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Torpor  in the European  w h i t e - t o o t h e d  s h r e w s  

A. Nage l  1 

Institut /iir Biologic I I I  der Universitiit, Lehrstuhl [i~r Zoophysiologie, Abteilung Physiologische Okologie, 
Auf  der Morgenstelle 28, D-7d Tiibingen (Federal Republic o/ Germany, BRD), 2 May 1977 

Summary. 4 species  of E u r o p e a n  w h i t e - t o o t h e d  sh rews  e n t e r  t o rpo r  w i th  e x t r e m e l y  low me tabo l i c  ra te .  N e w b o r n  
s h r ews  (Crocidura russula) r eac t  as h o m e o t h e r m s  d u r i n g  the i r  f i rs t  week before t h e y  develop  t he  ab i l i ty  of torpor .  

I t  h a s  been  s h o w n  b y  Vogel ~ t h a t  w h i t e - t o o t h e d  sh rews  
(Crocidurinae)  are  cha rac t e r i zed  b y  an  u n e x p e c t e d l y  low 
me t ab o l i c  r a t e  c o m p a r e d  w i t h  t h e  r e d - t o o t h e d  sh rews  
(Soricinae).  He  re la ted  th i s  d i f ference to the i r  evo lu t ion  
in geograph ic  isolat ion.  However ,  m o s t  d a t a  on m e t a -  
bo l i sm come  f rom s tud ie s  of Af r i can  species.  I r epo r t  here  
r e su l t s  of e x p e r i m e n t s  w i t h  E u r o p e a n  w h i t e - t o o t h e d  
sh rews ,  w h i c h  show the  a d a p t i v e  c h a r a c t e r  of an  e x t r e m e l y  
low m e t a b o l i c  r a t e  (torpor) to  c l imat ic  condi t ions .  
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Fig. 1. Alteration in body temperature of 4 Crocidura russula during 
24 h (T~ 22~ each point represents one rectal measurement. 
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Fig. 2. O2-consumption Crocidura russula) at different T~. The rela- 
tion between oxygen consumption and Ta below the lower critical 
temperature are : Nontorpid shrews Y = -0.20 Ta + 6.9 (ml O~/g. h ~ 
and torpid shrews Y = -0.06 T~ + 2.1 (ml OJg - h~ The open 
circles are values of shrews which are awake, the closed circles are 
values of torpid shrews. 

Materials and methods. The  E u r o p e a n  species  Crocidura 
russula, Crocidura leucodon, Crocidura suaveolens a n d  
Suncus etruscus were ke p t  u n d e r  s e m i n a t u r a l  cond i t ions  
in our  l a b o r a t o r y  [na tu ra l  l i g h t - d a r k  cycle a nd  a m b i e n t  
t e m p e r a t u r e  (Ta), 22~ The  sh rews  were comple t e ly  
t a m e  a nd  could be h a n d l e d  well for  m e a s u r i n g  rec ta l  
t e m p e r a t u r e  (Tb) w i th  a t h e r m i s t o r ,  w h ic h  was  inse r t ed  
a b o u t  18 m m  in to  the  r e c t u m .  W i t h  t h e  y o u n g  of Croci- 
dura russula a nd  w i t h  t he  a d u l t s  of Suncus etruscus, on ly  
T~ was  m e a s u r e d  on t he  neck.  O x y g e n  c o n s u m p t i o n  was  
m e a s u r e d  in per iods  l a s t ing  f rom 2 h to  2 d a y s  us ing  a 
B e c k m a n  A n a l y z e r  G2. All va lue s  were ca lcu la ted  to  
STPDS;  no cor rec t ion  was  m a d e  w i t h  r e spec t  to CO S- 
p roduc t ion .  To m e a s u r e  t he  me tabo l i c  ra te ,  t he  sh rews  
were acc l ima ted  to  22~ for a t  l eas t  4 weeks.  All exper i -  
m e n t s  w i th  y o u n g  a n i m a l s  l as ted  30 m i n  a t  Ta 30~ a n d  
20 ~ The  y o u n g  of each  of 3 l i t t e rs  were p u t  t oge the r  in 
a m e t a b o l i s m  c h a m b e r  (glass tube ,  100 cmS). D u r i n g  a 
per iod of 4 weeks,  t he  da i ly  food c o n s u m p t i o n  (meal-  
worms)  was  r educed  s tep  b y  s tep  to  20% of b .wt  in 
Crocidura russula a n d  C. leucodon, to  40% in C. suaveolens 
a nd  to 100% in Suncus etruscus. 

1 This work was undertaken with the aid of the Deutsche For- 
schungsgemeinschaft and Prof. Dr E. Kulzer. 

2 P. Vogel, Acta Theriol. 21, 13, 195 (1976). 
3 F. Depocas, J. S. Hart and O. Heroux, J. appl. Physiol. 10, 388 

(1957). 
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Fig. 3. Development of temperature regulation in one litter (4 pups) 
of Crocidura russula (Ta 20~ a zxT~ between the beginning and 
the end of each experiment. The arrow points in the direction of th e  
alteration. On the 21st day /~Tb = 0. b Oxygen consumption during 
the last 15 rain of each experiment, c Average b.wt of the shrews. 
The hair grew from the 7th to the 16th day to the adult length. 
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Comparative data on O~-consumption and temperature regulation (minima[ thermal conductance) in the 4 species of white-toothed shrews 

n B.wt (g) Average O2-consumption 
�9 a t  T ~  2 0  ~  (rill O2/g �9 h )  

Awake Torpid 

Minimal thermal conductance 
Ta 0-25 ~ (ml O21g �9 h ~ 
Awake Torpid 

C. russula 18 13.7 3.50 0.88 0.20 0.06 
C. leucodon 7 12.0 4.23 0.70 0.20 0.08 
C. suaveolens 6 7.5 5.03 1.61 0.37 0.10 
Suncus etruscus 2 2.4 10.58 3.58 0.59 0.29 

Minimal thermal conductance corresponds to the slope of the line representing O2-eonsumption at different T~ (0-25 ~ Thermal conductance 
in awake shrews is considerably greater than in torporous shrews. 

Results.  The  b o d y  t e m p e r a t u r e s  in shrews wh ich  were 
r e s t i ng  b u t  awake  usua l ly  va r i ed  be tween  34 ~ and  38 ~ 
However ,  ea r ly  in  t he  morn ing ,  in all  species,  Tb was 
of ten  a l m o s t  as low as Ta (figure 1). I n  th i s  case t he  
shrews  en te red  in to  t o r p o r  a n d  were u n a b l e  to  leave t he i r  
nests .  The i r  m o v e m e n t s  were uncoo rd ina t ed ,  t he  an ima l s  
did  n o t  show the  typ ica l  sn i f f ing  behav iour .  I t  was diff icul t  
for t h e m  to change  f rom a forced ups ide  d o w n  posi t ion .  
D i s t u r b a n c e  d u r i n g  t o r p o r  a lways  caused  a series of 
sh r iek ing  sounds  a n d  b i t i n g  reac t ions .  D i s t u r b a n c e  also 
i m m e d i a t e l y  led to a n  increase  in Tb and  oxygen  con-  
s u m p t i o n ;  s t r o n g  sh iver ing  las ted  ti l l  t h e  n o r m a l  Tb was 
reached .  D u r i n g  r e w a r m i n g  Tb rose a t  a r a t e  of 0 .5-0.9 ~ 
ra in  in Crocidura russula,  C. leucodon a n d  C. suaveolens 
a n d  1-2 ~  in Suncus  etruscus. 

2 d i s t i nc t  levels of oxygen  c o n s u m p t i o n  were found  in all 
species. Fo r  example  in Crocidura russula (figure 2) in a 
r e s t i ng  b u t  n o n t o r p i d  s t a t e  (T~ 20 ~ t he  me tabo l i c  r a t e  
v a r i e d  due  to  t h e  d i f fe ren t  T~ (Tb 34-38~ f rom a 
m a x i m u m  of 5.0 to  a m i n i m u m  of 2,5 ml  O J g .  h. This  
m e a n s  t h a t  t he  r e s t ing  b u t  no t  t o rp id  shrews are able  to  
reduce  t h e i r  m e t a b o l i s m  a b o u t  50% para l l e l  to  a lowered 
Tb. F igure  2 shows t h a t  a m b i e n t  t e m p e r a t u r e s  b e t w e e n  
25 ~ a n d  10 ~ e i t he r  lead to an  increase  in t he  me tabo l i c  
r a t e  in  n o n t o r p i d  shrews or  to  e x t r e m e l y  low levels  d u r i n g  
per iods  of to rpor .  B u t  even  d u r i n g  torpor ,  low Ta induce  
an  increase  in oxygen  c o n s u m p t i o n  e n o u g h  to  p r e v e n t  a 
f u r t h e r  decrease  in Tb. W e  h a v e  n o t  recorded  a b o d y  
t e m p e r a t u r e  be low 18.5 ~ However ,  en t e r i ng  in to  t o r p o r  
was  p r o h i b i t e d  a t  a m b i e n t  t e m p e r a t u r e s  below 10~ In  
t h i s  case al l  shrews m a i n t a i n e d  the i r  n o r m a l  Tb. Con t in -  
uous ly  m e a s u r e d  oxygen  c o n s u m p t i o n  d u r i n g  24 h showed 
t h a t  t h e  t o r p o r  per iod  ha s  an  ave rage  d u r a t i o n  of a b o u t  
3 h, d u r i n g  w h i c h  t he  m e t a b o l i c  r a t e  is r educed  to a b o u t  
2 5 - 3 5 %  of t he  n o r m a l  r e s t i ng  level  of shrews wh ich  are 
awake  (Tb 34-38~ C o m p a r a t i v e  d a t a  on  t e m p e r a t u r e  
r e g u l a t i o n  are  shown  in the  tab le .  

An  u n e x p e c t e d  d e v e l o p m e n t  of t e m p e r a t u r e  r egu la t ion  
was  found  in t he  n e w b o r n  a n d  growing shrews of Croci- 
dura russula  b y  m e a s u r i n g  oxygen  c o n s u m p t i o n  a n d  Tb. 
U p  to  an  age of 17 days,  t he  Tb va r i ed  b e t e e n  30.5 ~ and  
35~ a t  T~ 30~ This  t h e r m a l  s i t ua t i on  was s imi lar  to  
t h a t  in  t h e  nest .  Af te r  t he  age of 17 days,  Tb rose to  t he  
a d u l t  level  or was even  h ighe r  (37-38~ The  oxygen  
c o n s u m p t i o n  decreased  a f t e r  a f i rs t  pe r iod  (first  5 days  
a f t e r  b i r th )  t i l l  a b o u t  t h e  15 th  day.  D u r i n g  t he  fol lowing 
days,  i t  increased  again.  A t  T~ 20 ~ (figure 3), wh ich  ac ts  
as a cold s t ress  on t he  n e w b o r n  and  n a k e d  shrews,  t he  
di f ference in  Tb be t w een  t h e  b e g i n n i n g  a n d  t he  ~nd of an  
e x p e r i m e n t  g r adua l l y  decreased  f rom t he  1st to  t he  4 th  
d a y  (ATb: 4~ to  0.4~ Th i s  ind ica tes  t he  m a t u r i n g  of 
t h e  homeothermic r eac t ion  in t he  st i l l  n a k e d  a n d  b l ind  
an imals .  Cor respond ing  to  th i s  reac t ion ,  t he  oxygen  

c o n s u m p t i o n  d u r i n g  t he  f i rs t  4 days  rose def in i te ly  a n d  
was m u c h  h igher  a t  Ta 20 ~ t h a n  a t  T~ 30 ~ B u t  f rom 
the  5 th  to  t he  17th  d a y  ATb in each  e x p e r i m e n t  increased 
to a m a x i m u m  of 10~ Tb a n d  oxygen  c o n s u m p t i o n  
s i m u l t a n e o u s l y  decreased  to t he  level  m e a s u r e d  in 
t o r p o r o u s  adul ts .  A n y  d i s t u r b a n c e  i m m e d i a t e l y  led to 
r ewarming .  There  is no  d o u b t  t h a t  all y o u n g  shrews  in 
t h i s  phase  were able  to  e n t e r  to rpor .  B e t w e e n  t he  17 th  and  
24 th  d a y  a f te r  b i r th ,  T b and  me tabo l i c  r a t e  were s tabi l ized  
a t  h ighe r  levels aga in ;  t he  y o u n g  ones now reac ted  
s imi la r ly  to  the  adul ts .  
Discussion.  I can discuss these  resu l t s  on ly  as a n  adap -  
t a t i o n  to  t he  c l imat ic  cond i t ions  in  t he  t e m p e r a t e  zone. 
Per iods  of cool w e a t h e r  and  sho r t age  of food are compen-  
sa ted  b y  a low n o r m a l  m e t a b o l i s m  and  b y  hou r s  of 
t o r p o r  w i t h  a n  e x t r e m e l y  low me tabo l i sm.  In  t h i s  way, 
some f a t  Crocidura russula  could  s t a rve  for 5 days  
(Ta 22~ w i t h  a we igh t  r e d u c t i o n  of 1 g/day.  The  fac t  
t h a t  on ly  a few days  a f t e r  b i r t h  f i rs t  homeothermic 
reac t ions  exis t  whi le  t h e  ab i l i t y  to  en t e r  t o rpo r  deve lops  
a few days  later ,  shows t he  a d a p t i v e  c h a r a c t e r  of t o rpo r  
or  t he  heterothermic r eac t i on  of these  shrews.  A compar i son  
w i t h  t he  resul t s  of Vogel  ~ leads to  t he  conclus ion t h a t  t he  
whole f ami ly  (Soricidae) m u s t  h a v e  deve loped  v e r y  
d i f fe ren t  abi l i t ies  in  t e m p e r a t u r e  regula t ion ,  p e r h a p s  
m o s t  c o m p a r a b l e  to  some of t he  sub t rop i ca l  b a t  families,  
where  m a n y  species m a k e  use of an  ene rgy - sav ing  da i ly  
le tharg ic  per iod b u t  are u n a b l e  to  p a r t a k e  in rea l  h iber -  
n a t i o n  4, 5. 

4 E. Kulzer, Z. vergl. Physiol. 50, 1 (1965). 
5 E. Kulzer, J. E. Nelson, J. L. McKean and F. P. M6hres, Z. vergl. 

Physiol. 69, 426 (1970). 


