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REPRODUCTIVE PATTERNS IN THE PINE VOLE 

Margaret Hors fa l l  Schadler  
Department of  Biological  Sciences 

Union College 
Schenectady, New York 12308 

ABSTRACT: Reproductive p o t e n t i a l  i n  t h e  p ine  vole  is  low compared 
with o t h e r  small  rodents  including o t h e r  spec ie s  o f  vo le s ,  Age of  
ma tu r i ty  i s  l a t e .  Males do not rcach puber ty  before  51 days and females 
before  77 days. Es t rus  and ovula t ion a r e  not spontaneous but  tend t o  be 
induced by mature males. Gestation i s  long (24 days).  L i t t e r  s i z e s  a r e  
small  (2.8 young weaned p e r  female). L i t t e r s  a r e  produced l e s s  
f r equen t ly  because, although females mate and conceive wi thin  3 days o f  
p a r t u r i t i o n ,  prolonged g e s t a t i o n  i n s u r e s  a  minimum of  24-27 days between 
l i t t e r s .  Only dominant females i n  a  group c a r r y  l i t t e r s  t o  term 
rega rd le s s  of  t h e  age of  o t h e r  females i n  t h e  group. L i f e  span i s  s h o r t  
and crowding delays  reproduct ive  ma tu r i ty  thereby reducing p o t e n t i a l  f o r  
l a r g e  popula t ion inc reases .  

INTRODUCTION: Highl ights  o f  t h e  f i r s t  Eas tern  Pine and Meadow Vole 
Symposium noted t h a t  a  s e r i o u s  p ine  vo le  problem e x i s t s  and t h a t  much 
r e sea rch  w i l l  be r equ i red  t o  f i n d  t h e  r e a l  s o l u t i o n  t o  t h e  problem, 
Control i s  now exe rc i sed  through t h e  use o f  t ox ican t s .  However, i n  
New York S t a t e  environmental is ts  and wild l i f e  groups who were opposed 
t o  t h e  use o f  p e s t i c i d e s  succeeded i n  p r o h i b i t i n g  Endrin i n  1971. Without 
Endrin t h e  p ine  vo le  problem worsened and l a s t  f a l l  a s  a  "stop-gap 
measure" t h e  Commissioner of t h e  Department o f  Environmental Conservation 
l i f t e d  t h e  ban temporar i ly .  The l i f t i n g  of  t h e  ban brought many p r o t e s t s  
but  t h e  Commissioner c l e a r l y  had no choice.  The apple  crop was i n  danger 
and a t  t h a t  p o i n t  i n  our  understanding of  t h e  p ine  vole ,  poisoning o f f e r e d  
t h e  on ly  c o n s i s t e n t l y  r e l i a b l e  means o f  con t ro l .  But t h e r e  may be o t h e r  
ways o f  l i m i t i n g  p ine  vo le  popula t ions ,  I  hereby p resen t  my f ind ings  on 
reproduct ive  p a t t e r n s  i n  t h e  p ine  vo le  i n  t h e  hope t h a t  thorough 
understanding o f  t h e  l i f e  cyc le  of  t h i s  animal may suggest  o t h e r  s a f e r  
means f o r  r e s t r i c t i n g  i t s  growth. 

Problems faced by t h e  apple  growers notwi ths tanding,  t h e  p ine  vo le  
has  a  low reproduct ive  p o t e n t i a l  compared with o t h e r  vo le s .  Age o f  
ma tu r i ty  i s  l a t e .  Es t rus  i s  sporadic  and occurs  in f r equen t ly  i n  t h e  
absence o f  mature males. Gesta t ion is  long e f f e c t i v e l y  inc reas ing  t h e  
l eng th  o f  t ime between success ive  l i t t e r s  and thereby l i m i t i n g  t h e  number 
of l i t t e r s  dur ing a  reproduct ive  season. L i t t e r  s i z e s  a r e  small .  Only 
dominant females reproduce which l i m i t s  numbers o f  fecund females. 
Crowding has  a  d e l e t e r i o u s  e f f e c t  upon reproduct ion.  L i f e  span i s  s h o r t  
and popula t ion numbers a r e  s e l f  r e s t r i c t i n g .  

REPRODUCTIVE PATTERNS: Age o f  Reproductive Maturity.  Both male and 
female p i n e  vo le s  matured a t  a  l a t e r  age than  o t h e r  voles .  The e a r l i e s t  
age f o r  males was 7  weeks 3 days (51 days) and f o r  females 11 weeks (77 
days) .  

To t e s t  age o f  pube r ty ,  twelve young males were pa i r ed  with females 
o f  known matur i ty .  The age a t  which they were ab le  t o  s i r e  a l i t t e r  was 
noted. A l l  males were success fu l  i n  s i r i n g  l i t t e r s  between t h e  ages of  
51 and 77 days (Figure 1 ) .  As a  f u r t h e r  check of  sexual ma tu r i ty ,  
h i s t o l o g i c a l  s e c t i o n s  o f  t e s t e s  from developing males were examined 
microscopical ly .  They showed t h a t  production o f  mature sperm d id  not 



begin u n t i l  the  age of 6-7 weeks. By 8 weeks a l l  t e s t e s  examined showed 
mature sperm.Table 1 compares age of maturity of pine vole males with 2 
o ther  common vole species. 

FemaIe puberty was determined i n  
a s imi la r  fashion. Twenty three ex- 
perimental females were placed with 
. f e r t i l e  males f o r  a period of 24 
weeks. The age a t  which each was 
able  t o  conceive and carry a l i t t e r  
t o  term was noted. Twenty one of the  iG6 
23 were successful i n  conceiving a 

and 24 weeks (Figure 1 ) .  By 15 weeks 
l i t t e r  between t h e  ages of  11 weeks 

'" 
A 0 1  IN WISES 

more than ha l f  (13 of 21) had matured. 
An examination of  h i s to log ica l  sec t -  

Figure 1. Age a t  which males ions from ovaries  of 8-10 week o ld  successfully sired a litter and animals revealed they were submature. females conceived and carried a Some contained t e r t i a r y  ovarian 
f o l l i c l e s  but none had preovulatory litter term' 
f o l l i c l e s  o r  corpora lutea.  On the  
other  hand, 89% of  12 week old females 
had ovaries  with preovulatory f o l l i c l e s  and corpora l u t e a  indicat ing 

Table 1. Age a t  which males of  th ree  species of vo le  s i r e d  
a f i r s t  l i t t e r  

+ Laboratory Populations 

they had mated and ovulated o r  were i n  readiness t o  ovulate. Table 2. 
compares age of  maturity of  pine vole females with other  species of voles. 

Estrus .  Female pine voles did not showestrous cycles comparable t o  
those of laboratory r a t s  and mice. Vaginal smears indicated t h a t  a l l  
s tages of  e s t r u s  (proestrus ,  es t rus ,  metestrus and d ies t rus )  occurred i n  
voles but per iods were sporadic and often did not occur i n  the  absence of 
mature males. 

Estrus  was s tudied f o r  28 consecutive days i n  10 mature females 
housed adjacent t o  mature males i n  the  same cage but separated by a wire 
b a r r i e r  t o  prevent mating. No pa t te rns  of  c y c l i c i t y  occurred. Periods 
of es t rus  varied from 1 day t o  22 days and were separated by periods of 
d ies t rus  l a s t i n g  f o r  a minimum of  1 day and a maximum of 9 days. 

Males had a profound e f f e c t  upon e s t r u s .  In my experiment 29 



diestrus females housed in isolation were placed with mature males. 

Table 2. Age at which females of five species of vole conceived a 
first litter 

+ Laboratory Populations 

Animal 

M. ochrogaster - 

M. pennsylvanicus - 

M. agrestis - 

Clethrionomys glareolus 

M. pinetorum - 

Twenty four of the 29 reacted by entering estrus by the 5th day (Table 3). 
Vaginal snears showed the presence of sperm in all estrous animals 
indicating all females had mated. 

Table 3. Number of females in diestrus (N=29) on day zero which 
showed estrous smears within five days 

Age of Maturity in Days 

40 
40+ 

25-28 

21+ 

32+ 

77+ 

Investigator 

Fitch (1957) 
Richmond & Stehn (1976) 

Hamilton (1941) 

Chitty (1966) 

Peters & Clarke (1974) 

Schadler (1977) 

Mating. Pine vole females were promiscuous and mated during estrus 
with any available male. The above evidence indicated that the presence 
of mature males induced females to go into estrus and mate. For this 
reason a large number of litters can be sired by a single male. 

Number Females 

Ovulation. Ovulation was also male induced. In my colony no 
ovulation occurred without mating. Histological examination of ovaries 
and Fallopian tubes revealed that ovulation was completed and the ovum 
in the duct within 24 hours after coitus. This finding concurs with 
that reported by Kirkpatrick and Valentine. 

Day Number 
1 2 3 4 5 

0 0 14 8 2 

Gestation. Gestation was 24 days which is long compared with other 
voles. In my laboratory only one litter out of several hundred was re- 
corded as having been delivered in less than 24 days. These animals were 
born in 23 days. However, all infants died immediately suggesting they 
may have been born prematurely. Kirkpatrick and Valentine also noted 



a 24 day gestat ion.  Table 4 compares gestat ion i n  pine voles with t h a t  
i n  other  voles. 

In te rva l s  Between L i t t e r s .  The majority of healthy pine vole 
females s e v e r y  24-25 days (Figure 2 ) .  Females show- 
ed immediate post partum es t rus  and a l l  but a few conceived within 4 days. 
Those not conceiving immediately usual ly did not become pregnant f o r  
many days o r  weeks. 

L i t t e r  Size. L i t t e r s  were small. The average number of animals -- 
born i n  150 l i t t e r s  and the  number t h a t  survived t o  weaning a re  presented 
i n  Table 5. In the  laboratory, females averaged 3.11 young born per lit- 
t e r .  However, not a l l  survived and the  number reduced t o  2.75 a t  weaning. 

Table 4.* Length of  gestat ion and l i t t e r  s i z e  i n  the genus Microtus 
a s  determined i n  the laboratory 

* A l l  data  except Schadler (1977) excerpted from a review a r t i c l e  by 
Hasler (1975). 

Female pine voles have only 4 mammae 
which precluded large l i t t e r s .  

Species 

a r v a l i s  
a g r e s t i s  
ca l i fo rn icus  
longicaudis 
montanus 

I t  

ochrogaster 
1 1  

oeconomus 
oregoni 
pennsylvanicus 

I 1  

pinetorum 

11 

As might be expected, the  
survival  of l i t t e r s  i n  the wild i s  
l e s s  than t h a t  i n  the  laboratory, 
Field researchers  reported 2.0-2.2 
young per  female. For comparison of 
l i t t e r  s i z e s  i n  the  pine voles with 
t h a t  of o ther  voles see Table 4. 

Gestation 
(days) 

19-21 
19.7 
N.D. 
N.D. 
N.D. 
21 
21-23 
N . D .  
20-21 
N.D.  
21 
N.D. 
24-25 

24 

SOCIAL FACTORS AND REPRODUCTION: 
Ef fec t s  of  Crowding. Pine vole -- 
reproductive po ten t ia l  was s i g n i f i -  
can t ly  reduced when animals were 
crowded. Placement of more than 10 
newly weaned voles i n  an enclosure 
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L i t t e r  
(range) 

N.D. 
2-8 
1-9 
N . D .  
3-9 
N . D .  
1-8 
1-7 
N . D .  
1-6 
N.D.  
2-8 
N . D .  

1-6 

.. .. 
lnbrrols in days between lilterr 

Size 
(mean) 

N . D .  
4.7 
4.7 
4.0 
6.0 
4 .7  
3.8 
3.9 
N.D. 
3.8 
N . D .  
5.5 
1.8 

2.8 

Figure 2. Intervals  i n  days 
between 132 l i t t e r s  born t o  
permanently paired breeding stock. 



( i n  t h i s  case 20 gallon aquaria) resu l ted  i n  lack of of  sexual maturation 
and no reproduction. Microscopic examination of  h i s to log ica l  sect ions of 
gonads from 12 week old crowded animals (normal ovaries  and t e s t e s  a re  
typ ica l ly  mature a t  t h a t  time) showed incomplete gametogenesis and 
abnormal appearing gonads. 

Table 5. L i t t e r  s i z e  a t  b i r t h  and a t  weaning 

Number i n  l i t t e r  1 2 3 4 5 6 

Number of  l i t t e r s  8 33 62 33 10 4 

Total number of 
animals i n  each 8 66 186 132 50 24 
l i t t e r  s i z e  category* 

Number surviving 
t o  weaning+ 8 62 158 110 3 1 2 0 

"Mean 3.11 + 0.09 
+Mean 2.75 2 0.09 

Effect of  Dominant Female on Re roduction. Only dominant females 
r e p r o s  T n  c ~ m ~ a t i b ~ ~ s  ofpanimals with several females - - 
reproduction was l imited t o  the  dominant animals. 

This was demonstrated i n  one of my experiments which ca l led  f o r  
f r e e l y  growing colonies. A f r e e l y  growing colony is  originated by a 
s ing le  reproductive pa i r .  Any young t h a t  a r e  produced a r e  not removed 
a t  weaning but a r e  allowed t o  remain i n  the parent pen. The colonies 
were maintained f o r  11 months u n t i l  they ceased growing a t  which time a l l  
females were 14 weeks of  age o r  older. Only the  dominant females 
reproduced. These females were the founding mothers and i n  one cage one 
member of  the  f i r s t  l i t t e r  born t o  the  colony. None of  the  other  females 
was f e r t i l e .  

DISCUSSION AND CONCLUSION: Conclusions drawn from laboratory 
s tudies  about reproduction i n  the  wild may be r i sky .  However, it i s  
probably sa fe  t o  assume t h a t  l a t e  age of maturation, induced es t rus  and 
ovulation, 24 day gestat ion and 24-27 day in te rva l s  between l i t t e r s  a re  
comparable. We know l i t t e r  s i z e s  do not d i f f e r  much. Three d i f fe ren t  
researchers  reported l i t t e r s  of 2-2.2 animals per female i n  the wild 
compared with 2.75 young raised i n  the sa fe ty  of our laboratory. 

Evaluation of e f f e c t s  of pine vole soc ia l  organization upon 
f e r t i l i t y  i s  probably a b i t  r i s k i e r .  However, l e t  us assume t h a t  i n  
wild populations crowding does repress  f e r t i l i t y .  Let us a l so  suppose 
t h a t  reproduction i s  r e s t r i c t e d  t o  the dominant female i n  any soc ia l  
group. Both conditions have been widely reported f o r  o ther  small rodents 
and they probably occur i n  the wild i n  pine voles a l s o .  



Field researchers t e l l  us t h a t  pine voles l i v e  i n  soc ia l  groups o r  
colonies t h a t  may number as  many as  16 animals. I f  soc ia l  fac tors  do 
indeed a f f e c t  reproduction, an orchard population may possess only a 
l imited number of  fecund females. Because a s ing le  male can mate with 
any number of  females, population s i z e  depends upon the number of f e r t i l e  
females. 

Clearly we a r e  not t a lk ing  about a large number of  reproducing 
animals i n  a highly f e r t i l e  species .  Pine voles do not evidence 
dramatic population explosions and decl ines as  do many other  voles. 
In  addi t ion they a re  shor t  l ived.  Hayne calculated survival  r a t e  f o r  
3 months (when la rge  numbers o f  females should be coming i n t o  sexual 
maturity) t o  be 29%. By 5 months the  r a t e  decreased t o  13% and only 1% 
l ived  1 year. The l i f e  cycle of  an animal with a low reproductive 
po ten t ia l  and a shor t  l i f e  span has vulnerable points .  Perhaps the next 
s tage i n  the control  e f f o r t  on the  pine vole should concentrate on those 
vulnerable points .  
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