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A BSTR A CT 

The late Devensian/early Flandrian Cow Cave Site ,  Chudleigh, Devon,  yielded a herpetofauna consist ing of 
Bufo bufo, Bufo ca/amita. Rana temporaria, Anguisfragilis, and Vipera berus. This is  a depauperate  'Rana-Bufo' fossil  
assemblage with Rana comprisi ng 20 per cent and Buja 77 per cent of the fauna.  The endangered species Buja calamira 
is reported for the  first t ime as a fossil from Devon and for the second t ime only as a British foss i l .  

I NTRO D U CTION 

Other than a recent report on  the lghtham Fissures, 
S evenoa ks Area, Kent  (Holman ,  1 985)  and Stuart 
( 1 979) on Emys orbicularis, the late Devensian and 
Flandrian herpetofa u na of Britain has largely been 
neglected since the late 1 9t h  Century (Newton, � 879, 
1 894; Woodward, 1 880). N evert heless, a knowledge of 
late Pleistocene B ri t ish herptiles is  essent ia l  for the 
interpretation of their biot ic  responses t o  late 
P leistocene environmenta l  osci l lations.  R ecently, 
t hrough the k indness of Dr. A ngela M il ner of the 
Brit ish M useum (Natura l  H istory), I was allowed the 
privilege of studying the late Devensian/early 
Flandrian herpetofauna of Cow Cave, Chudleigh, 
Devon. The fossi l  herpetofauna  of this site forms the 
subject of the presen t  paper. 

THE DEVENSIAN AND FLANDRIAN STAGES 
The D evensian is the  last cold s tage of the 

Pleistocene i n  Britain,  and is  t hought to have begun 
about 1 1 0,000 years before the  present ( b. p . ), and to 

have lasted about 1 00,000 years (St uart, 1 982). The 
Flandrian is that period of t ime in Britain that began 
about 1 0,000 radiocarbon years b .p. , equivalent to the 
H olocene on a world-wide basis. S u tc liffe ( I  985, p.6 1 )  
provides a chart that  indicates terminology of 
Flandrian equivalents in  differen t  parts of the World. 
Quite important events that occurred in the Flandrian 
and strongly influenced the Bri t ish herpetofauna 
include ( I )  British isolation from the European 
Cont inent  early in  the stage, (2) ext inct ion of several 
large mammals through hunting and habitat changes 
by humans,  and (3) later in troduction of exotic species 
and further modifications of the environment of the 
native species. 

The ecological h istory of the Flandrian, based on 
pollen, mollusc and beetle s tudies ,  indicates a change 
from Tundra about 1 0,000 b .  p.  to a rapid warming to a 
cl imate as warm as t oday in sout hern England by 
9,500 b .p .  The birch community was replaced by hazel 
scrub between 8,700 to 8 , 1 00 b .p . ;  then a hazel and pine 
mixture about 8 , 1 00 t o  7 , 1 00 b .p . ;  and final ly 
deciduous forest from 7,  1 00 to 5 ,000 b.p.  (Coope, 1 977 ;  



COW CAVE H E R PETOFAUNA 2 1 5  

H ibbert et al. , l 97 l ;  Osborne, l 974; Penni ngton ,  1 977;  
a n d  Yalden, 1 982). After  5,000 b .p . ,  the act iv i t ies of 
h umans caused great changes i n  h abi ta ts .  

THE Cow CA VE S 1TE , C1-1uDLEIGH,  D EVON 

The Cow Cave S i te  ( N a t i o n al O rd ina n ce S urvey 
Grid R eference SX 864 787 ,  Fig. l )  is one of a series of 
s m al l  caves in Chudl eigh G eorge, Devon,  on the R i ver 
Teign .  The site was brieny ment ioned by S utc l i ffe a n d  
K owalsk i ( 1 976) .  Cow Cave i s  present ly  o n e  of  t h e  few 
rem ain ing  roost ing s i tes for t h e  grea ter h orseshoe bat 
(Rhinolophusferrumequinum) J.  \V . S i mmons ,  formerly 
of  the  Br i t ish M useum ( N a t u ra l  H i story) ,  made  
excavat ions  a t  the  s i t e  i n  l 962  a n d  1 963 wh ich  y ielded a 
fa ir ly unremarkable l ate Devens ian/early F l a ndrian 
m am mal  fauna  ( A ndrew Curr a n t ,  pers .  com m u n . ,  
9 M arch,  1 987 ) .  T h e  cond i t ion  of  t he preservat ion  o f  
t he foss i l  a m p h i bi a n  and  rept i l e  bones fro m  C o w  Cave 
is  as good, and in many cases bet ter,  t ha n  t hose of t he 
herpetological foss i ls  of t h e  I gh t ham Fissures,  K en t ,  
report ed b y  H ol man ( I  985) .  

Fig .  I M ap of Devon and Corn w a l l  show i n g  locat ion of 
Cow Cave S i te  a t  Chudle igh (c losed c ircle) and t he o n l y  
h i storical record o f  Bufo ca/ami1a from Devon ( o pen c irc le) .  

SYSTEM A TIC PA L A EONTO L O G Y  

I n  t h e  accounts t o  fol low t h e  abbrevia t ion  ' B . S . '  
refers to t h e  ' back-sect ion '  o f  t h e  cave. T h e  other 
a bbrev ia t ions ' F . S . '  and ' R . S . '  refer e i t her t o  t h e  front  
( F . S . )  or rear ( R . S . )  of the  back-sect ion  ( B . S . )  of  Cow 
Cave.  The Roman N u m erals  refer to layers wi t h i n  t he 
specific  fron t  or rear sect ions .  A l l  of t h e  specimen  
n u m bers, B M (N H )  R-,  a re of  t h e  B ri t i sh  M useum 
( N a t ural H istory). 

M ! NJMUM N U M B E R  O F  I N D I V I D U A LS 

M in i m u m  n u m bers of ind iv iduals of each species a re 
based e i ther on t he largest nu m ber of e i th er n on-paired 
bones or of l eft or r ight elements .  For ins tance, i f  a 
species was represen ted by fou r  sku l ls ,  a n d  by six left 
and fou r  right i l i a ,  t he  m i n i m u m  nu mber of i ndiv iduals  
would be s ix .  On the  ot her hand,  i f  a species was 
represented by t hree sku l l s  and two left a n d  one  r ight  
i l ia ,  the  m i n i m um number of i nd iv iduals would be 
t h ree. A smal l  lot of vertebrae (as i n  Vipera berus) i s  
considered a min imum n umber of one .  

Class A mphib ia  

Order S a l i en t ia 

The anura n  i l i u m  is a very good foss i l  e lement upon 
which to base ident i fica t ions (Bohme ,  1 977 ;  H olman,  
1 985) .  I t  is n u m erous i n  the  fossi l  record; tends t o  
reflect t he m o d e  of locomot ion  of  t h e  an i m als and i n  
m a ny cases refl ects speci fi c  d ifferences ( Bohme, 1 977 ) .  
Other a n uran bones tha t  could be iden t i fied a t  the  
specific  l eve l  i n  t h e  present s tudy i nc lude t h e  
front oparieta l  a n d  t h e  sacrum .  B o h me ( 1 97 7 )  has  a lso 
demonst ra ted the useful ness of t h ese bones i n  foss i l  
st u d ies. 

Family B u fon idae  

Bufo bufo Lauren t i  

Identified Material. I L I A :  B . S . F. S . I  two  right 
B M ( N H )  R- 1 1 1 5 7; B . S . F .S . I I  38 l eft and 3 7  r ight  
B M ( N H )  R - 1 0 1 82 ;  B . S . R . S . I V  one  left and three right 
B M ( N H )  R-8903, 54 left and 64 righ t B M (N H )  R- 1 0 1 84 ,  
n i n e  l eft a n d  1 8  r ight  B M( N H )  R - 1 0 1 94 .  FRONTO
PAR I ETALS: B . S . F. S . I  eight left and  fou r  right 
B M ( N H )  R - l  l 1 60; B . S . F . S . 1 1  1 5  left and  1 2  r ight 
B M ( N H )  R - 1 1 1 58 ,  pair of fused elements B M (N H )  
R-8899; B . S . R . S . I V  t w o  right B M( N H )  R - 1 1 1 59 .  
S A C R A :  B .S . F . S . I  t w o  B M ( N H )  R- 1 1 1 55 ;  B .S . F .S .  l l  
and R .S .  I V  mixed 36 B M ( NH )  R - 1 1 1 56 .  

Th is  is a m i n i m u m  n u mber of  J 24 Bufo bufo based on 
J 24 right i l i a .  

Remarks. The i l i a  of Bufo bufo a n d  Bufo calamita a re 
read i ly  d i s t inguishable on t h e  basis of a n  easi Jy
o bserved character ( F ig. 2 ) .  Bufo bufo h as a low, 
ro unded i l i a !  pro m inen ce that develops a roughened 
area on it  in  some older i nd iv idua ls .  Bufo ca/a111i1a has 
a dist i nct ive t r i angu lar i l ia !  prom i nence. 

Fig .  2 Left i l ia  of modern Bufo i n  l a t era l  v iew.  A,  Bufo 
calami1a, O xford Univers i ty M u seum (Zoology) N u mber 
9532 . B, Bufo bufo, M ichigan S t a t e  U n i vers i ty  M useum 
( Ve rtebrate  Paleon t ology) N u mber 3380. 

The frontoparietal  has been shown to be a usefu l  
bone i n  dist ingu ish ing species of E u ropean Bufo 
( Bo hme,  1 977). The fron toparieta l  of Bufo bufo i n  
dorsal v iew i s  d is t inct  from Bufo calamita ( Fig.  3 )  i n  
lacking a l inea transversal i s  (a  curved l i nea t ransversa l is  
i s  present in B. calamita),  (2)  in h av ing  a straight l in e a  
occip i t a l is (curved i n  B .  calamita),  ( 3 )  i n  hav ing a 
sma ll er, mor e  acute process occip i t a l is ,  (4) i n  having a 
t ru n cate  rather than  a n  acute process occipital  i s ,  (4)  i n  
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having a tru ncate rat her t h a n  a n  acute pars frontalis ,  
and (5)  in having t h e  posterolateral edge of the bone 
i n dented just anterior to the process prootical is 
(straight in B. calamita). Character 4 is the most 
obvious one in the fossils examined. Behme ( 1 977, 
Fig. 2 ,  p.4) provides a figure that  i l l ustrates the above 
terms. 

The sacrum has also been shown to be a useful bone 
i n  dist inguishing species of E u ropean Buja ( Beh me , 

1 977) .  The sacrum of Buja bufa i n  dorsal v iew i s  
distinct from that o f  Buja calamita i n  ( I )  hav i ng Jess 
flared sacral d i apophys es, and (2) i n  having much 
more anteriorly directed condy les ( Fig .  4 ) .  Character 2 

is the most obvious one i n  the foss i l s  exa mi ned .  

Buja bufa occurs in the  area today ( Frazer, 1 983) .  

Buja calamita Laurenti  
Identified Material. I LI A :  B . S . R . S .  I V  s even left and 

four right BM(NH )  R - 1 0 1 83 ,  seven left and seven righ t 
BM(NH)  R - 1 0 1 88 ,  one l eft and one righ t  BM(N H )  
R - 1 0 1 97, and one left B M( N H )  R - 1 1 1 6 1 . FRONTO
P A R IETA LS: B . S . R . S . I V  one left BM(N H )  I 1 1 63 .  
SACRA:  B .S .R .S . J V  four BM(N H )  R - 1 I 1 62 .  

This i s  a m i n i m u m  nu mber of 1 6  i n d iv idu als  o f  
Buja calamita based on 1 6  le ft i l ia .  

Remarks. Characters for dis t i ng u ish ing t h e  i l i a ,  
frontoparietals, and sacra of Buja calamita from 
Buja buja have been given i n  the  sect i o n  on Buja bufa . 
Buja calamita has o n ly once before reported as a fossi l 
from Bri ta in  from t h e  l gh t h a m  Fissures  S i t e  i n  K en t  
( H olman, 1 985) .  

Buja calamita i s  p ro bably ex t i nc t  i n  Devon t oday ,  as 
the s ingle record for t h e  cou n t y  is  more t ha n  t wenty-

Fig. 3 Left frontoparietals of modern Bufo in dorsal view 
redrawn from Behme ( 1 977) .  A, Bufo bufo; B, Bufo ca/a111 i1a. 
No scale provided. 

five years old ( Frazer, 1983) .  Why the fossi ls  are 
restricted to one level (B . S . R . S . JV) is not  known, but  i t  
m ight b e  because of some selective taphonomic 
phenomenon . F ig. 1 shows the singl e  his toric record of 
Buja calamita , as  well as the  locat ion of t he Cow Cave 
S i te .  

Fami ly  R a n i dae 

Rana tempararia L i n n aeus 

Identified Material. I LI A : B . S . F .S . l l t h ree left and 
t wo r ight B M ( N H )  R - 1 0 1 8 1 ,  five l eft and one r ight 
B M (N H )  R- 1 1 1 64 ;  B . S . R .S . I V  1 8  J e fr and 1 3  r igh t 
BM(N H )  R-890 1 , one  left B M ( N H )  R- 1 0 1 93 ,  one r ight 
B M (N H )  R- 1 0 1 95 ,  and 8 left and 1 5  r ight B M (N H )  
R- 1 0 1 96. FRONTOPAR I ETA LS: B . S . F . S . I  r ight 
BM(N H )  R - 1 1 1 69 ;  B . S . F .S . 1 1  left B M ( N H )  R - 1 1 1 68 .  
SACR A :  B . S . R . S . I V  t wo B M( N H )  R - 1 1 1 64 .  

T h i s  i s  a m i n i m u m  n u m ber of 36 ind iv idu a ls  based 
on 36 left i l i a .  

Remarks. The i l i u m of t h e  gen u s  Rana may be 
separa t ed from t ha t  of Buja on t h e  presence of an i l i a !  
b lade  (vex i l l u m  of Bohme ,  1 977 )  i n  Rana and i t s  
absence in  Buja (compare Figs .  J a n d  2 of Ho lman ,  
1 985 ) .  The i l ia l  b l ade  of Rana tempararia d i ffers from 
t hose of ot her spec i es of E u ro pean and A mericao Rana 
i n  havi ng t h e  i l i a !  blade depressed and reduced 
an ter ior ly .  

The fron topar ie ta l  of Rana may be separa t ed from 
t ha t  of Buja i n  t ha t  it has t h e  l a t era l edge of t  he bone ( i n  
dorsal v iew) gen t ly cu rved, whereas i n  Buja i t  forms 
al most an  acu t e  angle  ( F ig. 3 ) .  Rana 1empararia 
appears t o  have one of t h e  most gent ly  cu rved lat era l 
edges of t hi s  bone of any  E u ropean species (see F ig .  5 
of Boh me, 1 977) .  

The sacru m of Rana i s  eas i ly  d i s t ingu ished from tha t  
of Buja ( Fig .  4 )  i n  hav ing  an anter ior  condyle (a cot y l e  
i n  Buja) and  i n  hav ing  cyl i ndr ica l  d iapophyses ( flared 
in Buja) .  The sacrum of Rana temporaria h as the sacra ; 
d ia pophyses d i rected more posteriorly t h an i n  other  
Eu ropean species. 

Rana tempararia occurs i n  t h e  area t oday ( Frazer, 
J 983) .  

Fig. 4 Sacra of modern Bufo in dorsal view redrawn from 
B ehme ( 1 977) .  A, Bufo bufo; B,  Bufo calamita. No scale 
provided. 
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C lass Rep t i l i a  

Order S q u amata  

Fami ly  A nguidae 

A nguis fragilis L i n n a eus  

Identified Material. JAW E L E M ENTS:  B . S . F . S . I I  
fou r  left and two r ight dentar ies and t h ree  m a x i l lary 
fragments B M (N H )  R -8907; B . S . R .S . I V  one left 
dentary B M ( N H )  8904 . V E R TE B R A E :  B . S . F .S . 1 1  26  
B M (N H )  R- 1 0 1 9 1 ;  B . S . R .S . I V  e igh t  B M (N H )  R - 1 0 1 99 .  

A m i n i m u m  number  o f  five ind iv idua l s  i s  i n d ica ted 
by t he five l eft dentaries .  

Remarks. S kele ta l  e lements of  A nguis fragilis, 
i nc lud ing  s k u l l  bones, jaw bones ,  vert ebrae,  
osteoderms, and even r ibs are q u i r e  d i s t i ngu i shab le  
from t hose of  other  B r i t i s h  and Euro pean rep t i l e s .  Th i s  
i s  d u e  to  t h e  m any modifica t ions  for a l i m bless ,  
fossoria l  condit i on .  S m i t h  ( I  973 ,  Fig .  58)  p rov ides fin e  
i l l u st ra t ions  of t h e  sk u l l ,  and  anot her  i l l us t ra t ion 
( Fig.  57)  of a m iddle  cauda l  verte bra of  Anguisfragilis 
compared w i t h  t hat  of a Lacer/a vivipara. 

A nguis .fragi/is occurs in t h e  area t oday ( F razer, 
1 983) .  

Fami ly  V iperidae 

Vipera berus ( L i nnaeus)  

Jde11 1ified Material. V E R TEB R A E: B .S . F.S . 1 1  one 
B M ( N H )  R - 1 1 1 54 ;  B . S . R .S . I V  t wo B M ( N H )  R - 1 0 1 98 .  

A m i n i m u m  number o f  o n e  ind iv idua l  i s  i nd icated .  

R em arks. Vipera berus h as a longer ,  more s lender 
hypapop hysis and  a lower n eura l  spine t h an in 
Natrix natrix (see Fig.  3 i n  H o l ma n ,  1 98 5 ) .  S zynd lar  
( 1 984 ) d i scusses add i t iona l  vertebra l c h a ract ers t h a t  
separate  Vipera berus from other  s n a k e  species .  

Vipera berus occu rs i n  the a rea t oday  ( Frazer,  1 983) .  

DI SCU S S I O N  AND S UM M A R Y  

The l a t e  Devens ian/early F landr ian Cow Cave S i t e ,  
Chud leigh,  Devon,  has  y ie lded a rat her  depaupera t e  
'Rana-Bufo' domin a ted, foss i l  h e rpetofa u n a .  Bufo bufo 
(Tab le  J )  is  c lear ly t h e  dominan t  fau n a !  e l emen t ,  w i t h  
Rana 1emporaria being t h e  next mos t  a b u n d a n t  species .  

Cow Cave S pecies and 
M in i m u m  N u m ber of 
I nd iv idua ls  

Bufo bufo 
Bufo calamita 
Rana temporaria 
A nguis fragilis 
Vipera berus 

TOTAL 

l g h t h a m  Fissures S pecies 
and  M in i m u m  N u m ber of 
I nd iv idua l s  

1 24 Triturus sp .  
1 6  Bu(o bufo 
36 Bufo calamita 

5 Rana /emporaria 
I Anguis fragilis 

Natrix natrix 
Coronel/a aus1riaca 
Vipera berus 

1 82 TOTAL 

3 
1 2  
I 2 

3 9 1  
1 9  
8 
2 
2 

449 

T A B L E  I :  Fossil herpetofa u n a  of Cow Cave, Devon,  
compared wi th  that  of fgh t h a m  Fissures, K en t .  

Th i s  i s  on ly  t h e  second record of t h e  enda ngered 
species Bufo calamita as a B r i t i s h  fos s i l .  T h i s  species 

has  been col lected in Devon fro m  o n ly one local i ty 
d u r i ng h is tori c  t imes, and t h is was over twenty-fi ve 
years ago. 

Table  l compares t he Cow Cave, D evon,  
herpetofauna  w i t h  t h a t  of the I gh t h a m  Fissures, K ent ,  
herpetofauna .  Dr .  A .  S .  Cooke ( pers .  com m . )  has  
i n formed m e  t h a t  i t  would b e  unusua l  t o  fi nd a 
herpetological  assemblage i n  B r i t a i n  t oday a s  l a rge as 
t h at of t h e  J gh t h am Fissures.  H ol m a n  ( 1 985 )  suggest ed 
tha t  t h e  I gh t h a m  F i ss u res h erpetofauna  m igh t  i nd icate 
a t i m e  very early i n  the Flandrian when the c l i m a t e  had 
just become about as w a rm as i t  is  in southern England 
t oday.  

I t  i s  t empt ing t o  s uggest t h a t  t h e  depaupera te  Cow 
Cave herpetofa u n a l  assem blage m ay s uggest a 
somewhat ear l i er ,  cooler t i m e  t h a n  t h e  l g h t h a m  
F issures fauna .  B u t  i t  a lso  may be poss ib le  t ha t  t h e  
C o w  C a v e  assemblage i s  t he res u l t  of some u n known 
taphonomic  even t .  Does the fact t hat  Bufo bufo and 
Bufo calam ita at  l g h t h a m  F i s sures have  a one t o  one 
rat i o  t o  each ot h er, a n d  t h a t  Cow Cave Bufo bufo is  
a bout  J O  t i mes a s  a b u n dant  as  Bufo calamita bear on 
any c l ima t i c  or ecologica l  changes,  o r  was t h i s  
s i t u at i on a lso pro duced by u n k nown t aphonomic 
events? O n ly addi t iona l  s t rat igraph ica l ly-cont rol led 
s tud ies are l i ke ly  to answer t hese q uest ions .  

A C K N O W L E D G E M E NTS 

I t h a n k  Ors. Thomas K em p  and G i l l i a n  K i ng of t he 
Oxford U n i vers i ty  M u seum,  Dr .  A ngela M i l ner o f  t he 
B r i t i s h  M useum ( N at ur a l  H is t ory) ,  Dr. J en n i fer Clack 
of t h e  U n iv ers i ty  M useum of Zoology at  Cambridge, 
and  D r . A n t hony J.  St uart of t h e  Cast le M useum at  
N orwich for a l l owing me to  e x a m i n e  foss i l  a nd modern 
s k ele ta l  materi a l  used i n  th i s  s t u dy .  D r. A. S .  Cooke 
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A BSTRACT 

Femurs of 73 Ga/lotia galloti caught in different local i t ies and belonging to two subspecies l iving in Tenerife 
(Canary I slands) were ana lysed by ske letochronology. The bones possessed annual rings l ike in many other l izards. 
For a h igh percentage of individuals,  a remnant of  the embryonic bone and a birth l ine of arrested growth remained 
present throughout life because cort ical resorption never completely removed the first annual rings. Thus the age of 
an individual can be directly calculated from the  number of lines of arrested growth.  I n  the sample s tudied here, the 
o ldest l izards were at least  8 or 9 years old.  They reached sexual maturity during their second or th ird year of l ife .  

I NTRODUCTION 

There are many papers on distribution, systematic, 
phylogeny, microevolution ( e.g. Bohme & Bings, 1 975 ,  
1 97 7 ;  Bohme & B ischoff, 1 976; Bohme et al., 1 98 1 ;  
M olina Borja, 1 98 1 ;  B ischoff, 1 982, Castroviejo  et al., 
1 985 ;  Baez & Thorpe, 1 985 ;  Thorpe  et al., 1 985 )  and 
some behavioural aspects ( Bohme et al. , 1 976) of the 
extant l izards of the  genus Gal/01ia ( A rnold,  1 973)  
from the Canary I slands .  In  a special symposium,  
recent ly  he ld  in Germany ( Bohme & H utterer, 1 985) ,  
on the  herpetofauna of Canary I slands,  more t han half 
of the  t wenty six papers presented dealt with t he extinct 
and living species of Gallotia. Studies on the ecology of 
these lizards are still scarce though. 

In this prel iminary paper, the  su bspecies G. g. gallori 
from the south s lope of Tenerife I s land and 
G. g. eisentrauti ( B ischoff, J 982), from t he north slope 
of the I s land were studied.  The species occupies t he 
most diverse habitats on the island, from the seashore 
up to the highest peaks ( maximum alt i tude: 37 1 7  m ) .  
The density of the  populations i s  normal ly very high . 
These l izards are omnivorous although adults are 
predominantly frugivorous, whilst young are pre
dominantly insectivorous. The reproduction in 
G. ga/loti begins in spring and cont inues throughout 
the summer when the fi rst young animals appear. The 
number of eggs laid by the two subspecies studied 
varied between three and six.  


