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EFFECTS OF TASTANTS ON CACHING, GNAWING, GROOMING AND 
TASTE AVERSIONS I N  PINE VOLES (MICROTUS PINETORUM) AND 

M W W  VOLES (M. PENNSYLVANICUS) 

Lynette A. Geyer and Chris t ine Kornet 
Monell Chemical Senses Center 

3500 Market S t r e e t  
Philadelphia, PA 19104 

ABSTRACT: Several behaviors of pine and meadow voles  were s tudied,  
s p e c i f i c a l l y  those a f f e c t i n g  t h e  r o l e  of t a s t e  i n  ingestion. These 
behaviors include: 1 )  caching, 2)  gnawing, 3) grooming, and 4) t a s t e  
aversions. 

Male pine voles  cached more than females, p a r t i c u l a r l y  when 
housed with females. S o l i t a r y  females more thanthose housed i n  mixed 
sex pa i r s .  When presented with peanuts and pine dowels i n  one-hour 
t e s t s ,  pine vo les  cached peanuts f i r s t ;  t h e  addi t ion of f l avoran ts  did 
not a f f e c t  t h e  sequence i n  which they were cached. In  six-hour t e s t s ,  
however, sucrose- and oil-soaked items were cached f i r s t .  

Gnawing by pine voles ,  l i k e  caching, was enhanced by t h e  addi t ion 
of o i l  and f r u i t  e x t r a c t  t o  dowels and rootstocks. However, f l avor ing  
dowels with bark homogenates did not a l t e r  the  ex ten t  of gnawing. 

Durations of  auto-  and mixed-sex p a i r s  of voles  a f t e r  one vole  
had been uni lateral ly-coated with a gel. Consis tent ly,  so i led  voles  
groomed more than d id  clean voles ,  l i c k i n g  t h e  so i led  s i d e  of t h e i r  
f u r  more than t h e  clean s ide.  The clean vole groomed the  so i led  part-  
ner  more than himself,  suggesting that so i led  f u r  is  a powerful 
s t imulus f o r  both auto- and hetero-grooming. Addine t a s t a n t s  t o  t h e  
g e l  before applying it t o  the  f u r  did not a l t e r  grooming durat ions i n  
e i t h e r  species. 

A t a s t e  aversion t o  saccharin was induced i n  pine vo les  and meadow 
voles  v i a  dr inking water. When vo les  were l a t e r  coated u n i l a t e r a l l y  
with a saccharin-  flavored ge l ,  grooming durat ion was unaffected by 
t h e  t a s t e  aversion treatment. Attempts t o  induce a t a s t e  aversion v i a  
grooming a saccharin-  flavored g e l  from t h e  f u r  d id  not  succeed. 

Taken together ,  these  s t u d i e s  demonstrate t h a t  var ious non-feeding 
behaviors can r e s u l t  i n  ingest ion of a mate r ia l ,  however, t h a t  vole  
responses t o  t a s t a n t s  vary with d i f f e r e n t  behavioral contexts. 
Grooming behavior might be exploi ted a s  a means of de l iver ing  tox ican ts  
t o  t h e  f u r  f o r  t h e  con t ro l  of vo le  populations. 

INTRODUCTION: Pine vo les  and meadow voles  exh ib i t  severa l  behaviors 
t h a t  can r e s u l t  i n  inges t ion  of food material.  Food items a r e  cached 
i n t o  burrow systems. These and o ther  items, such a s  t r e e  roo ts ,  may 
be pawed. Mater ial  c l inging t o  t h e  f u r  of vo les  o r  t h e i r  par tners  may 
be groomed from t h e  fur .  Novel foods which a r e  temporally associated 
with I l l n e s s  may subsequently be avoided, a phenomenon termed a taste 
aversion. 



While t h e s e  behav io r s  have been s tud ied  i n  some o t h e r  spec ies ,  
r e l e v a n t  knowledge f o r  p i n e  vo les  and meadow v o l e s  is  extremely 
l imi ted .  I n  t h e  p r e s e n t  l a b o r a t o r y  s t u d i e s  we have i n v e s t i g a t e d  each 
of t h e s e  behaviors ,  emphasizing e f f e c t s ,  i f  any, of adding v a r i o u s  
t a s t a n t s .  

Pine  v o l e s  used i n  t h i s  s tudy  were laboratory-born i n  a colony 
o r i g i n a l l y  t r apped  i n  B e i g l e r v i l l e ,  Pennsylvania i n  1972. Meadow v o l e s  
were wild-caught i n  1979-1980 i n  Winchester,  V i rg in ia .  Pine  v o l e s  
and meadow v o l e s  were housed a s  heterosexual  p a i r s  i n  p l a s t i c  cages 
(28 x 1 8  x 12  cm, 34 x 30 x 16  cm, r e s p e c t i v e l y )  under l i g h t f d a r k  
c y c l e s  o f  12/12 h r  and 1816 h r ,  r e spec t ive ly .  I n  each s tudy,  d a t a  
were analyzed u s i n g  a p p r o p r i a t e  ana lyses  of va r i ance ,and  s i g n i f i c a n t d i f -  
f e rences  between groups were t e s t e d  wi th  t h e  Bonferroni t s t a t i s t i c  (1). 

CACHING: P i n e  v o l e s  e x t e n s i v e l y  cache i n  t h e  f i e l d .  The p resen t  
l a b o r a t o r y  s tudy  measured caching of peanuts  and dowels when f l a v o r a n t s  
had been added. Pine  dowels (.5 x 3.9 cm) were soaked i n  corn o i l ,  
25% a p p l e  e x t r a c t ,  2% qu in ine  hydrochlor ide ,  25% sucrose ,  o r  
deionized water  w i t h  i d e n t i f y i n g  food c o l o r s  f o r  4 h r  and were then 
d r i e d  in t h e  oven 3 h r s  a t  65OC. One peanut and one dowel wi th  each 
f l a v o r a n t  were then  p laced  i n  a ga l lon  con ta ine r  connected t o  t h e  v o l e  
cage (27 x 17 x 1 3  cm) by p l a s t i c  tubing (16 x 32 cm). Behavioral 
obsenra t ions  were taken dur ing  t h e  f i r s t  hour. A t  24 and 48 hours  t h e  
l o c a t i o n s  o f  dowels and peanuts  were noted,  and a t  48 hours  dowels 
were weighed t o  a s s e s s  damage by gnawing. One hour behav io ra l  obser- 
v a t i o n s  o f  s o l i t a r y  males and females and mixed-sex p a i r s  showed t h a t  
males cached more when housed wi th  females than when housed a lone,  and 
t h a t  females cached less when males were p r e s e n t ,  F(3,44)=4.68, 
2 < .025. Net caching was g r e a t e r  f o r  v o l e  p a i r s  than f o r  s o l i t a r y  
voles .  Analysis  o f  caching sequence showed no e f f e c t  of t a s t a n t ,  bu t  
peanuts  were cached be fo re  dowels, F(1,36)=5.09, 2 < -05. I n  6 h r  
behav io ra l  obse rva t ions  of seven p a i r s ,  males showed a n o n s i g n i f i c a n t  
t r end  toward g r e a t e r  caching than females,  t = 1.52, 2 < .l. Peanuts 
were cached b e f o r e  dowels, F(1,48)=23.52, 2 < .025. Sucrose i t e m s  
were cached be fo re  water ,  qu in ine  and app le  e x t r a c t  i tems,  and o i l  
i t ems  were cached b e f o r e  and water i tems,  E < .05. The two cached 
m a t e r i a l s  (peanuts  and dowels) s i g n i f i c a n t l y  i n t e r a c t e d  wi th  t h e  f i v e  
f l a v o r a n t s ,  F(4,48)=3.22, 2 < :025. 

Gnqwing of t h e  dowels was a f f e c t e d  by t a s t e ,  r e p l i c a t i n g  our 
e a r l i e r  24 h r  t e s t s .  I n  week-long t e s t s ,  o i l  soaked dowels were 
consumed more than a l l  o t h e r s ,  F(4,20)=6.06, 2 < .005, t - t e s t s ,  
2 < .05. A s i m i l a r  r e s u l t  was found i n  48 h r  t e s t s  us ing  s o l i t a r y  
males, F(4,50)=3.72, 2 < .025, o r  mixed-sex p a i r s ,  F(4/45)=5.51, 

< .005. Gnawing was s o  l i m i t e d  i n  s o l i t a r y  females t h a t  no e f f e c t  
was found, F(4/40)=.42, 2 = ns.  

It appear s  t h a t  gnawing, b u t  n o t  caching, is  demonstrably 
a f f e c t e d  by a d d i t i o n  of t a s t a n t s  and/or  n u t r i e n t s  t o  t h e  wood. Our 
d a t a  a l s o  suggest  t h a t  males cache and gnaw more than females. 

GNAWING: Having a l r e a d y  demonstrated t h a t  t a s t e  a d d i t i v e s  a f f e c t  t h e  
e x t e n t  t o  which v o l e s  gnaw p ine  dowels ( see  Caching s e c t i o n  and 2 ) ,  
we proceeded t o  test whether o r  no t  t a s t a n t s  a l t e r  a t t r a c t i v e n e s s  of 



r o o t s t o c k s  f o r  gnawing. Pine  vo les  p r e f e r e n t i a l l y  gnaw "Golden 
De l i c ious  " (GD) and Malling 9 (M9) and M. x sublobata  P.1 286613 (613) 
(1,2,10). We have some evidence impl i ca t ing  t e x t u r e  a s  a f a c t o r  i n  
d i f f e r e n t i a l  acceptance (3). I n  t h e  present  experiment,  we tes t edwhe the r  
acceptance of roo t s tocks  could be a l t e r e d  by a d d i t i o n  of a t a s t a n t .  

P ine  v o l e s  were housed i n  mixed-sex p a i r s  (N=54). P a i r s  were 
used on ly  once i n  any por t ion  of t h e  study. Rootstocks were c u t  i n  
15 cm l e n g t h s  and 4 l o n g i t u d i n a l  s l a s h e s  were c u t  i n  t h e  bark of each. 
Twigs were then soaked f o r  2 hours i n  25% f r u i t  e x t r a c t  s o l u t i o n s ;  
.05 M quinine hydrochlor ide  s o l u t i o n ;  .6 M glucose s o l u t i o n ,  o r  water.  
Rootstocks were then drained,  i n d i v i d u a l  weights  c o l l e c t e d  and each 
placed i n  a cage f o r  a 24 h r  t e s t .  Af te r  c o l l e c t i o n ,  twigs  were aga in  
weighed, inc lud ing  two c o n t r o l  twigs ( a s  be fo re )  f o r  each v a r i e t y .  
I n  t h e  f i r s t  p o r t i o n  of t h i s  s tudy,  Golden De l i c ious  and 613 were 
soaked i n  water ,  f r u i t  e x t r a c t  o r  glucose, f o r  subsequent t e s t i n g .  I n  
t h e  second por t ion ,  R.5 and M9 were soaked i n  glucose ,  quinine  and 
water  f o r  gnawing t e s t s .  

Tas tan t s  s i g n i f i c a n t l y  a f f e c t e d  acceptance of GD and 613 root-  
s tocks ,  F(2,48)=12.208, E < .001, wi th  glucose  s i g n i f i c a n t l y  p r e f e r r e d  
t o  water  (2 < .01) and t o  f r u i t  e x t r a c t  (2 < .0005), and water  a l s o  
p r e f e r r e d  t o  f r u i t  e x t r a c t  (2 < .025) (Table 1 ) .  Acceptance of R5 and 
M9 was a l s o  in f luenced  by t a s t a n t s ,  F(2,48)=4.137, E < ,025,  wi th  
glucose  p re fe r red  t o  quinine  (2 < .01). There was a l s o  a s i g n i f i c a n t  
i n t e r a c t i o n  between roo t s tock  v a r i e t y  and t a s t a n t ,  f o r  example, R 5  
t r e a t e d  wi th  quinine had l i m i t e d  acceptance when compared wi th  M9 
given t h e  same t r ea tmen t ,  ye t  t h e  a c c e p t a b i l i t y  o f  two r o o t s t o c k s  d i d  
no t  d i f f e r  wi th  glucose  t reatment ,  F(2,48)=7.56, < .005, qu in ine  
c o n t r a s t  1 < .005. 

I n  t h i s  experiment,  gnawing p re fe rences  f o r  t a s t a n t s  on roo t s tocks  
were s i m i l a r  t o  t h e  t a s t e  p re fe rence  p rev ious ly  shown f o r  s o l u t i o n s  
and d i f f e r e n t  from those  p rev ious ly  shown f o r  f l avored  wooden dowels. 
The mois ture  i n  r o o t s t o c k s  may account f o r  t h e i r  having been chosen 
s i m i l a r  t o  s o l u t i o n s .  

Table 1. Gnawing damage by p i n e  v o l e s  t o  r o o t s t o c k s  soaked i n  water  
f r u i t  e x t r a c t ,  g lucose ,  o r  qu in ine  s o l u t i o n s .  

Var ie ty  Glucose Water F r u i t  E x t r a c t  Quinine 

Golden De l i c ious  1.92 + .21* 1.63 + .30 .96 + .18 

613 1.97 + .30 1.10 + .13 1.03 + .10 

* 
Mean gm + s t andard  e r r o r  



This  s tudy  v e r i f i e s  that t a s t e  q u a l i t y  can a l t e r  gnawing of wood, 
however, we d id  n o t  f i n d  evidence t h a t  r o o t s t o c k  f l a v o r s  account f o r  
d i f f e r e n t i a l  r o o t s t o c k  a c c e p t a b i l i t y .  I n  previous  s t u d i e s ,  when 
d i s t i n c t i v e l y  f l a v o r e d  substances  were added t o  dowels, d i f f e r e n c e s  i n  
gnawing r e s u l t e d .  However, when rootstock-bark homogenates were 
r e c e n t l y  used a s  f l a v o r a n t s  f o r  dowels, gnawing was unaf fec ted  (41r 
though whole r o o t s t o c k s  of v a r i o u s  v a r i e t i e s  a r e  gnawed d i f f e r e n t l y  (596) 
While v o l e s  d i d  gnaw bo th  dowels and r o o t s t o c k s  d i f f e r e n t l y  i n  response 
t o  t a s t e  cues,  t h e  e f f e c t  was n o t  a s t rong  one when compared wi th  in- 
g e s t i o n  of s o l u t i o n s .  

W e  have found i n  r e l a t e d  s t u d i e s  t h a t  r o o t s t o c k  acceptance is 
h i g h l y  c o r r e l a t e d  wi th  t e x t u r a l  p roper t i e s .  P re fe r red  r o o t s t o c k s  a r e  
less dense (2,3), more t ender  (3) and perhaps more open i n  i n t e r n a l  
s t r u c t u r e  (7) .  The p r e s e n t  d a t a ,  showing a l i m i t e d  e f f e c t  of 
t a s t e ,  a r e  c o n s i s t e n t  wi th  our  previous  suggest ions  that t e x t u r e  
a f f e c t s  p re fe rence  more than  does t a s t e .  

GROOMING: The auto-grooming and hetero-grooming behavior  of p i n e  v o l e s  
and meadow v o l e s  were t e s t e d  by applying a carboxymethyl c e l l u l o s e  
(CMC) g e l  t o  one s i d e  of one member of a p a i r ,  and observing subsequent 
grooming. Voles were t e s t e d  i n  t h e i r  home cages under r ed  l i g h t ,  wi th  
a l l  food and water  removed from t h e  cage. CMC (3% s o l u t i o n ,  2.5 - 3.5g) 
was app l i ed  randomly t o  t h e  r i g h t  o r  l e f t  s i d e  o f  each s u b j e c t ,  from 
neck t o  rump. The v o l e  was then re tu rned  t o  t h e  cage t o  i n t e r a c t  wi th  
i ts  unso i l ed  pa r tne r .  

Grooming by t h e  two v o l e s  was manually-recorded on a 20 channel 
Esterline-Angus even t  r ecorde r  by an observer  who scored,  f o r  t h e  
s o i l e d  vo le :  head grooming, auto-grooming of t h e  r i g h t  and l e f t  s i d e s ,  
and hetero-grooming of t h e  o t h e r  vo le ;  and, f o r  t h e  unsoi led vo le :  
head grooming, auto-grooming o f  e i t h e r  s i d e ,  hetero-grooming of t h e  
r i g h t  and l e f t  s i d e s  of t h e  s o i l e d  vole.  

Data f o r  t o t a l  grooming dura t ion  a t  each body si te f o r  each t e s t  
were e x t r a c t e d  from a l l  s t r i p  c h a r t  records .  Also, i n  p ine  vo le  d a t a  
from Experiment 2, t h e  average grooming bout l e n g t h  f o r  each v o l e  
wi th in  each test and t h e  average in te rbou t - in te rva l  f o r  each v o l e  
w i t h i n  each test were a l s o  determined. Based on examination of grooming 
sequences,  a bout  i n t e r v a l  was o p e r a t i o n a l l y  de f ined  a s  any c e s s a t i o n  of 
grooming l a s t i n g  a t  l e a s t  20 sec .  

Experiment 1 

Pine  v o l e  p a i r s  (N = 16)  and meadow v o l e  p a i r s  (N = 9) were 
i n i t i a l l y  observed i n  t e n  minute tests. I n  each t e s t ,  one v o l e  of t h e  
p a i r  was coated u n i l a t e r a l l y  wi th  CMC, and t h e  gender given CMC was 
randomly a l t e r n a t e d .  Each p a i r  was t e s t e d  only once. Subsequently,  
p i n e  v o l e s  (N = 9 p a i r s )  were observed i n  t h e  same paradigm dur ing  
t h i r t y  minute tests. 

I n  t h e  1 0  minute t e s t ,  p i n e  v o l e s  wi th  s o i l e d  f u r  auto-groomed 
more than  t h e y  were hetero-groomed by t h e i r  cage p a r t n e r s ,  F(1,30)=8.8, 
2 < . O 1  (Table 2 ) .  I n  bo th  hetero-  and auto-grooming, t h e  s o i l e d  s i d e  
was groomed more than  t h e  c l e a n  s i d e ,  F(1,30)=17.7, 2 < .001. The 



i n t e r a c t i o n  was a l s o  s i g n i f i c a n t ,  F(1,30)=7.7, 2 < .01, r e f l e c t i n g  t h e  
e x t e n s i v e  auto-grooming on t h e  s o i l e d  s ide .  The s o i l e d  v o l e  engaged 
i n  s i g n i f i c a n t l y  more head-grooming than  d i d  t h e  unsoi led v o l e ,  
2 < ,005 (Table 3). 

I n  t h e  30 minute t e s t ,  t h e r e  was a s i g n i f i c a n t  i n t e r a c t i o n  between 
auto- vs. hetero-grooming and grooming o f  t h e  unsoi led vs. t h e  s o i l e d  
s i d e  by both  vo les ,  F(1,32)=9.5, 2 < ,005 (Table 2). S i g n i f i c a n t  
c o n t r a s t s  included: t o t a l  auto-grooming by t h e  unsoi led vo le ,  2 < .05, 
and auto- vs .  hetero-grooming by t h e  s o i l e d   vole,.^ < .05. There was 
no s i g n i f i c a n t  d i f f e r e n c e  i n  e x t e n t  of head grooming by s o i l e d  and 
unso i l ed  voles .  

I n  t h e  t e n  minute meadow v o l e  t e s t ,  e x t e n t  of grooming was much 
l e s s  than  i n  p i n e  v o l e s ,  and grooming of t h e  greased s i d e  d id  n o t  
s i g n i f i c a n t l y  d i f f e r  from grooming o f  t h e  ungreased s i d e  (Table 2).  
Durat ions  of auto-grooming a l s o  d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  However, 
t h e  s o i l e d  v o l e  groomed i t s  head a longer  dura t ion  than d i d  t h e  c l ean  
v o l e  (Table 3). 

P i n e  vo les ,  s i m i l a r  t o  o t h e r  rodents ,  i nc reased  auto-grooming of 
s o i l e d  f u r  and t h e  head a f t e r  being coated w i t h  a substance. Fur the r ,  
uncoated v o l e s  s e l e c t i v e l y  hetero-groomed t h e  coated s i d e  more t h a n  t h e  
uncoated s i d e  of t h e i r  cagemates. This  can r e f l e c t  e i t h e r  s o c i a l  
f a c i l i t a t i o n  caused by grooming of t h e  coated vo le ,  o r  responding 
d i r e c t l y  t o  t h e  coated fu r .  

Table  2. Grooming of a Uni l a t e ra l ly -So i l ed  Vole by I t s e l f  and Its 
P a r t n e r  

Auto Groom Hetero-Groom 

So i l ed  Side Unsoiled Side Soi led Side Unsoiled Side -- 
Pine  Vole 

1 0  min t e s t  N 16 16  1 6  1 6  

112.8 + 30.4* 4.7 2 .6 23.2 + 10.7 .8 + .5 

30 min t e s t  N 9 9 9 9 

Meadow Vole 

10  min t e s t  N 9 9 9 9 

7.8 + 5.8 .2 2 .2 2.78 2 2.7 0 

* 
Mean s e c  + Standard Er ro r  



Table 3. Head Grooming i n  Voles Whose Back Fur Is o r  
Is Not U n i l a t e r a l l y  So i l ed  

So i l ed  Vole Clean Vole 

P i n e  Vole 

Experiment 1 

10  min t e s t  

30 min t e s t  

Experiment 2  

20 rnin t e s t  

Meadow Vole 

Experiment 1 

10  min t e s t  13.8 + 4.5 (9) 0  (9) 

Experiment 2  

30 min t e s t  33.8 + 10.9 (24) 18.0 + 5.9 (24) 

* 
Mean s e c  + Standard E r r o r  (Number) 

Although performance o f  meadow vo les  was c o n s i s t e n t  w i t h  t h a t  of 
p ine  v o l e s ,  t h e  grooming dura t ions  were too  low t o  o b t a i n  s i g n i f i c a n t  
e f f e c t s ,  except  f o r  head-grooming. I n  t h e  subsequent experiment,  we 
inc reased  bo th  t e s t  d u r a t i o n  and number o f  s u b j e c t s  t o  o b t a i n  more 
d a t a  p o i n t s .  

Experiment 2  

I n  t h e  p r e s e n t  experiment,  t a s t a n t s  were added t o  CMC t o  determine 
whether t a s t a n t s  a f f e c t  grooming d u r a t i o n s  i n  p ine  v o l e s  and meadow 
voles .  

Experimentally-naive p i n e  v o l e s  (N=24 p a i r s )  were divided i n t o  
t h r e e  groups. Meadow v o l e s  (N=12 p a i r s )  were divided i n t o  two groups 
s i n c e  a d d i t i o n a l  n a i v e  animals  were unavai lable .  One member of each 
p a i r  was u n i l a t e r a l l y  coated w i t h  a  CMC s o l u t i o n :  p l a i n ;  ,015 M sodium 
sacchar ine:  and f o r  p i n e  v o l e s  only ,  .0024 M quinine hydrochlor ide .  
Each p a i r  was t e s t e d  twice  w i t h  t h e  s p e c i f i e d  CMC so lu t ion .  A s i n g l e  
member o f  t h e  p a i r  was coated w i t h  CMC, a l t e r n a t e d  and counterbalanced 
w i t h  r e s p e c t  t o  gender. P ine  v o l e s  were t e s t e d  f o r  20 min. and meadow 
v o l e s  f o r  30 min. 

Addi t ion of t a s t a n t s  had no s i g n i f i c a n t  e f f e c t  on grooming dura t iou  
i n  e i t h e r  p i n e  v o l e s  o r  meadow voles .  Nor was t h e r e  a  gender 
d i f f e r e n c e  i n  e i t h e r  spec ies .  Auto- and hetero-grooming by c l ean  and 



s o i l e d  p i n e  v o l e s  s i g n i f i c a n t l y  d i f f e r e d ,  F(2,84)=32.1, 2 < .O l . (Tab le  
4).  The s o i l e d  v o l e  groomed h i s  s o i l e d  s i d e  more than  he was groomed 
by t h e  c l ean  vo le ,  2 < .01. The s o i l e d  v o l e  a l s o  engaged i n  more 
head-grooming than d i d  t h e  c l ean  vo le ,  E < .01. 

Meadow v o l e s  engaged i n  s i g n i f i c a n t l y  more auto- than hetero-  
grooming, F(1,46)=8.35, 2 < .01 (Table 4). The coated v o l e  was groomed 
by i ts  p a r t n e r  more than t h e  c l ean  vo le ,  F(1,46)=6.39, 2 < .025. There 
was a l s o  a s i g n i f i c a n t  i n t e r a c t i o n  between t h e  two f a c t o r s ,  F(1,46)= 
12.14, 2 < .005 s i n c e  hetero-grooming exceeded auto-grooming i n  t h e  
c l ean  vo le ,  and t h e  r eve r se  occurred f o r  t h e  s o i l e d  vole .  There was 
no s i g n i f i c a n t  d i f f e r e n c e  in e x t e n t  of head-grooming by t h e  coated and 
t h e  uncoated voles .  

An a n a l y s i s  of bout d u r a t i o n  i n  p ine  vo les  showed t h a t  t h e  average 
grooming bout  dura t ion  was s i g n i f i c a n t l y  longer  i n  s o i l e d  v o l e s  a s  
compared wi th  unsoi led vo les ,  F(1,44)=12.45, E < .005 (Table 5) .  
So i l ed  v o l e s  engaged i n  more grooming bou t s  than d id  c l ean  vo les ,  
F(1,44)=7.30, 2 < .025. The inter-bout  i n t e r v a l  was unaf fec ted  by 
s o i l  on t h e  f u r .  Ne i the r  v a r i a b l e  was in f luenced  by gender. 

Experiment 2 demonstrates t h a t  t a s t e  q u a l i t i e s  do no t  a l t e r  
grooming dura t ion  i n  pine  v o l e s  o r  meadow v o l e s ,  a r e s u l t  t h a t  is con- 
s i s t e n t  w i t h  o t h e r  f ind ings .  Although t a s t a n t s  can a l t e r  gnawing of 
wooden dowels, t e x t u r e  appears  t o  b e  t h e  primary f a c t o r  account ing 
f o r  p r e f e r e n t i a l  gnawing of app le  roo t s tocks  (3) .  Tas te  p re fe rences  i n  
s o l u t i o n s  a r e  e x h i b i t e d  f o r  sodium sacchar in  bu t  t h e  same t a s t a n t s  
appear t o  have weak e f f e c t s ,  i f  any, i n  t h e  gnawing context  (4) .  

Previous  s t u d i e s  have noted t h a t  p e r i p h e r a l  s t i m u l a t i o n  i s  a 
powerful s t imulus  t o  auto-grooming i n  mice (8), kangaroo rats ( 9 ) ,  and r a t s  
(10). The p r e s e n t r e s u l t s  demonstrate tha t  hetero-groomingby a n u n s o i l e d  
vo le  a l s o  i s  inc reased  when i t s  p a r t n e r ' s  f u r  h a s  been so i l ed .  
Remarkably, t h e  e x t e n t  of hetero-grooming exceeds auto-grooming i n  
t h e s e  voles ,  Fur the r  s t u d i e s  could e l u c i d a t e  whether s o c i a l  grooming 
by t h e  c l ean  v o l e  is s o c i a l l y  f a c i l i a t e d  o r  i s  a d i r e c t  response t o  
t h e  m a t e r i a l  on t h e  p a r t n e r ' s  fu r .  

Under normal c i rcumstances ,  t h e  inc idence  of hetero-grooming is  
very low. One p o s s i b l e  c o n t r o l  technique i s  t o  apply a t o x i c a n t  t o  
voles '  f u r  (perhaps v i a  greased tubes) .  Such a method i s  s u c c e s s f u l  
w i t h  vampire b a t s ,  p a r t i c u l a r l y  s i n c e  a few toxicant-coated b a t s  
r e t u r n i n g  t o  t h e  home r o o s t  a r e  then  hetero-groomed by s e v e r a l  o the r s ,  
Our f ind ings  suggest  t h a t ,  a l though pine vo les  g e n e r a l l y  hetero-groom 
very l i t t l e ,  s o i l e d  f u r  l e a d s  t o  much h igher  l e v e l s  of hetero-grooming. 
It seems reasonable  t o  expect  t h a t  a tox ican t - so i l ed  p ine  v o l e  r e tu rn -  
i n g  t o  a home burrow would, v i a  hetero-grooming, provide t o x i c a n t  t o  
i t s  n e s t  pa r tne r s .  Radio-tracking f i e l d  s t u d i e s  i n d i c a t e  t h a t  a 
t y p i c a l  l i v i n g  group of p i n e  vo le  inc ludes  2-3 a d u l t  males, only one 
of which i s  breeding,  and 2-3 a d u l t  females (11). S o i l i n g  a s i n g l e  
family member could thus  c r e a t e  a t o x i c a n t  system t h a t  i s  automat ical ly  
de l ive red  t o  t h e  home n e s t .  



Table  4 .  Auto- and Hetero-Grooming by a So i l ed  Vole 
And Its Clean Pa r tne r  

Auto-groom Hetero-groom Auto-groom Hetero-groom - 
P i n e  Vole 

20 min test 149.4 + 21.3* .8 + .4 10.5 + 3.2 28.9 5 9.1 
(48) (48) 

Meadow Vole 

30 min test 181.0 + 59.6 .9 + .6 11.0 + 5.1 21.0 + 12.2 
(24) (24) 

* 
Mean s e c  + Standard E r r o r  (Number) 

Tab le  5. Grooming Parameters f o r  Voles a s  a 
Function of Whether The i r  Fur i s  Soi led 

So i l ed  Fur Unsoiled Fur 

Females Males Females - Males 

N = 24 24 24 24 

Bout 43.0 + 8.6* 74.4 + 15.3 14.7 + 5.3 25.8 + 11.2 
d u r a t i o n  (sec)  

Inter-bout  95.2 + 20.9 97.8 + 21.6 77.1 + 25.1 72.3 5 22.0 
i n t e r v a l  (sec)  

Number o f  b o u t s  3.4 + .7 7.8 t 4.1 2.3 t .7 2.0 + .6 

* 
Mean + Standard E r r o r  

TASTE AVERSIONS: Many rodent  s p e c i e s  e x h i b i t  unlearned p re fe rences  
f o r  sodium s a c c h a r i n  s o l u t i o n  over  water ,  i nc lud ing  meadow v o l e s  
(.006 M; 12 )  and p i n e  v o l e s  (.0035 M; 13). However, condi t ioned t a s t e  
ave r s ions  have no t  been desc r ibed  f o r  t h e s e  species .  I n  t h i s  exper i -  
ment v o l e s  were given a n  i n i t i a l  exposure t o  t h e  t a s t e  of sacchar in  
and subsequent ly  i n j e c t e d  wi th  e i t h e r  l i t h i u m  c h l o r i d e  s o l u t i o n  o r  
sodium c h l o r i d e  s o l u t i o n .  L a t e r ,  t h e  p re fe rence  f o r  sodium sacchar in  
s o l u t i o n  r e l a t i v e  t o  w a t e r  was measured i n  t h e  two groups. Pine  v o l e s  
(25 4 25 Q ) and meadow v o l e s  (22 8, 22 Q ) were housed ind iv idua l ly .  
Peanuts ,  sunf lower  seeds ,  and a l f a l f a  werz a v a i l a b l e  ad l i b  throughout 
t h e  study. 



The d r ink ing  tubes  used were c a l i b r a t e d  10  m l  sy r inges  f i t t e d  
wi th  metal  s i p p e r  tubes.  Each v o l e  was allowed t o  consume .5 m l  
of sacchar in  and then t h e  d r ink ing  tube was removed. During a one- 
week t r a i n i n g  pe r iod ,  p i n e  v o l e s  were deprived of water  f o r  17 hours  
d a i l y  and meadow v o l e s  were depr ived f o r  4 hours f o r  a 2 112 week 
per iod.  Following wa te r  depr iva t ion ,  v o l e s  were o f fe red  wa te r  on a 
schedule  p a r a l l e l i n g  t h e  experiment t o  f a m i l i a r i z e  them wi th  exper i -  
mental procedures.  Water was presented from a c a l i b r a t e d  d r ink ing  
tube f o r  f i v e  minutes,  and a f t e r  a 2 112 hour delay,  from two c a l i b r a t e d  
d r ink ing  tubes  f o r  one hour i n  t h e  af ternoon.  Standard wa te r  b o t t l e s  
and f r e s h  app le  were then provided t o  p i n e  v o l e s  f o r  3 112 hours  and t o  
meadow v o l e s  f o r  16 112 hours ,  and then water  depr iva t ion  was resumed. 

Meadow v o l e s  e x h i b i t e d  a s e n s i t i v i t y  t o  water  depr iva t ion  noted 
p rev ious ly  by o t h e r  i n v e s t i g a t o r s  (12,14). Therefore ,  meadow v o l e s u b j e c t s  
were given a s h o r t e r  wa te r  depr iva t ion  per iod than p ine  v o l e s ,  and t h e  
t r a i n i n g  regime f o r  inducing d r ink ing  was genera l ly  l e s s  e f f e c t i v e  f o r  
meadow voles .  Consequently, they took longer  t o  consume a s p e c i f i c  
volume of sacchar in  s o l u t i o n ,  and consumption on 2-choice p re fe rence  
t e s t s  was sometimes n i l .  The s h o r t  water  depr iva t ion  pe r iod  f o r  
meadow vo les  was adopted when a s i n g l e  overnight  depr iva t ion  r e s u l t e d  
i n  4 dea ths ,  

Induc t ion  of t h e  t a s t e  ave r s ion  was a 3-day procedure. On day 1 
each v o l e  was o f f e r e d  1 s i p p e r  tube and allowed t o  d r i n k  .5 c c  o f  water.  
One h a l f  hour a f t e r  r ece iv ing  t h e  d r ink ing  tube  each v o l e  was weighed. 
Weighing provided handl ing exper ience f o r  v o l e s  and was t h e  b a s i s  f o r  
c a l c u l a t i n g  i n j e c t i o n  dosages on t h e  fol lowing day. Two hours  a f t e r  
weighing, each v o l e  was o f fe red  2 d r ink ing  tubes  of water  s imul taneously  
f o r  1 hour,  a s  a mock p re fe rence  t e s t .  On day two each v o l e  was 
o f f e r e d  .5 c c  of t h e  a c t u a l  t a s t e  s o l u t i o n ,  Na sacchar in  (.2% wt /vo l  i n  
t a p  water) .  One h a l f  hour (pine  vo les )  o r  one hour (meadow vo les )  
l a t e r ,  each received an i n j e c t i o n  ( i p )  o f  e i t h e r  LiCl (-51% wt/vol  i n  
d i s t i l l e d  water ,  autoclaved t o  induce s i ckness  o r  NaCl (.88% wt /vo l  
i n  d i s t i l l e d  water ,  autoclaved)  a s  a c o n t r o l ,  w i th  approximately 
equal  numbers of males and females r ece iv ing  each t reatment .  Two hours  
(p ine  vo les )  o r  one hour l a t e r  (meadow v o l e s ) ,  each was given ano the r  
mock p re fe rence  t e s t  wi th  2 d r ink ing  tubes  of water  f o r  1 hour ,  and 
t h e  volume o f  water  drunk from each tubewas  recorded. On day th ree , each  
v o l e  was given t h e  a c t u a l  2-choice p re fe rence  t e s t  between d r i n k i n g  
tubes  of wa te r  and sacchar in  f o r  one hour. Amounts consumed of each 
were recorded, 

A p re fe rence  r a t i o  of sacchar in  s o l u t i o n  t o  t o t a l  f l u i d  consumption 
was der ived f o r  each 1 hr ,  2-choice test. For p ine  vo les ,  t h e  e f f e c t s  
of sodium v s  l i t h i u m  i n j e c t i o n s  on subsequent p re fe rences  were 
analyzed using a one-way a n a l y s i s  of va r i ance ,  wi th  gender a s  t h e  
independent f a c t o r .  Eleven meadow v o l e s  did  no t  consume measurable 
amounts of wa te r  o r  sacchar in .  This  r e s u l t e d  i n  unequal numbers o f  
males and females. Thus, t h e  d a t a  from bo th  sexes  were pooled and t h e  
s t u d e n t ' s  t - t e s t  was used t o  t e s t  f o r  d i f f e r e n t i a l  consumption. 

Animals t h a t  drank no sacchar in  p r i o r  t o  t h e  scheduled l i t h i u m  o r  
sodium i n j e c t i o n ,  o r  drank no l i q u i d  i n  t h e  p re fe rence  t e s t  were 
e l imina ted  from t h e  s tudy and no t  replaced,  reducing t o  46 p ine  v o l e s  



(22 d, 24 9 )  and 30 meadow v o l e s  (15 dl, 15  9 ) .  TWO a d d i t i o n a l  female 
p i n e  v o l e s  were removed a t  random t o  make equal  s i z e d  groups. 

Voles i n j e c t e d  w i t h  l i t h i u m  c h l o r i d e  avoided sodium sacchar in  i n  
subsequent two-choice p re fe rence  t e s t  (Figure  1 ) ;  p i n e  v o l e s ,  
F(1,40)=16.8, p < .001; meadow v o l e s  t (28)=12.5, E < .005). No 
s i g n i f i c a n t  gender e f f e c t  was found f o r  p i n e  voles .  These r e s u l t s  
support  t h e  n o t i o n  t h a t  v o l e s  form condi t ioned t a s t e  avers ions .  I n  
t h i s  r e s p e c t  t h e  v o l e s  a r e  s i m i l a r  t o  numerous o t h e r  s p e c i e s  t h a t  have 
been s tud ied .  

TASTE AVERSION EFFECTS ON GROOMING: The p rev ious  experiment showed 
t h a t  v o l e s  can form condi t ioned t a s t e  ave r s ions  t o  sacchar in .  I n  t h e  
p r e s e n t  experiment we app l i ed  sodium sacchar in  i n  a v i scous  v e h i c l e  t o  
t h e  f u r  o f  v o l e s  from Experiment 1 t o  determine whether t h e  vo les  would 
avoid grooming i n  t h e  presence of t h e  condi t ioned s t imulus .  

The experiment followed t h e  Experiment 1 pre fe rence  t e s t  by 3 
weeks i n  p i n e  vo les ,  and by 4 days i n  meadow voles .  Due t o  t h e  i n t e r -  
vening time s i n c e  Experiment 1 f o r  p i n e  v o l e s ,  each was given a r epea t  
sacchar in  p re fe rence  t e s t  on Day 1. This  s t e p  was omit ted f o r  meadow 
v o l e s ,  s i n c e  they  had completed Experiment 1 only d a y s e a r l i e r .  Onday 2, 
v o l e s  were coated on one s i d e  of t h e  body from neck t o  rump, wi th  a 
mixture  o f  carboxymethylcel lu lose  (3.0%) and sacchar in  (.35%) weighing 
2.5-3.5 g and p laced  under red l i g h t  i n  home bedding f o r  a 25 min 
grooming t e s t .  Grooming bout  dura t ions  were recorded manually on an 
Esterline-Angus even t  r ecorde r  and s e p a r a t e l y  scored a s  t o  s o i l e d  s i d e  o r  
unsoi led s i d e .  On day 3 a f i n a l  p re fe rence  t e s t  was adminis tered,  
again  measuring t h e  amounts of water  and sacchar in  t h e  exper imental  
v o l e s  drank i n  one hour. 

1 PINE VOLES 

B Lip Lit 

Figure  1: Sacchar in  consumption scores  f o r  sodium c h l o r i d e  and 
l i t h i u m  c h l o r i d e  i n j e c t e d  vo les .  



Voles which had been i n j e c t e d  wi th  l i t h i u m  and f a i l e d  t o  e x h i b i t  a  
condi t ioned t a s t e  ave r s ion  i n  e i t h e r  t h e  pre-grooming o r  t h e  post- 
grooming p re fe rence  t e s t s  were e l iminated from t h e  ana lys i s .  Also,sodium 
i n j e c t e d  v o l e s  f a i l i n g  t o  e x h i b i t  a  p re fe rence  f o r  sacchar in  ( l e s s  
than  50%) were e l iminated.  Eliminated by t h e s e  c r i t e r i a  on pre- and 
post-grooming t e s t s ,  r e s p e c t i v e l y ,  were: s o d i u m i n j e c t e d  p i n e  vo les ,  
l i t h ium- in jec ted  p i n e  vo les ,  8 ,  1; sodium-injected meadow vo les ,  3 ,  1; 
l i th ium- in jec ted  meadow vo les ,  3,6. I n  a d d i t i o n ,  one s o d i u m i n j e c t e d  
p ine  vo le  was removed i n  a  random fash ion  from t h e  ana lys i s .  

For d a t a  p repa ra t ion ,  t h e  fol lowing measures of grooming were 
e x t r a c t e d  from t h e  s t r i p - c h a r t  record;  grooming l a t ency ;  t o t a l  grooming 
dura t ion ;  and grooming on t h e  greased vs. t h e  ungreased s ide .  For 
p i n e  v o l e s ,  grooming dura t ions  and l a t e n c i e s  were sub jec ted  t o  a  one- 
way a n a l y s i s  of va r i ance  w i t h  gender a s  a  f a c t o r  and t h e  s o i l e d  v s . c l e a n  
s i d e s  a s  a  subplot  v a r i a b l e .  For meadow vo les ,  d i s p r o p o r t i o n a t e  
numbers of males and females remained, so  t h e  two sexes  were pooled and 
grooming durations,grooming l a t e n c i e s  and grooming of s o i l e d  v s  c l e a n  
s i d e  were analyzed w i t h  s e p a r a t e  s t u d e n t ' s  t - t e s t s .  

Grooming dura t ion  was unaffected by t reatment  f o r  bo th  meadow 
v o l e s  and p i n e  voles .  The greased s i d e  was groomed longer  than t h e  un- 
greased s i d e  i n  bo th  pine  vo les  F(1,24)=87.9, E < .001, and i n  meadow 
v o l e s ,  t (22)=8.75, 2 < .0005 (Figure  2).  Female p ine  vo les  spent  
more t ime grooming than  males,  F  (1,20) = 5.68, E < .05. 

P I N E  VOLES M E W V O L E S  
GROOMING GROOMING 

Figure  2: Grooming d u r a t i o n s  on t h e  greased and ungreassd s i d e s  
of s u b j e c t s  t h a t  had been i n j e c t e d  wi th  sodium c h l o r i d e  
o r  l i t h i u m  ch lo r ide .  



Grooming l a t e n c y  was a f f e c t e d  by t reatment  i n  p ine  vo les ,  a s  
l i t h i u p i n j e c t e d  animals  had a prolonged l a t ency ,  F(1,20)=6.69, E < .025. 
The greased s i d e  was groomed wi th  a s h o r t e r  l a t ency  than t h e  ungreased 
s i d e  i n  bo th  p i n e  v o l e s ,  F(1,24)=21.48: E < .001, and i n  meadow vo les ,  
t (22)=5.23, E < .0005. Thus v o l e s  which avoid sacchar in  i n  t h e i r  
d r i n k  do n o t  avoid grooming when sacchar in  i s  p resen t .  

Data f o r  t h e  post-grooming preference t e s t s  of Experiment 2 sub- 
j e c t s  a r e  shown i n  F igure  3. Pine  vo les  exh ib i t ed  a s i g n i f i c a n t  e f f e c t  
of i n j e c t i o n  t r ea tmen t ,  F(1/20)=155.0, E < .001, a s  d id  meadow vo les ,  
t(14)=59.4, E < .001. 

P ine  v o l e s  and meadow vo les  appear s i m i l a r  t o  many o t h e r  spec ies  i n  
forming a t a s t e  ave r s ion  t o  sacchar in  when a l s o  i n j e c t e d  wi th  l i t h i u m  
ch lo r ide .  Animals i n  whom an  ave r s ion  was induced subsequent ly  avoided 
d r ink ing  sacchar in  s o l u t i o n s .  However, when sacchar in  was appl ied t o  
animal ' s  f u r ,  t h e  average d u r a t i o n  and l a t ency  of t h e i r  grooming re- 
mained unaf fec ted  by t h e  avers ion.  The s i m i l a r  grooming d a t a  from 
animals  w i t h  and wi thou t  t h e  ave r s ion  show t h a t  t h e  t a s t e  ave r s ion  was 
i n e f f e c t i v e  a s  a d e t e r r e n t  t o  grooming and, presumably, inges t ion .  

Applying m a t e r i a l  t o  t h e  f u r  r e s u l t e d  i n  increased grooming on t h e  
s o i l e d  a s  compared w i t h  t h e  c l ean  s i d e  of t h e  fu r .  Changes i n  l o c a l  
p e r i p h e r a l  i n p u t  have been shown i n  e a r l i e r  s t u d i e s  t o  a l t e r  grooming 
dura t ion .  Various d i s tu rbances ,  inc lud ing  applying mild p e r i p h e r a l  
i r r i t a n t s  t o  t h e  p o s t e r i o r  s u r f a c e  of t h e  animal,  i nc rease  f ace  
grooming i n  mice (8). a h e n  and P r i c e  (10) r epor t  t h p t  undis turbed r a t s  spent 
s i g n i f i c a n t l y  more t ime  grooming a s i d e s o i l e d  wi thagar  than the  unsoi led 
s i d e  and Griswold -- e t  a l .  ( 9 )  found s i m i l a r  e f f e c t s  when they app l i ed  

PINE VCLES 
POST- GROOM 

MEADOW VOLES 
POST-GROOM 

Figure  3: Sacchar in  consumption s c o r e s  subsequent t o  grooming 
sacchar in  from f u r  i n  v o l e s  exposed (Li)  and not  
exposed (Na) t o  t h e  t a s t e  ave r s ion  t reatment .  



l a n o l i n  t o  one s i d e  of kangaroo r a t s  @'ipodomys merriami). Fur the r  
p r e f e r e n t i a l  grooming of s o i l e d  f u r  may extend t o  s o c i a l  grooming: both  
p i n e  v o l e s  and meadow v o l e s  heterogroom t h e  s o i l e d  s i d e  of a cage 
p a r t n e r  more than t h e  ungreased s i d e  (15). The presence of m a t e r i a l  on 
t h e  f u r  appears  t o  be  a powerful s t imulus  t o  groom. 

While v o l e s  formed t a s t e  ave r s ions  t o  sacchar in ,  r a t s  i n  our  
l abora to ry  e x h i b i t  f a r  g r e a t e r  avoidance, longer  r e t e n t i o n ,  and l e s s  
v a r i a b i l i t y  i n  t h e i r  ave r s ions  a s  t e s t e d  i n  s i m i l a r  paradigms (16).  

Voles a s  a group formed a s i g n i f i c a n t  ave r s ion  a f t e r  l i t h i u m  in- 
j e c t i o n  bu t  numerous i n d i v i d u a l s  d i d  not .  Thus, 38% of p ine  v o l e s  and 
64% of meadow vo les  were e l imina ted  from experiment 2 because they d i d  
not  e x h i b i t  s acchar in  avoidance i n  both  p re fe rence  t e s t s .  Furthermore, 
t h e  p re fe rence  f o r  sacchar in  was no t  e x h i b i t e d  by s e v e r a l  sodium-inject- 
ed i n d i v i d u a l s ,  36% of p i n e  v o l e s  and 25% of meadow voles .  Th i s  may 
have been a neophobia e f f e c t .  

Female p i n e  v o l e s  exh ib i t ed  a s i g n i f i c a n t l y  h igher  grooming 
dura t ion  than d i d  males. Since we do no t  s e e  t h i s  gender d i f f e r e n c e  
when one v o l e  i n  a mixed-sex p a i r  is  coated wi th  carboxymethylcel lu lose  
we would need more informat ion t o  i n t e r p r e t  t h e  d i f f e rence .  Del iver ing 
m a t e r i a l  t o  f u r  has  m u l t i p l e  e f f e c t s ,  which may synerg ize  t o  o v e r r i d e  
t h e  normal defenses  of roden t s  a g a i n s t  i n g e s t i n g  t o x i c a n t s :  1 )  grooming 
is  p o t e n t i a t e d  by t h e  substance on t h e  f u r ;  2) even i f  t h e  substance 
would be r e j e c t e d  f o r  feeding o r  d r ink ing ,  grooming (and presumably 
inges t ion)  proceeds space;  and 3)  i n  r a t s  but  n o t  p ine  vo les )  m a t e r i a l  
t a s t e d  whi l e  grooming, i f  a s soc ia ted  wi th  an i l l n e s s ,  may then reduce 
i n g e s t i o n  of t h e  m a t e r i a l  v i a  e a t i n g  and dr inking.  This  l a s t  po in t  
could r e s u l t  i n  an animal avoiding a food i t  normally p r e f e r s ,  a s  has  
occurred wi th  coyotes  a f t e r  they have fed  on l i th ium- t rea ted  sheep (17). 
Grooming o f f e r s  an a l t e r n a t e  means of d e l i v e r y  which does no t  r e q u i r e  
t h a t  t h e  animal feed o r  d r i n k  t h e  m a t e r i a l ,  simply t h a t  i t  c lean  i t s  
f u r .  Our r e s u l t s  suggest  t h a t  t h i s  method could be  used i n  v o l e  con t ro l  
t o  i n c r e a s e  acceptance of an avoided t o x i c a n t ,  perhaps  adminis tered i n  
greased tubes.  Fur the r  s t u d i e s  would be needed t o  determine: t h e  
r e t e n t i o n  curve over t ime f o r  t a s t e  ave r s ions  i n  vo les ,  and 2) t h e  re-  
t e n t i o n  curve f o r  a condi t ioned t a s t e  ave r s ion  when follow-up exposures 
t o  t h e  t a s t a n t  a r e  unaccompanied by i l l n e s s ,  a s  i n  t h e  grooming ex- 
per ience.  

CONCLUSIONS: Taken toge the r ,  t h e s e  experiments h i g h l i g h t  con tex tua l  
in f luences  on i n g e s t i o n  by voles .  Tas tan t s  e x e r t  a marked e f f e c t  on t h e  
q u a n t i t y  of l i q u i d  v o l e s  consume i n  two b o t t l e  p re fe rence  t e s t s ,  both i n  
d i r e c t  t e s t s  and i n  t a s t e  ave r s ion  paradigms. Tas tan t s  appear t o  
have l e s s  e f f e c t  on gnawing, and i n  caching t h e  t a s t a n t  e f f e c t  is b a r e l y  
d i s c e r n i b l e  o r  even absent .  F i n a l l y  t a s t a n t s  d id  not  in f luence  groom- 
ing  d u r a t i o n s  of mixed-sex p a i r s  when one vo le  was u n i l a t e r a l l y  coated 
wi th  a f l avored  gel.  The f l e x i b i l i t y  of vo les '  t a s t e  responses i n  
v a r i o u s  behav io ra l  con tex t s  can perhaps be  exp lo i t ed ,  and needs t o  be  
considered,  i n  t h e  development of new c o n t r o l  techniques.  
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