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I n t r o d u c t i o n  

Previous f i e l d  s tud ies  i n  V i r g i n i a  repor ted a longer  breeding sea- 
son i n  p ine  voles i n  maintained apple orchards than i n  abandonedorchdrds 
and a t t r i b u t e d  the  d i f f e r e n c e  t o  n u t r i t i o n  (Cengel e t  a l .  1978, Nof f -  
s inger  1976). The maintained orchard was theor ized t o  have b e t t e r  quan- 
t i t y  and q u a l i t y  o f  forage i n  f a l l  due t o  mowing, f e r t i l i z i n g  and the  
presence o f  apple drops. Hasbrouck e t  a l .  (1981) found a d u l t  male p ine  
voles snap-trapped i n  November and December i n  an orchard where apples 
were present  had s i g n i f i c a n t l y  heavier reproduct ive organs and h igher  
spermatozoa counts than those trapped i n  an area o f  the  orchard where 
appl es had been removed. 

No f fs inger  (1976) speculated an i n t e r a c t i o n  between a decl i n i n g  o r  
s h o r t  photoperiod and l e v e l  o f  energy i n t a k e  determined l e n g t h  o f  the 
breeding season i n  p ine voles i n  autumn. Nof fs inger  (1976) and Merson 
(1979) suggested s tudies be conducted t o  determine the  e f f e c t s  o f  a 
d e c l i n i n g  photoperiod on reproduct ion. The o b j e c t i v e  o f  t h i s  study was 
t o  determine the in f luence  o f  photoperiod and n u t r i t i o n  on food consump- 
t i o n ,  body cond i t i on  and reproduct ion i n  the  p ine vole. 

Methods and Mate r ia l  s 

The experiment was conducted i n  a metal frame b u i l d i n g  w i t h  sky- 
l i g h t  panels i n  the c e i l i n g  a l low ing  s u n l i g h t  i n t o  the  b u i l d i n g  One 
t o  two inches o f  s o i l  were placed i n  the  bottom o f  concrete troughs i n -  
s ide  the  b i l d i n g  and each trough was p a r t i t i o n e d  i n t o  f o u r  equal sec- Y t i o n s  2.3m i n  area. 

Voles were l i ve - t rapped  from an orchard i n  l a t e  J u l y  and i m e d i a t e  
l y  placed i n  the troughs. During the f i r s t  week o f  September, 2 males 
and 5 females were placed a t  random i n t o  12 o f  16 sect ions o f  the  
troughs. H a l f  o f  the  groups were f e d  a d i e t  o f  l i b i t u m  amounts o f  
Pur ina Rabbit  Chow (66% d i g e s t i b l e  energy, ~ervello-i%i-)-which had 
been ground i n  a Wiley M i l l .  The remaining groups were given the same 
d i e t  supplemented w i t h  apples. I n  mid-September f l uo rescen t  1 i g h t s  and 
b lack p l a s t i c  were suspended from the r a f t e r s  o f  the  b u i l d i n g  so t h a t  
h a l f  o f  the  groups were kept  on a constant 14L:lOD photoperiod and the  
o ther  h a l f  maintained on a na tu ra l  d e c l i n i n g  photoperiod. Thus, the  
treatment groups were those on a 14L:lOD l i g h t  regime w i t h  a group fed 



apple and chow and a group fed  on ly  chow, and those on a na tu ra l  dec l in -  
i n g  photoperiod w i t h  a group g iven apple and chow and a group given o n l y  
chow. I n  subsequent discussion, these groups w i l l  be denoted as LA 
(Long photoperiod-Chow d i e t ) ,  SA (Short photoperiod-Apple and chow d ietk  
and SC (Shor t  photoperiod-Chow d i e t ) .  

The experinlent was run f o r  12 weeks. The na tu ra l  photoperiod was 
approximately 12L:12D a t  the  beginning o f  the  experiment and 9.5L:14.5D 
a t  the  end. Food consumption was determined f o r  apple and chow sepa- 
r a t e 1  y  and converted t o  kcal d i g e s t i b l e  energy consumed per v o l e  per 
week. Body weight was measured every two weeks. Dead voles were r e -  
placed d u r i n g  the  f i r s t  h a l f  o f  the  experiment, b u t  no vo les were added 
dur ing  t h e  l a s t  s i x  weeks. Because o f  complicat ions due t o  rep lac ing  
voles, food consumption and body weights taken biweekly were analyzed 
s t a t i s t i c a l l y  f o r  o n l y  the  l a s t  s i x  weeks. 

The voles were s a c r i f i c e d  i n  mid-December and f rozen u n t i l  necropsy. 
A f t e r  thawing, reproduct ive organs and adrenal glands were removed from 
the  animals, placed i n  f i x a t i v e  so lu t ions  f o r  two weeks and weighed. 
Testes removed from males were f rozen and sperm counts were done l a t e r .  
A l l  remaining organs were then removed from the carcass, s t r ipped  of 
excess f a t  and the  f a t  re turned t o  the carcass. The carcass was homo- 
genized and crude body f a t  determined by ether  ex t rac t ion .  

Results and Discussion 

In take  o f  d i g e s t i b l e  energy ranged from 90-135 kcal  DE/vole/week. 
Voles on the  chow d i e t  consumed s i g n i f i c a n t l y  (P<0.001) more d i g e s t i b l e  
energy than those fed  apple and chow. Apples comprised 50-65% o f  the  
d i g e s t i b l e  energy i n t a k e  i n  groups w i t h  access t o  apples. 

There was a s i g n i f i c a n t  (P<0.03) e f f e c t  due t o  d i e t  f o r  change i n  
body weight from week 6 t o  week 12. Voles on the chow d i e t  l o s t  weight, 
wh i le  those fed apple and chow maintained body weight. 

Voles g iven apple and chow had s i g n i f i c a n t l y  (Pc0.01) more body f a t  
than those fed  chow. Female voles tended (F<0.09) t o  have h igher  mean 
f i n a l  body weights and had s i g n i f i c a n t l y  (PiD.04) more body f a t  than 
males. Females on the  apple and chow d i e t  had mean body f a t  l e v e l s  
around 40%. 

Voles on t h e  14L:lOD photoperiod had s i g n i f i c a n t l y  heavier  seminal 
ves ic les  (P<0.004), pa i red  tes tes  (P50.008) and u t e r i  (P~0.04) ,  and 
tended t o  have more sperm/mg tes tes  (P<O.06) and heavier pa i red ovar ies 
(P<0.07) than those on the  d e c l i n i n g  l i g h t  regime. Males on the apple 
and chow d i e t  had h igher  mean values f o r  reproduct ive c h a r a c t e r i s t i c s ,  
b u t  on ly  pa i red  tes tes  weight was s i g n i f i c a n t l y  (P<0.05) higher. D i e t  
had no e f f e c t  on the  reproduc t i ve  organ weight i n  females. 

F i e l d  s tud ies  have found a peak i n  reproduct ive a c t i v i t y  dur ing 
summer and l i t t l e  o r  no a c t i v i t y  dur ing  the  shor t  days o f  l a t e  f a l l  and 
w i n t e r  (No f fs inger  1976, Cengel e t  a l .  1978). These studies a lso  r e -  
l a t e d  h igher  reproduc t i ve  a c t i v i t y  i n  maintained orchards t o  h igher  
q u a l i t y  and/or q u a n t i t y  o f  forage. I n  t h i s  study voles on the d e c l i n i n g  



o r  s h o r t  photoper iod had lower  va lues f o r  rep roduc t i ve  c h a r a c t e r i s t i c s  
than those on t h e  l o n g  photoper iod.  Males on the  apple and chow d i e t  
c o n s i s t e n t l y  had heav ie r  r e p r o d u c t i v e  organs and h ighe r  sperm counts 
than those on t h e  chow d i e t .  

A t  f i r s t  g lance t h e  e f f e c t s  o f  d i e t  i n  t h i s  experiment appear con- 
t r a d i c t o r y .  Voles f e d  app le  and chow consumed l e s s  d i g e s t i b l e  energy, 
b u t  main ta ined body weight,  had more body f a t  and, i n  males, had h ighe r  
va lues f o r  r e p r o d u c t i v e  c h a r a c t e r i s t i c s  than those on t h e  chow d i e t .  
The d i g e s t i b l e  d r y  m a t t e r  (DDM) i n  t h e  stomach o f  vo les  t rapped i n  an 
o rcha rd  i n  an area w i t h  app les  a v a i l a b l e  was n o t  d i f f e r e n t  f rom t h e  DDM 
o f  those i n  an area w i t h  app les  removed ( S e r v e l l o  1981 ) .  However, r e -  
p r o d u c t i v e  organs and sperm counts  were h ighe r  i n  vo les  trapped i n  t h e  
area w i t h  app les  a v a i l a b l e  (Hasbrouck e t  a1 . 1981). Thus, apples do n o t  
appear t o  i nc rease  d i g e s t i b l e  energy i n take ,  b u t  do a f f e c t  t h e  rep ro -  
d u c t i v e  phys io logy  o f  p ine  vo les .  

I n  an orchard environment, perhaps bo th  photoper iod and n u t r i t i o n  
have a d d i t i v e  e f f e c t s  on r e p r o d u c t i v e  a c t i v i t y  and l e n g t h  o f  t h e  breed- 
i n g  season. When some aspect  o f  n u t r i t i o n  reaches a  l ow  o r  c r i t i c a l  
l e v e l  i n  f a l l ,  r e p r o d u c t i o n  ceases. I n  areas where food q u a l i t y  and/or 
q u a n t i t y  i s  n o t  l i m i t i n g ,  rep roduc t i on  may con t i nue  t o  occur  i n  f a l l  and 
even i n t o  w in te r ,  b u t  a t  reduced l e v e l s  due t o  t h e  i n h i b i t o r y  e f f e c t s  
o f  a  d e c l i n i n g  o r  s h o r t  photoper iod.  The a v a i l a b i l i t y  o f  apples may be 
i m p o r t a n t  i n  de te rm in ing  how q u i c k l y  a  d e c l i n i n g  photoper iod c u r t a i l s  
t h e  breed ing season i n  p i n e  vo les .  
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