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ABSTRACT 

A female M alayan pit  viper ( Ca/loselasma rhodostoma) la id a clu tch of 27 eggs and remained coiled atop them 
unt i l  hatching. Possible fu nctions of brooding were eva l uated; these include regu lation of temperature, regulation 
of moistu re, and protection. The brooding female was not found to regulate t he clutch's temperature but was fou nd 
to vary t he degree of egg exposu re i n  accordance with fluctuations in the level of relative h u midity.  Body-jerking 
movements cou ld be el ici ted in the female whi le she was brooding but not whi le she was off the nes t .  Body-jerk ing 
was el icited by prodding wi th  an inan imate object as well as from a conspecific, and it is fel t  that this behaviour 
cou ld funct ion to ward off a potent ial predator. 
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INTRODUCTION 

T h is is a report on brooding of eggs by a female  
M alayan p i t  viper (Ca/loselasma rhodostoma). To 
elucidate poss ib le  funct ions brooding m igh t  have i n  
C. rhodoswma, we collected da ta  o n  tempera ture  and 
hum idi ty  wit h in  the snake's enclosure. In add i t ion ,  we 
o b s e rv e d  t h e  e ffec t  of p hys i c a l  d i s t u r b a n c e s  
o n  t h e  brooding female .  

Egg brooding h as been observed in the  l i zards 
Eumeces and Ophisaurus ( N oble & M ason ,  1 933 ;  
Evans, 1 959 ; V inegar,  1 968) .  In s n a kes , brood i n g  h as 
been reported for var ious e lap ids and several v iperids 
(Noble, l 935), bo ids  (V inegar et al. , 1 970) ,  and  in a few 
colubrids ( B el la irs , 1 970; Oliver, 1 955) .  Funct ions  of 
brood ing  that h ave been explored incl ude :  defense  of  
t he n es t  ( N oble  & M ason ,  1 93 3; N oble ,  1 935; Pope, 
1 935; Ol iver, 1 956), behav ioural  regu l a t i o n  of nest 
tempera ture ( V inegar, 1 968; Ol i ver, 1 955; Cogger & 
H o lmes, 1 960), and physiological  regu l a t i o n  of nest 
t empera t u re ( H utch ison e1 al., 1 966; V i negar et al., 
1 970).  

M AT E R I A L S  A N D  M ETH ODS 

A l arge brood ing female ( sn out-vent l engt h :  
802m m )  w a s  housed t oget h e r  w i th  two  sma l ler fema les 
i n  a 90 x 60 x 60cm wooden enclosure fit t ed  wit h a g lass 
t o p  and  front  s ide .  The ins ide o f t  he enc losure incl uded 
a cypress bark mulch subs tratu m,  t hree l a rge rocks 
a rra nged to  provide crevices, a bowl ' pool'  for wa ter, 
and plas t ic fol iage.  The cypress mu lch  prov ided a 
s u it a bl e  subst ratum in which the s n akes blended wel l  
due t o  t heir crypt ical ly colour e d  pa t t erns. The mu lch 
a lso formed a s u i table  s ubstra tum for nes t i ng .  

The  s n a k es were kept on  a 1 2/ 1 2  reversed l igh t-dark 
cycle. Three 2 5-watt red ceramic coated l ight  bulbs 
used d u ring  t h e  dark cycle p rovided accept able 
i l luminat ion  for both direct and video m o n i t ored 
observat ions. A 250-watt  i n fra-red h ea1 renector 
s i t u ated Im a bove and at a 45° a ngle to l he  enc losure 
was turned on  for four h ours each day dur ing  t h e 1 2  
hour l ight  cycle .  This caused t h e  t empera t u re i n  the 
enc losure to  vary between 23° and  29°C t hrough a 
24 hour cyc le .  Li k ewise ,  the  h u mid i ty  l evel was va ried 
between 70 a n d  1 00 per cent R . H .  through periodic 
watering of the  mulch subst ratum as well as m i s t i ng  t he 
i ns ide  of the  enclosure. 

I n  order to t es t  t he hypothesis t hat brood i ng has an 
effect on the t emperature of t h e  eggs , data on t h e  egg, 
air ,  and s u bstra tum temperat ures were co l l ected. 
Tempera ture  readings d u ring brooding by the large 
fema le  were obtained from 3 thermist ors con nected to  
a YS I M odel  4002 swi tch box,  which was  i n  t urn 
connected to a Y S I  te le thermometer .  Bo th  t h e  swi tch 
box a n d  te le thermometer were next  to t h e  o u t s ide  of 
the enc losure. Temperature was recorded 
s i m u l t a n eousl y  from air,  substra tum,  and c lu tch .  A i r  
t e mperature was obtained by a t hermistor hanging 
1 Scm a bove the  brooding female .  S u bs t ra t u m  
t e m perature was t a k e n  from a t h ermis tor l Ocm i n  fron t  
o f  t h e  brooding female ,  and c lu tch  temperature was 
recorded from a thermistor p laced between t h e  coi l s  of 
t h e  female  and her eggs . Tempera t u re was recorded for 

26 consecutive d ays. Temperat ure was genera l ly  
recorded dur i ng the dark cyc le .  I n  addition,  
t emperat ures were recorded at  15 minute  intervals over 
a 24 h o ur period i n  order to obtain a cont inuous  
samp l ing of  t emperat ure changes t h rough a complete 
day cycle .  

Data on  the  brooding fema le 's  response to changing 
l evels of h u midity were obt a ined by a n  A bbeon 
Rela t i ve H umidi ty I ndicator posi t ioned 22cm d i rect ly 
above t h e  fem a l e. A Sony black  and white  v ideo 
camera in fron t  of t h e  enc losure was focused on the 
hygrometer; a second camera was suspended a bove t h e  
enclosure and w a s  focused on  t h e  brood i n g  fem ale  
wi th the fi l m  plane para l l e l  t o  the floor of t h e  
enc losure. T h e  pictu res from t he t w o  cameras were 
combined w i th  a S o n y  S pecia l-Effects-G enerator .  
Twelve-hour  cont inuous record ings were made on  a 
Panason ic  t im e- lapse survei l l ance v ideo recorder 
dur ing the  dark cycle over a period of 8 days; egg 
expos u re and hum idi ty da ta  were recorded fro m  them .  
The da ta  cons i s t ed of  1 89 egg exposure-hu m i di ty  data 
comparisons made at o n e-ha lf  h our i n t erva l s .  Egg 
exposu re was det ermi n ed by project i n g  tbe video 
i mage onto  a l 3.3cm diagonal  black a n d  wh i te  monit or 
screen div ided in to  3 m m  squares and cou n t i ng t h e  
n u mber o f  squares i n  which eggs were vis i ble . 

RESULTS 

TEMPERATURE 
Tempera ture means ,  s tandard dev iat ions ,  and 

ranges overl apped.  But  a Friedman n o n-paramet r ic  
test of differences between simultaneous temperature readings 
was s ignifi can t  (X2 = 7 1 . 7 ,  d . f. = 2, p <0.00 1 ) . Paired 
t- t es t s  a l so  s h owed t ha t  t h e  m e a n  subs trat u m  
t em perature  was s igni fi can t ly lower fro m  t hat of bot h  
t h e  m e a n  c lu tch  (1= I 0.45, d . f. = 1 52 , p <O.OOJ) and a ir  
( t  = 7.66 ,  d . f. = 1 52 , p <0.001) t emperat ures, bu t  t hat 
t he mean cl u t ch temperat ure did not d i  ff er s ign ifican t ly 
from t ha t  of a ir (p <0.05). 
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Fig.  J Tempera t u r e  cha nges over a 24 hour  period d u r i ng 
broo d i n g  in Cal/oselasma rhodostoma. D a t a  p o i n ts represe n t  
a verages over 4 t empera t u re rea d i n gs t aken a t  1 5  minute 
i ntervals. 
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Fig. I shows cha nges in t h e  t e m peratu res of t h e  
s u bs t ra t u m ,  c l u t c h ,  a n d  a i r  over a 2 4  h o u r  period. We 
obt ained data  points by averaging fou r  consec u t ive 
t e mperat u re readings t a k e n  a t  1 5  m i n u te i n tervals 
from each t h ermistor.  

H UM I DITY 
We o bserved c h anges in t he a m o u n t  of eggs ex posed 

occu rring wit h changes in h u m i d i t y .  The fem a l e  would 
o ften cover t h e  eggs complet ely when the rela t i ve 
h u m idity decreased below 70 per cen t .  Spray ing  of t h e 
enclosu re increased t h e  rel a t ive h u m id ity  t o  1 00 per 
cen t .  The fema l e  responded to the h u m i d i t y  r ise wi th a 
l oosening of h er coi ls ,  t h ereby great ly i ncreas ing the 
amount  o f  eggs exposed . On sever a l  occas ions ,  rela t i ve 
h umidi ty  remained a t  or near  I 00 per cent  for several 
h o u rs .  The fem a l e  i ni t ia l ly  respon ded by l oose n i ng her 
coils but  t hen decreased egg ex posure by t ighten ing 
t h e m .  

A p l o t  of % R . H .  and a m ou n t  o f  egg expos u re over 
t i me s howed a consistent pat tern of i ncrea ed egg 
exposure fol l owing s h a rp rises in h u m id i t y .  A 30 hour 
sample of t h is pa t tern is  given i n  F ig. 2 .  H igh levels  o f  
egg expos u re ( egg ex pos u re > 4 0 )  a l ways l a s ted under 
two hours, regardless o f % R . H .  
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Fig. 2 One hundred and eighty hour  sample of t he amount 
of eggs exposed (see text ) d u ring brooding i n  Callose/asma 
rhodostoma (solid l ine) toget her wit h % R . H . (dashed line).  

DEFENCE 
We observed t h e  brood i n g  fe m a l e  to act i vely defend 

t he nest by m eans o f  body-jerk ing.  This  behavi o u r  was 
also o bserved by M a t t  Fins t rom ( u n p u bl ished 
man uscript)  and a ppears t o  be s i m i l a r  t o  t he ' body
jerking' o f  cro t a l i n e  sna k es i n  res ponse to t h e  presence 
ofophiophagous k ingsna kes ( Ca rpenter & G i l l i ngham ,  
1 975) .  J n  Cal/ose/asma rhodostoma, body-jerking 
consisted of jabbing a s h o rt segment  o f  the t r u n k  
against s o m e  i n t ru ding object  and t hereby forci n g  t h e  
o bject away fro m  t h e  s n a ke. This  res p o nse cou ld be 
e l i cited by inan imate  object s s u c h  as snake  hooks  as 
well as by conspeci fics .  Whenever body-jerk i n g  was\ 
d irected aga i nst a conspeci fic ,  t he l a t ter  i n i t ia l ly \ 
reacted with a s t a rt l e  response,  t hen froze for u p  t o  
t hree minutes. D u ring hatching,  t h e female 's  body
jerking led to d isp ers i o n  of t h e newly hatched 

neonates.  The body-jerk i n g  response disa ppeared t wo 
days a ft er hatch ing  of the neonates .  

T n  one c a s e  t he i n t r u d i n g  conspecifi c  w a s  a grav i d  
female  who w a s  very pers i s ten t  i n  a t t e m p t i ng t o  coi l 
a top t h e  a l ready bro o d i ng fem a l e. We fi rst observed 
t h ese a t t em p t s  on 3 S e p t e m ber 1 98 2 ,  27 days a ft e r  t h e  
brood i n g  fem a l e  had l a i d  her eggs. The non-brood ing 
female  was rem oved fro m t h e enclosure and was 
isolated in  a sma l l ,  sepa ra t e  terra r i u m .  On 1 9  Sept ember 
1 98 2 ,  the removed fem a l e  la id eggs a n d  coi led t ig h t l y  
a r o u n d  t h e m .  We l i fted  t h e seco nd female  off h e r  nest 
so t h a t  t h e  eggs cou ld be weighed and measu red, and 
she ex h i b i t ed body-jer k i ng to t h e  snake hook as had 
the or iginal  female .  

D I SCUS S l O N  

T h e  t e m perat u re d a t a  do n o t  i n d icate  t h a t  brooding 
i n  Cal/oselasma rhodos1ama has any effect on t he 
s u bsequent  t e m pera t u re of t h e  c l u t c h  except for 
decrea s i ng t h e ove ra l l  d a i l y t e m perat u re vari a t i o n .  
T h i s  t e m pera t u re sta b i l i  i n g  effect c a n  b e  expected 
from any l a rge coveri ng body. Brood i n g  fe male l n d i a n  
pythons (Py1hon molurus bivi1 1a tus) c a n  m a i n t ai n  body 
tempera t u res a much as 7 . 3 °C above e i t her o f  t h e  

u bs t ra t u m  or t h e a m bient  t e m pera t u res for ex ten ded 
periods ( H u tch ison e1 al. , 1 966; V i n egar e1 al. , 1 9 70) .  
For ! h e p y t h o n ,  3 3 °C may be a n a l ogous t o  t h e  ' l ower 
cr i t ica l  temper a tu re' of b i rds and m a m mals  ( H u t  chi son 
et al. , 1 966);  1 hat is, the brood i n g  a n i  ma I only  i nc r eases 
i t s  rat e of oxygen cons u m pt ion o n ce the a m bient d rops 
below 3 3°C . 

The body tempera t u re of t h e brood i n g  fem a l e  
Ca//oselasma rhodosroma d u r i n g  t h e  24 hour  sa mple  
was  above a m bi e n t  t em pera t u re fo r about  9 hours (see 
Fig .  l ). This occu rred d u r i n g a s t eep decl i n e  in t he a i r  
tempera t u re a fter i t  h a d  rea ched i l s  p e a k  at 0200 hou rs .  
Dur ing  t h i s per iod,  t h e  ma x i m u m  tem pera t u re 
deviat i on bet we en 1 he a i r  a n d cl ut eh was on ly  I .4 °C. I t  
should be noted t h a t  as most t e m pera i u r e  data were 
obta i ned d u ri ng t h e cooler (da r k )  port ion of the cycle,  
the bias was t owards body l e m pera l u res warmer t h an 
ambient . V i negar et al .  ( 1 970) suggest t hat t h e 
nort herly d i s t ri b u t ion l im i t  ( c i rca 2 2 °  N .  La t . )  of 
Python rer icula1us was determ i n e d  by t h e fa ct that i t  
d i d  n o t  i n c u ba t e  i ts eggs; wh ereas P. 1110/urus w i t h  i ts  
a b i l i t y  to  i n crease i ts body tempera t u re d u ri ng 
brooding a l l owed i t  t o  e x t e nd i t s  range i n to sout hern 
Ch ina ( c i rca 27° N .  L a t . ) .  fn con t rast , t h e range of 
Callose/asma rhodostoma probably does not extend 
much furt her than P h i t s a n u lck ,  Tha i land ( 1 6 . 5 °  

. L a t . ) ;  a range w h i c h  i s  more comparable  t o  t h at o f  
P. reticu/atus. T h e  m e a n  t e m perat u re o f  a t en year 
period for the nort h er ly pan of C. rhodostoma's range 
is 28. 3 °C d u ring t h e  per iod m ost l i k ely for laying 
(World Weather R ecords 1 950-60, Vol .  4 ,  A s ia ). 
B el l a i rs ( 1 970) ment ions  t h e  poss i b i l i t y  that  brooding 
m ight  prot ect rept i l ia n  eggs from c h i l l i ng breeze , 
t h ough t h e  forested h a b i t a t  of C. rhodostoma would 
lessen any such effect . 

The calcareous s h e l l  of ov iparous rept i l es is a n  
i m port a n t  adapt a t i on assoc iated w i t h  t erres t ri a l  
reproduct i o n  (Spe l lerberg, 1 98 2 ) .  The a l bu men layer 
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i n  A mphibo/urus b. barba1us eggs redu ces desicca t ion  
( B adha m,  I 97 1 ) , however, h u m i d i ty a n d  m o is t u re 
con te n t  of t h e  su rrou n d i ng subs t ra t u m  rem a i n  
i m port a n t  factors i n  embryon i c  s u rviva l ( F i t c h  & 
F i t ch , 1 967) .  A daptat ion t o  t h e  p rob l em of d es icca t ion 
of  t h e  poro u s l y  membraned eggs i s  seen in  t he h a b i t  of  
s o m e  t erra p i n s  of  m o i s t e n i n g  t he nes t  w i t h  u rine .  The 
E u ro pean t erra p i n  (Emys orbicularis) d r i n k s  water  
w h en l ay ing  d u ri n g  h ot wea t h er t h u s  rep l e n i s h i ng her  
c loaca !  b l a d ders wi t h n u  id  wh ich  i s  u sed in  m o i s t e n i n g  
her  n est  and  eggs ( Be l l a i rs ,  1 970) . 

J os h i  ( 1 967 )  s h owed t h e  i m por ta nce o f  h u mi d i t y  i n  
t he deve lopment  of Py!hon sebae eggs . H e  d iv i ded a 
s i ng le  c l u t ch i n t o  var ious  gro u ps a n d  fo u n d  t h at t h e  
groups  k e p t  a t  65 t o  80 per cen t R . H .  h a t ch e d , whereas 
t he group k ept be low 40 per cen t  R . H .  fai led  t o  h a t c h .  
A gro u p  k ep t  i n  m o i s t  s o i l  b u t  i n  a d ry a n d  s u n n y  p l a ce 
a l so fa i l ed to h a t c h .  

H u m i d i t y  may be on ly  one or  t h e  fac t o rs 
d e t e r m i n i n g  egg expos ure .  A n o t h e r  fac t o r  m ig h t  be 
egg t u rg i d i t y ,  w h i ch m ig h t  i n  t u rn  be a ffect ed  by 
h u m i d i t y .  Jn such a case,  we pos t u l a t e  t h e  fo l l o w i n g  
t h ree seq u ences determ in i n g  egg expos u re:  1 .  H u  midi ry  
h ig h ,  egg t urgi d i t y  l ow: ex pose eggs . 2 .  H u m i d i t y low,  
rgg t u rg i d i t y  h i g h  ( from excess i ve gro u n d  m oi s t u re) :  
ex pose eggs. 3 .  H u m i d i t y  low, egg t ur g i d i t y  low (or 
d ecrea s i ng) :  cover eggs . I n  s o u t h e a s t  A s i a ,  w here 
h u mi d i t y  levels a re genera l l y  h i g h .  especia l ly i n  
fores ted areas,  regu l a t i o n  o f  m o i st ur e  m i g h t  be  more 
cru c i a l  t h a n  t e m pera t u re regu l a t i o n  t o  t he sur iva l  of  
t h e  devel o p i ng eggs . Devia t i o n s  i n  prec ipi t a t ion l evel  
cou l d  h a ve ser ious  conseq u e n ces on egg s u rviva l a s  
eggs are l a i d  d u r i n g  t h e  per iod  of greates t  r a i n fa l l  
( Fig .  3 ) .  
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Fig. 3 Tempera t ure and p rec ip i ta t ion averages for a I 0 year 
per iod at t he P h i ta n ul o k ,  Thai land,  wea t her  s ta t ion  
( 1 6 . 50 N. Lat . )  and approx imate  egg l ay i n g  a n d h a t c h i n g  
t i mes for Calloselasma rhodosroma. ( W e a t h e r  i n fo rmat ion 
ob ta i ned fro m the U . S .  Dept .  commence,  E nv ironmen t a l  
S c i .  Services A d m i n . ,  Environ menta l  Data S e rvice .  Wor ld  
Weat her R ecords 1 950-60, Vol .  4 ,  A s i a . )  

I t  i s  assu med t h a t  brood ing  in  sna k es serves t o  
protect the  eggs from p redators , a l th o u g h  t h e  
l i t era t u re conta ins  l i t t l e  d i rect  ev idence for t h i s  
hypot hes is . Oliver ( 1 956)  concluded t ha t  brood ing  i n  
Ophiophagus hannah m u s t  be  provid ing  p ro tect io n  

s i n ce h e  found  the  fema le  to be more concerned w i t h  
cover i n g t h e  eggs ( h u mid i ty  ma in ten an ce?) t h a n  i n  
dr iv ing off a po ten t ia l  predat or .  N oble ( 1 935) ,  afte r  
determin ing that  cert a i n  fema le  l i zards tha t  brood t h e i r  
eggs w i l l  ac t ive ly  defe n d  t hem from predatory a t t acks ,  
conc luded t h a t  t he  s a m e  mus t  be t rue  for t h e  m ajor i t y  
o f  b rood in g s n a kes ,  a s  i t  wou l d  en h ance t he i r  
offspr ings '  s u rv i v a l  w i t h  or  w i t h o u t  p h ys i o l og ica l  
t h erm oregu l a t i o n .  

F i n a l l y ,  i t  s ho u l d  b e  n o t e d  t ha t  brood i ng i n  
Cal/oselasma rhodos101110 ca n  l e a d  t o  pass ive d efen ce 
p rov id ed by t h e  c a m o u n ag i n g  co loura t ion of t h e  
brood i n g  fem a l e .  A s  t h e  h i g h l y  renec t i ve w h i te eggs are 
l a i d  on  t o p  of t h e  s u bs t ra t u m  Ooor,  t h ey wou l d  b e  very 
v i s i b l e  to a pre d a t or, b u t  once covered by t h e  b rood i n g  
fem a l e  t hey d isappear  u n der b e r  b o d y ,  wh ose colo u r  
a n d  pat t erns b l e n d  i n  wel l  w i t h  t he gro u n d .  
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HERPETOFAUNA OF THE LATE DEVENSIAN/EARLY FLANDRIAN 
COW CAVE SITE, CHUDLEIG H, DEVON 

J .  A L A N  HOLM A N . 

Mich(�an Srare University Museum. Easr Lansing. Michigan 48824- 1045 U.S. A .  

(A ccep1ed 24.3.87) 

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 ;  


