the nu m b er of ra b b its , a s so c ia te d  w ith an in c re a se
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in  the  p e rc e n ta g e  o c c u rre n c e  of Brow n r a t s .  T h e re  w as no change in  the 

n u m b e r  of w oodm ice. F a ir le y  suggested  th a t r a t s  and  not m ice  fu lf il the 

ro le  p layed  by  M icro tin ae  in  the m a jo r ity  of food s tu d ie s .

F a i r le y  (1970) p re se n te d  a d e ta iled  a n a ly s is  of the food of fo x es  in  

n o r th - e a s t  I re la n d . T h is  showed m am m als  to be  the m o st im p o rta n t 

c la s s  of food i te m s , w ith lag o m o rp h s of g re a te s t  im p o rta n ce  and r a t s  

com ing  second . G a llifo rm es  w ere  the m o st im p o rta n t b ird  food ite m  

re c o rd e d . H ow ever F a i r le y  ad m itted  th a t he did not b o th e r  to  s e a rc h  

h is  sa m p le s  fo r  ch ae tae , and s ince  the p re se n t w ork  su g g e s ts  th a t th is  

in tro d u c e s  a  m a jo r  b ia s  to h is  r e s u l ts  th e se  m u s t b e  v iew ed  w ith  cau tio n .

In  Scotland th e re  have only b een  su p e rf ic ia l  food s tu d ie s . L ock ie  

(1956) s tud ied  the food of foxes b e fo re  and a f te r  m y x o m ato sis , find ing  a 

d ec lin e  in  the im p o rta n c e  of ra b b its  and an  in c re a s e  in  the im p o rta n c e  of 

v o le s  and m ice . In  W este r  R o ss  Lockie (1964) found v o le s , sh eep  and 

d e e r  c a r r io n  to  be of im p o rtan ce  in the fo x e s ' d ie t. S im ila r ly  D ouglas 

(1965) in  h is  s tudy  of foxes shot n e a r  B ra e  m a r  d u rin g  A p r il  and M ay 

found d e e r  c a r r io n  to be  of m a jo r  im p o rtan ce .

In E ngland  th e re  have been  s u rp r is in g ly  few  Red fox food s tu d ie s , 

a lthough s e v e ra l  n o te s  re p o rtin g  unusual food ite m s  have b een  p u b lish ed . 

S ou thern  & W atson  (1941) p re se n te d  an a n a ly s is  b a se d  on 40 s to m a ch s  

and  18 fa e c a l  p e lle ts , a l l  co llec ted  du rin g  the su m m e r. T hey  found the 

co m m o n est food ite m s  to be ra b b its , sheep, sm a ll  b i rd s  and in s e c ts  in  

th a t o rd e r , w ith  sheep  and sm a ll m am m als  b e in g  tak en  m o re  f re q u e n tly  

in  h il l  d is t r ic t s  of W ales than  in tie  M idlands.

L e v e r  (1959) p re se n te d  a  m o re  d e ta iled  a n a ly s is , b a se d  on a  m uch 

l a r g e r  sam p le  (420 s to m ach s  and 123 sc a ts ) . H is study w as m ade a f te r  

the  adven t of m y x o m ato sis , and found th a t r a b b its  had d ec lin ed  f ro m  50% 

o c c u rre n c e , a s  re c o rd e d  by  Southern  & W atson, to  20%. He found tha t 

M ic ro tu s  a g r e s t i s  had re p la c e d  the ra b b it in im p o rtan c e , v o le s  o c c u rr in g  

in  o v e r  40% of low land s to m ach s  and 55% of s to m ach s  f ro m  h il l  a r e a s .
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R a ttu s  n o rv é g ie n s  w as the nex t m o st fre q u e n t ro d e n t. B ird s  fe a tu re d  m o re  

com m only  in  low land a r e a s  (63%) than  in  h ill  a r e a s  (40%), gam e and p o u ltry  

r e p re s e n t in g  l / 3 r d  - 1 /2  of a l l  b i rd s  ea ten .

B u rro w s  (1968) p re se n te d  a  d e ta iled  a n a ly s is  of fox food h a b its  in  

low land G lo u c e s te rs h ire . He found sm all ro d en ts , m a in ly  F ie ld  v o le s , 

and  ra b b its ,  to be m a jo r  food item s , w ith in s e c ts  and f ru it  of s e a so n a l 

im p o rta n c e . He a lso  show ed the im p o rtan ce  of e a r th w o rm s  in  th e  d ie t of 

fo x es. L a te r  J e f fe r ie s  (1974) d isc u sse d  the im p o rta n c e  of e a r th w o rm s  

in  the d ie t of foxes (w ithout re fe re n c e  to the  w ork  of B u rro w s) b a se d  on a 

s in g le  an im a l. J e f f e r ie s  noted that the e a r th w o rm s  m o st lik e ly  to o c c u r  

in  a  foxes d ie t a r e  L u m b ricu s  t e r r e s t r i s  s ince  "both feed ing  and co p u la tio n  • 

o c c u r  on the  su rfa c e  of the so il w h e re a s  fo r  a l l  o th e r  sp e c ie s  th e se  

o c c u r  a lm o s t in v a r ia b ly  below  the su rfa c e " .

T h e re  have been  no q uan tifiab le  s tu d ie s  on the food h ab its  of su b u rb an  

fo x es . T eag le  (1967) p re se n te d  a d e ta iled  d isc u ss io n  of fox food h a b its  in  

r u r a l  a r e a s  bu t v e ry  l i t t le  of th is  w as d ire c tly  re le v a n t to  su b u rb ia . He 

no ted  tha t su b u rb an  foxes w ere  knowm to feed  on r a t s ,  th a t p re d a tio n  on 

c a ts  w as p ro b ab ly  ex ag g era ted , and that m any fo x es feed  on househo ld  

w aste , bu t he ad m itted  to  having  no d a ta  to  su p p o rt th e se  a s su m p tio n s .

B ea m e s  (1972) p re se n te d  no da ta , m e re ly  re p e a tin g  the v iew s of T eag le , 

a lso  m ak ing  a few unsupported  r e m a rk s  re la t in g  to  su sp e c ted  p re d a tio n  

on p e ts .  Such r e m a rk s  a r e  w idely  re p e a te d  b y  "p o p u la r"  a u th o rs  e . g.

M abey (1973).

B eck  (1973) re p o rte d  on th e  food h ab its  of f re e - r a n g in g  dogs in  B a ltim o re , 

bu t p re se n te d  no quan tified  d a ta . He no ted  th a t u rb a n  dogs find food 

ch ie fly  in  g a rb ag e  and hum an h an d -o u ts , but th a t som e ac tiv e  p re d a tio n  

m ay  o c c u r  on r a t s  in  a lle y s  and on b i rd s  in  u rb an  wooded a r e a s .

A q u an tified  s tudy  on the food h ab its  of su b u rb an  fo x es  is  obv iously  

d e s ira b le  s in ce  heavy  p red a tio n  on p e ts  and o rn a m e n ta l w ate rfo w l i s  of 

econom ic im p o rta n c e , and heavy p red a tio n  on s m a ll p a s s e r in e s  i s  of
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e c o lo g ic a l and a e s th e tic  im p o rta n c e . An id e a l food study  should a lso  

docum ent th e  a v a ila b ility  of food ite m s , to docum ent fox food h a b its  in  

re la t io n  to  food av a ilab ility . H ow ever a tte m p ts  to  ach iev e  th is  fo r  su b u rb ia  

p ro v ed  im p o ss ib le  due to the lack  of f re e  a c c e s s  to the  s tudy  a r e a s .  

F o r tu n a te ly  the  b ird  populations a r e  v e ry  w ell docum ented  - the  London 

N a tu ra l H is to ry  Society  (1964) lis te d  the  b ird s  of th e  London a r e a ,  w ith  

so m e in fo rm a tio n  on abundance, and S im m s (1975) h a s  p re se n te d  a  v e ry  

d e ta ile d  a n a ly s is  of the d is tr ib u tio n  of b ird s  in  London in  r e la tio n  to  the 

v a r io u s  h a b ita ts  av a ilab le . T he m a m m als  a r e  l e s s  w e ll r e c o rd e d , b u t 

som e d a ta  h a s  b een  draw n fro m  the A nnual M am m al R e p o rts  in  the  

London N a tu ra l is t , and the su rv ey  of sm a ll m am m a ls  by  C orke  & H a r r i s

(1972).

7 .2  METHODS

T h e re  a r e  five p o ss ib le  m ean s of d e te rm in in g  the food h a b its  of 

su b u rb an  fo x e s :-

a) d ire c t  b eh a v io u ra l o b se rv a tio n s

b) co llec tin g  r e p o r ts  on dam age by foxes

c) s c a t  a n a ly s is

d) s to m ach  co n ten ts  a n a ly s is

e) re c o rd in g  den  l i t te r .

E ach  technique h as  i t s  own in h e re n t advan tag es  and d isad v a n ta g es , a s  

follow s:

a) D ire c t  b eh av io u ra l o b se rv a tio n s  a r e  of lim ite d  u se . To be of 

va lue , long p e rio d s  of con tinuous o b se rv a tio n  on p a r t ic u la r  

a n im a ls  a re  d e s ira b le , which is  r a r e ly  p o ss ib le  in  an  u rb an  

en v iro n m en t. E ven  when th is  h as  b een  ach iev ed  i t  h a s  p roved  

im p o ss ib le  to iden tify  the  sm a ll food ite m s  p icked  up by  foxes, 

and s in ce  m o st of th e se  o b se rv a tio n s  have b een  of foxes 

"hunting" playing f ie ld s  and p a rk s  in  the e a r ly  m o rn in g  i t  w as
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im p o ss ib le  to d e te rm in e  v isu a lly  w hat th e  fo x es w ere  

co llec tin g .

O bviously  a l l  the in fo rm atio n  co lle c te d  i s  b ia se d  to w ard s  the 

l a r g e r  food ite m s , and s ince  th is  tech n iq u e  h a s  y ie ld ed  no 

new  d a ta  it w ill not be  co n s id e red  fu r th e r .

b) R e p o r ts  on dam age by foxes a re  in te re s t in g  f ro m  th e  econom ic 

po in t of view , but of l i t t le  value in  a  qu an tified  food study .

In  B oroughs w h ere  the C ouncil o f fe rs  a  fox c o n tro l s e rv ic e , 

m any  of the co m p la in ts  re c e iv e d  r e f e r  to the k illin g  of p e ts
H,

(c a ts , ra b b its , gu inea p igs, b a n ta m s and hens) and o rn a m e n ta l 

w a te r  fowl, o r  to d igging up law ns, e i th e r  fo r  som e in v e r te b ra te  

food o r  in  re sp o n se  to an  ap p lica tio n  of b lood f e r t i l i s e r .

T h is  technique ag a in  obviously  b ia s e s  any r e s u l t s  to  the  l a r g e r  

food so u rc e s , and a lso  g iv es  a fa lse  im p re s s io n  of the  im p o rta n c e  

of pe t a n im a ls  in  the d ie t of su burban  foxes.

c) S cat a n a ly s is  w as no t a p a r t ic u la r ly  u se fu l techn ique, s in ce  in  

su b u rb ia  i t  p roved  im p o ss ib le  to r e g u la r ly  c o lle c t s c a ts ,  ex cep t 

th o se  of cubs a round  e a r th s , and even  th en  th e  s c a ts  o ften  

co n ta in  no rec o g n isa b le  food ite m s , m ak ing  i t  d ifficu lt to  be 

s u re  th a t they  w ere  w ilpine in  o rig in .

S cat a n a ly s is  w as ex ten s iv e ly  u tilise d  w ith  g re a t  s u c c e s s  

by S co tt (1941, 1943, 1947) in  h is  a n a ly s is  of fox feeding  

b eh a v io u r in  Iow a. H ow ever he noted  th a t " fe c a l a n a ly s is  is  

u n c e r ta in  when e a s ily  d ig ested  foods o r  th o se  lack in g  in d ig e s tib le  

e le m e n ts  a r e  ea ten , and in  som e in s ta n c e s  the u til i ty  of the  

techn ique  m ay depend on w h e th e r o r  not a n im a ls  co nsum e . 

s ig n ifican t am oun ts  of such  foods".

T h is  p roved  to  be the m a jo r  d raw -b a c k  to  s c a t  a n a ly s is  in  

su b u rb an  foxes. A la rg e  sam p le  of r e c ta l  co n ten ts  w as an a ly sed



229

and co m p ared  w ith  th e  r e s u l ts  ob tained  fo r  s to m ach  con ten t 

a n a ly s is . It w as found th a t the so ft foods w ere  u n reco g n izab le  

in  the  r e c ta l  con ten ts, so b ia s in g  the  d a ta  to w a rd s  food ite m s  

w ith  in d ig estib le  re m a in s . F o r  a fu lle r  d isc u s s io n  of the 

p ro b le m s  in h e ren t in sca t a n a ly s is  see  L ockie (1959). In  view  

of th is  b ia s  the technique w as abandoned fo r  su b u rb an  fo x es.

G oszczynsk i (1974) u tilise d  sca t a n a ly s is  to s tudy  the d ie t of 

fo x es  a t T urew , P o land , w here  he showed the  p r in c ip a l p re y  

ite m s  to b e  sm a ll ro d en ts , h a re s ,  b ird s  and Roe d e e r , w ith  

o cc a s io n a l o c c u rre n c e s  of in se c tiv o re s , p la n ts  and in s e c ts .  

A lthough th e se  w ere  the only p re y  ite m s  found in the  s c a ts ,  

G oszczynsk i se e m s  to have m ade no e ffo r t to  e n su re  th a t no 

so ft food ite m s  w ere  in g ested . In v iew  of the la rg e  a r e a s  of 

m eadow  in  the study a r e a  it  s e e m s  s tra n g e  th a t he fa iied  to  

r e c o rd  e a r th w o rm s  in the d ie t. M urie  (1946) show ed th a t the 

n u m b er of ra b b it- s iz e d  an im als  could be  judged a c c u ra te ly  

f ro m  coyote sc a ts , but sm a ll a n im a ls  could be c o n s id e ra b ly  

u n d e re s tim a te d .

d) S tom ach content an a ly s is  i s  the m o st u se fu l techn ique fo r  fox 

food h ab it a n a ly s is . A m ongst m any o th e rs , th is  techn ique h a s  

b een  u sed  ex ten s iv e ly  by  Englund (1965a, 1965b, 1969) to 

s tudy  the food of foxes in  Sweden.

In  the p re se n t study s to m ach s  w ere  rem o v ed  a s  soon a f te r  

d ea th  a s  p o ss ib le  and p re se rv e d  in  70% e th y l a lcoho l. The 

s to m ach s  w ere  opened in  the la b o ra to ry , the co n ten ts  w eighed, 

and a s e r ie s  of s m e a rs  exam ined  fo r  the p re se n c e  of ch ae tae . 

T he con ten ts  w ere  then  w ashed  th rough  a fine  s iev e , p a r t ic u la r ly  

fa tty  s to m ach  co n ten ts  being  w ashed  in  w a rm  w a te r  w ith  a  sm a ll 

am ount of d e te rg e n t (F a ir le y  1970).

How to quantify  the v a r io u s  food ite m s  p re s e n t  is  a d ifficu lt 

m a tte r .  Englund (1965a) d isc u sse d  the v a rio u s  m ethods fo r
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quan tify ing  the  com position  of the food, and ev en tu a lly  

dec ided  to p re se n t h is  d a ta  a s  freq u en cy  o c c u rre n c e , the 

f re q u e n c ie s  of the d iffe ren t k inds of p re y  b e in g  s ta te d  in  

r e la t io n  to the  n u m b er of s to m ach s  w ith  co n ten ts . K o rsch g en  

(1957, 1959) p re se n te d  h is  d a ta  a s  p e rc e n ta g e  o c c u rre n c e  and 

p e rc en ta g e  volum e, and w ith m o st food ite m s  th e  r e s u l ts  

ob ta ined  w ere  v e ry  s im ila r .

O bviously  som e m ethod of quantify ing  the r e la t iv e  im p o rtan ce  

of each  food ite m  is  d e s ira b le . H ow ever in  th e  p re s e n t  study 

p e rc e n ta g e  volum e and p e rcen tag e  w eight would be  im p ra c tic a b le  

s in ce  la rg e  am ounts of soft, re a d ily  d ig ested  food a r e  in g es ted . 

M ost foxes w ere  shot in  the m iddle of the day, when a ll  so ft 

food ite m s  a re  la rg e ly  d ig ested . P a r t ic u la r ly  im p o rta n t in  th is  

r e s p e c t  a re  e a rth w o rm s , w hich w ere  only re p re s e n te d  in  s to m a ch  

co n ten ts  b y  ch ae tae  (see r e s u l ts  fo r  d iscu ss io n ), and cannot 

be re c o rd e d  b y  w eight o r  vo lum e. In v iew  of th e se  d iff ic u ltie s ,
. I

the technique of Southern  & W atson (1941) w as u sed , w hereb y  

each  food item  w as given an abundance ra tin g  of 1 - 5, a s  

fo llow s: -

1 in d ica te s  a t ra c e

2 in d ica te s  a sm a ll  am ount

3 in d ic a te s  a m o d era te  am ount

4 in d ica te s  a la rg e  am ount

5 in d ic a te s  s to m ach  d is ten d ed  w ith th a t p a r t ic u la r  

food.

T h e se  s c a le s  have to be in te rp re te d  l ib e ra lly , s in ce  a r a t in g  of 

"5 " fo r  ch aetae  would in d ica te  th a t th e  s to m ach  had b een  d i s 

tended  w ith w orm s, bu t a t the tim e  of co lle c tio n  only v a s t 

n u m b e rs  of chaetae  (and ea rth )  w ere  p re s e n t .  R e su lts  a re  

p re se n te d  a s  a p e rcen tag e  of the to ta l abundance ra tin g .



231

M am m alian  h a ir s  w ere  iden tified  u sin g  th e  keys of A pple y a rd  

(1960) and D ay (1966), id en tifica tio n  b e in g  to  th e  sp e c ie s  le v e l 

u s in g  c u tic u la r  sca le  p a tte rn s  and c ro s s - s e c t io n s ,  th e se  

se c tio n s  being p re p a re d  on a W ira  H ard y  M icro to m e . B ird  

f e a th e rs  could n o rm a lly  only be id en tified  to  the  o rd e r  lev e l, 

u s in g  th e  key of D ay (1966). In se c t r e m a in s  w e re  b ad ly  chew ed, 

b u t th e se  w ere  u su a lly  id en tifiab le  to the g e n e ric  lev e l, and 

often  to the sp e c ie s .

To exam ine the food of suburban  foxes, only s to m ac h s  f ro m  

foxes k illed  in  tru ly  suburban  h ab ita ts  w ere u sed  (g a rd en s , 

a llo tm en ts , fa c to r ie s , w aste  ground, e tc . ). S tom achs f ro m  

sp ec im e n s  k illed  in  the  R oyal P a rk s  and l a r g e r  open sp a c e s  

w e re  ana lysed , bu t h e re  v e ry  d iffe re n t food i te m s  w e re  av a ilab le  

to  the foxes, and so th ese  r e s u l ts  a re  not included  s in c e  th ey  

o b sc u re  the m o re  in te re s tin g  d e ta ils  on food h a b its  in  su b u rb ia . 

S im ila rly , s to m ach s  fro m  a ll an im a ls  caught in  b a ite d  box 

t r a p s  w ere  d isc a rd e d  - th ese  u su a lly  only  con ta ined  the b a it  

u sed  in  the tra p .

T he m onthly  d is tr ib u tio n  of s to m ach s included  in  th is  a n a ly s is  

i s  shovTx in  T able 35.

e) ' R eco rd in g  den l i t te r  is  a u sefu l technique if i t s  l im ita tio n s  

a r e  fu lly  ap p re c ia te d . Any sm a ll food i te m s  w ill be u n d e r 

reco rd ed ,. p a r t ic u la r ly  sm a ll b ird s  and m am m als , s in ce  th e se  

w ill be ea ten  whole; la rg e  food ite m s  w ill be  ea ten  o v e r  a 

p e rio d  of a couple of days, and th e  in d ig e s tib le  r e m a in s  w ill 

b e  p re v a le n t fo r a long p e rio d  of tim e . T h is  is  p a r t ic u la r ly  

tru e  fo r  the la rg e  m ea t b ones found o u tside  su b u rb an  fox 

e a r th s .  T he bones of m am m alian  and av ian  p re y  i te m s  do not 

p e r s i s t  long since , being  m o re  d e lic a te , th ey  a r e  ea ten  w ith 

th e  c a rc a s s ,  th e reb y  tend ing  to ex ag g e ra te  the  im p o rta n c e  of 

m ea t b ones a s  a food ite m . S om etim es m am m alian  food ite m s .
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TA B LE 35

MONTHLY DISTRIBUTION OF FOX STOMACHS UTILISED 
IN FOOD HABITS ANALYSIS^ TH E NUIHBER IN BRACKETS 

BEING THE NUMBER OF EM PTY  STOMACHS

M onth A dults C ubs

J a n u a ry 1 0 (3 )

F e b ru a ry 38 (10)

M arch 15 (9)

A p r il 12 (3) 4 (2 )

M ay 14 (2) 47 (5) . •

June 7 (2) 24 (3)

Ju ly 4 (1) 11 (3)

A ugust 7 (4) 11 (4)

S ep tem b er 6 (2) 9 (3)

O c to b er 9 (2)

N o v em b er 32 (9)

D ecem b er 11 (1)

T o ta ls 165 (48) 106 (20 )

T o ta l of 271 an im a ls , of w hich 203 (74. 91%) had food re m a in s  

in  th e ir  s tom ach .
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p a r t ic u la r ly  hedgehogs, a r e  ea ten  w ith  the b ack  sk in  le f t in tac t, 

co m p le te ly  c leaned  of m ea t. T h is  then  d r ie s  and p e r s i s t s  fo r  

som e tim e a s  a  p lay  item .

T h u s a t any p a r t ic u la r  v is i t  to  an occupied  e a r th , sm a ll  food 

i te m s  a re  v ir tu a lly  n o n -ex is ten t, m ea t b o n es  accu m u la ted  

o v e r a long p e rio d  abound, and re m a in s  of the re c e n tly  k illed  

l a r g e r  b ird s  and m am m als  p e r s is t .

T he advantage of the  techn ique is  that i t  a llow s a c c u ra te  

id en tifica tio n  of the av ian  p re y  ite m s  (e .g .  the r e la t iv e  im p o rta n c e  

of wood and f e ra l  pigeons), i t  m ay  allow  one to d e te rm in e  w h e th e r 

a  p a r t ic u la r  m am m al w as a c tu a lly  caught o r  found a s  a  ro a d  

casu a lty ; i t  a lso  allow s one to d e te rm in e  the so u rc e s  of the 

a s s o r te d  bone f ra g m e n ts  and p ie c e s  of fa t found in  the s to m ach  

co n ten ts .

D en l i t t e r  s tu d ie s  th e re fo re  com p lem en t an  ex am in a tio n  of 

s to m ach  co n ten ts . C o n sid e rin g  the ad v an tag es  th a t the  techn ique  

o ffe rs , i t  i s  a  m ode of s tudy  th a t h a s  b een  som ew hat n eg lec ted  

fo r  the Red fox, one of the few re c e n t ex am p les  be ing  th a t of 

C om an (1972) in  V ic to ria , A u s tra lia .

7. 3 RESULTS

7. 3. 1 S tom ach C onten ts

T he r e s u l ts  of the s to m ach  co n ten ts  a n a ly s is  a r e  shown in  F ig u re s  

31 and 32, and in  T a b le s  36 to 44. A la rg e  p ro p o rtio n  of the  s to m ach  

co n ten ts  c o n s is te d  of non-food ite m s  (27. 1% in ad u lts , 27. 5% in cubs). 

Som e of th e se  i te m s  w ere  obviously  in g ested  c o - in c id e n ta lly  w hile 

feed ing  (e .g .  la rg e  q u a n titie s  of e a r th  in g ested  w hile feed in g  on e a r th 

w o rm s), w hile o th e r  ite m s , such a s  o rn am e n ta l dw arf c o n ife rs  (22
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o c c u rre n c e s )  seem  to have been  sp e c ific a lly  in g e s te d . A lso , m any  

of the  dead  le a v e s  w ere  dead T axus leav es , a lthough  why foxes should  have 

s e le c tiv e ly  ea ten  c o n ife rs  is  unknown. Only a  s m a ll p e rc e n ta g e  of the 

d ie t is  obtained  by scavenging  (15. 6% in a d u lts , 9 . 2% in  cubs), the bulk  

of the d ie t be ing  obtained by  p red a tio n  on m a m m a ls  and b i rd s  (27. 4% in  

a d u lts , 32. 0% in  cubs). In bo th  c a s e s  b i rd s  w ere  of g r e a te r  im p o rta n c e  

than  m am m als  in the diet, co n trib u tin g  to  th e  d ie t in  th e  r a t io  of 1 .3  : 1 

in  ad u lts  and 1 . 3 :  1 in  cubs.

S easo n a l v a r ia tio n s  in the adu lt d ie t a r e  not v e ry  p ronounced . E a r th 

w o rm s w ere  a t th e ir  m o st im p o rtan t in  M arch , a s  w ere  in se c ts ,  when 

la rg e  n u m b e rs  of noctuid  c a te rp i l la r s  w ere  taken . T h e re  w as an  in c re a s e d  

p re d a tio n  on P a s  s e r i f  o rm e s  d u rin g  M ay and June, when m o st of the 

sp e c im e n s  ea ten  w ere  ju v en ile s . F r u i t  and v e g e ta b le s  w ere  of g r e a te s t  

im p o rtan ce  in  the la te  su m m e r and autum n, bu t w indfall ap p les  can  be 

found in  the s to m ach s  of foxes k illed  a t m o st t im e s  of the y e a r , although 

th e se  m ay be v e ry  d rie d  and sh riv e lle d . Both scav en g in g  and p re d a tio n  

w e re  m ain ta in ed  a t a f a ir ly  co n stan t lev e l th roughou t the y e a r . T h e re  

w as som e se a so n a l v a r ia tio n  in  the type of food scavenged  - d u rin g  the  

w in te r  food put out fo r  the b ird s  w as of p a r t ic u la r  im p o rtan ce  e. g. 

su lta n a s , chopped nu ts, and o range peel.

S easo n al tre n d s  a re  m o re  pronounced in  cub s to m ach  co n ten ts . F o r  

th e  m onths of A p ril, M ay and June the cubs w e re  being  fed by  th e ir  p a re n ts ,  

and m o s t of the food co n s is ted  of m am m als  and b i rd s .  A s the  cubs s ta r te d  

to  l e a m  to  feed  th e m se lv e s  in July , A ugust and S ep tem b er m am m a ls  

b ec am e  in freq u en t, although quite a few b ird s  w ere  s t i l l  ea ten  (m ain ly  

e a s i ly  caught P a s s e r ifo rm e s ) .  A t th is  tim e  e a r th w o rm s  b e ca m e  m uch 

m o re  im p o rtan t, and th e re  w as an in c re a s e  in the o c c u rre n c e  of f ru i t  

and v eg e tab le s . P a r t ic u la r ly  in  S ep tem ber, when the  cubs b ecam e  

independent, scavenging  w as the m a jo r  so u rce  of food (31. 6% of the to ta l 

s to m ach  co n ten ts). T h e re  w as som e m onthly  v a r ia t io n  in  the  sp e c ie s  of 

in s e c ts  ea ten  - Luc anus c e rv u s  w as com m on in  June, c a ra b id s  in  July, 

b u t a t no tim e  w as p red a tio n  on in se c ts  heavy, and they  w e re  of l e s s e r  

im p o rtan ce  than ea rth w o rm s in  the d ie t of su b u rb an  fox cubs.
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TA B LE 36

STOMACH CONTENTS OF ADULT SUBURBAN FO X ES. FIGURES 
A RE PERCEN TA G E OF TO TAL ABUNDANCE RATING FO R THAT MONTH
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TA BLE 37

STOMACH CONTENTS OF SUBURBAN FO X CUBS. FIGURES 
ARE PER CEN TA G E OF TO TA L ABUNDANCE RATING FO R THAT MONTH
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TABLE 38 241

INSECTS FOUND IN SUBURBAN FOX STOMACHS, THE CLASSIFICATION 
USED BEING THAT OF KLOET & HINCKS (1945). ALL SPECIMENS 

ARE ADULTS EXCEPT WHERE OTHERWISE STATED.

N um ber of 
O ccu rrences

N um ber of 
Specim ens

O rthoptei'a
A crididae 2 2

O m ocestus v iridu lus (Linnaeus 1758) 1 1

D erm aptera
F orficu lidae  - nymphs 1 1

F o rficu la  au ric u la ria  Linnaeus 1758 4 4

T rich o p te ra 1 2

Lepidoptera - adults 4 6
la rvae 25 58

Noctuidae - adults 1 1
la rvae 4 6
probable noctuid la rvae 4 119

C oleoptera
C arabidae - adults 4 4

la rvae 3 3
C arabus sp. Linnaeus 1758 - adults 1 1

larvae 1 1
C. g ranu la tus Linnaeus 1758 1 1
C . n en io ra lis  O .F . M ueller 17G4 2 5
C. v io laceus L innaeus 1758 5 9
N ebria  sp. L a tre ille  1802 1 I
H arpalus sp. L a tre ille  1802 1 1
A m ara sp. Samouelle 1819 1 1
P te ro s tic h u s  sp. Stephens 1827 3 3
P . n ie lan a ria  (Illiger 1798) 1 4
P. m adida (F ab ric iu s 1775) 1 3

. Hydrophilidae
C ercyon sp. Leach 1817 1 1

Staphylinidae 2 2
E la terid ae 1 1
Lucanidae

Luc anus cervus (Linnaeus 1758) 7 7

H ym enoptera
F orm icidae

L asius n iger.(L innaeus 1758) 12 71
Vespidae

V espa sp. L innaeus 1758 1 1
Apidae

Apis sp. L innaeus 1758 3 3

D ip te ra  - unidentified la rvae 14 154
unidentified pupae 1 2

Tipulidae -  la rvae 4 5
Bibionidae - la rvae 1 1
Scatopsidae - la rvae 1 52
C alliphoridae - adults 1 1
M uscidae - adults 1 1

Fannia sp. Robineau-Desvoidy 1830 - la rvae 2 10

Siphonaptera
Pulicidae

A rchaeopsylla e rinace i (Bouche 1835) 1 9
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TA B LE 39

ARTHROPODS OTHER THAN INSECTS FOUND IN 
SUBURBAN FOX STOMACHS

■ N u m b er of 
O c c u rre n c e s

N um ber of 
S p ecim en s

C hilopoda

G eophilom orpha 

G eophilus sp. 1 1

L ithob ius sp. 1 2

C ru s ta c e a

Isopoda

P o rc e llio  sp. 1 1
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TA BLE 40

SCAVENGED FOOD ITEM S FOUND IN
SUBURBAN FOX STOMACHS

N u m b er of 
O c c u rre n c e s .

Scavenged m ea t ite m s  ,

A s so r te d  m am m alian  & av ian  m eat, b ones, fa t 78
F is h b o n e s ,  includ ing  tinned  sa lm on  3
B acon  r in d s  1

O th er scavenged  food ite m s

P o ta to  p ee lin g s  23
S ultanas 19
B re a d  4
O range p ee l and p ips 4
Chopped w alnut 1
T inned  c a r r o t  and c a r ro t  p ee lin g s  4
M ixed d r ie d  f ru it  1
C loves 1
Seeds, co rn , e t c . , p ro b ab ly  d e riv ed

fro m  b ird  gu ts 7
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TA BLE 41

MAMMALIAN FOOD ITEM S FOUND IN
SUBURBAN FOX STOMACHS

'
N u m b er of 

O c c u rre n c e s
N u m b er of 
S p ecim en s

D o m estic  p e ts

O ry e  to la  gus c unie u lus 12 12
F e l i s  ca tu s 6 6
C av ia  p o rc e llu s 1 1

W ild m am m als

M ic ro tu s  a g re s t is 29 40
R a ttu s  n o rv ég ien s 18 18
S c iu ru s  c a ro lin e n s is 12 12
A podem us sy lv a ticu s 8 8
O ry cto lag u s cuniculus 7 7
V ulpes vu lpes 6 6
E rin a c e u s  eu ro p aeu s 3 3
C le th rio n o m y s g la re c lu s 2 2
M us m u scu lu s 1 1
Me le s  m e le s 1 1



TA BLE 42

AVIAN FOOD ITEM S FOUND IN
SUBURBAN FOX STOMACHS

245

N u m b er of 
O c c u rre n c e s

N u m b er of- 
S p ecim en s

D o m estic  p e ts  and o rn am en ta l w aterfow l 

G a llifo rm e s

C hickens of v a rio u s  b re ed s 22 22

A n s e rifo rm e s

A dults 1 1
D ucklings 1 2
E g g sh e lls 1 1

P s i t ta c i f  o rm e s

M elo p s ittacu s  undulatus 1 1 o r  2

W ild b ird s

P a s s e r i fo r m e s -

U nidentified  p a s s e r ifo rm e s 73 78
P a s s e r  sp. 9 9
T u rd u s  m e ru la 7 7
S tu rnus v u lg a r is 1 1
E rith a c u s  ru b ecu la 1 1

C olum b if o r  m e s

U nidentified  sp ec ie s 22 22

G allifo rm es

U nidentified  sp e c ie s  (not hens) 1 1

U nidentified  b ird s , p re su m e d  to be 
w ild 2 2
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TABIJE 43

FRU IT AND VEGETABLE FOOD ITEM S FOUND 
IN SUBURBAN FOX STOIVLICHS

N u m b er of 
O c c u rre n c e s

A pple 31

P e a r 8

B ulbs 6

T o m ato es 5

C h e r r ie s 4

H aw thorn  f ru i ts 3

P lu m s 3

G o o se b e rr ie s 3

P e a s 3

B ean s 2

C abbage 2

F r e s h  c a r ro ts 1

M elons 1

P e a c h e s 1
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TA BLE 44

NON-FOOD ITEM S FOUND IN
SUBURBAN FOX STOMACHS

N um ber of 
O c c u rre n c e s

M oss 42

Q u an titie s  of e a r th 59

D ead leav es 131

L ive le a v e s 25

P ie c e s  o rn am en ta l dw arf co n ife r 22

L e a th e r  s tra p s , e tc . 5

P a p e r  and s i lv e r  p ap e r 50

P ie c e s  of s tr in g 10

P ie c e s  of ceHophane and polythene 11 -

P ie c e s  tw igs, b a rk , wood 63

F o x  fu r  fro m  groom ing, e tc . 37

Seeds t r e e s  and v a rio u s  p lan ts 2

D ead flo w erh ead s 17

S m all scones 12

P ie c e s  w alnut sh e ll ' 4

P ie c e s  of p la s tic 3

Spines and th o rn s 6

S h o elaces 1

P ie c e s  of w ire 1

P ie c e s  of china 1

P ie c e s  of lino leum 1

P ie c e s  of b r ic k 1

P ie c e s  of p lan t s tem 2

P ie c e s  of un identified  a r t i f ic ia l  f ib re 2
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7 .3 .2  S iting  of Fox E a r th s

M any fox e a r th s  a r e  to be found in  London, bu t the m a jo r i ty  of 

th e se  w ere  n e v e r  o b serv ed  to con tain  cubs, and w e re  only u ti l is e d  by  

ad u lts  d u rin g  se v e re  w e a th e r  o r  when being  p u rsu e d . E v e ry  r a is e d  

g a rd e n  shed i s  a p o ten tia l ea rth , a lthough the sa m e  few  sh ed s  a r e  u sed  

tim e  and again  fo r  re a r in g  cubs (som e e a r th s  a r e  known to  have con ta ined  

cubs e v e ry  y e a r  fo r  a q u a r te r  of a  cen tu ry ).

A l i s t  of the e a r th s  th a t w ere  found to con ta in  cubs i s  show n in  

T ab le  45, the m a jo r ity  of such  s i te s  b e ing  u n d er sm a ll  g a rd e n  sh ed s .

In  such  s itu a tio n s  the cubs a re  r e a re d  above ground, u n d e r  the  f lo o r  

of the shed, o r  a c tu a lly  underg round  in  h o le s  dug u n d e r the shed .

7. 3. 3 D en L i t te r

T he m a jo r ity  of su b u rb an  fox cubs a re  b o rn  a t the end of M arch  o r  

beg inn ing  of A p ril, and food re m a in s  s ta r t  to  accu m u la te  f ro m  the end of 

A p ril, when the cubs a re  th re e  to fo u r w eeks old . T he e a r th s  a r e  then  

u sed  re g u la r ly  u n til the end of June, when th e  cubs s t a r t  to  l ie  above 

ground, e i th e r  on w aste  ground o r  u n d er r a is e d  b u ild in g s, in  the  

v ic in ity  of the n a ta l e a r th . T h is  m ove is  p re c ip ita te d  b y  hot w e a th e r . 

C ubs can  o ccas io n a lly  be found in  e a r th s  la te r  in  the y e a r .  F ood  is  s t i l l  

b ro u g h t to th e se  ly ing -up  a r e a s  b y  the p a re n ts , and any such  food i te m s  

re c o rd e d  w ere  grouped  w ith the  den l i t te r .

In  to ta l, ou tside  97 e a r th s  and in  4 p lay  a r e a s ,  508 food i te m s , 81 

p lay  ite m s  and the re m a in s  of 12 dead foxes w e re  re c o rd e d . T h e se  dead  

foxes w ere  u su a lly  cubs of the p rev io u s  y e a r  th a t had b een  g a ssed , th e ir  

b o n es  b e ing  tu rn ed  out b y  the c u r re n t  occu p an ts .

A fu ll l i s t  of the v a r io u s  food and p lay  ite m s  is  shown in  T a b le s  46 

- 50. E ach  m e a t bone w as lis te d  s e p a ra te ly , a lthough in  v e ry  f r e s h  

sp e c im e n s  th e se  m ay have b een  jo ined  (e. g. ra d iu s  and u lna), and 

o cc a s io n a lly  even com plete  fo re - le g s  of e. g. lam b  w ere  found. H ow ever
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TA BLE 45

SITING OF SUBURBAN FOX EARTHS WHICH 
CONTAINED CUBS

S ituation N um ber P e rc e n ta g e

U nder g a rd en  sheds w ith r a is e d  f lo o rs 36 37 .1

U nder co n c re te  f lo o rs  of g a rag es , o u t
b u ild ings, and ra is e d  f lo o rs  of s u m m e r
h o u ses, p o rta b le  hu ts, e tc .

10 10. 3

In a i r - r a id  s h e lte r s 1 1 .0

In  d ra in s 1 1 .0

In  b anks of e a r th  e . g. a t bo ttom  of 
g a rd en s , ra ilw a y  em bankm ents, e tc . 29 2 9 .9

In f la t ground 9 9 .3

In  flo w er bed s , ro c k e r ie s , e tc . 6 6.2

In  com post heaps, p ile s  of rubb ish , 
wood p ile s , e tc . 5 5 .2

T o ta l 97 100.0
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TA BLE 46

MAMMALIAN PR E Y  ITEM S FOUND OUTSIDE
SUBURBAN FOX EARTHS

P r e y  Item N u m b er

D o m estic  pe ts

O ry c to lag u s cun icu lus 5
F e l l s  ca tu s 2
Sus sc ro fa  (e n tire  p ig le ts) 4
M u ste la  fu ro 2

W ild m a m m als

R a ttu s  n o rv ég ien s 5
S c iu ru s  c a ro lin e n s is 4
O ry c to lag u s  cun icu lus 1

-  only bones, e i th e r  pe t o r  wild 2
E r in a c e u s  eu ro p aeu s 3
V u lp es vu lpes

can n ib a lised  cubs 3
bo n es  only, p re su m ed  not to  have
b e e n  can n ib a lised 12

T o ta l p re y  ite m s  (excluding fox bones) 31
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TA BLE 47

AVIAN PR E Y  ITEM S FOUND OUTSIDE
SUBURBAN FOX EARTHS

P r e y  Item N u m b er

D o m estic  p e ts  and o rn a m en ta l w aterfow l
G allif o rm e s

C hickens of v a r io u s  b re e d s 16
C hickens - p robab ly  scavenged 2
C hickens - b o nes of unknown so u rce 28
T u rk ey s  - b ones of unknown so u rce 6

A n se rifo rm e s
C oose - bones of unknown so u rce 1
A nas p la ty rhynchos 2
Cygnus o lo r  (cygnet) 1

R a llifo rm e s
C allin u la  clilo ropus 1

C o lu m b ifo rm es
C olum ba liv ia  - ra c in g  pigeon 1

P s i t ta c if  o rm e s
M elo p sittacu s  undulatus 1

W ild b ird s
P a s s e r i fo rm e s

U nidentified  p a s s e r ifo rm e s 7
P a s s e r  sp. 12
TU rdus sp . ( th ru sh es) 9
T u rd u s  m e ru la 35
S turnus v u lg a ris 2
M otac illa  a lba 1
C orvus fra g ile g u s 2

C h a r  ad r i i f  o rm e s
L a ru s  m a rin u s 1

C o lu m b ifo rm es
C olum ba sp. 8
C olum ba palum bus 2
C olum ba liv ia 28

B ird s  E ggs
P ig eo n  eggs 1

 ̂ H en eggs 1

T o ta l p re y  item s 168
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TA B LE 48

SCAVENGED MAMMALIAN MEAT BONES FOUND 
OUTSIDE SUBURBAN FOX EARTHS

F ood Ite m  , N u m b er

P o rk  and bacon  bones
Scapula 8
H um eru s 20
R ad iu s 13
Ulna 17
P e lv is 8
F e m u r 9
T ib ia 8
F ib u la 2
C a rp a l and ta r s a l  b o nes 1
V e rte b ra e 2
Skull 1
L ow er jaw 1
E n tire  t r o t te r s 1

T o ta l p o rk  and bacon  b ones 91

L am b and m utt on b one s
Scapula 13
H u m eru s 7
R ad iu s 5
Ulna 7
P e lv is 12
F e m u r 19
T ib ia 22
C a rp a l and ta r s a l  bones 6
V e r te b ra e 8

T o ta l lam b and m utton  bones 99

B eef and ca lf bones
Scapula 2
H u m eru s 4
R ad ius 2
U lna 3
P e lv is 1
F e m u r 2
T ib ia 1
S acru m  (half) 1
V e r te b ra e  - saw n in  ha lf 13
R ib s 21

T o ta l b ee f and ca lf bones 50

O th er scavenged  m ea t bones
U nidentified  bones 18
H alf v e r te b ra e  fro m  chops 13
H eads of r ib s  fro m  chops and c u tle ts 16
Lum p f re s h  r ib  cage 1

T o ta l scavenged  m ea t bones 288
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TA BLE 49

OTHER SCAVENGED FOOD ITEM S FOUND 
OUTSIDE SUBURBAN FOX EARTHS

Food I te m  N u m b er

S lices  of w hite b re a d  5

L um ps of w hite b re a d  9

Sandw iches 1

P e a n u ts  - u n sa lted  1

P o ta to  p ee lin g s  1

B acon  rin d  and sk in  2

L um ps of fa t 2

T o ta l food ite m s  21
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TA BLE 50

PLA Y  ITEM S FOUND OUTSIDE
SUBURBAN FOX EARTHS

P la y  Item N u m b er

Golf b a l ls 5'

T en n is  b a lls 10

C ric k e t b a lls 1

R u b b er b a lls 4

L e a th e r  s tra p s 1

H alf-co co n u ts 1

R u b b er household  g loves 1 ;

Dog chew s - m o c ca s in -sh a p e 1

N ylons 1

F is h  and chip  p a p e rs 18

C ol. S an d ers  K entucky F r ie d  C hicken p a p e rs 1

Sandw ich b ags 17

P la s t ic  b ag s 13

Loaf w ra p p e rs 2 :

S o f t-m a rg a rin e  c o n ta in e rs 1

M eat pie w ra p p e rs 1

M ilk c a r to n 1

W ine w ra p p e r 1

C ig a r  p ack e ts 1

T o ta l p lay  ite m s 81
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a s  th ey  a re  ea ten  they  re a d ily  s e p a ra te  in to  th e  in d iv id u al b o n es , and 

th is  had  a lre a d y  o c c u rre d  in  m o st c a s e s .  A s a  r e s u l t  288 m ea t b o nes 

r e p re s e n ts  few er item s  ac tu a lly  co llec ted  by  th e  fox, b u t s in ce  in  m o s t 

c a s e s  the b o nes had a lre a d y  b een  se p a ra te d  it  w as im p o ss ib le  to e s tim a te  

how m any se p a ra te  food i te m s  w ere  involved.

7 .4  DISCUSSION

7 .4 .1  S tom ach C onten ts

K o rsch g en  (1971) p re se n te d  a d e ta iled  d isc u s s io n  on the  n ee d s  fo r  

com peten t food s tu d ie s  by  w ild life b io lo g is ts . He noted  th a t the p r im a ry  

p u rp o se  of fo o d -h ab its  in v es tig a tio n s  is  to le a rn  w hich foods a r e  u til ise d  

b y  w ild an im a ls , and how, when and w here such  foods a r e  ob ta ined . 

K o rsch g en  a lso  d isc u sse d  the  d ifficu lty  in  d e te rm in in g  w hat is  an  adequate  

sam p le  s iz e . T h is  m u st be d e te rm in e d  b y  no ting  the ex ten t of ch an g es  

th a t o ccu r when add itional u n its  a re  an a ly sed  and added d u rin g  th e  s tudy . 

K o rsch g en  p ie se n te d  th re e  c r i te r ia  u sed  to  judge the ex ten t of such  

changes w ith  an in c re a se  in  sam ple  s iz e : -

i) u n ifo rm ity  of v o lu m e tric  p e rc e n ta g e s  is  m ain ta in ed

ii) the r a te  of ap p earan ce  of im p o rta n t new  food ite m s

iii)  o v e ra ll u n ifo rm  p e rc e n ta g e s  of in d iv id u a l food i te m s .

Sam ple s iz e  can  only be co n sid e red  la rg e  enough w hen new  sa m p le s  add 

no s ig n ifican t new in fo rm atio n  to  th a t obtained  f ro m  p re v io u s  sa m p le s .

In  the p re s e n t study the  la s t  fifty  s to m a ch s  y ie ld ed  only one new  food ite m  

(C avia p o rc e llu s ), which is  not of .m a jo r  im p o rtan ce  in the food h a b its  of 

su b u rb an  foxes, and so by K o rsc h g e n 's  c r i t e r i a  the o v e ra ll  sam p le  s iz e  

i s  adequate , although fo r  the su m m e r m onths th e  adu lt sam p le  s iz e  is  

low  and m o re  in fo rm atio n  fo r  th ese  m onths i s  d e s ira b le .
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One o th e r  c r i te r io n  of K orschgen  w as th a t sa m p le s  should  b e  c o lle c te d  

o v e r  a m in im um  p erio d  of two y e a rs ; th is  h a s  b een  done in  the p re s e n t  

study.

M ost of the  foxes u sed  in  th is  study  w ere  sho t be tw een  10. 00 a. m . 

and 2. 00 p. m . B eh av io u ra l s tu d ies  su g g est th a t the  m a jo r i ty  of the feed ing  

(and ac tiv ity  g en era lly ) o c c u rs  betw een 10. 00 p. m . and 5. 00 a. m . A s a 

r e s u l t  a t the tim e  of dea th  soft foods would be m o re  co m p le te ly  d ig e s ted  

th an  h a rd e r  food i te m s  - hence m o st of the b ird  and m a m m al r e m a in s  

co n s is ted  m ain ly  of skin, fu r  and fe a th e rs , w ith  a  few sp lin te re d  b o n es . 

A lso , s in ce  m o st non-food ite m s  w ere  h a rd  and in d ig e s tib le  the  la rg e  

volum e of the s to m ach  co n ten ts  th a t th ey  c o n s titu te  i s  an  a r te fa c t  r e s u l t in g  

f ro m  the tim e  of death . O b serv a tio n s  su g g est th a t m o st e a r th w o rm s  a r e  

co llec ted  ju s t b e fo re  dawn, and sin ce  they a re  r e a d i ly  d ig e s ted  th e i r  

im p o rta n ce  in the  d ie t i s  p ro b ab ly  u n d e r - ra te d . In only one c a se  w e re  the 

re m a in s  of e a r th w o rm s  v is ib le ; a ll  o th e r  o c c u r re n c e s  w e re  of ch ae tae , 

w hich o c c u rre d  in  21. 4% of adu lt s to m ach s and 25. 6% of cub s to m a ch s .

B u rro w s  (1968) found a s im ila r  bu t s lig h tly  h ig h e r  p e rc e n ta g e  

o c c u rre n c e  of e a r th w o rm s  in  fox s c a ts  and s to m a ch s  co lle c ted  f ro m  

G lo u c e s te rs h ire  p a s tu re la n d . L ev e r (1959) re c o rd e d  th a t e a r th w o rm s  

o c c u r re d  f a ir ly  re g u la r ly  a s  ch aetae  b u t gave no d e ta ils  of p e rc e n t 

o c c u r re n c e . F a ir le y  (1970) did not b o th e r  to  look  fo r  c h a e ta e . T he 

o c c u rre n c e  of e a rth w o rm s  in  the d ie t of foxes w as d isc u s s e d  b y  J e f f e r ie s  

(1974), who showed th a t the sp e c ie s  of w orm  m o st lik e ly  to o c c u r  w as 

L u m b ricu s  t e r r e s tr is ;  how ever it  p roved  im p o ss ib le  to d e te rm in e  the 

sp ec ific  id en tity  of the  ch ae tae  in  the p re s e n t  s tudy . It i s  in te re s t in g  to  

note the  r e g u la r  o c c u rre n c e  of e a r th w o rm s  even  in  cubs k illed  in  May; 

i t  i s  m o st un likely  tha t th e se  w ere  co llec ted  b y  the  ad u lts , and th e  cubs a re  

p re su m e d  to be co llec tin g  th e se  th e m se lv e s  - in  m o s t c a s e s  th is  would only 

involve a  fo ra y  of a few fee t onto the law n of the g a rd e n  in  w hich they  a re  

r e s id e n t.  S im ila rly  M urie (1936) thought th a t cu b s  co lle c te d  in s e c ts  fo r  

th e m se lv e s  in la te  May and June, in  h is  s tu d y  in  M ichigan.
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T he low le v e l of scavenged  food ite m s  found in  the s to m ach  co n ten ts  

i s  in te re s tin g  - th ese  fo rm ed  only 15. 6% of the d ie t in  ad u lts  and 9 . 2% 

of the d ie t in  cubs, and fo r  th e  ctibs the m a jo r i ty  of the  scaveng ing  

o c c u rs  in the p e rio d  im m ed ia te ly  a f te r  th ey  becom e independen t. T h is  

finding  is  in  d ire c t  c o n tra s t to  the m any pub lished  co m m en ts  on the 

su b jec t e .g .  M abey (1973), who w ro te  th a t " they  se e m  ch ie fly  in te re s te d  

in  ro o tin g  about in  d u s tb in s" . H ow ever m any  of the scavenged  food 

i te m s  (su ltan as , b re a d , o range  pee l, ap p les , po tato  p ee lin g s , chopped 

w alnu ts, lum ps of fat, bacon  rin d , and som e of the bones) did no t 

o rig in a te  f ro m  d u stb in s  bu t w ere  put out fo r  the b i rd s  (Royal S ocie ty  

fo r  the P ro te c tio n  of B ird s  1971). T h is  is  sup p o rted  b y  th e  s e a so n a l 

o c c u rre n c e  of such ite m s , w hich a r e  la rg e ly  confined to  th e  w in te r  d ie t. 

S im ila r  scavenged  food ite m s  have b een  re c o rd e d  b y  m any  o th e r  

a u th o rs  è . g. Lurid (1962) found potato  p ee lin g s  in  29 /484  fox s to m ac h s  

f ro m  N orw ay, and Com an (197 3) found household  s c ra p s  co n s is tin g  

of b aco n  rin d , sau sag e  casing , chop bones, b re a d  c r u s ts  and cooked 

m ea t f ra g m e n ts  in  24/967 fox s to m ach s co llec ted  in  V ic to r ia , A u s tra l ia .

In se c ts  n e v e r  fo rm  a m a jo r  p a r t  of the  d ie t in  su b u rb an  fo x es. T hey  

o cc u r  in  40. 2% of the adult s to m ach s and 41. 9% of the cub s to m ach s , but 

only c o n stitu te  6 . 4% and 6. 0% of the  adu lt and cub d ie ts  re sp e c tiv e ly .

M any of the in se c ts  w ere  in g ested  by  acc id en t e .g .  F an n ia  m ag g o ts  w ere  

in g ested  w hile ea tin g  re fu se , and the f le a s  A rch a eo p sy lla  e r in a c e i  b e in g  

in g ested  w hile feed ing  on a hedgehog. In  m o st fox food s tu d ie s  the  m a jo r  

in se c t  food ite m  w as C o leo p te ra , m ain ly  b e e tle s  of the fa m ilie s  C arab i'dae 

and S carab ae id ae  (e .g . L e v e r  1959).

In  London, how ever, C arab id ae  w ere  of i r r e g u la r  o c c u r re n c e  and 

S ca rab ae id ae  w ere  not re c o rd e d . M urie  (1936) found tha t in M ichigan  

S ca rab ae id ae  m ade up a lm o s t 100% of the in s e c ts  ea ten . L ep id o p te ran  

la rv a e  w ere  the m a jo r  in se c t food ite m  in  London, 183 sp ec im e n s  

o c c u rr in g  in  33 s to m ach s, th e se  being  m o stly  noctu id  la rv a e . T h is  

c o n tra s ts  m a rk ed ly  w ith L e v e r  (1959), who only re c o rd e d  th re e  o c c u rre n c e s  

of c a te r p i l la r s  (yellow underw ing N octua pronuba f ro m  C o rn w all and d a rk  

a rc h e s  A pam ea m onoglypha f ro m  D e rb y sh ire  and H e re fo rd sh ire ) .
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Englund (1965a) only re c o rd e d  two N octiiidae m oth  la rv a e  in  1166 

s to m ach s  f ro m  Sweden (and six  s to m ach s  con ta in ing  A g rio tid ae  m oth  

la rv a e ) .

A s shown in  the in tro d u c tio n , m o st fox food s tu d ie s  shov/ m a m m a ls , 

u su a lly  sm a ll m am m a ls  o r  lag o m o rp h s, to be th e  m a jo r  food ite m . T h is  

i s  not the c a se  in  su b u rb ia . H ere  wild m a m m als  fo rm  9. 3% of the 

adu lt and 9. 4% of the cub s to m ach  co n ten ts, and p e t m a m m a ls  fo rm  

2 . 6% of the  adu lt and 2 . 1% of the cub s to m ach  co n ten ts .

C orke  & H a r r is  (1972) have docum ented  th e  sm a ll  m am m al 

d is tr ib u tio n  on the E s s e x  s ide  of London. T h ey  show ed that th e  sm a ll 

m a m m a ls  that extend w ell in to  London a re  M ic ro tu s  a g r e s t i s , A podem us 

sy lv a ticu s , S orex  a ra n e u s  and M us m us cu iu s. S orex  a ra n c u s  d o es  no t 

a p p e a r  f req u en tly  in any fox food study, th is  be ing  a ttr ib u te d  to the 

u n p leasan t ta s te  of th e ir  scen t g lands (L ev e r 1959). M ic ro tu s  is  the 

co m m o n est sm a ll m am m al en co u n tered  in  su b u rb a n  fox s to m ach s , but 

i s  s t i l l  in freq u en t, th is  be ing  in c o n tra s t  to  o th e r  fox food s tu d ie s  (e. g. 

Hewson, Kolb & Knox (1975) in A rg y ll) . F o x es  w e re  o b se rv ed  on 

s e v e ra l  o ccas io n s  in London ca tch in g  th e se  a n im a ls  on the g r a s s y  

em b ankm en ts  of ra ilw ay  lin e s , w hich p rov ide  a  re g u la r  supply  of 

M ic ro tu s  w ell in to  Lond"on. T eag le  (1964) l is te d  the  lo c a li t ie s  in  London 

a t  w hich M icro tu s  had been  found, B even  (1965) noting th a t M ic ro tu s  w as 

found w ith in  6 m ile s  of St. P a u ls  C a th ed ra l. C orke  & H a r r i s  (1972) 

a lso  re c o rd e d  th is  sp ec ie s  on a llo tm en ts , schoo l f ie ld s , and sew age 

fa rm s . A podem us w as of v e ry  in freq u en t o c c u rre n c e , d e sp ite  th e  

r e g u la r  d is tr ib u tio n  of the sp e c ie s  w ell into London (C orke & H a r r i s  (1972)) 

in  g a rd en s , a llo tm en ts  and s im i la r  h a b ita ts . M ost o th e r  fox food 

s tu d ie s  s im ila r ly  re c o rd e d  few A podem us; E nglund (1965a) a t tr ib u te d  

th is  to  the a g ility  of the sp e c ie s .

The two o c c u r re n c e s  of Cle th rio n o m y s  w e re  in  two cubs k illed  a t 

H ayes (London B orough of B ro m ley ) on the  edge of the s tudy  a r e a .  T h is  

sp e c ie s  does not extend in  beyond the  f r in g e s  of th e  su b u rb an  a r e a  (C orke
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& H a r r is  1972). The in frequen t o c c u rre n c e  of Mus is  p re su m ed  to be 

due to th e ir  tendency  to live in  bu ild ings, so re n d e rin g  them  re la tiv e ly  

im m une to p red a tio n  by suburban  foxes. T h is  is  in  c o n tra s t  to  r e s u l ts  

obtained  in  A u s tra lia , w here  Mus m u scu lu s  is  the dom inant s m a ll m am m al 

in  tru ly  w ild h ab ita ts , and i t  o c c u rre d  in  26. 3% of 967 fox s to m ach s , 

fo rm in g  13. 7% by volum e of the d ie t (Comon 1973).

The o c c u rre n c e  of R attu s  n o rv ég ien s  and S c iu ru s  c a ro lin e n s is  is  not 

. s u rp r is in g , excep t th a t one m ight have expected  a h ig h e r le v e l of p red a tio n  

on r a ts ,  e sp e c ia lly  since  bo th  r a t s  and foxes find h a rb o u rag e  in  the sam e 

n eg lec ted  a r e a s .  R a ts  do not n o rm a lly  fe a tu re  to  any la rg e  ex ten t in  fox 

food h ab its  a n a ly ses  - fo r  in stan ce  Lund (1962) only re c o rd e d  one r a t  

in  447 N orw egian fox s to m ach s, although F a i r le y  (1970) found a 17% 

o c c u rre n c e  in  adult fox s to m ach s fro m  n o r th -e a s t  I re la n d .

The o c c u rre n c e  of only th re e  E rin a c e u s  is  a lso  su rp r is in g , e sp e c ia lly  

in  view  of the  su rv ey  by M o rris  (1966), who found the  hedgehog to be 

com m on in  London. S tudies on den l i t te r  suggest th a t m o st of th e se  

an im a ls  a re  ro ad  deaths r a th e r  than  an im als  ac tu a lly  caught and k illed .

T he in freq u en t o c c u rre n c e  of E r in a c e u s  has been  re c o rd e d  by o th e r  

au th o rs  e .g .  Lund (1962) found 4 in  447 s to m ach s, Englund (1965a) found 

1 in  1166 s to m ach s .

Six c a se s  of cann iba lism  w ere  re c o rd e d , four c a s e s  by cubs and 

two c a se s  in  adu lts  (both th e se  an im als  being  shot in  the  sam e  lo ca lity ). 

P re su m a b ly  in  the la t te r  c a se  a dead fox w as so m ew h ere  in  th e  neighbour

hood, e ith e r  having died of m ange o r being a ro a d  c a su a lty . T he one 

o c c u rre n c e  of M eles is  p re su m ab ly  due to one of the sam e cau ses , s in ce  

in  London th is  an im al is  a lso  k illed  by c a r s  and by S a rc o p te s .

The lev e l of p red a tio n  on d o m estic  pe ts  w as re m a rk a b ly  low, and 

c e r ta in ly  no h igher than th a t re c o rd e d  in  o th e r fox food s tu d ies  fro m  r u r a l  

a r e a s .  F o r  in stan ce , Lund (1962) re c o rd e d  3 c a ts  in  447 s to m ach s fro m  

N orw ay, and Englund (19 65a) found 21 c a ts  in  1166 s to m ach s fro m  Swedenl
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B ird s  a r e  not n o rm a lly  of m a jo r  im p o rta n c e  in  fox food s tu d ie s .

Lund (1962) found 190 o c c u rre n c e s  of w ild b ird s  in  447 N orw egian  fox 

s to m ach s  (42. 5%), and of th e se  only two w ere  of C olum ba spp. Englund 

(1965a) found gam e b ird s  in  20 /1166 Sw edish s to m ach s , and 58 o th e r  w ild 

b i rd s  in  44 s to m ach s . T h ese  co n s is ted  m ain ly  of s in g le  P a s s e r i f o r m e s .  

L e v e r  (1959) found b ird s  in  60% of s to m ach s  f ro m  low land a r e a s ,  and in  

40% of s to m ach s  f ro m  h ill  a r e a s ,  bu t th is  f ig u re  included  a l l  p o u ltry  and 

gam e b ird s .  In  London b ird s  o ccu r in 53. 8% of the ad u lt and 79. 1% of 

the cub s to m ach s . L e v e r  (1959) did not give ex ac t f ig u re s , a lthough  ho 

s ta te d  " th ru sh , b lack b ird , s ta r lin g , chaffinch  and s k y la rk  w ere  tak en  

m o re  than once'i and "w ood-pigeons w ere  b e t te r  re p re s e n te d ; p ro b ab ly  

th e ir  b o d ies  would have b een  found dead b y  foxes a f te r  sh o o tin g " . F a i r le y  

(1970) only found six  C o lu m b ifo rm es in  340 ad u lt and 163 cub s to m a c h s  in  

n o r th - e a s t  Ire la n d . In  th is  a r e a  P a s s e r i fo rm e s  o c c u r re d  in  4% of the 

ad u lt and 10% of the cub s to m ach s .

T h e se  r e s u l ts  a r e  in  m ark ed  c o n tra s t to  th e  p re s e n t study, w h ere  

C o lu m b ifo rm es  o c c u rre d  in  10. 3% and 11. 6% of the ad u lt and cub s to m ac h s , 

fo rm in g  3. 8% and 3. 7% of the d ie ts  re sp e c tiv e ly . S im ila rly , P a s s e r i f o r m e s  

o c c u rre d  in  29. 9% of tlie adu lt and 65.1%  of the cub s to m ach s , fo rm in g  

6.2%  and 14. 9% of the d ie ts . C hickens w ere  no t of a m o re  fre q u e n t 

o c c u rre n c e  in  sub u rb an 'fo x  s to m ach s  than  u su a l - f o r  in s ta n c e  F a i r le y  

(1970) found G allif o rm e s  in 16% of the adu lt and 15% of cub s to m ach s , 

m o s t of th e se  G allif o r  m e s  being  hens. In  th e  p re s e n t study c o m p ara tiv e  

f ig u re s  (for hens only) a re  13.7% and 7.0%  o c c u rre n c e , fo rm in g  3.5% 

and 1. 8% of the d ie t. A gain  p red a tio n  on d o m estic  b ird s  in  London is  a t 

a  v e ry  low level, a s  w as p re d a tio n  on d o m estic  m a m m a ls . In  to ta l, b i rd s  

fo rm ed  15. 5% of the adu lt d ie t and 20. 5% of the  cub d ie t in  su b u rb ia .

T h is  change in  food h ab its  of su b u rb an  foxes f ro m  a  h igh  in c id en ce  of 

s m a ll m am m als  to a h ig h e r inc idence  of C o lu m b ifo rm es  and P a s s e r i fo r m e s  

is  p a ra lle le d  by  the r e s u l ts  of B even (1965) in  h is  s tudy  on the  food h ab its  

of suburban  taw ny ow ls (S trix  a lu co ). In  r u r a l  a r e a s  m am m als  fo rm ed  

a  m a jo r  p a r t  of the  o w l's  d ie t, b u t in  su b u rb an  owl p e lle ts  th e re  w as a
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m a rk e d  in c re a s e  in  the  o c c u rre n c e  of b ird s ,  p a r t ic u la r ly  f e r a l  and w ood- 

p igeons, th ru s h e s  (e sp ec ia lly  b lac k b ird s) , s ta r l in g s  and house s p a rro w s . 

W ith th e  excep tion  of s ta r l in g s , ex ac tly  th e  sam e b ird  sp e c ie s  p red o m in a te  

in  th e  d ie t of suburban  fo x es. Y alden & Jo n es  (1970) found s im ila r  

r e s u l t s  fo r  suburban  taw ny ow ls in M an ch este r , b u t th e re  w as no m ark ed  

p re d a tio n  on C o lu m b ifo rm es.

T he o c c u rre n c e  of f ru i t  and v e g e ta b le s  in  the d ie t i s  in  a g re e m e n t 

w ith  m o st o th e r  fox food s tu d ies , th e se  ite m s  c o n trib u tin g  a  s m a ll 

p e rc e n ta g e  of the d ie t. T h is  is  in  m ark ed  c o n tra s t  to  th e  r e s u l t s  of P e tro v

(1967), who stud ied  V ulpes v u lpes k a rag an  in  the su b tro p ic s  of M iddle 

A s ia . H ere  a  v a r ie ty  of f ru i ts  fo rm ed  the  bu lk  of the d ie t.

W hat is  u n usual in  the suburban  fox food s tu d ie s  is  the  a lm o s t 

u n iv e rs a l  o c c u rre n c e  of g r a s s  in  the s to m ach s  (84. 6% of ad u lt s to m a c h s  

and 83. 7% of the cub s to m ach s), often in  la rg e  q u a n titie s , fo rm in g  14. 0 % 

of the ad u lt s to m ach  co n ten ts  and 14. 0% of the  cub s to m ach  c o n te n ts .

Lund (1962) found g ra s s  in 247/447 s to m ach s (55. 3%). He su g g ested  th a t 

th is  could be an em etic , and quoted su g g estio n s  th a t in  ran ch ed  fo x es  

g r a s s  is  thought to  be b e n e fic ia l fo r  i ts  supply  of V itam in  C and in  a id ing  

d ig estio n .

7. 4. 2 S iting of F o x  E a r th s

T he d a ta  show the im p o rtan ce  of r a is e d  g a rd e n  sh ed s  and r a is e d  

ou tbu ild ings fo r  the re a r in g  of cubs in  London; in  th e o ry  any g a rd e n  

shed  is  a  p o ten tia l e a r th , a lthough the sam e  sheds se e m  to be  u sed  each  

y e a r .  S tan ley  (1963) re p o rte d  that in  K an sas  o cc a s io n a l fox e a r th s  had 

b e e n  re p o r te d  b en ea th  abandoned b u ild in g s, bu t m o st d en s  w ere  200 o r  

m o re  y a rd s  f ro m  hum an h ab ita tio n s . In to le ra n c e  of hum an p re se n c e  

i s  the  n o rm , and the d is tr ib u tio n  of fox e a r th s  in  London (even b en ea th  

th e  f ro n t d o o r s tep  in  one house) is  unusual.

S tan ley  (1963) stud ied  the fa c to rs  w hich a ffec ted  the  d is tr ib u tio n  of 

fox e a r th s  in  K an sas . He found that the type of so il, the p re se n c e  of
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w a te r , the p re se n c e  of c le a re d  a r e a s ,  and the  ab sen ce  of m an  v /ere  

f a c to rs  w hich w ere  im p o rtan t in  in fluencing  the fo x es in  se le c tin g  th e i r  

den s ite s .  No such fa c to rs  w ere  of im p o rtan ce  in  London.

S tanley  (1963) a lso  noted a s  unusual a co n c en tra tio n  of th re e  d en s  on 

an  is lan d  of 53 a c re s  in  K an sas R iv e r . S im ila r ly  Scott (1943) m en tioned  

te r r i to r ia l i ty  in  foxes, no ting  the p o s s ib ili ty  of in tra -s p e c if ic  in to le ra n c e  

d u rin g  the b re ed in g  seaso n . W hile th is  m ay n o rm a lly  be  the c a se , in  

London l i t t e r s  of cubs can  b e  found v e ry  c lo se  to g e th e r  - fo r  in s ta n c e  fo u r 

l i t t e r s  w ere  found in  the g a rd en s  of one s tr e tc h  of ro a d , a l l  b e in g  

s itu a ted  w ithin a  c ir c le  of 300 y a rd s  d ia m e te r . T he d is tr ib u tio n  of 

r e la t iv e ly  q u ie t g a rd en s  se e m s  to be the m ain  c r i te r io n  in  the s e le c tio n  

of denning a r e a s .

F ro m  the second w eek of June onw ards, the  cubs tend to  lie  up 

above ground in  dense  co v er, u n d er sheds and in  s im i la r  coo l a r e a s ,  often  

b e in g  s c a tte re d  o v er s e v e ra l  ad jacen t g a rd en s , a lthough  they  s ta y  in  th e  

a r e a  of the n a ta l den u n til the end of S ep tem ber, w hen d is p e r s a l  o c c u rs . 

T h e se  o b se rv a tio n s  su p p o rt the  da ta  of P h ill ip s , A ndrew s, S to rm  &

B ishop  (1972). F ro m  Ju ly  onw ards the cubs b eco m e m o re  independent, 

feed in g  th e m se lv e s  to  a  la rg e  ex ten t, and a s  a r e s u l t  s tu d ie s  on the s itin g  

of dens and den l i t t e r  i s  only v iab le  up to the m idd le  of June.

7 . 4 . 3  D en L it te r

A s E rr in g to n  (1935) noted, "in  view  of the obvious sh o r t-c o m in g s  of 

the sim dry  in v es tig a tio n a l tech n iq u es t r ie d  fo r  fo x es, i t  s e e m s  th a t the 

so u n d est p ro c e d u re  i s  to r e ly  upon no sing le  tech n iq u e  bu t u se  c r i t ic a l ly  

a l l  of the m ethods av a ilab le" , a lthough he a lso  reco g n ized  th a t "s to m ach  

a n a ly se s  a r e  d o u b tle ss  b e s t  fo r  g e n e ra l food h a b its  r e s e a r c h " .

In the p re se n t study den l i t t e r  in  London w as s tud ied  e x ten s iv e ly  

a s  an  aid  to the g e n e ra l food study. A lthough m a m m a ls  w ere  in  a ll  

c a s e s  id en tified  to sp ec ific  le v e l in  the s to m ach  co n ten ts , i t  r a r e ly
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pro v ed  p o ss ib le  w ith  b ird  re m a in s , and in  som e c a s e s  th e se  could not 

even be  id en tified  to  th e  o rd e r .  T hus w hat in  the  s to m ach  is  re c o rd e d  

a s  "C olum bifo rm e " can  be id en tified  sp e c if ic a lly  in  the den  l i t te r ,  show ing 

a  r a t io  of C olum ba liv ia  (including ra c in g  pigeons) : C. palum b u s  of 

14 .5  : 1. S im ila rly , E r in a c e u s  in  the s to m ach  co n ten ts  is  p re su m e d  to 

be  a  p re y  item , ye t of the th re e  found o u tside  fox e a r th s  two w e re  a lm o s t 

c e r ta in ly  ro ad  c a su a ltie s , and so w ere  scavenged; one w as in d e te rm in a te .

T he den  l i t t e r  i s  a lso  a v a lu ab le  s tudy  s in ce  i t  c o n f irm s  the  id e n tif i

ca tio n  of the ite m s  in  the s to m ach  con ten ts, and a lso  show ed th a t no food 

i te m s  of im p o rtan ce  had b een  om itted  in the s to m ach  co n ten ts  a n a ly s is . 

O nly o ccas io n a l sp e c ie s  w ere  found in  the den l i t t e r  w hich had no t b een  

id en tified  in  the s to m ach  con ten ts, and none of th e se  w e re  n u m e ric a lly  

im p o rta n t. T h e ir  o c c u rre n c e  is  a ttr ib u te d  to  the  la r g e r  n u m b er of food 

i te m s  found in  the  den l i t t e r .

W hile den l i t t e r  is  an  im p o rtan t aid  to  s tudy  it  d o es  p re s e n t  a  b ia se d  

p ic tu re  of the food h ab its  of cubs d u rin g  th e ir  p e rio d  of dependence on 

the ad u lts , a s  shown in  T ab le  51, w h ere  the p e rc e n ta g e  of the to ta l  

i te m s  in  the  cub s to m ach s  i s  co m p ared  w ith the p e rc e n ta g e  of the to ta l 

i te m s  found in  the den l i t t e r .

A s th is  tab le  show s, m am m a ls  a r e  u n d e r - ra te d  in  the den l i t t e r  

s tu d ie s , m ain ly  b ecau se  s m a ll m am m a ls  a r e  sw allow ed whole (none 

w ere  seen  ou tside  e a r th s ) , and fo r  m any la r g e r  m a m m als  the b o n es  and 

fu r  a r e  in g ested  a s  w ell, and often  a ll  th a t r e m a in s  is  a p iece  of n e a tly  

c lean ed  b a c k  skin . O b se rv a tio n s  on p a r t ic u la r  e a r th s  show ed th a t 

m am m alian  ite m s  often  d isa p p e a re d  w ithin  a  day  o r  two. S m all P a s s e r i 

fo rm e s  a r e  a lso  ea ten  whole, and hence a r e  u n d e r - r e p re s e n te d  in  den 

l i t te r  s tu d ie s . T he r e v e r s e  is  t ru e  fo r  la r g e r  b ird s ,  v /here  the s te rn u m  

and a ttach ed  w ings p e r s i s t  a s  p lay  ite m s , accu m u la tin g  w ith tim e , and 

so  becom ing  o v e r - r e p re s e n te d  in  the den  l i t t e r .  T h is  la s t  poin t is  

p a r t ic u la r ly  tru e  fo r  scavenged  m ea t bones, w hich accu m u la te  a round  

m o st e a r th s  in la rg e  n u m b ers  bu t w hich a r e  r e la t iv e ly  u n im p o rtan t in  th e
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d ie t .  T h e ir  im p o rtan ce  in  the  den l i t t e r  i s  ag a in  ex ag g e ra ted  by  th e  fa c t 

th a t  s e v e ra l  joined b o n es  (e .g . in  an e x tre m e  c a se  the  jo ined  scapu la ,

h u m e ru s , ra d iu s  and u lna of f o re - le g  of lam b) w hich w e re  co lle c te d  a s
—* *

one food i te m  by  the ad u lt fox, a r e  pulled  a p a r t  and s c a t te re d  b y  the 

p lay in g  cubs and r e g is te r e d  a s  fo u r  food i te m s . V e ry  s m a ll food ite m s , 

p a r t ic u la r ly  e a r th w o rm s  and in se c ts  w hich the cubs c o lle c t fo r  th e m se lv e s , 

n e v e r  r e g is te r  in the  den l i t t e r  s tu d ie s , a lthough such  ite m s  fo rm  a la rg e  

p e rc e n t of the food ite m s  in  the s to m ach  con ten ts; den l i t t e r  s tu d ie s  a r e  

only in d ica tiv e  of the food supplied  by  the adu lt.

S im ila r  r e s u l ts  w e re  ob tained  by  E rr in g to n  (1935) in  h is  study  of fox 

food h ab its  in  th e  m id -w e s t of N o rth  A m e ric a .

7 . 4 . 4  G e n e ra l D iscu ss io n

T he food study co n firm ed  the o b se rv a tio n s  of m any  a u th o rs  th a t the 

fox i s  an o p p o rtu n is tic  s c a v e n g e r / p re d a to r , and w ill a v a il i ts e l f  of w h a t

e v e r  food so u rc e  is  av a ila b le . T h is  is  seen  in  London, w here  m a m m a ls  

(the s tap le  p re y  i te m s  in  r u r a l  a re a s )  a r e  r a r e ,  and P a s s e r i fo r m e s  and 

C o lu m b ifo rm es  b ecam e  of m a jo r  im p o rtan ce  in  the d ie t. S im ila r ly  

noctu id  c a te r p i l la r s  in  London re p la c e d  c a ra b id  and s c a ra b a e id  b e e tle s  

s e e n  in  r u r a l  s tu d ie s . P re d a tio n  on p e ts  and scaveng ing  w ere  of l e s s e r  

im p o rtan ce  in  the d ie t, and a re  g ro s s ly  o v e r - r a te d  in  p o p u la r l i t e r a tu r e .
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SECTION 8 

GENERAL DISCUSSION

T he te r m  "su b u rb an  fox" h as  b een  w idely  u sed  bo th  in  p o p u la r  

l i t e r a tu r e  and in  the p re s e n t  study. H ow ever, no -o n e  h a s  y e t d ec id ed  

e x a c tly  w hat is  a  su b u rb an  fox i. e . w h eth er the population  of fo x es  in  

su b u rb ia  is  p h y s ica lly  iso la te d  f ro m  th a t in  the  su rro u n d in g  r u r a l  a r e a s ,  

and  w h e th e r su b u rb an  foxes a re  d is tin c t f ro m  r u r a l  fo x es in  b eh av io u r, 

m o rp h o lo g y  o r  in  any o th e r  a s p e c ts  of th e ir  b io logy. T he a im  of th is  

s e c tio n  is  to  d is c u s s  how f a r  the  p re s e n t study  h a s  gone in  an sw e rin g  

th e s e  q u es tio n s , and to  decide on the v a lid ity  of the  t e r m  "su b u rb an  

fo x " .

T he  "invasion" of foxes into London w as docum ented  by  T e a g le  (1967), 

and  th e se  d a ta  w e re  d isc u sse d  in  the in tro d u c tio n . It w as concluded  th a t 

a t le a s t  35 g e n e ra tio n s  of foxes have b een  r e a r e d  in  su b u rb an  London, and 

r e c o r d s  fo r  ind iv idual e a r th s  ex tend  back  n e a r ly  th ir ty  y e a r s .  T he 

abundance of b re e d in g  a n im a ls  in  the study a r e a  su g g e s ts  th a t the  

popu la tio n  is  se lf-m a in ta in in g , and tha t i t  is  not dependent upon re g ii la r  

in v a s io n s  fo r  i ts  continued su rv iv a l. T h is  a ssu m p tio n  w as su p p o rted  

b y  th e  ca lc u la ted  p ro d u c tiv ity  of th e  population  (Section 5), w h ere  i t  w as 

show n tha t d esp ite  cub c o n tro l o p e ra tio n s  a t  le a s t  tw ice a s  m any ju v en ile s  

e n te r  th e  w in te r  population  a s  a r e  needed  to  re p la c e  the ad u lt m o rta lity .

It w as su g g ested  th a t the continued  in v asio n  of new a r e a s  of London is  

ach iev ed  by  an e x c e s s  p ro d u c tio n  of young a n im a ls  f ro m  w ith in  the 

su b u rb an  a re a ,  and not by continued  in v asio n s  f ro m  the  su rro u n d in g  

r u r a l  a r e a s .
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A ll the  ev idence accu m u la ted  to  da te  su g g e s ts  th a t th e  su b u rb an  fox 

popu la tion  is  re s id e n t and se lf  -m a in ta in in g , and a s  such  is  p h y s ica lly  

[ a n d  one a s su m e s  g e n e tic a lly ]  r e la t iv e ly  iso la te d  f ro m  the su rro u n d in g  

r u r a l  population  [ s ] . It s e e m s  re a so n a b le  th e re fo re  to  c o n s id e r  the  

foxes in  London a s  a d is tin c t population  of 35 y e a r s  s tand ing , and a s  such  

one can  exam ine the e ffec ts  of u rb a n isa tio n  on the R ed fox. P a r r  (1966) 

no ted  tha t "u rb an iz a tio n  and d o m estic a tio n  have so m uch  in  com m on that 

i t  i s  v e ry  d ifficu lt to  c o n triv e  s e p a ra te  d e fin itio n s  w hich would be 

fu n c tio n a lly  d is tin c t in  any fundam en ta l s e n se " . B eck  (1973) c o n s id e re d  

d o m estic a tio n  to m ean  "evolv ing  in  a  h u m a n -p ro te c te d  and h u m a n -c o n tro lle d  

en v iro n m en t" . Since sub u rb an  foxes can  b e  co n s id e re d  to  have b een  

evolv ing  in  a h u m an -p ro tec te d  and hum  a n -c o n tro lle d  en v iro n m en t, and 

s in ce  P a r r  (1966) could not d is tin g u ish  the p ro c e s s  of u rb a n iz a tio n  f ro m  

th a t of d o m estica tio n  it  could be sa id  th a t su b u rb an  fo x es  have b een  

p ro g re s s iv e ly  evolv ing  in to  a  s ta te  of "d o m estica tio n "  fo r  35 g e n e ra tio n s . 

W hile only 35 g e n e ra tio n s  of foxes have been  r a is e d  in  such  an  en v iro n m en t, 

it  is  in te re s tin g  to  note tha t sub u rb an  foxes exh ib it m any  b e h a v io u ra l and 

m o rp h o lo g ica l c h a r a c te r is t ic s  v/hich a re  a s so c ia te d  w ith d o m estic  

a n im a ls , c h a r a c te r is t ic s  w hich should  p re su m ab ly  becom e m o re  

pronounced  w ith  tim e .

W hile a  b r ie f  d isc u ss io n  of the  s ig n ifican ce  of the s im i la r i t ie s  be tw een  

su b u rb an  foxes and d o m estic  a n im a ls  w ill be p re se n te d , i t  m u st be  

re m e m b e re d  th a t s im ila r  d a ta  fo r  r u r a l  foxes a r e  s lig h t o r  ab sen t, and 

such  fe a tu re s  a s  a r e  a ttr ib u te d  to being  c h a ra c te r is t ic  of su b u rb an  foxes 

m ight not n e c e s s a r i ly  be  ab so lu te ly  c h a ra c te r is t ic  of the  su b u rb an  

population  only.

T he m o st p ronounced of th e se  ch an g es  a r e  th o se  of the ske le ton , 

p a r t ic u la r ly  the high inc idence  of sk e le ta l d e fo rm itie s . T h is  h a s  been  

d isc u s se d  b r ie f ly  in  Section  6, w h ere  i t  w as shown th a t a  high inc id en ce  

of p a th o lo g ica l conditions of the sk e le to n  has f req u e n tly  b een  u sed  to 

d e te rm in e  w h eth er a rc h a e o lo g ic a l m a te r ia l  w as f ro m  w ild o r  f ro m  

d o m e stic a ted  a n im a ls . T he inc id en ce  of spondy losis  d e fo rm a n s , o th e r
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fo rm s  of a r th r i t i s ,  p e r io s t i t is ,  o s te o m y e litis , d en ta l c a r ie s  and 

p a ro d o n ta l d ise a se  in  the sk e le ta l  m a te r ia l  exam ined  would am ply  

ju s tify  the ap p lica tio n  of the te r m  "d o m estica ted "  to  su b u rb an  foxes, had 

such  m a te r ia l  been  co llec ted  f ro m  an a rc h a e o lo g ic a l s ite .

U nfo rtunate ly  no da ta  a r e  av a ilab le  on the in c id en ce  of sk e le ta l  

pathology in  o th e r Red fox p o p u la tions,bu t the un u su a l n a tu re  of the p re s e n t 

r e s u l t s  is  in d ica ted  by  the re p e a te d  a s s e r t io n s  of F o x  (1938) th a t a r th r i t i s  

w as ab sen t in  w ild can ids, and a lso  by  the fac t th a t m any  of the cond itions 

se e n  in  the su b u rb an  fox m a te r ia l  have no t b een  re c o rd e d  p re v io u s ly  fo r  

the Red fox.

D ata  on v a r ia tio n s  in  the  n u m b er and condition  of the te e th  a r e  

av a ilab le  fo r  o th e r  fox popu la tions. The to o th  n u m b er in  foxes se e m s  to 

v a ry  g eo g rap h ica lly  (B ree  & S inkeldam  1969) and w ill no t be c o n s id e re d  

fu r th e r .  R an tanen  & P u llia in e n  (1970) exam ined  the d en ta l co nd itions of 

w ild Red foxes m  n o r th e a s te rn  Lapland, and noted  th a t  d en ta l c a r ie s  w as 

ab se n t and th a t p aro d o n ta l d is e a s e s  of a g e n e ra l n a tu re  w ere  a lso  ab sen t 

(although lo c a l le s io n s  a ttr ib u ta b le  to a c c id en ts  w e re  p re se n t) . T h is  is  

in  m ark ed  c o n tra s t  to  the su b u rb an  foxes w h ere  such  co n d itio n s  a re  of 

f re q u en t o c c u rre n c e .

H ow ever, a ttr ib u tin g  such  changes a s  being  d ire c t ly  r e la te d  to  the  

p ro c e s s  of d o m estica tio n  is  w ithout foundation. In fa c t th e  re a s o n  why 

d o m estic  an im a ls  should show such  d iffe re n c e s  f ro m  th e ir  a n c e s to rs  h as  

no t been  exp la ined  s a iis fa c to ra r i ly .  D esp ite  th is , how ever. D rew ,

P e rk in s  & D aly (1971), in  th e ir  s tudy  of the d iffe re n c e s  in  the m ic ro - 

s tru c tu re  of bone in  w ild and d o m estic  an im a ls , c la im  th a t d if fe re n c e s  

a r e  ev iden t at the  e a r l ie s t  s ta g e s  of an im a l h u sb an d ry . B e r r y  (1969) 

cam e to the  conclusion  th a t it i s  im p o ss ib le  to re c o g n iz e  any t r a i t s  

w hich in ev itab ly  accom pany  d o m e stic a tio n  and th a t m o st of the c r i t e r i a  

b y  w hich d o m estica tio n  has b een  reco g n ized  m ay  o c c u r  a s  a  r e s u l t  of 

p ro c e s s  w hich have nothing to do w ith d o m estica tio n .
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T h is  l a s t  point i s  p a r t ic u la r ly  re le v a n t to  su b u rb an  foxes, the  m ode 

of life  of the an im a ls  p roducing  m o rp h o lo g ica l ch an g es w hich, in  o th e r  

a n im a ls , have b een  a ttr ib u te d  to  the  p ro c e s s  of d o m e stic a tio n . T hus 

pa th o lo g ica l cond itions in the sk e le to n  a r e  a ccen tu a ted  by  tra u m a . W ells 

(1964) no ted  th a t when the  o v e ra ll  s t r e s s  of life  e a s e s  fo r  a p a r t ic u la r  

hum an  ra c e  they  tend  to  be le s s  a fflic ted  w ith  o s te o a r th r i t i s .  A s an 

exam ple  of one fo rm  of s t r e s s ,  i t  w as shown in  S ection  6 tha t th e  p h y s ica l 

tra u m a  in c u r re d  a s  a r e s u l t  of c a r  in ju r ie s  accen tu a ted  th e  dev elo p m en t 

of sp o n d y lo sis  d e fo rm a n s . The high inc idence  of b ro k en  b o n es  in  

su b u rb an  foxes, m ain ly  due to c a r  in ju r ie s , i s  u n lik e ly  to be  seen  in  m any  

o th e r  fox popu lations, s in ce  th e se  w ill not com e in to  such  r e g u la r  con tac t 

w ith  m o to r  v e h ic le s . A s a re s u l t ,  if spondy losis  i s  p re s e n t  in  o th e r  fox 

popu la tions i t  i s  un lik e ly  to be so w ell p ronounced .

A s im ila r  s itu a tio n  is  seen  in  d e e r  p o p u la tions. Cowan (1946), 

sam p lin g  f ro m  the  re m o te  p a r ts  of B r it is h  C olum bia, found v e ry  fev/ 

c a s e s  of p a th o lo g ica l cond itions in  the sk e le to n  of C o lum bian  B la c k - ta ile d  

d e e r  (O docoileus hem ionus co lu m b ian u s). T he two c a s e s  of a r th r i t i s  he 

d e sc r ib e d  w ere  " se le c te d  f ro m  am ong s e v e ra l  thousand  n o rm a l d e e r " .

In  c o n tra s t. C hapm an & C hapm an (1969) s tud ied  ro a d -k ille d  F a llo w  d e e r  

(D am a d am a) f ro m  E pping F o re s t ,  th is  population  be in g  su b jec t to  

heavy  "p red a tio n "  by  m o to r v e h ic le s . T hey no ted  th a t m any  d e e r  show ed 

ev idence (fro m  f ra c tu re d  bones) of having  b een  involved  in  a c c id e n ts  

p r io r  to  the fa ta l  one, and often a s so c ia te d  w ith  th is  w e re  d e g e n e ra tiv e  

le s io n s  of unknown ae tio logy .

S im ila rly , n u tr itio n a l s t r e s s  is  im p o rtan t in  the  developm ent of 

p a th o lo g ica l cond itions in  the sk e le to n . G lenney (1956) noted the e a r l i e r  

o c c u rre n c e  of spondy losis  d e fo rm an s  in  dogs su b je c t to  V itam in  A 

d efic iency , and W ells (1964) noted  th a t in  m an  the  am ount of a r th r i t i s  

d e c lin e s  w ith  an im p ro v em en t in  the  n u tr it io n a l s ta tu s .



270

W hether su b u rb an  foxes a r e  su ffe rin g  f ro m  a  d e fic ien cy  of c e r ta in  

v ita m in s  i s  d ifficu lt to  d e te rm in e  s in ce  the d a ily  v ita m in  re q u ire m e n ts  of 

the  fox a re  not known, n e ith e r  h a s  the  v ita m in  in tak e  b een  d e te rm in e d  

in  the  p re s e n t food study. H ow ever, d u rin g  p a r t  of the  y e a r  the  p au city  

of v e r te b ra te  p re y  i te m s  in  th e  d ie t, and the f re q u e n t o c c u r re n c e  of 

scavenged  food ite m s , su g g es ts  th a t som e v ita m in  d e f ic ie n c ie s  m ay  o c c u r .

T h is  a ssu m p tio n  is  sup p o rted  by the f re q u en t o c c u rre n c e  of s a rc o p tic  

m ange in  su b u rb an  foxes (30% of the w in te r -k ille d  a n im a ls  w ere  su ffe rin g  

f ro m  th is  d ise a se ) . T h is  fo rm  of m ange is  found a lm o s t e x c lu s iv e ly  in  

an im a ls  k illed  in  sub u rb an  h ab ita ts , and a n im a ls  k illed  in  the su rro u n d in g  

co u n try sid e  a re  re m a rk a b ly  f re e  of the d is e a s e .  S e v e ra l f a c to r s  

co n trib u te  to  th is  s ta te  of a f fa ir s ,  and again  the n u tr it io n a l s ta te  of the 

a n im a l is  im p o rtan t.

Anon. (1971) noted  that "m ange develops b e s t  if th e  h o s t i s  p r e 

d isp o sed  to  it  b y  fa c to rs  lik e  v itam in  A d efic iency , p ro te in  d e fic ien c y  . . . .  ", 

v ita m in  A d efic ien cy  a lso  being  a ttr ib u te d  a s  a  ca u se  of the sk e le ta l 

d e fo rm itie s  (G lenney 1956).

The high population d en s ity  of su b u rb an  fo x es a lso  a s s i s t s  the  

developm ent and ra p id  sp re a d  of m ange, a s  d o es  the b eh av io u r  of the 

a n im a ls . In  London a  v a r ie ty  of d iscon tinuous h a b ita ts  e x is t, and only 

a few h a b ita ts  a r e  su itab le  a s  a  day tim e re fu g e  (overg row n  g a rd e n s , 

ra ilw a y  cu ttin g s, old bu ild ings and fa c to ry  y a rd s  b e in g  th o se  m o s t 

freq u en ted ), s in ce  a r e a s  su b jec t to r e g u la r  d is tu rb a n c e  by people o r  

dogs a re  avoided . A s a r e s u l t ,  foxes ag g reg a te  to  lie  up d u rin g  the day, 

s e v e ra l  adu lt foxes o c c u rr in g  to g e th e r  in  one sm a ll  a r e a .  An e x tre m e  

exam ple  w as of fo u r adu lt dog foxes be ing  rem o v ed  f ro m  u n d e r one 

g a ra g e  f lo o r  d u rin g  th e  w in te r  m onths (a fifth  fox of unlinown sex  w as lo s t) . 

Such co n tac t p ro m o te s  the  sp re a d  of the d is e a s e .  R andom  o b se rv a tio n s  

su g g est th a t in  London defended t e r r i t o r ie s  a s  p o s tu la ted  b y  e . g. B u rro w s

(1968) do not e x is t, th e re  be in g  a g r e a te r  d e g re e  of co n tac t betw een  

sub u rb an  foxes, th is  p re su m ab ly  re su lt in g  in  a  g r e a te r  d e g ree  of s t r e s s .
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and s t r e s s  a lso  r e n d e r s  the an im a l m o re  su sc e p tib le  to  m ange. M ore 

d e ta ile d  w ork  on m ange i s  now in  p ro g re s s ,  and so no d a ta  have b een  

p re se n te d  in  th is  th e s is .

T he r e s u l t s  of the food study w ere  not s u rp r is in g  in  re v e a lin g  th a t 

su b u rb an  foxes a te  w h atev er w as av a ilab le  to them , the a d ap ta b ility  of 

the fox in  i t s  food h a b its  b e ing  w idely  re c o g n ise d  a s  one of the m a jo r  

f a c to rs  co n trib u tin g  to  i t s  s u c c e ss . It w as of in te r e s t  to  see  th a t bo th  

su b u rb an  fo x es and su b u rb an  taw ny ow ls, w hich n o rm a lly  feed  m ain ly  on 

m am m alian  p rey , re a d ily  adap t to tak ing  av ian  p rey , d e sp ite  th e  in freq u en t 

o c c u rre n c e  of such food ite m s  in r u r a l  a r e a s .

T he age s tru c tu re  of the su burban  fox popu la tion  i s  re m a rk a b ly  

s im i la r  to  th a t d e te rm in e d  fo r  m o st o th e r  fox p o pu la tions s tud ied , d e sp ite  

th e  v e ry  d iffe re n t h a b ita ts  f ro m  w hich the pop u la tio n s  w ere  sam p led . In  

the  d iffe re n t popu lations exam ined  the only s ta t is t ic a l ly  s ig n ifican t 

d if fe re n c e s  seen  w ere  in  the ra tio  of young : a d u lts , th is  r a t io  re f le c tin g  

th e  in te n s ity  of c o n tro l o p e ra tio n s . T he re la t iv e ly  lig h t c o n tro l to w hich 

su b u rb an  foxes a r e  sub jec ted  does not a ffec t ad u lt S u rv iva l o r  longev ity .

T hus in  conclusion  i t  can  be seen  th a t the te r m  " sub u rb an  fox" is  

va lid , and tha t suburban  foxes fo rm  a  d is tin c t, s e lf -m a in ta in in g  and 

expanding population . T h e se  an im a ls  inhab it a  unique en v iro n m en t th a t 

im p o ses  v a r io u s  s t r e s s e s  on the population, su ch  s t r e s s e s  being  

exh ib ited  in  the v a r io u s  d is e a s e s  w hich a p p e a r  to  be  p re v a le n t in  su b u rb an  

foxes bu t a r e  r a r e  e lse w h e re .
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Reprinted from J. Zool., Lond. (1975) 176, 282-287

Syndactyly in the Red fox, Vulpes vulpes

Introduction
Syndactyly occurs naturally in some groups of birds, e.g. Coraciiforms such as king

fishers in which toes III and IV are closely joined and mammals, e.g. Perameloidae and 
Phalangeroidea in which the second and third toes of the hind feet are united by a web of 
skin. Syndactyly as a pathological condition has been reported in a number of mammalian 
families and can exist in any degree from cutaneous webbing to synostosis of bony ele
ments. Since reference to this condition is widely scattered in the literature, a brief review 
of the incidence of syndactyly in mammals is given.

Lyne (1953) reported syndactyly of both mani, with digits III and IV conjoined, in the 
pouch embryo of the wallaby Thylogale billardierii. In man, syndactyly occurs either as 
an isolated finding or as a feature of certain malformation syndromes. Rubin (1967) 
described this as one of the commonest hand deformities, although he also stated that 
syndactyly is more frequent in the foot than the hand ; however Eldridge, Smith & McLeod 
(1951) stated the reverse to be the case in man, as in swine and cattle. Bateson (1894) 
noted that in the human hand there is a considerable preponderance of cases of union 
between digits III and IV, whereas if two digits in the foot are united they are nearly always 
II and III.

In rodents Frank (1959) described a recessive mutant in laboratory Microtus arvalis 
where two digits, commonly III and IV, are joined by a common epidermal sheath. This 
occurs more commonly in the hind feet and represents the minimal type of digital attach
ment. Grüneberg(1963) considered this condition to be a special case and referred to it as 
“epidermal syndactyly” since in all cases of “primary” syndactyly digits with soft-tissue 
fusion are joined by skin complete with all its layers. Griineberg (1956, 1960, 1961, 1962, 
1963) has described three forms of syndactyly in the laboratory mouse, synostosis occurr
ing in all three types. These three mutants are syndactylism (smjsm), oligosyndactylism 
(Os/-\-) and shaker with syndactylism {sy/sy). Center (1966) described another case of 
syndactyly in this species, the j t  form, where only the skin and subjacent soft tisue, usually 
of digits II, III and IV, are affected in a proximo-distal direction. Johnson (1969) described 
a polysyndactylous gene which arose in the laboratory mouse during a neutron irradiation 
experiment.

Most instances of syndactyly are from the artiodactyls and it was once thought that this 
was simply an exaggeration of the normal fusion of metacarpals and matatarsals III and 
IV, which form the cannon bone, to include the phalanges. However Griineberg & Huston 
(1965) have shown that developmentally this is not the case. In swine, syndactyly has 
occurred in several breeds in Europe, whereas in North America there are few recent 
records (Leipold & Dennis, 1972). Bateson (1894) noted that syndactyly in the pig 
commonly affects fore and hind feet simultaneously. Dennis & Leipold (1972) noted that 
dactylous conditions occur only rarely in sheep, but when syndactyly does occur the hind 
feet are involved to a greater degree than the fore feet. In the Cervidae, Lonnberg (1930) 
recorded a specimen of Odocoileus peruvianus consul with digits III and IV of both fore 
feet affected. In cattle Leipold, Adrian et al. (1969) reported that syndactyly has recently 
been noted in four breeds: Austrian Spotted Mountain, Indian Hariana, Japanese 
Improved and U.S. Holstein-Friesians. In the latter breed its incidence, inheritance and 
anatomy have been extensively studied. This type of syndactyly is a recessive hereditary
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r I
P l a t e  I. External views (a) dorsal and (b) plantar of the vixen’s feet, displayed in the order left fore, right fore,

left hind and right hind.
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form, in which synostosis always involves horizontal fusion of members of the same 
pair(s) of phalanges of one or more digits. Leipold & Guffy (1969) recorded a variant type 
in an Aberdeen Angus calf, in which synostosis involved vertical fusion of the second 
and third phalanges of the four main front digits.

In carnivores Abe (1954) recorded a Domestic cat with digits III and IV of both mani 
affected, there being four digital pads on the left fore-paw and three on the right instead of 
the normal five. He suggested that the development of the digital pads was influenced or

• t o

F ig .  1. Dorsal view of the bones of the fore feet of the vixen. (Drawn from a radiograph).

induced by the development of the phalanges, especially of the second phalanx. This is 
the only record of syndactyly in carnivores known to the author, and there are very few 
records from any wild mammals. It is therefore of interest to record the following cases of 
syndactyly in the Red fox, Vulpes vulpes.

Description o f cases
From a sample of 350 foxes collected in and around London, one vixen, shot in Orping

ton, Kent, on 24th August 1972, had all four feet syndactylous, the hind feet to a greater 
extent. Externally, only three toes are visible on the hind feet, the central one being wider 
than normal. On the fore feet all five claws are separate, although digit II is distorted 
medially and appears to grow out of the side of the manus rather than running parallel to 
the other digits. At first sight the front feet give the appearance of being ‘web-footed’ 
(Plate 1(a), (b)).

From radiographs it can be seen that digits II and III of the fore feet are syndactylous 
for most of their length (Fig. 1). The metacarpals of these digits in both mani are separated
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Fig. 2. Dorsal view of the bones of the hind feet of the vixen. (Drawn from a radiograph).

—

Fig. 3. Dorsal view of the bones of the left fore foot of the dog fox, compared with a normal left fore foot 
below. (Drawn from a radiograph).
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but closely applied at their proximal ends. For the rest of their length the metacarpals are 
fused, although two articular surfaces are present at the distal end of the fused metacarpals. 
Only two sesamoids are present at the distal end of the fused bones. The first phalanges of 
these digits are fused proximally but still retain two separate concavities that articulate 
with the metacarpals. These fused bones diverge at their distal end, the first phalanx of 
digit II forming an acute angle with that of digit III. Phalanges 2 and 3 are separate. The 
carpal bones are unaffected.

In the hind feet, toes III and IV are completely fused throughout their length (Fig. 2). 
In the left hind foot the two metatarsals are distinct proximally, although in the right hind 
foot the metatarsals are fused throughout. Only two sesamoids are present on the fused 
metatarsals, and all three phalanges are completely fused. Tarsal bones III and IV are 
fused laterally.

From a sample of over 1600 foxes collected from Kent, Surrey and Wales syndactyly 
was noted in only one animal, a dog fox, shot in Coopers Wood, Kent, on 10th March 
1966 (H. G. Lloyd, comm.). In this animal the fore feet only are affected. Externally, 
only three toes are visible, the central toe being markedly wider than those on either side.

From radiographs (Fig. 3) it can be seen that digits III and IV are involved. The two 
metacarpals remain separate, although they converge distally and come to lie close 
together. This contrasts with the normal manus wherein the metacarpals diverge. The 
adjacent sesamoids of the affected digits are reduced and displaced proximally. Synostosis 
involves the phalanges alone, all three being fused throughout their length. The first 
phalanx is much wider at its proximal end and here has two separate concavities that 
articulate with the two metacarpals.

Discussion
Woodhead (1969) published a photograph of the feet of a vixen shot in the North of 

England in which only three toes were visible externally on all four feet. The hind feet are 
identical in appearance with the vixen described here but the toes of the fore feet appear to 
have reached a greater degree of fusion. It seems probable that in both animals the same 
underlying genetic cause was involved, a variable manifestation of syndactyly having been 
noted by a number of authors (Griineberg & Huston, 1965; Leipold, Adrian et al., 1969).

Eldridge, Smith & McLeod (1951) reported that syndactylous Holstein-Friesian cattle 
are “unthrifty”, less agile and have a marked tendency for the feet to become sore. Similarly 
Leipold & Dennis (1972) noted a syndactylous pig as being “runty” and in poor condition. 
However, neither of the affected foxes appeared to be adversely affected in any way as a 
result of syndactyly (although the vixen from Orpington was badly infected with Sarcoptes 
scabiei, which currently commonly infects foxes in that area).

Bateson (1894), when discussing syndactyly in ungulates, noted that “as . . .  in Man . . .  
if the union is incomplete, as it commonly is, the peripheral parts are the least divided, the 
division becoming more marked as the proximal parts are approached”. This is certainly 
the case in the dog fox described here, but the reverse holds true in the vixen, in which 
synostosis in the fore feet is least pronounced distally. It is apparent that the two cases of 
syndactyly reported here are of different genetic origin. It is of interest to note the absence 
of records of syndactyly in wild mammals, especially carnivores, in view of the fact that 
three instances in the Red fox have recently been observed.

1
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