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A Comparison of Maternal Behavior in Three Species of Voles (Microtus 
pennsylvanicus, M. pinetorum, and M. ochrogaster) Using a Laboratory 
System. 

B.A. McGuire. Department of Zoology, University of Massachusetts, 
Amherst, 01003 

M.A. Novak. Department of Psychology, University of Massachusetts, 
hmherst, 01003. 

Abstract 

A system has been developed to describe and compare the maternal 
behavior of three species of microvine rodents within a naturalistic 
environment. The apparatus consists of two interconnected Plexi- 
glas-based tables with a peat substrate and hay cover. A pregnant fe- 
male and her mate are placed within the tables, once the female has 
shown a thirty percent weight gain and pups can be felt by palpating 
her abdomen. Maternal behavior, as well as male-female interactions 
and information on pup physical and behavioral development, are re- 
corded daily for twenty-five days immediately following parturition. 
Unrestricted observation of female behavior during neonatal, pre- 
weaning and post-weaning phases of pup development is possible from 
below the tables. Preliminary observations indicate that pup be- 
havioral development rate, and male-female social interactions and 
spatial relationships during the breeding period, differ between the 
three species. This system provides for ease and clarity of obser- 
vation of individual microtines, thus combining the best attributes 
of both field and laboratory studies. 

Introduction 

Formulation of an effective program to control microtines re- 
quires lcnowledge of the social behavior of these rodents. Parameters 
of social biology such as spacing pattern, social structure, and 
specific behavioral interactions, are expressions of both the repro- 
ductive biology and the ecology of a species. In particular, inter- 
specific differences in mating system and parental care often reflect 
differences in reproductive strategies and/or habitat. 

Microtus pennsylvanicus, M. (= Pitymys) pinetorum, and M. 
ochrogaster reportedly differ in certain aspects of habitat preference 
(De Coursey, 1957; Getz, 1978; Miller, 1969; Paul, 1970), and repro- 
ductive characteristics such as age at sexual maturity, gestation 
period, and average litter size (Hasler, 1975). Closely associated 
with these differences are the postulated dissimilarities in mating 
system and social organization. M. enns lvanicus appears to display 
a social system based on territor~alTt~ b; reproductively active fe- 
males during the breeding season (Madison, 1980). Males overlap 
these territories and compete for estrous females in what seems to be 
a promiscuous mating situation. In contrast, the existence of monog- 
amy and stable family units has been proposed for M. ochrogaster 
(Getz, 1978; Getz and Carter, 1980; Thomas and Birney, 1979). Al- 
though little information exists on the mating system of M. pinetorum, 
individuals of this species reportedly occur in loose colonial assoc- 
iations (Paul, 1970). 



P a r e n t a l  c a r e ,  a component necessa ry  t o  complete t h e  comparison 
of t h e s e  t h r e e  s p e c i e s ,  has  r ece ived  l i t t l e  a t t e n t i o n .  Recent r ad io -  
t e l e m e t r i c  s t u d i e s  p rov ide  in fo rma t ion  on t h e  movement p a t t e r n s  of  
f r ee - rang ing  female  meadow v o l e s  (g. pennsylvanicus)  a t  t h e  t ime o f  
p a r t u r i t i o n  (Madison, 1978) ,  a s  w e l l  a s  t h e  f requency and d u r a t i o n  of 
n e s t  v i s i t a t i o n  by l a c t a t i n g  females (Madison, 1981).  Laboratory in-  
v e s t i g a t i o n s  by Thomas and Birney (1979) d e s c r i b e  p a r e n t a l  behavior  i n  
M. o c h r o g a s t e r  and p r e s e n t  d a t a  i n  t h e  form of  an  ethogram. Getz and - 
C a r t e r  (1980) a l s o  d e s c r i b e  c a r e  of o f f s p r i n g  by M. ochrogas t e r  and 
p rov ide  in fo rma t ion  on t ime s p e n t  i n  t h e  n e s t  w i t h  t h e  young by bo th  
p a r e n t s  and o l d e r  l i t t e r s .  However, comparative s t u d i e s  invo lv ing  
d e t a i l e d  o b s e r v a t i o n  and q u a n t i f i c a t i o n  of parent-young i n t e r a c t i o n s  
amocg d i f f e r e n t  s p e c i e s  of  m i c r o t i n e s  h a s  n o t  been undertaken. 

The p r e s e n t  s t u d y  r e p r e s e n t s  an  a t t empt  t o  q u a n t i f y  and compare 
ma te rna l  behav io r  i n  M. pennsylvanicus ,  M. pinetorum and M. ochrogas- 
t e r .  Mzle-female i n t e r a c t i o r l s  and e a r l y  p h y s i c a l / b e h a v i o ~ a l  a s p e c t s  - 
of pup development were noted,  a s  w e l l  a s  post-weaning i n t e r a c t i o n s  
between t h e  female  and h e r  o f f s p r i n g .  A l l  o b s e r v a t i o n s  were made i n  
a l a b o r a t o r y  environment which was des igned t o  c a p t u r e  t h e  c o n d i t i o n s  
under which v o l e s  a r e  found i n  t h e  wi ld ,  and t h e r e f o r e  minimize t h e  
v a r i o u s  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  bo th  f i e l d  and l a b o r a t o r y  s t u d i e s .  

M a t e r i a l s  and Methods 

Exper imenta l  animals  were s a l e z t e d  from a l a b a r a t o r y  colony which 
con ta ined  t h e  f o l l o w i n g  t h r e e  s p e c i e s ;  1 )  M. pennsylvanicus  - t rapped 
l o c a l l y  i n  Amherst, MA i n  1980, 2 )  g. pinetorum - t rapped from two 
o rcha rds  i n  F a i r f i e l d  County, Connect icut  i n  1980, and 3)  M. 
ochrogas t e r  - r e c e i v e d  from t h e  Animal Science  department a t  Univer- 
s i t y  of  Massachuset ts  i n  1977. Voles were housed a s  male-female p a i r s  
o r  a s  s i n g l e  s e x  groups  i n  a q u a r i a  (26 cm by 5 1  cm) o r  wi re  cages  (25 
cm by 52 cm) w i t h  a peat-wood shaving s u b s t r a t e  and hay cover .  Sun- 
f lower  s e e d s ,  r y e  seeds ,  l a b  chow, and wa te r  were provided ad l i b i t u m .  
Greens, i n  t h e  form of  sp rou ted  r y e  and sunf lower ,  were supp l i ed  once 
a week. A l l  an ima l s  were mainta ined on a 15L:gD photoper iod.  

Experiments were conducted i n  two 4' x 4 '  x Y' P l e x i g l a s  t a b l e s  
which were j o i n e d  by two P l e x i g l a s  tunne l s .  Each t a b l e  conta ined a 
1" p e a t  s u b s t r a t e  and e x t e n s i v e  hay cover.  I n i t i a l  runways were con- 
s t r u c t e d  by t h e  o b s e r v e r  p r i o r  t o  t h e  s t a r t  of a run ,  t o  ensu re  immed- 
i a t e  v i s i b i l i t y  from below t h e  t a b l e s .  Food, wa te r ,  and photoper iod 
i n  t h e  expe r imen ta l  rooms were s i m i l a r  t o  colony cond i t ions .  

To a c c u r a t e l y  a s s e s s  pregnancy and t o  o b t a i n  i n d i v i d u a l  b reed ing  
h i s t o r i e s ,  a l l  females  were weighed weekly on a t r i p l e  beam balance .  
The fo l lowing  in fo rma t ion  was recorded:  1 )  d a t e ,  2) weight ,  3) 
b i r t h  of  a l i t t e r ,  4 )  number of  pups bo rn lp resen t .  The de te rmina t ion  
of  pregnancy was based on two parameters ;  1 )  s i g n i f i c a n t  weight gain  
and. 2 )  p a l p a t i o n  of t h e  abdomen. Females used i n  t h i s  s tudy  had been 
p a i r e d  w i t h  males w i t h  whom they  had produced a t  l e a s t  one p rev ious  
l i t t e r  and s u c c e s s f u l l y  r e a r e d  t o  weaning. 

P r i o r  t o  placement of  a p a i r  i n t o  t h e  t a b l e s ,  t h e  female was 
weighed a g a i n  and t h e  v e n t r a l  s u r f a c e  of t h e  male was dyed wi th  
Nyanzol-D f o r  i d e n t i f i c a t i o n  purposes.  T r i a l  runs  i n d i c a t e d  no d i f -  
f e r e n c e  i n  behav io r s  between dyed males and those  males wi thout  dye. 

Dat? c o l l e c t i o n  began wi th  t h e  b i r t h  of a l i t t e r  and cont inued 
f o r  twenty-five days  t h e r e a f t e r .  Females were observed from bclow t h e  



t a b l e s  f o r  f i f t e e n  minu te s  each  day between t h e  hou r s  of  9:OO-11:OO 
A.M. Animals were removed from t h e  t a b l e s  and d a t a  c o l l e c t i o n  s topped 
f o r  t h e  f o l l o w i n g  r e a s c n s ;  1 )  d e a t h  of  a  l i t t e r ,  2 )  unusua l ly  s m a l l  
l i t t e r  s i z e .  S u i t a b l e  l i t t e r  s i z e s  f o r  each  s p e c i e s  were deterinined 
from v a l u e s  i n  t h e  l i t e r a t u r e  (Has l e r ,  1975) w i t h  s l i g h t  a d j u s t m e n t s  
made i n  accordance  w i t h  t h e  l i t t e r  s i z e s  observed i n  o u r  l a b o r a t o r y  
( s e e  Table  1 ) .  Determined l i t t e r  s i z e s  s e rved  on ly  a s  g u i d e l i n e s  t o  
e l i m i n a t e  from t h e  s t u d y  t h o s e  runs  which i nvo lved  unusua l ly  s m a l l  
l i t t e r s .  La rge r  l i t t e r s  were n o t  c u l l e d  i n  o r d e r  t o  minimize d i s -  
r u p t i o n  a t  t h e  n e s t .  I n  most i a s t a n c e s ,  however, l a r g e  l i t t e r s  were 
n a t u r a l l y  reduced t o  an  a p p r o p r i a t e  s i z e  w i t h i n  a  few days o f  p a r t u r -  
i t i o n .  

Table  1. De te rmina t ion  of s u i t a b l e  l i t t e r  s i z e s  f o r  each  s p e c i e s .  

Spec i e s  Average l i t t e r  s i z e  Average l i t t e r  s i z e  L i t t e r  s i z e s  
( l i t e r a t u r e )  (colony)  used 

M. pennsy lvan i cus  5.5 - 

M. p ine torum - 1 . 8  

M. o c h r o g a s t e r  - 3.9 

During each  o b s e r v a t i o n  p e r i o d ,  t h e  f requency and d u r a t i o n  o f  
s even t een  b e h a v i o r s  ( s e e  Table  2)  were r eco rded  u s i n g  a  More d a t a  ac- 
q u i s i t i o n  system. Developmental  i n f o r m a t i o n  conce rn ing  t h e  pups was 
a l s o  r eco rded .  P h y s i c a l  pa rame te r s  such  a s  appearance  of  h a i r  and eye  
opening were no t ed ,  i n  a d d i t i o n  t o  t h e  o n s e t  of  t h e  f o l l o w i n g  behavior-  
a l  c h a r a c t e r i s t i c s ;  1 )  e a t  s o l i d  focd ,  2 )  o u t  of n e s t ,  3)  l a s t  ob- 
s e rved  n i p p l e  a t t a chmen t .  P a t e r n a l  c a r e ,  and n e s t  number and l o c a t i o n  
were n o t e d  i n  d a i l y  r e c c r d s .  

Table  2.  Behaviors .  

grooming s e l f  
grooming pup 
c o n t a c t  
r e t r i e v e  
n e s t  b u i l d i n g  and maintenance  
t u n n e l  b u i l d i n g  and maintenance  
food cach ing  
e a t  o r  d r i n k  
locomote  

1 0  p a s s i v e  
11 approach male 
1 2  apprcach pup 
1 3  witl idraw from male 
1 4  wi thdraw from pup 
1 5  female  i n l o u t  of  n e s t  
16  male i n l o u t  of n e s t  
17  n u r s i n g  



Resu l t s  

Determinat ion of s p e c i e s  d i f f e r e n c e s  wi th  r e s p e c t  t o  t h e  f r e -  
quency and d u r a t i o n  of p a r t i c u l a r  behaviors  awa i t s  t h e  completion of 
f u t u r e  runs  and f i n a l  d a t a  a n a l y s i s .  P re l imina ry  obse rva t ions  r e f e r  
t o  e l even  completed runs  and f o u r  t r i a l  runs .  

Male-female s o c i a l  i n t e r a c t i o n s ,  s p a t i a l  r e l a t i o n s h i p s ,  and degree  
of p a t e r n a l  c a r e  c o n s t i t u t e  t h e  most obvious and c o n s i s t e n t  d i f f e r e n c e  
between t h e  t h r e e  s p e c i e s .  M. pennsylvanicus males and females  main- 
t a i n e d  s e p a r a t e  n e s t s  and si; o u t  of seven females  r e a c t e d  aggres s ivc -  
:y toward males i n  t h e  v i c i n i t y  of t h e  n a t a l  n e s t .  P a t e r n a l  c a r e  i n  
t h i s  s p e c i e s  was n o n e x i s t e n t .  In  c o n t r a s t ,  M. pinetorum mates nes t ed  
t o g e t h e r  and males  p a r t i c i p a t e d  i n  some p a r e n t a l  a c t i v i t i e s  such a s  
grooming pups and n e s t  bu i ld ing .  Nest c o h a b i t a t i o n  was a l s o  observed 
i n  g. ochrogas t e r .  I n  two of  t h e  t h r e e  runs  of t h i s  s p e c i e s  a second, 
temporary n e s t  was cons t ruc ted  i n  which t h e  male o c c a s i o n a l l y  brooded 
p a r t  of t h e  l i t t e r  w h i l e  t h e  female remained a t  t h e  primary n e s t  s i t e  
w i th  t h e  remaining pups. Male p r a i r i e  vo le s  e x h i b i t e d  e x t e n s i v e  
p a t e r n a l  c a r e  i n  t h e  form of  brooding, r e t r i e v i n g ,  grooming, and n e s t  
b u i l d i n g .  Females were f r e q u e n t l y  observed t o  l e a v e  t h e  n e s t  upon 
t h e  male ' s  a r r i v a l  and h i s  immediate assumption of p a r e n t a l  respon- 
s i b i l i t i e s .  A s  a r e s u l t ,  pups were r a r e l y  l e f t  unat tended.  

Length of  pe r iod  of maternal  c a r e  and post-weaning s p a t i a l  r e l a -  
t i o n s h i p s  d i f f e r e d  somewhat between spec ie s .  M. pennsylvanicus  fe-  
males s topped n u r s i n g  and abandoned t h e  n e s t  when t h e  pups were approx- 
ima te ly  two weeks o l d .  Cons t ruc t ion  of a second n e s t  by t h e  female 
f u r t h e r  ensu red  s e p a r a t e  n e s t i n g  by t h e  male,  female,  and l i t t e r .  
Nursing and a l l  o t h e r  a s p e c t s  of maternal  c a r e  cont inued f o r  c l o s e  t o  
t h r e e  weeks i n  M. pinetorum and family  members cont inued t o  s h a r e  a 
n e s t  f o r  t h e  l e n g t h  o f  a run. Cessa t ion  of  n u r s i n g  i n  M. ochrogas t e r  
occur red  when t h e  pups were two and a h a l f  t o  t h r e e  weeks of age and 
communal n e s t i n g  a l s o  p e r s i s t e d  a f t e r  weaning. 

P h y s i c a l  pa ramete r s  of  pup development were s i m i l a r  i n  a l l  t h r e e  
s p e c i e s .  Fur appeared on approximately day t h r e e  and eye opening 
occur red  a t  t h e  age  of  t e n  t o  twelve days.  Pups were u s u a l l y  observed 
o u t  of t h e  n e s t  w i t h i n  one day of  eye opening. Las t  observed u i p p l e  
a t tachment  f o r  g. pennsylvanicus  pups v a r i e d  from twelve t o  f o u r t e e n  
days and consumption of  s o l i d  food was f i r s t  noted on days  t h i r t e e n  
and f o u r t e e n .  R e l a t i v e  t o  g. pennsylvanicus ,  M. pinetorum pups 
showed s l i g h t l y  delayed development i n  t h e s e  two behav io ra l  para- 
me te r s  a s  n u r s i n g  cont inued f o r  twenty t o  twenty-one days and s o l i d  
food was f i r s t  coi~sumed a t  t h e  age of  f i f t e e n  t o  e i g h t e e n  days.  I n t e r -  
media te  v a l u e s  of  e i g h t e e n  t o  twenty-one days  f o r  l a s t  observed n i p p l e  
a t t achmen t  and twelve  t o  s i x t e e n  days  f o r  s o l i d  food consumption were 
ob ta ined  f o r  M. o c h r o g a s t e r  pups. 

Females of  a l l  t h r e e  s p e c i e s  f r e q u e n t l y  gave b i r t h  t o  a second 
l i t t e r  d u r i n g  t h e  twenty-five day run,  t h u s  p e r m i t t i n g  obse rva t ion  
of  female  r e a c t i o n s  t o  o l d e r  o f f s p r i n g  i n  t h e  presence of a new l i t t e r .  
S i x  o u t  of seven M. pennsylvanicus females  r e a c t e d  a g g r e s s i v e l y  to- 
ward o l d e r  o f f s p r i n g  i n  t h e  v i c i n i t y  of t h e  new n e s t .  However, 
aggres s ion  was n o t  con t inuous ly  d i sp layed  and seemed t o  i n c r e a s e  p r i o r  
t o  and j u s t  fo l lowing  p a r t u r i t i o n .  Females of t h e  remaining two 
s p e c i e s ,  g. pinetorum and M. ochrogas t e r ,  were neve r  observed t o  r e a c t  
a g g r e s s i v e l y  toward o l d e r  o f f s p r i n g  and a l l  family  members cont inued 
t o  s h a r e  a s i n g l e  n e s t .  



Discussion 

Observed s p e c i e s  d l f f e re r i ces  such a s  n e s t i n g  p a t t e r n ,  male-female 
i n t e r a c t i o n s ,  degree  of p a t e r n a l  c a r e ,  and r e a c t i o n  t o  o l d e r  o f f s p r i n g ,  
provide f u r t h e r  evidence t o  support  t h e  proposed d i s s i m i l a r i t i e s  i n  
mating system and s o c i a l  o rgan iza t ion  between t h e  t h r e e  spec ies .  

Radiote lemetr ic  s t u d i e s  (Madison, 1980) i n d i c a t e  t h a t  du r ing  t h e  
breeding season,  r ep roduc t ive ly  a c t i v e  female meadow v o l e s  a r e  t e r r i -  
t o r i a l ,  s e l f - s u f f i c i e n t  r e a r i n g  u n i t s .  M. pennsylvanicus females i n  
t h e  p resen t  s tudy  defended t h e  n e s t  a g a i n s t  males and f r e q u e n t l y  were 
i n t o l e r a n t  of o l d e r  o f f s p r i n g  i n  t h e  v i c i n i t y  of t h e  new n e s t  and 
l i t t e r .  This p a t t e r n  appears  t o  support  t h e  s e l f - s u f f i c i e n t  maternal- 
young u n i t  desc r ibed  by Madison (1980). Getz (1978) c i t e s  t r app ing  
d a t a  and l abora to ry  r e s u l t s  t o  suggest  a  promiscuous mating system i n  
M. pennsylvanicus .  Lack of a  s i n g l e  case  of s u s t a i n e d  n e s t  cohabi ta-  - 
t i o n  i n  t h e  f i e l d  l e d  Madison (1980) LO t h e  same conclusion.  In tense  
i n t r a s e x u a l  compet i t ion among males f o r  access  t o  r e c e p t i v e  females 
e x i s t s  i n  t h e  meadow vo le  (Madison, 1980). Webster (1979) c i t e s  a  
f i e l d  s i t u a t i o n  i n  which a t  l e a s t  f i v e  males were observed i n  t h e  
v i c i n i t y  of an e s t r o u s  female,  and four  a t tempted mounting. Females 
i n  our  s tudy  were extremely aggress ive  t o  males i n  t h e  a r e a  of t h e  
n a t a l  n e s t .  Nonselect ive  aggress ion  (displayed toward male and pre- 
sumably toward o t h e r  males) by female M. pennsylvanicus  nay b e  r e l a t e d  
t o  t h e  occurrence of repeated copu la t ions  wi th  d i f f e r e n t  males and t h e  
r e s u l t a n t  u n c e r t a i n t y  of p a t e r n i t y .  Aggression d i sp layed  by t h e  f s -  
male around t h e  n e s t  may r e p r e s e n t  an a t tempt  t o  prevent  i n f a n t i c i d e  by 
males. F i n a l l y ,  l a c k  of p a t e r n a l  c a r e  and s e p a r a t e  n e s t i n g  seem t o  
f u r t h e r  imply a  promiscuous mating system. 

Sased on t r app ing  d a t a ,  Paul  (1970) proposed a  loose ,  c o l o n i a l  
s o c i a l  o r g a n i z a t i o n  f o r  t h e  pine  v o l e ,  i n  agreement wi th  e a r l i e r  anec- 
d o t a l  r e p o r t s  of s c a t t e r e d  aggregat ions  (Benton, 1955; Hamilton, 1938). 
I n  t h e  p resen t  s tudy ,  M. pinetorum i n d i v i d u a l s  d isplayed a  h igh  degree  
of s o c i a l  to l e rance .  This  was demonstrated most s t r o n g l y  by t h e  
communal n e s t i n g  of t h e  o r i g i n a l  breeding p a i r ,  o l d e r  o f f s p r i n g ,  and 
new l i t t e r .  Resu l t s  suggest  t h a t  t h e  extended family may be t h e  u n i t  
of c o l o n i a l  s o c i a l  o rgan iza t ion .  

Getz (1978) and Getz and Car te r  (1980) c la im t h a t  a t  normal pop- 
u l a t i o n  d e n s i t i e s ,  M. ochrogas te r  i n d i v i d u a l s  e x i s t  i n  r e l a t i v e l y  
s t a b l e  family  u n i t s  i n  which only  t h e  founding p a i r  c o n t r i b u t e  t o  
populat ion rec ru i tmen t .  The sus ta ined  n e s t  c o h a b i t a t i o n  by a l l  family  
members i n  t h e  t h r e e  completed M. ochrogas te r  runs  i n  i n d i c a t i v e  of 
t h e  proposed s t a b l e  family  group. I n  a d d i t i o n  t o  r e p s r t s  of p a t e r n a l  
c a r e  (Getz and C a r t e r ,  1930; Thomas and Birney, 1979),  exper imental  
s t u d i e s  which involve t h e  behav io ra l  and phys io log ica l  f a c t o r s  con- 
t r o l l i n g  rep roduc t ion  (Getz and C a r t e r ,  1980) s t r o n g l y  po in t  t o  a  
monogamous mating system. Our documentation of ex tens ive  p a t e r n a l  
c a r e  is t h e r e f o r e  c o n s i s t e n t  wi th  e a r l i e r  r e p o r t s .  Male p a r t i c i p a t i o n  
i n  c a r e  of t h e  o f f s p r i n g  may dec rease  t h e  amount of t ime t h a t  t h e  fe- 
male must spend i n  t h e  n e s t ,  t has  a l lowing h e r  inc reased  time f o r  
fo rag ing  and o t h e r  a c t i v i t i e s .  Analysis  of t h e  frequency and dura t ion  
of s p e c i f i c  behav io r s  such a s  female i n l o u t  of n e s t ,  male i n l o u t  of 
n e s t ,  and e a t  o r  d r ink ,  may s e r v e  t o  r evea l  t h i s  t r end .  

M. inetorum pups e x h i b i t e d  t h e  longes t  nu r s ing  per iod.  F i r s t  
c o n s u ~ p t f o n  of s o l i d  food and l a s t  observed n i p p l e  attachment occurred 
a t  a  l a t e r  age i n  t h i s  s p e c i e s  than i n  M. pennsylvanicus and M. 



ochrogas te r .  Schadler  and B u t t e r s t e i n  (1979) no te  t h a t  t h e  reproduc- 
t i v e  p o t e n t i a l  of M. pinetorum i s  lower than t h a t  of most o t h e r  v o l e  
s p e c i e s .  L i t t e r  s i z e s  a r e  small and puber ty  occurs  a t  a r e l a t i v e l y  
l a t e  age i n  bo th  males and females.  Delayed pup development seems t o  
be  c o n s i s t e n t  wi th  t h i s  t r end .  

I n  conc lus ion ,  t h i s  system provides  informat ion which suppor t s  
t h e  d i f f e r e n t  mat ing systems and s o c i a l  o rgan iza t ions  which have been 
p o s t u l a t e d  f o r  t h e s e  t h r e e  s p e c i e s  i n  t h e  f i e l d ,  and t h e r e f o r e  appears  
t o  r e p r e s e n t  a v i a b l e  method f o r  observing mic ro t ines  under l abora to ry  
cond i t ions .  It is  a n t i c i p a t e d  t h a t  f i n a l  r e s u l t s  w i l l  provide i n f o r -  
mation on t h e  a c t i v i t i e s  of female v o l e s  dur ing  t h e  breeding per iod.  
Any observed d i f f e r e n c e s  i n  maternal  behavior  w i l l  f u r t h e r  complete 
t h e  comparison of t h e  s o c i a l  b i o l o g i e s  of M. pennsylvanicus ,  M. 
pinetorum, and M. ochrogaster .  
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