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HIGHLIGHTS OF THE SIXTH EASTERN PINE AND MEADOW VOLE SYMPOSIUM 

The Sixth Eastern Pine and Meadow Vole Symposium was held a t  the 
Cliffside Inn, Box 786, Harpers Ferry, West Virginia 25425, March 10-12, 
1982, f o r  the purpose of assessing the current s ta tus  of research, 
extension, and industry programs relating t o  the problem of vole damage 
t o  f r u i t  t rees.  The meeting was intended to  create a problem solving 
atmosphere in which growers; various governmental agencies such as EPA, 
USDA, USDI; the chemical industry; and university personnel could ob- 
serve the current thrus ts  of research and extension programs and thei r  
potential impact on future control strategies.  

By the 1982 meeting the influence of the USDI contract monies for  
pine and meadow vole research had been effective.  Both the qual i t y  and 
quantity of research papers was increased. Information relat ing to the 
ecology, behavior, physiology, movements, population monitoring, repro- 
duction, and control methodology of these animals had been generated by 
the various research groups. The meeting provided an excellent oppor- 
tunity fo r  various research groups to interact  and to assimilate the 
meaning of various research programs with regard to  vole damage control. 

The orchard tour prior to  the meetings emphasized differences in 
ground covers, soil  types, and vole populations under various cultural 
management programs. Of part icular interest  were the wide-band, bare 
soil  culture created with herbicide and cultivation methods. These 
methods combined with limited hand baiting or no treatment were reported 
t o  have adequately controlled both pine and meadow voles. The excellent 
tour and local arrangements were made by Dr. Roger S. Young, Research 
Pomologist with the West Virginia University, who i s  stationed a t  the 
University Research Farm a t  Kearneysville, West Virginia. 

In a l l ,  the Sixth Eastern Pine and Meadow Vole Symposium was proba- 
bly one of the most important symposia to  date. The qual i t y  of the 
presentations was impressive and data represented useful and much needed 
information. What was more gratifying was the productive exchange of 
information and ideas which went on "after  hours" between the researchers, 
extension personnel , growers, and chemical representatives throughout the 
symposium. The cooperative s p i r i t  of those involved in vole biology 
research, damage control and the support offered by USDI funding were 
certainly responsible f o r  increased understanding of the vole control 
problem. 



1982 VOLE SYMPOSIUM 
WEST VIRGINIA ORCHARD TOUR 

Roger  S. Young 
Wes t  Virginia  Univers i ty  E x p e r i m e n t  F a r m  

Kearneysv i l l e ,  WV 25430 

W a r m  S p r i n g s  O r c h a r d  - R o b e r t  W. But le r  

T h e  o r c h a r d  w a s  planted i n  1963 i n  a n  old o r c h a r d  s i t e  w h e r e  
vo les  w e r e  presen t .  The  toxicant  e n d r i n  a s  a  s p r a y  h a s  been appl ied 
on a  y e a r l y  b a s i s  f o r  vole  c o n t r o l  through 1976. During 1977-1978 
b r o a d c a s t  baiting fai led t o  c o n t r o l  the  vole  population. Under  t r e e  
cul t ivat ion w a s  s t a r t e d  in 1979. A spr ing  cul t ivat ion was  followed by 
h e r b i c i d e  t r e a t m e n t s .  F a l l  cul t ivat ions w e r e  followed by baiting of 
r u n s  a n d  b r e a t h e r  ho les .  Two comple te  hand p lacement  baiting w e r e  
m a d e  dur ing  t h e  N o v e m b e r - D e c e m b e r  per iod  and  aga in  during the  
F e b r u a r y - M a r c h  period.  The  toxicant  u s e d  during t h e s e  baiting 
p e r i o d s  h a s  been ro ta ted  between diphacinone (Ramik-brown),  
ch lorophac inone  (Rozol)  and  m o r e  recen t ly  z inc  phosphide pel leted 
bai t  ( Z P  pel let  f r o m  B e l l  Lab.  ). T h e  vole management  s y s t e m  e m -  
ployed s i n c e  1979 h a s  a p p e a r e d  to be giving s a t i s f a c t o r y  cont ro l  a t  
th i s  t i m e .  A high vole population s e e m s  t o  s t i l l  be p r e s e n t  i n  s o m e  
locat ions.  

Swan P o n d  O r c h a r d  - Wil l iam K i l m e r  

S t a r t e d  i n  1953 with a n  o r c h a r d  pas t  i t s  p r i m e  a g e  of product ion 
a n d  with a  high vole population. F n d r i n  s p r a y s  a n d  hand baid p lace-  
ment  w a s  p r a c t i c e d .  Renovat ion of the  o r c h a r d  w a s  s t a r t e d  with new 
plant ings having b e t t e r  c u l t u r a l - m a n a g e m e n t  p r a c t i c e s .  M o r e  f r e -  
quent  mowings a n d  t h e  u s e  of h e r b i c i d e s  w e r e  prac t iced .  A y e a r  
a r o u n d  c o m p l e t e  weed  f r e e  8- 10 ft. band h a s  been  p r a c t i c e d  s i n c e  t h e  
la te  1960's.  Up to 1970, y e a r l y  app l ica t ion  of endr in  w a s  appl ied to  
t h e  e n t i r e  o r c h a r d .  F r o m  1970 to 1973 only t h e  p e r i m e t e r s ,  fence 
rows a n d  rock  b r e a k s  w e r e  t r e a t e d  s i n c e  vole  populations had been 
cons iderab ly  reduced .  S ~ n c e  1973, no toxicants  have been u s e d  f o r  
vo le  con t ro l .  V e r y  effect ive y e a r  a r o u n d  weed  cont ro l  under  the  t rees ,  
f requent  mowings t o  k e e p  t h e  v e g e t a t ~ o n  l e s s  than 10 inches i n  height  
a n d  o t h e r  good san i ta t ion  p r a c t ~ c e s  a r e  a t t r i b u t e d  to  the  l ack  of vo les  
p r e s e n t  i n  th i s  comple te ly  rep lan ted  o r c h a r d  location. 

L e w i s  B r o t h e r  O r c h a r d  - C h a r l e s  a n d  Otho Lewis  

Toxican t  e n d r i n  s p r a y s  h a v e  been appl ied  f r o m  the  mid-1950's  
to  1975 o n  a  y e a r l y  b a s i s  f o r  vole  control .  E n d r i n  w a s  not holding 
down vole activity. In 1976, liquid chlorophacinone (Rozol) gave  v e r y  



excel lent  cont ro l ,  but the  1977 applicat ion was  a comple te  fa i lu re ,  
poss ib ly  due  to heavy rainfal l  following t he  applicat ion.  

End r in  w a s  aga in  used  in 1978 through 1980, but vole act ivi ty 
w a s  not e f fec t ive ly  reduced. 

In 1981, chlorophacinone a t  12 lb. / A  was  hand  baited on  the  
ba s i s  of 2 oz .  / t r e e  a t  two locations for  t r e e  spac ings  of 18 feet  and  
4 oz. / t r e e  for  36-40 foot t r e e  spac ings .  This  s y s t e m  h a s  given 
exce l len t  vole control .  Chlorophacinone and  Z P  pe l le t s  w e r e  applied 
b roadcas t  a t  10 a n d  20 lbs. / a c r e  r a t e s  but have  not given ve ry  good 
r e su l t s .  Mouse t e r r i a s  have  been used  and  a r e  mos t  effect ive for 
meadow vole  con t ro l  but poor for  pine vole control.  



A CURRENT ASSESSMENT OF VOLE DAFIAGE AND NUMBERS AND OF METHODS USED TO 
CONTROL VOLES I N  ONTARIO APPLE ORCHARDS 

Ronald J. Brooks and Stephen A. St ruger  
Department o f  Zoology 
U n i v e r s i t y  o f  Guel ph 

Guelph, Ontar io  
N1G 2W1 
Canada 

Abstract .  A province-wide eva lua t ion  o f  the amount, d i s t r i b u t i o n ,  
source and c o n t r o l  o f  damage t o  Ontar io  apple t rees was i n i t i a t e d .  
Data wereobtained from 280 responses t o  a quest ionnai re d i s t r i b u t e d  t o  
growers across Ontario, and from t r a p  censuses i n  three widely  separ- 
a ted areas. Meadow voles (Microtus pennsyl vani cus) damaged o r  des- 
t royed  8,423 t rees i n  o u r  quest ionnai re sample and o ther  mamnals 
damaged another 10,307 t rees .  No re1  a t ionsh ip  was found between 
a p p l i c a t i o n  o f  roden t i c ide  and l e v e l s  o f  damage, b u t  roden t i c ide -  
t rea ted  b a i t s  sharp ly  reduced numbers o f  voles on our t r a p  p l o t s .  
Orchards wi t h  h igh  l e v e l s  o f  damage were on average only  one- th i rd  as 
l a r g e  as the average orchard i n  our t o t a l  sample. A l l  damage by voles 
appeared t o  be caused by meadow voles and no p ine voles (M. pinetorum) 
were found. Numbers o f  voles va r ied  g r e a t l y  among our  three study 
areas. Future work w i l l  concentrate on fac to rs  causing h igh l e v e l s  o f  
damage and on the r e l a t i o n s h i p  between d ispersa l  o f  voles and the 
e f fec ts  o f  r o d e n t i c i d e  treatment. 

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

I n  Ontario, the re  has been very l i t t l e  systematic research i n t o  
the  amount and c o n t r o l  o f  damage caused by herbivorous mammals i n  
apple orchards, desp i te  abundant evidence from growers t h a t  t h i s  
damage i s  extens ive and c o s t l y  (Brooks and Schwarzkopf 1981). I n  
1981, Ontar io  growers sought t o  suppor t  a research program t h a t  would 
determine the amount o f  damage caused by voles and t h a t  would develop 
more economical and e f f e c t i v e  c o n t r o l  measures than those t h a t  e x i s t  
now. 

I n  September 1981, we i n i t i a t e d  a four-year  research program. 
The ob jec t i ves  o f  the f i r s t  phase o f  t h i s  research were: 

1. To i d e n t i f y  the mammalian species causing 
damage t o  Ontar io  f r u i t  t rees.  

2. To q u a n t i f y  the e x t e n t  o f  mammalian pest  
damage i n  Ontario. 

3. To assess the nature and e f fec t i veness  o f  
cu r ren t  management and con t ro l  pract ices.  

4. Using t rapp ing  techniques, t o  est imate 
dens i t i es  o f  voles i n  orchards i n  three 
areas o f  the province. 

From in fo rmat ion  obtained dur ing  t h i s  i n i t i a l  phase, we have 
formulated research plans d i r e c t e d  toward the  long-term goals of the 



p r o j e c t .  S p e c i f i c a l l y ,  these goals a re  t o  develop recommendations t o  
advise growers on cos t  and l a b o r - e f f i c i e n t  methods t o  reduce t r e e  
damage by rodents and, w i t h i n  these constra in ts ,  t o  recommend methods 
t h a t  minimize the use o f  tox icants  i n  c o n t r o l .  

Methods and M a t e r i a l s  

1. Ques t ionna i re  
I n  Se~tember  1981. auest ionnaires were d i s t r i b u t e d  bv mai l  t o  

1100 apple'  growers i n  0 n i a r i o .  These quest ionnaires provided inform- 
a t i o n  on: (a)  t r e e  composit ion ( i  .e., number, age, va r ie ty ,  e tc . )  and 
s i z e  o f  the orchard; (b) methods (i.e., t iming, and frequency o f  use 
o f  herb ic ides,  rodent ic ides,  mowing, c u l t i v a t i o n ,  e tc . )  of h a b i t a t  
management and rodent  pest  con t ro l  used by growers; ( c )  amount o f  
damage i n f l i c t e d  on t rees by mammalian pests; and (d) general l o c a t i o n  
o f  the orchard, depth o f  w i n t e r  snow cover and o ther  f a c t o r s .  

Returned quest ionnai res (280) were a1 located t o  f o u r  regions 
(F ig .  1 ) .  

A. Lake E r i e  = a l l  counties border ing on 
Lake E r i e  

B. Centra l  Ontar io  = a l l  counties from Lambton 
t o  York 

C .  Georgian Bay = count ies o f  Grey, Simcoe 
and Wel l ington 

D. Eastern Ontar io  = a l l  counties eas t  of York. 

2. Tra i n  Pro rams 
St::da:d I i ?e-t rappi  nq and snap-trappinq techniques ( ~ a v i s  1956, 

Krebs e t  a1. 1969, ~ e n z u l l i  e t  a1. 1980, '~ tockrahm e t  a1. 1981, 
Webster and Brooks 1981) were used t o  i d e n t i f y  rodent  species res iden t  
i n  apple orchards and t o  est imate populat ion l e v e l s  o f  these species. 
Trap g r i d s  were es tab l i shed  i n  orchards i n  Haldimand-Norfol k muni c i -  
p a l i t y ,  Grey County, and Pr ince Edward County (F ig .  1 ) .  The study 
orchards were se lec ted  because they had experienced damage by voles 
i n  prev ious years. Sampling was conducted i n  such widely  dispersed 
t r a p  g r ids ,  because the  Ontar io  Pest ic ides Advisory Committee (OPAC) 
expressed i n t e r e s t  i n  determining whether i t  would be f e a s i b l e  t o  
est imate vo le  l e v e l s  across apple growing areas o f  Ontar io  on the 
bas is  of samples f rom a s i n g l e  g r id .  

Four 0.21-ha l i v e - t r a p  g r ids  were establ ished i n  each o f  the 
th ree  sample areas. Trapping comenced i n  e a r l y  September and ended 
i n  mid-December. Each area was trapped throughout f o u r  consecutive 
24-h per iods on th ree  occasions (Cycles 1, 2, and 3), g i v i n g  a t o t a l  
o f  12 days and 12 n igh ts  t rapping on each study g r i d .  Ba i ted  Sherman 
l i v e  t raps  were s e t  a t  each g r i d  marker w i t h  5 m between markers. 
Traps were locked open f o r  24 h before each four-day Cycle began. 
Captured animals were marked w i t h  numbered ear tags, weighed, sexed 
and released. Reproductive a c t i v i t y  was a lso  noted. 

F ive  0.21-ha g r i d s  were establ ished on the three areas f o r  snap- 
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t r a p  sampl ing .  Snap t rapping was conducted twice: Session 1 occurred 
between l i v e - t r a p  Cycles 1 and 2; and Session 2 occurred between l i v e -  
t r a p  Cycles 2 and 3. Snap t rap  p l o t s  were sampled over two con- 
secut ive 24-h per iods i n  each session. " 

Results and Discussion 

The data from 280 quest ionnaires are summarized i n  Table 1 t o  
show the p e r  cen t  o f  apple trees damaged across Ontar io  i n  the w in te r  
o f  1980-81. Overa l l ,  mammals destroyed o r  damaged 1.9% o f  991,000 
t rees on our response sample. Therefore, i n  the average Ontar io  
orchard o f  3500 trees, about 70 t rees were damaged by rodents, hares 
o r  deer i n  the 1980-81 w in te r .  As our sample represented about 25% o f  
Ontar io  apple growers, we est imated t h a t  mammals damaged 75,316 t rees 
i n  wi n te r .  

Table 1. The percentage o f  apple t rees damaged by ver tebrate pests 
i n  Ontar io  i n  1980 - 81.' 

Region 

Lake E r i e  Centra l  Georgian Eastern Ontar io  
Niagara Ontar io  Bay Ontar io  To ta l  

To ta l  % 
apple t r e e s  1.57 2.34 2.51 2.85 2.28 
damaged 

By Voles 0.68 0.78 1.13 0.98 0.85 (0 - loo ) *  

Hare 0.58 0.32 0.80 0.25 0.45 (0-40) 

Deer 0.29 1.03 0.53 0.35 0.59 (0-60) 

other" 0.02 0.21 0.05 1.27 0.38 (0-30) 

* Range o f  values i n  parentheses. 
+ Figures based on responses from 280 quest ionnai res.  

++ Most damage i n  t h i s  category i s  from w i n t e r  k i l l  bu t  a few t rees 
were damaged by groundhogs (Marmota monax) . 

Voles damaged 0.85% (8423) o f  the t rees i n  our sample (Table 1) .  
Highest  l e v e l s  o f  vo le damage occurred i n  Georgian Bay and Eastern 
Ontar io .  I n  previous years, growers i n  these regions have repor ted 
greater  problems than have growers i n  the Lake E r i e  o r  Central  Ontar io  
reg ions.  

Deer (Odocoi leus v i  r g i  nianus) browsed on 0.59% (5847) o f  the t rees  
and i n f l i c t e d  heaviest  damage i n  Central  Ontar io  (Table I ) ,  where deer 
numbers are r e l a t i v e l y  high. Lagomorphs damaged 0.45% (4460) o f  a l l  
t rees and had t h e i r  g rea tes t  e f f e c t  i n  the Georgian Bay reg ion  



(Table 1 ) .  Most of the "other" damage (Table 1 )  was caused by extreme 
cold in  the winter of 1980-81. This problem was most severe in Eastern 
Ontario (Table 1 ) .  

Zinc phosphide- treated baits  were applied to orchards by 86.7% of 
the growers in our sample. In these orchards, voles damaged 0.80% of 
the trees (Table 2) .  In 21 orchards treated with Rami k Brown, 1.20% 
of the trees were damaged; whereas the 17 orchards not treated with 
rodenti cide experienced the lowest damage levels (0.30%). 

Table 2. The percentage of apple trees damaged by meadow voles 
(Microtus enns lvanicus) in orchards treated or not 
treated wi*. 

Region 
- 
Lake Erie Central Georgian Eastern Ontario 
Niagara Ontario Bay Ontario Total 

Rodenti cide program 

Zinc phosphide 0.67(72)* 0.80(77) 1.20(34) 0.75(59) 0.80 

Rami k brown 5.52 (3 )  0.51 (3) 1.03 (7)  1.46 (8) 1.20 

No rodenticide 0.30 (9) 0.00 (1) 0.00 (2)  0.52 (5) 0.30 

* Number of orchards i n  parentheses. 

The average number of trees in orchards not treated with rodenti- 
cides was only one-third (1187 trees)of the  number of trees i n  the 
average orchard was 3542 trees in  our ent i re  questionnaire sample. 
Many of the growers who did not apply rodenticides indicated that  
they did not do so  because they had no history of rodent damage. Some 
of these orchards were surrounded by cultivated or urban areas. 

To isola te  factors associated with high levels of damage, we 
looked next only a t  those orchards (N = 38) with more than 2.5% of 
the i r  trees damaged by voles (Table 3).  An average of 11.5% of trees 
were damaged in  these orchards, more than ten times the Ontario average 
(Table 3).  The mean number of trees in  these orchards was only 1428, 
compared to  the average of 3542 for  a l l  the orchards sampled by our 
questionnaire. Twenty-six of the 38 "high damage" orchards were 
treated with zinc phosphide baits ,  ye t  they s t i l l  had 13.8% of the i r  
trees damged by voles. 



e 3. The percentage o f  apple t rees damaged by meadow voles 
(Microtus pennsylvanicus) i n  orchards w i t h  more than 2.5% 
o f  t rees  damaged. 

Region 

Lake E r i e  Central  Georgian Eastern Ontar io  
Niagara Ontar io  Bay Ontar io  To ta l  

% Trees 
damaged 10.5(10)* 17.8(8) 11.9(7) 9.6(13) 11.5(38) 
( >  2.5% damaged) 

Mean number 
t rees lo rchard  1978 938 1553 1239 1428 
( >  2.5% damaged) 

Mean number 3190(84) 41 40(81) 3738(42) 31 60(72) 3542(280) 
t rees lo rchard  

* Number o f  orchards i n  parentheses. 

These r e s u l t s  i n d i c a t e d  t h a t  orchard s i z e  may be an impor tant  
f a c t o r  i n  repor ted  l e v e l s  o f  damage. Small orchards seemed t o  suffer 
very l i t t l e  damage (e.g. those described above t h a t  had n o t  been 
t r e a t e d  w i t h  roden t i c ide )  o r  a subs tan t ia l  and c o s t l y  l e v e l  o f  damage. 
There are th ree  poss ib le  explanations f o r  the  l a t t e r  case. 

1. As sma l le r  orchards have a h igher  per imeter1 
area r a t i o ,  a g iven r a t e  o f  immigrat ion o f  
voles would lead  t o  a h igher  l e v e l  o f  damage. 

2. Many small  orchards may be loca ted  i n  areas 
o f  1 ow-i n tens i  t y  a g r i c u l t u r e ,  and therefore,  
may be surrounded by o l d  f i e l d s ,  pastures, 
e t c .  t h a t  ma in ta in  h igh  numbers o f  voles. 
This  hypothesis i s  r e l a t e d  t o  the f i r s t  one. 

3. Small orchards may be more l i k e l y  t o  have 
inexperienced ( recent)  o r  i n e f f i c i e n t  owners 
as compared t o  l a r g e  operat ions. 

I n  1982, we w i l l  at tempt t o  ascer ta in  which o f  these p o s s i b i l i t i e s  i s  
the  most l i k e l y  reason f o r  the observed h igh l e v e l s  o f  damage by 
v i s i t i n g  the orchards and by a rev ised  and expanded quest ionnaire. 

Meadow voles, deer mice (Peromyscus maniculatus) and s h o r t - t a i l e d  
shrews ( B l a r i n a  brevicauda) were the on ly  species o f  small  mammals 
captured i n  l i v e  t raps .  No p ine  voles (Microtus pinetorum) were taken 
even though t h i s  species has been trapped i n  t h e  Haldimand-Norfolk 
reg ion  (Peterson 1966). I n  Pr ince  Edward County, meadow voles were 
numerous i n  Cycles 1 and 2 (88 and 72 voles/ha) . b u t  they dec l ined  t o  
low l e v e l s  (7.1 vo les lha)  i n  Cycle 3, a f t e r  z inc phosphoride t rea ted  



b a i t s  were app l ied  t o  the p l o t s  between cycles 2 and 3 (Table 4).  A 
s i m i l a r  dec l ine  was observed i n  Haldimand-Norfolk when roden t i c ide  was 
a p p l i e d  between Cycles 1 and 2 (Table 4). I n  Grey County, an area w i t h  
a h i s t o r y  o f  h igh  l e v e l s  o f  repor ted  vo le damage, dens i t i es  o f  meadow 
voles remained low throughout the study. Numbers o f  Peromyscus were 
low i n  a l l  sampling areas except i n  Haldimand-Norfolk dur ing the f i r s t  
cyc le.  No conclusions could be i n f e r r e d  regard ing e f f e c t s  o f  roden t i -  
c i d e  a p p l i c a t i o n  on numbers o f  t h i s  species. 

Table 4. The number o f  meadow voles (Microtus pennsylvanicus) per  ha 
l i v e  trapped i n  Southern Onta r io  apple orchards. 

Haldimand- Pr ince Edward 
CKXV Nor fo lk  County 

Cycle 

1 10.7(3.6)* 36.9(16.7) 88.0(2.4) 

2 11.9(3.6) 9.5 (2.4) 72.6 (0) 

3 6.0 (0)  4.8 (1.2) 7.1 (0) 

* Numbers i n  arentheses r e f e r  t o  the number o f  deer mice (Peromyscus 
manicu latusr  per  ha. 

Results from the snap-trap p l o t s  i n d i c a t e d  t h a t  dens i t i es  o f  
meadow voles were low i n  a1 1 areas and i n  both sessions, except fo r  
Session 1 i n  Pr ince  Edward County (Table 5) .  However, numbers i n  
Session 1 i n  Haldimand-Norfolk may have been underestimated owing t o  
inclement weather dur ing  the t rapp ing  session. 

Table 5. The number o f  meadow voles (Microtus pennsylvanicus) snap 
trapped i n  Southern Ontar io .  

Grey Haldimand- Pr ince Edward 
County Nor fo l  k County 

Session 

1 1 .o* 3.8 

2 1 .o 9.5 

* Number o f  meadow voles per  ha. 

Overa l l  , these r e s u l t s  i ndicate t h a t  numbers o f  meadow voles a re  
n o t  s i m i l a r  i n  orchards throughout the apple growing regions o f  Ontario. 



This i s  n o t  s u r p r i s i n g .  I n  add i t i on ,  i t  appears t h a t  app l i ca t ions  o f  
z inc phosphide- t r e a t e d  b a i t s  do cause s i g n i f i c a n t  reduct ions o f  numbers 
o f  r e s i d e n t  voles. However, t h i s  e f f e c t  may be o n l y  temporary as 
evidenced by the h igh l e v e l s  o f  damage t h a t  occur annual ly  i n  Grey and 
Pr ince  Edward Counties despi te  z inc  phosphide treatments. Because of 
t h i s  and because sma l le r  orchards o f t e n  have the h ighest  l e v e l s  o f  
damage, we suggest t h a t  voles may emigrate i n t o  orchards a f t e r  t h e  
r o d e n t i c i d e  has been consumed by the res iden t  populat ion o r  otherwise 
l o s t  i t s  e f fec t i veness .  I f  s i g n i f i c a n t  d ispersa l  takes p lace i n  winter,  
as appears sometimes t o  be the  case (Brooks and Webster i n  press),  then 
h igh  l e v e l s  o f  damage by voles cou ld  occur over w i n t e r  even though few 
voles were present  i n  the orchard i n  l a t e  f a l l  and e a r l y  w i n t e r .  

I t  appears t h a t  movements o f  voles i n t o  t rea ted  orchards may make 
f a l l  a p p l i c a t i o n s  o f  roden t i c ide  r e l a t i v e l y  i n e f f e c t u a l  i n  c o n t r o l  o f  
damage t o  t rees .  Development o f  a  con t ro l  program t o  prevent  damage 
by voles over  w i n t e r  w i l l  r e q u i r e  an understanding o f  the ex ten t  and 
t i m i n g  o f  these movements. To t h i s  end, we wi 11 use radiote lemetry  
(e.g., Pagano and Madison 1981, Webster and Brooks 1981) t o  moni tor  
movements, p a r t i c u l a r l y  dur ing l a t e  f a l l  and e a r l y  w i n t e r  a f t e r  
r o d e n t i c i d e  a p p l i c a t i o n .  As c a r r i e d  o u t  a t  present, roden t i c ide  
c o n t r o l  measures have on ly  a shor t - term e f fec t i veness  and show l i t t l e  
re1  a t i o n s h i p  t o  l e v e l s  o f  overwinter  damage caused by voles. 

Quest ionnai res p rov ide  an economical means t o  ob ta in  in fo rmat ion  
over a l a r g e  area. I n  1982, we w i l l  update and reorganize our  quest ion- 
n a i r e  t o  evaluate more s p e c i f i c  quest ions t h a t  have a r i s e n  from our  
1981 e f f o r t .  I n  p a r t i c u l a r ,  we w i l l  examine those orchards sub jec t  t o  
heavy damage i n  1980-81 and add quest ions p e r t a i n i n g  t o  grower 
a t t i t u d e s  and degree o f  f l e x i b i l i t y  i n  a1 t e r i n g  t h e i r  c u l t u r a l  
p rac t i ces .  We a l s o  p l a n  t o  i n v e s t i g a t e  e f f e c t s  o f  h a b i t a t  manipulat ion 
on numbers o f  voles (Steele 1977) using enclosures and various c u l t u r a l  
p rac t i ces .  F i n a l l y ,  we wi 11 disseminate in fo rmat ion  use fu l  t o  growers 
both t o  enhance t h e i r  understanding o f  the o v e r a l l  problem, and t o  
a s s i s t  them i n  developing c o n t r o l  programs t h a t  a re  more e f f e c t i v e  and 
economical. 

Summary: Over the w i n t e r  o f  1980-81, mamnals damaged about 2% o f  apple 
t rees  i n  Ontar io  orchards. Highest damage was s u f f e r e d  by sma l le r  
operat ions and although roden t i c ides  were e f f e c t i v e  over the s h o r t  
term, a p p l i c a t i o n  o f  these tox ins  bore no d i s c e r n i b l e  r e l a t i o n s h i p  t o  
l e v e l s  o f  damage over the  e n t i r e  w in te r .  Overa l l ,  populat ions of 
meadow voles i n  f a l l  1981 were a t  low leve ls .  There was no evidence 
t h a t  p ine voles were causing damage i n  Ontar io .  Future s tud ies w i l l  
concentrate on d e f i n i n g  o ther  f a c t o r s  associated w i t h  h igh  l e v e l s  o f  
damage. 
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A b s t r a c t :  A p o i s o n e d  b a i t  f e e d e r  s t a t i o n  i s  b e i n g  
e v a l u a t e d  f o r  a  l o n g  term meadow v o l e  c o n t r o l  i n  O n t a r i o  
a p p l e  o r c h a r d s .  T h i s  b a i t  s t a t i o n  c a n  m a i n t a i n  a  b a i t  
s u p p l y  even  u n d e r  d e e p  w i n t e r  snow c o v e r ,  commonly 
e x p e r i e n c e d  i n  O n t a r i o ,  when v o l e s  i n f l i c t  e x t e n s i v e  
t ree damage.  L a t e s t  g e n e r a t i o n  of a c u t e  a n t i c o a g u l a n t s ,  
e n c a p s u l a t e d  z i n c  p h o s p h i d e ,  and commercia l  f o r m u l a t i o n  
o f  z i n c  p h o s p h i d e  t r e a t e d  c r a c k e d  c o r n  b a i t  i n  t h e  b a i t  
s t a t i o n s  a r e  e v a l u a t e d  a g a i n s t  t h e  c o n v e n t i o n a l  b r o a d c a s t  
a p p l i c a t i o n  o f  t h e  z i n c  phosph ide  t r e a t e d  c r a c k e d  c o r n .  

I n t r o d u c t i o n :  Meadow v o l e ,  Mic ro tus  p e n n s y l v a n i c u s ,  i s  
t h e  most  common f i e l d  r o d e n t  found  i n  O n t a r i o  and c a u s e s  
e x t e n s i v e  damage t o  o r c h a r d s  and hardwood p l a n t a t i o n s  
( R a d v a n y i ,  1 9 7 4 a ,  1 9 7 4 b ) .  The damage i s  u s u a l l y  most 
s e r i o u s  when t h e i r  normal  food  s u p p l y  i s  l i m i t e d  e s p e c i a l l y  
u n d e r  d e e p  snow c o v e r  d u r i n g  w i n t e r  when o c c a s i o n a l l y  v o l e s  
b r e e d  (Brooks  e t  a l .  1 9 7 6 ) .  The O n t a r i o  M i n i s t r y  of 
A g r i c u l t u r e  and-~ood ( E l l s  and H i k i c h i ,  1 9 7 9 )  s u g g e s t s  
t h a t  t h e  o r c h a r d s  c a n  b e  p r e v e n t e d  by mowing t h e  s o d s  
r e g u l a r l y ,  c l e a n i n g  up t r a s h  from b a s e s  of f e n c e s ,  keep ing  
g round  c l e a n  a round  t r e e  b a s e ,  u s e  o f  p i t f a l l s ,  and 
e s p e c i a l l y  p r o t e c t i n g  t h e  young trees by g a l v e n i z e d  w i r e  
mesh t r e e  g u a r d s .  Po i soned  b a i t s  c o n t a i n i n g  z i n c  
p h o s p h i d e ,  d i p h a c i n o n e ,  o r  c h l o r o p h a c i n o n e  a r e  commerc ia l ly  
a v a i l a b l e .  I n  t h e  f a l l ,  b e f o r e  t h e  ground i s  c o v e r e d  w i t h  
snow, i t  is recommended t o  l i g h t l y  d i s t r i b u t e  t h e  b a i t  
j u s t  i n s i d e  t h e  d r i p  l i n e  o f  t h e  t r e e ,  i n  b a i t  s t a t i o n s ,  
o r  i n  a l i n e  a l o n g  each  s i d e  of t h e  t r e e  row. TI e b a i t  
may b e  d i s t r i b u t e d  w i t h  a  f e r t i l i z e r  o r  s e e d  s p r e a d e r .  
I n  problem o r c h a r d s  and where mice move i n  f rom a d j a c e n t  
f i e l d s  o r  woods ,  r e p e a t e d  a p p l i c a t i o n  of b a i t  i s  n e c e s s a r y .  
Moist  c o n d i t i o n s  w i l l  d e t e r m i n e  t h e  c h o i c e  and e f f e c t i v e -  
n e s s  o f  b a i t  f o r m u l a t i o n s .  Under s u c h  p r e v a i l i n g  
c o n d i t i o n s ,  e s p e c i a l l y  unde r  a  d e e p  w i n t e r  snow c o v e r ,  
l i m i t i n g  c o n t r o l  i n  t h e  f a l l  would b e  i n e f f e c t i v e  u n l e s s  
t h e  v o l e s  were  c o m p l e t e l y  e l i m i n a t e d a n d t h e r e  i s  no 
r e i n v a s i o n .  T h e r e f o r e ,  t h e  e x t e n d e d  w i n t e r  s e a s o n  and t h e  
p o s s i b i l i t y  of  w i n t e r  b r e e d i n g  p roduce  a  major  problem i n  
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v o l e  c o n t r o l  i n  O n t a r i o  (Brooks  and Schwarzkopf ,  1 9 8 1 ) .  

Dur ing 1 9 7 1  - 72 s t u d i e s .  were  c a r r i e d  o u t  i n  s o u t h e r n  
O n t a r i o  t o  d e t e r m i n e  i f  t h e  meadow v o l e  p o p u l a t i o n  c o u l d  
b e  c o n t r o l l e d  s u c c e s s f u l l y  by  b r o a d c a s t i n g  a n t i c o a g u l a n t  
p o i s o n e d  g r a i n .  T h i s  c o n t r o l  method was e f f e c t i v e  o n l y  
t e m p o r a r i l y  and r a p i d  r e i n v a s i o n  and h i g h  r a t e  o f  
r e p r o d u c t i o n  b r o u g h t  t h e  p o p u l a t i o n  back t o  h i g h e r  l e v e l s .  
I n  1973 ,  p o i s o n e d  b a i t  f e e d e r  s t a t i o n s  were  p l a c e d  and 
f o u n d  v e r y  e f f e c t i v e  i n  p r o v i d i n g  an  i n e x p e n s i v e  l o n g  
term r o d e n t  c o n t r o l  ( R a d v a n y i ,  1 9 7 4 a ) .  These  f i n d i n g s  
were  a g a i n  r e p o r t e d  when t h e  p o i s o n e d  b a i t  f e e d e r  s t a t i o n s  
r e d u c e d  t h e  t r e e  g i r d l i n g  damage from 50 p e r c e n t  t o  1 - 2  
p e r c e n t  (Radvany i ,  1 9 8 0 ) .  The a d v a n t a g e s  o f  t h i s  t y p e  of 
f e e d e r  were  d e s c r i b e d  i n  d e t a i l  by Radvanyi ( 1 9 7 4 a ) .  

T h i s  3-year  s t u d y  is b e i n g  c a r r i e d  o u t  t o  e v a l u a t e  
t h e  e f f e c t i v e n e s s  o f  t h e  Radvanyi t y p e  po i soned  b a i t  f e e d e r  
s t a t i o n s  f o r  a  l o n g  term meadow v o l e  c o n t r o l  i n  O n t a r i o  
a p p l e  o r c h a r d s  and a l s o  t o  e v a l u a t e  some o f  t h e  a c u t e  
a n t i c o a g u l a n t s  a s  compared t o  t h e  c o n v e n t i o n a l  b r o a d c a s t  
a p p l i c a t i o n  f o  2% z i n c  p h o s p h i d e  t r e a t e d  c r a c k e d  c o r n  i n  
t h e  f a l l .  

Methods and M a t e r i a l s :  Four h e a v i l y  v o l e  i n f e s t e d  a p p l e  
o r c h a r d s  were  s e l e c t e d  t o  c o n d u c t  s t u d i e s  on c o n t r o l  of 
meadow v o l e s .  The o r c h a r d s  a r e  l o c a t e d  i n  Orono,  Region 
o f  Durham; i n  Norva l ,  Region o f  P e e l ;  i n  M i l t o n ,  Region 
o f  H a l t o n ;  and i n  Belwood, Region o f  W e l l i n g t o n .  The 
i n v e r t e d  "T" t y p e  b a i t  s t a t i o n s  were  c o n s t r u c t e d  by u s i n g  
a  s c h e d u l e  20 ABS plumbing p i p e  o f  4  cm d i a m e t e r ,  an ABS 
v e n t  t e e ,  and an  ABS t e s t  c a p  f o r  c o v e r i n g  t h e  b a i t  s t a t i o n .  
The b a i t  s t a t i o n  measured  60 c m  h i g h  and t h e  two o u t e r  
s i d e s  of 30 c m  e a c h .  The o u t e r  e n d s  were  c u t  a t  45" a n g l e  
t o  g i v e  a  canopy e f f e c t .  The c a p s  were  s p r a y e d  w i t h  a  
f l u o r o s c e n t  o r a n g e  p a i n t  f o r  e a s e  i n  l o c a t i n g  t h e  s t a t i o n s .  
The b a i t  s t a t i o n s  w e r e  p l a c e d  a t  a  r a t e  of  2 5 / h e c t a r e  and 
h e l d  by a  p l a s t i c  t i e  t o  a  2 .5  c m  wide  wooden peg d r i v e n  
a b o u t  30 c m  d e e p  i n t o  t h e  g r o u n d .  A l a r g e  wide  mouth 
p l a s t i c  f u n n e l  was u s e d  t o  f i l l  t h e  s t a t i o n s .  The b a i t  
s t a t i o n s  were  p l a c e d  i n  s u c h  a  f a s h i o n  t h a t  t h e s e  d o  n o t  
i n t e r f e r e  w i t h  o t h e r  o r c h a r d  o p e r a t i o n s .  An e x p e r i m e n t a l  
p l o t  a t  l e a s t  c o n s i s t e d  of 60 t r e e s  i n  6  rows 10 t r e e s  
l o n g ,  and t h e  midd le  f i v e  t r e e s  i n  t h e  c e n t r e  two rows 
a r e  u s e d  f o r  d a t a  c o l l e c t i o n  p u r p o s e s .  The a r e a  o f  p l o t s  
v a r i e d  f rom l o c a t i o n  t o  l o c a t i o n  a c c o r d i n g  t o  t h e  t r e e  
s p a c i n g  which r anged  f rom 5m t o  10  m .  The re  a r e  4  - 5  
r o d e n t i c i d e  t r e a t m e n t s  a t  e a c h  l o c a t i o n  w i t h  t h r e e  
r e p l i c a t i o n s  i n  a  randomized b l o c k  d e s i g n .  The f o l l o w i n g  
r o d e n t i c i d e s  a r e  b e i n g  e v a l u a t e d  i n  t h e  b a i t  s t a t i o n s :  
( i )  Bromad io lone ,  0 .005%,  i n  o a t  g r o a t s ;  ( i i )  Brodifacoum,  
0.005%, i n  p e l l e t s ;  ( iii) C h l o r o p h a c i n o n e ,  0 .005%,  i n  
o a t  g r o a t s ;  ( i v )  E n c a p s u l a t e d  Zinc  Phosphide  2%, i n  o a t  
g r o a t e s  (Hooker C h e m i c a l s ) ;  and t h e  Waxed Mouse B a i t  2 ,  
t h e  c o n v e n t i o n a l l y  u s e d  p r o d u c t  c o n t a i n i n g  2% z i n c  



p h o s p h i d e  i n  c r a c k e d  c o r n .  The c o n t r o l  t r e a t m e n t  
c o n s i s t e d  o f  t h e  c o n v e n t i o n a l  b r o a d c a s t  a p p l i c a t i o n  of t h e  
Waxed Mouse B a i t  2  a t  a  r a t e  of  1 5  k g / h a .  The amount of 
h i t  p e r  s t a t i o n  v a r i e d  from 500 t o  800 gm depend ing  upon 
t h e  f o r m u l a t i o n .  Vole p o p u l a t i o n  i n  t h e  e x p e r i m e n t a l  p l o t s  
b e f o r e  t h e  b a i t  s t a t i o n  p l acemen t  was e s t i m a t e d  by l i v e  
t r a p p i n g  f o  5  c o n s e c u t i v e  d a y s .  A mod i f i ed  Sherman t y p e  
l i v e  t r a p  was u s e d  (Radvany i ,  1 9 7 8 )  w i t h  a  b a i t  c o n s i s t i n g  
o f  r o l l e d  o a t s ,  w a l n u t s ,  r a i s i n s ,  g round  b e e f ,  p e a n u t  
b u t t e r ,  and c o r n  s y r u p .  The t r a p  was a l s o  p r o v i d e d  w i t h  a  
b a l l  o f  c o t t o n  and a  s l i c e  o f  a p p l e .  Ten t r a p s  were used 
i n  e a c h  p l o t .  Trapped a n i m a l s  were  marked by t o e  c l i p p i n g  
and r e l e a s e d .  E x h a u s t i v e  s n a p  t r a p p i n g  was conduc ted  a f t e r  
30 d a y s  of s t a t i o n  p l acemen t .  The b a i t  s t a t i o n s  a r e  
m o n i t o r e d  a t  r e g u l a r  i n t e r v a l s  and r e f i l l e d , a s  and when 
n e c e s s a r y ,  t o  m a i n t a i n  t h e  b a i t  s u p p l y .  F u r t h e r  e s t i m a t i o n  
o f  v o l e  p o p u l a t i o n  w i l l  b e  c a r r i e d  o u t  i n  s p r i n g  and f a l l  
o f  1982 t o  d raw concLus ion  on e f f e c t i v e n e s s  of t h e  b a i t  
s t a t i o n s  and t h e  a n t i c o a g u l a n t s  on l o n g  term meadow v o l e  
c o n t r o l  i n  O n t a r i o  a p p l e  o r c h a r d s .  

R e s u l t s  and D i s c u s s i o n :  A t  t h i s  p o i n t  i n  t i m e  t h e  
c o l l e c t e d  d a t a  h a s  n o t  been s t a t i s t i c a l l y  a n a l y z e d .  The 
l i v e  t r a p p i n g  i n d i c a t e d  t h a t  o t h e r  t h a n  Mic ro tus  
p e n n s y l v a n i c u s ,  So rex  c i n e r u s  were  p r e s e n t  a t  two l o c a t i o n s  
(Orono and ~i l to-d  Peromyscus m a n i c u l a t u s  a t  one  
l o c a t i o n  (Belwood)  where no v o l e s  were c a p t u r e d .  The 
r o d e n t i c i d e  t r e a t m e n t s ,  r a t e  o f  a p p l i c a t i o n ,  number of 
v o l e s / p l o t  ( l i v e  t r a p p e d ) ,  and number of v o l e s / s i t e  ( s n a p  
t r a p p e d )  a r e  p r e s e n t e d  i n  T a b l e  1 f o r  Orono,  i n  T a b l e  2 
f o r  N o r v a l ,  i n  T a b l e  3 f o r  M i l t o n ,  and i n  T a b l e  4 f o r  
Belwood. The s n a p  t r a p p i n g  d a t a  shows less v o l e s / s i t e  i n  
a l l  b r o a d c a s t  t r e a t m e n t s  showing i t s  immedia te  e f f e c t  i n  
r e d u c t i o n  o f  v o l e  p o p u l a t i o n .  The c o s t  o f  c o n s t r u c t i n g  
25 b a i t  s t a t i o n s  needed t o  c o v e r  one  h e c t a r e  was c a l c u l a t e d  
a t  a p p r o x i m a t e l y  $60.00 which d o e s  n o t  i n c l u d e  l a b o r .  
( T a b l e  5 ) .  T a b l e  6  p r e s e n t s  t h e  c o s t  compar i son  o f  s i n g l e  
a p p l i c a t i o n  o f  t h e  c o m m e r c i a l l y  a v a i l a b l e  r o d e n t i c i d e s  
t h r o u g h  t h e  c o n v e n t i o n a l  b r o a d c a s t  a p p l i c a t i o n  t o  t h e  
a p p l i c a t i o n  o f  t h e  same p r o d u c t  when u s e d  t h r o u g h  t h e  
p o i s o n e d  b a i t  f e e d e r  s t a t i o n s  ( s i n g l e  f i l l i n g ) .  It i s  
assumed t h a t  o n e  f i l l i n g  may l a s t  f o r  3 - 4 months and 
t h e  b a i t  s t a t i o n  may l a s t  f o r  a b o u t  5  y e a r s .  
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EFFECT OF PELLET SIZE AND PACKAGED COMMERCIAL 
BAITS FOR THE CONTROL OF PINE VOLES 
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Abstract.  No d i f fe rence  i n  f i e l d  cont ro l  of pine voles  was found be- 
tween 3 d i f f e r e n t  p e l l e t  s i z e s  broadcast a t  e i t h e r  5.6 kglha (5 1bslAG 
acre)  o r  11.2 kglha (10 lbs lacre)  f o r  e i t h e r  Volid o r  ZP Rodent Bait . 
Comparison of the  18  Volid p l o t s  with the  18 ZP Rodent Bait p l o t s  
showed a s t a t i s t i c a l  d i f fe rence  i n  animal cont ro l  between these mate 
of 95% and 85% respec t ive ly .  Place packs of Volid o r  ZP Rodent Bait 

Gals 
were opened a t  approximately 95% of the  ac t ive  s i t e s .  Since about 5% 
of t he  s i t e s  were ac t i ve  by the  apple indexing, we bel ieve a low but 
r e s i dua l  population ex is ted  which could repopulate the  area. Good con- 
t r o l  was achieved using these products. 

Introduct ion 
The choice of a vole cont ro l  program may la rge ly  depend on the  

degree of con t ro l  achieved and the  cost  of the  program. Cultural  pro- 
grams which depend on c lose  mowing, cu l t i va t i on ,  and herbicides has 
been found t o  be very cos t l y  with only moderately good cont ro l  i n  some 
loca t ions  and not i n  o thers  (1, 3, 9). The ground cover sprays of 
Endrin o r  chlorophacinone cos t s  on the order of $34/ha ($30/acre) f o r  
mater ia l s  and an addi t iona l  $ l l / ha  ($lolacre)  for  appl ica t ion  cos t s  (8) .  
The hand placement of Brodifacoum (BFC), chlorophacinone (CPN), Ramik 
Brown (DPN), and ZP Rodent Bait  have given t he  lowest cos t  programs i n  
recent  years  with good cont ro l  of voles (2, 4) .  

The ob j ec t i ve  of t h i s  experiment was t o  determine i f  broadcast 
ba i t i ng  with low r a t e s  of the  more acute b a i t s  could provide e f f ec t i ve  
control .  Since previous f i e l d  data had shown no preference between t he  
3 p e l l e t  s i z e s  (0.48 cm, 0.36 cm, 0.24 cm diameter) when hand placed i n  
a c t i ve  pine o r  meadow vole s i t e s  (6) ,  acceptance of d i f f e r en t  p e l l e t  
s i z e s  was not thought t o  be a complicating fac tor .  However, broadcast 
ba i t i ng  of a given r a t e  per acre would r e s u l t  i n  d i f f e r en t  p e l l e t  den- 
s i t i e s  per un i t  a r ea  of orchard f loor .  Since e f f ec t i ve  control  was 
achieved wi the  0.48 cm p e l l e t  a t  r a t e s  of 15-20 lbs facre  of ZP 
Rodent Baitk' o r  Volid, reduction i n  p e l l e t  s i z e  t o  0.24 cm would in- 
crease t he  p e l l e t  dens i ty  approximately 5X.  Therefore, t h i s  ezperiment 
was designed t o  determine i f  equivalent cont ro l  could be achieved wi th  
broadcast appl ica t ions  a t  low r a t e s  using smaller p e l l e t  s izes .  

Materials  and Methods 
1. F ie ld  t r i a l s  --- Evaluation of pine vole cont ro l  p l o t s  was 

determined using apple-indexing and f i n a l  dead trapping methods pre- 
viously described (3, 4 ,  5 ) .  I n  addit ion,  apple consumption was ob- 
ta ined  f o r  each 24 h r  monitoring period by weighing each apple before 
placement i n to  each s t a t i o n  and again weighing when apple indexing data 
was taken. I n  these  experiments, p l o t s  were blocked according t o  pre- 
treatment a c t i v i t y  readings by f i r s t  ranking p l o t s  from high t o  low and 



assigning treatments  randomly i n to  a c t i v i t y  categories  high, medium, 
and low. Data summarized i n  Tables 1 and 2 were taken from an orchard 
having 35 t r e e s  per acre  (35' X 35') .  

2.  Since p l a s t i c  packaged b a i t  has an advantage of continuous 
a v a i l a b i l i t y  t o  voles  a s  wel l  a s  t o  non-target animals, s i t e  covers 
( s p l i t  t i r e s  o r  cinder  blocks 2 X 8 X 16 inches) were evaluated a s  a 
s t a t i o n  fo r  placing p l a s t i c  packaged Volid o r  ZP packets. Volid o r  ZP 
packets were placed a t  47 s i t e s  i n  each of th ree  r ep l i c a t e  p l o t s  f o r  
t i r e s  o r  cinder  blocks. Two treatments were made within 45 days so t ha t  
packets would be ava i lab le  f o r  a period of a t  l e a s t  s i x  months. Data 
a r e  summarized i n  Figure 2 .  

Resul ts  and Discussion 
The da t a  i n  Table 1 show tha t  no difference ex is ted  between the 

cont ro l  achieved with 3 d i f f e r en t  p e l l e t  s i z e s  or  r a t e s  a t  6 o r  11 kglha 
of Volid o r  ZP. Previous r e s u l t s  with Rozol indicated t ha t  poor cont ro l  
was achieved when r a t e s  were lowered t o  10 IbsIA. Since Volid and ZP 
requi re  approximately 1.5 g o r  0.03 g respect ively t o  de l iver  a l e t h a l  
dose, vo les  apparently were able t o  f ind su f f i c i en t  b a i t  fo r  a l e t h a l  
dose s ince  good cont ro l  was achieved. Poor r e s u l t s  with CPN (Rozol) 
i n  1980 a t  11 kg/ha were probably t he  r e s u l t  of inadequate b a i t  being 
found by t he  vo les  t o  de l iver  a l e t h a l  dose (3) .  Previous laboratory 
experiments have shown tha t  11 g of CPN (Rozol) would be consumed by a 
vole before death. 

I n  conclusion, acute b a i t s  which have the  advantage of low b a i t  
consumption by voles requi re  t ha t  only one o r  a few pa r t i c l e s  must be 
found t o  de l iver  a l e t h a l  dose. The disadvantage of sub-acute b a i t s  
is  t ha t  su f f i c i en t  b a i t  quan t i t i e s  must be ava i lab le  f o r  3-5 days and 
voles must consume a considerable quanti ty of b a i t  before a l e t h a l  dose 
is obtained. Therefore, r a t e s l ha  a r e  dependent more on the quanti ty of 
b a i t  required f o r  a l e t h a l  dose than on p e l l e t  densi ty.  Better coverage 
would be expected with p e l l e t s  of smaller s i z e s .  

The maintenance of l e t h a l  b a i t s  i n  an acceptable form continuously 
over long periods of time may be achieved by packaging the  b a i t  i n  a 
cellophane o r  p l a s t i c  place-pack. Placement of e i t he r  BFC o r  ZP Rodent 
Bait under s p l i t  t i r e  or  cinder  block s t a t i ons  i n  the  spring of 1979, 
f a l l  of 1979, and the f a l l  of 1980 did not completely control  the  ani- 
mals. Some packets (5-15 percent)  were not opened a f t e r  each ba i t i ng  
even though voles  were known t o  be present a s  indicated by the apple 
index (Fig. 1 ) .  We bel ieve t ha t  a su f f i c i en t  number of animals ex is ted  
within the  hand-placed packet p l o t s  for  animal reproduction t o  continue 
t o  supply new animals during the  periods from July t o  November i n  both 
years  a s  indicated by the  high number of packets opened (Fig. 1 ) .  Vole 
a c t i v i t y  l eve l s  were maintained qu i t e  low over the  period due t o  the 
continuous a v a i l a b i l i t y  of packaged b a i t .  Since t he  population could 
not be completely eliminated by hand-placed packets, we bel ieve t h a t  
packet placement would be required j u s t  a s  frequently as  hand placement 
of unpackaged b a i t .  Cage t r i a l s  using packets a l so  showed t ha t  some 
pine vo les  d id  not open a l l  of t he  BFC packets (7) .  The grea tes t  ad- 
vantage of a place packet system would be the  maintenance of tox ic  b a i t s  
under snow cover espec ia l ly  when invasion from surrounding a reas  was a 
po t en t i a l  hazard. The use of b a i t  i n  p l a s t i c  cups placed under s p l i t  



t i r e s  may be a b e t t e r  system than place packets f o r  present ing b a i t  
over long periods of time i n  a dry very access ib le  condition. 

A s  a p a r t  of a l a r g e  non-target hazard t r i a l ,  15 orchards were 
t r e a t e d  with Volid a t  16.6 kg/ha. The broadcast treatment was monitored 
with t h e  apple index technique and a pre-treatment mark-recapture 
Schnabel es t imate  was made. Since vole  numbers were so  low i n  the  
post treatment period,  l i v e  t rapping was done only i n  the  Old Home - 
Rome orchard. No animals were caught a t  t h i s  loca t ion  using l i v e  t r a p s .  
Obviously, t h e  c o n t r o l  achieved was outstanding. Data from Table 1 
i n d i c a t e  t h a t  r a t e s  of 5.6 t o  11.2 kg/ha would be adequate f o r  con t ro l  
i n  most orchards of t h i s  area.  
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ORCHARD RODENT BAITS: TOXICANT EVALUATIONS 
AND VOLE PELLET SIZE PREFERENCES 

Mark H. Merson and Ross E. Byers 
Winchester F r u i t  Research Laboratory 

V i r g i n i a  Polytechnic  I n s t i t u t e  and S t a t e  Unive r s i ty  
Winchester,  VA 22601 

Abs t rac t :  Residues o f  t h e  an t i coagu lan t  r o d e n t i c i d e  Brodifacoum i n  
meadow v o l e s  (Microtus pennsylvanicus) sampled from an  orchard popula- 
t i o n  a f t e r  b roadcas t  t reatment  w i t h  t h e  commercial b a i t  VOLID decreased 
a s  t h e  o rcha rd  r a t e  o f  a p p l i c a t i o n  and concen t ra t ion  of Brodifacoum i n  
t h e  b a i t  decreased.  Ora l  LD50 determinat ions  f o r  t h e  exper imental  
r o d e n t i c i d e  EL-614 were 8.8 mg/kg f o r  meadow v o l e s  and 24.0 mg/kg f o r  
p ine  v o l e s  (M. pinetorum).  No s i z e  p re fe rence  by meadow and p ine  vo les  
f o r  b a i t  p e l l e t s  from 2.38 t o  4.76 m i n  diameter was observed i n  lab- 
o r a t o r y  t e s t s .  

In t roduc t ion :  
Roden t i c ides  r e p r e s e n t  a c o s t - e f f e c t i v e  means of c o n t r o l l i n g  or-  

chard vo le  numbers b u t  t h e i r  use  is n o t  wi thout  a s s o c i a t e d  problems. 
Among t h e s e  a r e  non- target  s p e c i e s  hazard,  b a i t  acceptance,  and t h e  
p o s s i b i l i t y  of r e s i s t a n c e  developing a f t e r  prolonged use. I n  our lab- 
o r a t o r y  we have examined secondary poisoning hazard from t h e  use of t h e  
a n t i c o a g u l a n t  Brodifacoum and eva lua ted  d i f f e r e n t  p e l l e t  s i z e s  t o  in-  
c r e a s e  b a i t  acceptance by vo les .  I n  a d d i t i o n ,  we t e s t e d  a new acu te  
r o d e n t i c i d e ,  EL-614, a g a i n s t  orchard vo les .  

Secondary po i son ing  hazard 
I n  t h e  f a l l  o f  1979 two s e c t i o n s  of an  orchard heav i ly  i n f e s t e d  

wi th  meadow v o l e s  (Microtus pennsylvanicus) were t r e a t e d  wi th  a b a i t  
c o n t a i n i n g  0.005% of  t h e  an t i coagu lan t  Brodifacoum (BFC) a t  10.5 o r  
45.9 kg p e r  o rcha rd  h e c t a r e  (Merson and Byers 1981a).  BFC burdens i n  
l i v e  v o l e s  cap tu red  from t h e  orchard 1 day t o  2 weeks a f t e r  b a i t  app l i -  
c a t i o n  (45.9 kg/ha) averaged 4.11 t 0.21 ppm. Live v o l e s  captured from 
t h e  a r e a  t r e a t e d  a t  10.6 kg/ha c a r r i e d  a mean ( t  SE) burden of 
1.97 2 0.16 ppm BFC. I n  1980 0.001% BFC b a i t  was app l i ed  t o  t h e  same 
orchard a t  22.5 kg/ha. Meadow v o l e s  c o l l e c t e d  from t h i s  orchard a t  
1 t o  14  days  a f t e r  b a i t  a p p l i c a t i o n  (n = 78) c a r r i e d  an  average of 0.65 
pprn BFC. Reduction i n  t h e  amount of a c t i v e  i n g r e d i e n t  i n  t h e  b a i t  was 
apparen t ly  e f f e c t i v e  i n  lowering BFC res idue  burden i n  t h e  vo les  and, 
consequent ly ,  secondary poisoning hazard t o  vo le  p reda to r s .  

EL-614 
An exper imen ta l  r o d e n t i c i d e ,  EL-614, was t e s t e d  i n  t h e  l abora to ry  

f o r  e f f i c a c y  a g a i n s t  meadow and pine  v o l e s  (M. pinetorum). EL-614 
( E l i  L i l l y  Co.) i s  a s ingle-dose a c u t e  neurotoxin .  Acute o r a l  LD 
de te rmina t ions  were made f o r  each s p e c i e s  according t o  s t andard  50 

methods (American Soc ie ty  f o r  Tes t ing  and Mate r i a l s  1978). The o r a l  

:7i? f o r  EL-614 i n  co rn  o i l  f o r  meadow v o l e s  was 8.8 mg/kg and 24.0 
g f o r  p ine  v o l e s .  I n  3-day cho ice  tests a g a i n s t  apple  f r u i t  

(Merson and Byers 1981b),  70% m o r t a l i t y  was observed i n  meadow vo les  
f ed  0.015% EL-614 b a i t .  A s i m i l a r  l e v e l  of m o r t a l i t y  was not  observed 



f o r  p ine  v o l e s  even a t  b a i t  concen t ra t ions  a s  h igh  a s  0.04% EL-614. 
There was an  i n d i c a t i o n  of t a s t e  ave r s ion  t o  p ine  vo les  wi th  EL-614 a s  
shown by t h e  s i g n i f i c a n t  (P < 0.05) d e c l i n e  i n  f i r s t  day b a i t  consump- 
t i o n  a t  i n c r e a s i n g  dosages.  

P e l l e t  s i z e  p re fe rence  by meadow and p ine  v o l e s  was s tud ied  i n  t h e  
l a b o r a t o r y  i n  1.83 m (6 f t . )  diameter water  t anks .  A 60 cm c i r c l e  was 
drawn on t h e  f l o o r  of each t ank  i n s i d e  of which were 3 n e s t  cans.  
'Golden De l i c ious '  app les  were placed around t h e  c i r c l e  and were con- 
t i n u o u s l y  a v a i l a b l e  t o  t h e  v o l e s .  Meadow o r  pine  v o l e  p a i r s  of t h e  
same s e x  were accl imated i n  t h e  t anks  f o r  24 h. One hundred p e l l e t s  of 
one of 3 p e l l e t  s i z e s  (2.38, 3.18, o r  4.76 mm diameter)  were broadcast  
i n  t h e  t anks  o u t s i d e  t h e  60 cm c i r c l e .  Af te r  16 h ,  t h e  weight and num- 
b e r s  of p e l l e t s  handled, consumed o r  cached were measured. Any p e l l e t s  
found i n s i d e  t h e  60 cm c i r c l e  were considered cached. The number of 
p e l l e t s  cached o r  consumed were c a l l e d  numbers handled. 

No s i g n i f i c a n t  e f f e c t  of p e l l e t  d iameter  was observed on p e l l e t  
consumption (g) by e i t h e r  v o l e  s p e c i e s  (Table 1 ) .  There was no s i g n i f i -  
c a n t  e f f e c t  of p e l l e t  d iameter  on t h e  number of p e l l e t s  handled by 
e i t h e r  s p e c i e s .  There was a s i g n i f i c a n t  e f f e c t  of p e l l e t  diameter on 
t h e  number of p e l l e t s  cached by p ine  v o l e s  (P < 0.05) wi th  s i g n i f i -  
c a n t l y  g r e a t e r  numbers of t h e  4.76 mm s i z e  found cached. This  e f f e c t  
was in f luenced  by t h e  number of p e l l e t s  pe r  u n i t  weight of each s i z e ,  
however. The number o f  4.76 mm diameter p e l l e t s  a v a i l a b l e  f o r  caching 
a f t e r  consumption was g r e a t e r  t h a n  t h e  number of 2.38 mm diameter 
p e l l e t s  a v a i l a b l e  because o f  t h e  f ive - fo ld  g r e a t e r  weight of each 4.76 
mm diameter  p e l l e t .  Fewer of t h e  4.76 mm diameter p e l l e t s  had t o  be  
consumed by t h e  p i n e  v o l e s  t o  f u l f i l l  t h e i r  consumption requirements.  

The l a c k  o f  p e l l e t  s i z e  p re fe rence  by p ine  v o l e s  i s  c o n s i s t e n t  
w i t h  f i e l d  obse rva t ions  of b a i t  removal by p ine  v o l e s  (Byers and Merson 
1 9 8 1 ~ ) .  These l a b o r a t o r y  d a t a  a r e  p re l imina ry  i n  n a t u r e  but  would a l s o  
i n d i c a t e  a d i f f e r e n c e  i n  b a i t  removal between p ine  and meadow v o l e s  
w i t h  p i n e  v o l e s  be ing  more prone t o  t h i s  type of behavior.  This  would 
a l s o  be  c o n s i s t e n t  wi th  f i e l d  obse rva t ions .  
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Table 1. Pellets (100) broadcast in 1.83 m diameter tanks with 
meadow and pine vole pairs. 

Pcllot diameter 

- - 

Pellets Pellets Pellets cached 
cached consumed or consumed 
(No. ) (9) (No. 

Pine voles (pairs = 8) 

2.38 mm 40 a 2.4 

3.18 mm 46 a 1.9 

4.76 mm 91 b 1.4 

Meadow voles (pairs = 6) 

2.38 mm 14 1.2 

3.18 mm 37 1.6 

4.76 mm 61 1.5 

a,b Means in same column with different letters significantly 
different P < .05. 



RODENTICIDE EVALUATION IN THE HUDSON VALLEY D U K I N G  1980 & 81 
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The objective of Cornell University's research program is to 
develop a successful integrated system to control pine and meadow vole 
damage in the apple orchards of the Hudson Valley. This is being 
accomplished by determining the effect of habitat manipulation and 
rodenticides on vole populations. We are also doing research to 
quantify the amount of damage apple trees sustain from various densities 
of pine voles. By coupling the results of these two avenues of 
research, we hope to provide growers with a cost-effective pest manage- 
ment plan. Efficacy of Chlorophacinone (Chempar, Inc.) and Brodificoum 
(ICI Americas, Inc.) in various populations and treatments were 
evaluated in 1980 and 1980 (Table 1). 

Table 1. Candidate rodenticides field tested during 1980 and 1981. 

--- ------------------- ---- ---- ---- ---------- 
Rodenticide Application Rate --- --.--- ---.-- - - -- ------- -- - --.---.----- 
Chlorophacinone (Chempar Inc.) 

Rozol Groundspray 
11 I1 

Postharvest @ 6 pints/A 

Postharvest @ 4 pintslA 

Rozol Pellets Handbait @ 10 1bsIA 

Brodificoum (ICI Americas) 

Volak Pellets Handbait @ 10 lbs/A 

Volid Pellets Handbait @ 5 lbs/A 
11 I t  Broadcast @ 10 lbs/A 

--------.------------- 

Methods 

Field testing of the candidate rodenticides was conducted in Ulster 
Co., New York during December 1980 and August through December in 1981. 
The test sites were located in the towns of New Paltz, Clintondale, 
Highland, and Modena. Treatment and corresponding control plots were 
situated within the same orchard block with similar soil, ground 
vegetation, tree variety and spacing. Each plot was buffered on all 
sides with adjacent rows of same treatment or physical barriers. 
Orchards were trapped and indexed at least once prior to treatment to 
determine initial population levels and pinelmeadow vole ratios. Plots 
were selected with high pine vole populations wherever possible. Post- 
treatment activity levels were monitored again with the apple-slice 
index usually at one, two, four, and six weeks. Treatment activity is 
presented relative to control activity to reduce the amount of change in 
vole activity due to seasonal or weather patterns. This is accomplished 
by dividing the treatment activity by control activity. 



Results and Discussion 

Rozol ground spray (chlorophacinone) was applied postharvest with a 
handgun sprayer at the rate of 4 ptsfacre (Fig. 1). There was some 
reduction in vole activity in three of the trials. Activity in the 
fourth trial was virtually unchanged throughout the test period. 
Increasing the concentration of Rozol to 6 pts/acre and applying with an 
airblast sprayer yielded good reduction in orchards with high initial 
activity (Fig. 2). There appeared to be little effect on plots with low 
pre-treatment activity. A post-harvest application at 6 pts/acre in 
1981 achieved substantial reduction in vole activity (Fig. 3 ) .  Results 
of a "pre-harvest" application are shown in Figure 4. In actuality, it 
was a post-harvest application on early apple varieties that were picked 
a month or more ahead of the major crop. One plot exhibited very good 
reduction of vole activity, two trials had moderately effective results 
and the fourth was ineffective at maintaining vole activity at reduced 
levels. The latter treatment was in a recently abandoned crabapple 
orchard with taller ground cover vegetation and high numbers of pine 
voles. These circumstances could cause fewer voles to be killed and a 
rapid reinvasion to occur. 

Fig. 1. 92231 ;iOU:iDSPQAY: P O S T - V A R V E S i  4 P D L : C A T I O N  d l T k  HANDGUN S P Q A Y E a  O N  8 >ECE'IEEP l?%; 
4 ' ! n T s i A C R E   HUDSON ' ~ A L L E ~ .  '1, Y . ) .  
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Fig. 2. ? o z o i  G R ~ U N ~ S P R A Y :  =osr-HARVEST APPLICATION WITH AIRBLAST SPRAYER ON 8 C E C E ~ B E R  :980: 

6 PIXTS:ACRE :HUDSON VALLEY. N . Y .  1. 
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Fig. 3 .  S o m L  ~aouNos?Rn'i :  POST-HARVEST APDLICATION ON 31 :IOVEMBER i581; 6 P I N T S / A C ~ E  

~ ~ u D S O N  ' I A i i E f ,  Y.Y.;. 

X active 
trees 

(%k?) 

p,.. 1 L 
treatrnml Weeks post-treatment 



Fig. 4 .  ?cZSL PROUNDSPRAY: PRE-HARVEST APPLICATION ON 28 AUGUST 1981: 6 PlNTS/ACRE 
(LIUOSON VALLEY, N . Y .  ). 
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Chlorophacinone was also tested in a pelletized preparation. 
Figure 5 shows the results from handbaiting with the pellets in December 
1980 at 10 lbslacre. Substantial reduction of vole activity was 
achieved in both trials. The same preparation was applied in October 
1981 with mixed results (Fig. 6). One application gave effective 
control, the other two applications were ineffective. Bait was readily 
removed by voles in all three of these trials. The conflicting results 
could be explained by the possible inadvertant use of an inactive batch 
of Rozol pellets. We suggest this ~ossibilit~ although we cannot 
confirm or deny it. This is one of the few times that Rozol pellets 
have failed to effect a good control. 

Fig. 5 . G o z o ~  DELLETS: H A N D B A ~ T  APPLICATION ON 18 DECLWER 1980: 10 U/ACRE (HUDSON VALLEY. N.Y.). 
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Fig. 6 .  ROZW PELLET" MANDBAIT APPLICATION ON 29 OCTOBER 1981; 10 LS/ACRE (HUDSON VALLEY, N . Y . )  
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Brodificoum is a "second generation" anticoagulant (March et al. 
1980) that was tested in two preparations, Volak and Volid pellets. 
Volak, used at 10 lbslacre under bait stations, produced excellent 
results in both trials (Fig. 7) .  Volid exhibited similar results in two 
of the trials (Fig. 8)  and moderate control in the third. Volid was 
also tried in a broadcast application at 10 lbslacre (Fig. 9). Activity 
levels were reduced in all three plots, but in only one did the 
population approach the desirable level of reduction. 

Fig. 7. ' J O L A K  'ELLETS: HAflDBAIT APPLICATION ON 7 '!OVEMBER i981; !O LB/ACRE (HUDSON '{ALLEY, X . Y . ) .  
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Fig. 9 .  VOL'O 'SLLES:  BROADCAST APPLICATION ON 7 80vEnBER 1981: LB/ACRE (HUDSON VALLEY. N.Y.) .  
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Handbaiting of rodenticides still yields the most dependable 
results. Meanwhile, post-harvest broadcast applications have frequently 
been ineffective or produced non-predictable results in the Hudson 
Valley. Abundant food resources during the time of our broadcast 
testing could reduce bait acceptability. During late winter and early 
spring food resources and vole body fat are at the lowest levels of the 
year (Cengel et al. 1978), and this may be a better time to achieve 
results with broadcast baits. In addition, pine vole tunnels are often 
exposed as the snow cover melts and broadcast baits are more likely to 
fall in the right place. We will be testing a spring application prior 
to spring green up, in hopes of achieving predictably effective control 
of voles with a broadcast treatment. 



EFFECTS OF KNOWN DENSITIES OF PINE VOLES ON APPLE TREES 
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Damage to fruit trees, tree seedlings and a wide array of ornament- 
al shrubs by microtine rodents remains a widespread problem in both 
Europe and North America. Careful studies that quantify the levels of 
damage caused by a known density of rodent pests are not available. For 
this reason the orchard manager, Pest Control Specialist, and the 
researcher have a difficult time making wise decisions that are based on 
solid economic data. 

There are several reasons for this lack of knowledge. The damage 
done to apple trees is not easily observed, described, or measured. 
There is probably not a simple linear relationship between bark removal 
and economic damage. In addition to these difficulties and because the 
tree is a perennial, there is cummulative damage as well as recuperative 
and compensatory processes. In numerous situations, compensatory growth 
has been suggested and actually demonstrated (Dyer 1973, 1975, 1976, 
Dyer and Bokhari 1976, Harris 1974, Hutchinson 1971, Pearson 1965, 
Vickery 1972, Westlake 1963, and Woronecki et2. 1976). 

To date, only a few attempts have been made to address the 
economics of pine vole or meadow vole damage in orchards. Pearson 
(1976, 1977) and Pearson and Forshey (1978) examined the relationship 
between the presence of voles and tree damage expressed as a reduction 
in crop value. A few authors have made some theoretical and speculative 
estimates of damage (Kennicott 1957, Hamilton 1938, Garlough and Spencer 
1944, Biser 1967,, and Byers 1974). Recently Sullivan et al. (1980) 
have reported some standard survey work examining the mznzude and 
causes of tree mortality. This gives some concept of economic damage, 
but cannot be used to isolate even the benefits of current rodent 
control techniques. Ferguson (1980) and Luttner (1978) have also 
produced some very broad economic generalizations by extrapolating fr'om 
rodenticide use figures. These, however, are only measures of standard 
acceptable orchard practice, and cannot form the basis for vole manage- 
ment in orchards. 

Methods and Results 

Construction of four 20' x 40' fenced (114" mesh hardware cloth) 
enclosures took place during September and October 1981 (Fig. 1). The 3 
foot fence was buried 20" in the ground to prevent voles from tunneling 
out. Course gravel was used at the base of the fence to insure 
captivity. Aluminum tape was secured to the rim of the fence to prevent 
voles from climbing over. Each enclosure contains eight McIntosh trees, 
ten years old on M-26 rootstocks. Vole populations equivalent to 261, 
522, and 1045 voles per hectare were released on Nov. 8, 1981. Female 
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voles released in the two lower density plots underwent tuba1 ligation 
to prevent breeding. All animals were toe clipped for future identifi- 
cation. Six 18" x 24" roofing paper sheets were placed between trees to 
provide stations for monitoring vole activity. Twenty-four hours after 
releasing the animals, tunnels were observed in each of the enclosures. 
On December 8, 1981 13 of the 14 animals were recaptured at a trapping 
session 4 wks after initial release. The trapping session consisted of 
3 checks during a six hour period. During January and February snow 
cover at all times exceeded 6". In early March, melting snow revealed 5 
trees completely girdled and a sixth partially damaged in the high 
density enclosure; 5 partially girdled in the second enclosure (522 
voles per hectare) and a small area of damage on one tree in the low 
density plot. The most extensive girdling extended from the base of the 
tree to 3" above ground level. Over winter mortality claimed 4 voles ( 3  
males, 1 female) in the high density enclosure - which have been 
subsequently replaced. Underground root damage will become apparent 
this spring as leaf-out occurs. Harvest records, shoot growth, and leaf 
analysis collected each year will continue on all trees within the 
enclosures. Shoot growth, leaf analysis and tree specific crop loads 
will then be correlated with the different vole densities. The root 
systems of dying trees will be examined this summer to quantify vole 
damage. By determining the actual economic losses incurred due to the 
pest species, a better understanding of what constitutes a cost 
effective management program will be gained. 
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Damage t o  apple t r e e  r o o t s  by p ine voles i s  be l ieved t o  occur prim- 
a r i l y  du r ing  the w i n t e r  months. Cengel e t  a l .  (1978) found t h a t  the 
stomachs o f  p ine voles contained s i g n i f i c a n t  amounts o f  r o o t  mate r ia l  
on ly  dur ing January and March sampling periods. I n  add i t i on ,  the  d i e t  
o f  p ine  voles a t  t h a t  t ime consis ted p r i m a r i l y  o f  l ess  p re fe r red  grass 
species because p re fe r red  f o r b  species were unavai lable. Therefore, 
apple t r e e  r o o t s  may serve as a food source i n  the w in te r  when p re fe r red  
forages are unavai lab le.  If, i n  fac t ,  p ine voles a re  consuming roo ts  
i n  response t o  reduced food suppl ies, then one would expect the n u t r i -  
t i o n a l  q u a l i t y  o f  the d i e t s  o f  p ine voles t o  be i t s  lowest dur ing the 
w in te r .  The o b j e c t i v e  o f  t h i s  study was t o  determine i f  there was a 
w i n t e r  dec l ine  i n  t h e  d i g e s t i b i l i t y  o f  the d i e t  o f  the  pine vole. 

To achieve t h i s  ob jec t i ve ,  a  technique was developed f o r  p r e d i c t i n g  
the  d i g e s t i b l e  d ry  mat ter  (DDM) and d i g e s t i b l e  energy (DE) o f  the d i e t s  
o f  p ine voles from a n u t r i t i v e  ana lys is  o f  t h e i r  stomach contents. This  
technique u t i l i z e s  regress ion equations t h a t  were developed from data 
obta ined from 24 d i g e s t i o n  t r i a l s  w i t h  p ine voles. The d i e t s  i n  those 
d i g e s t i o n  t r i a l s  were made up o f  combinations o f  common orchard forages 
and comnercial feeds. The d i e t s  and the stomach contents o f  p ine voles 
on those d i e t s  were analyzed by the  procedures o f  Goering and Van Soest 
(1970). This method o f  n u t r i t i o n a l  ana lys is  d iv ides  forage samples i n t o  
a h i g h l y  d i g e s t i b l e  f r a c t i o n ,  c e l l  solubles, and a v a r i a b l y  d igested 
t o t a l  f i b e r  f r a c t i o n .  The var ious components o f  the f i b e r  f r a c t i o n  a re  
then determined i n  subsequent steps. These f r a c t i o n s  were used as v a r i -  
ables i n  stepwise regress ion procedures t o  develop equations f o r  pre- 
d i c t i n g  the DDM and DE o f  the d i e t s  o f  p ine voles from an analys is  o f  
t h e i r  stomach contents. 

I t was found t h a t  the  c e l l  so lub le  content  o f  the stomach contents 
provided the bes t  p r e d i c t i o n  o f  both DDM and RE. However, p re l im inary  
s tud ies  revealed t h a t  p ine voles apparent ly  inqested a subs tan t ia l  
amount o f  s o i l  i n  the  w i l d .  This  necessi ta ted c o r r e c t i n g  the  c e l l  so l -  
ub le content  o f  the  stomach contents f o r  the amount o f  a c i d  inso lub le  
ash (AIA) t h a t  they contained. 

To apply t h i s  technique f o r  determining d i e t  d i g e s t i b i l i t y  i n  the 
f i e l d ,  vo les were snap-trapped bimonthly from l a t e  summer t o  e a r l y  
sp r ing  i n  two orchards. Voles a lso  were trapped i n  two add i t i ona l  o r -  



chards dur ing  December. The stomach contents o f  these animals were r e -  
moved, weighed and analyzed f o r  l e v e l s  o f  c-e l l  so lub les and AIA. D i e t  
d i g e s t i b i  1  i t y  was then est imated from the  AIA-corrected c e l l  so lub le 
' leve ls  of the stomach contents. 

The amount o f  d r y  mat ter  i n  the stomach contents was n o t  s i g n i f i -  
c a n t l y  d i f f e r e n t  between months i n  the orchards trapped bimonthly, nor 
were the re  any apparent trends. S i g n i f i c a n t  d i f fe rences  a lso  d i d  n o t  
e x i s t  between the f o u r  orchards sampled i n  December. The DDM and DE i n  
the d i e t s  o f  p i n e  voles were n o t  s i g n i f i c a n t l y  d i f f e r e n t  between months 
o r  between orchards. The DDM and DE o f  the p ine v o l e ' s  d i e t  i n  one o r -  
chard d i d  dec l ine  s t e a d i l y  from a h igh  i n  August t o  a low i n  December, 
then rose j u s t  s l i g h t l y  i n  February and remained the  same i n  A p r i l .  The 
DDM and DE o f  the  d i e t s  o f  voles i n  the second orchard decreased grad- 
u a l l y ,  b u t  on ly  s l i g h t l y  from October t o  A p r i l .  

From these data, i t  appears t h a t  the d i g e s t i b i l i t y  o f  foods con- 
sumed by p ine  voles does no t  decrease s u b s t a n t i a l l y  dur ing the w i n t e r  as 
p rev ious ly  hypothesized. N u t r i t i o n a l  de f i c ienc ies  m a y s t i l l  occur i n  the 
w in te r ,  however, probably due t o  a decrease i n  the a v a i l a b i l i t y  o f  f o r -  
ages. Three s tudies a t  VPI and SU have shown t h a t  the  f a t  l e v e l s  o f  
p ine voles decrease dur ing  the l a t e  w i n t e r  months which ind ica tes  t h a t  
voles are exper ienc ing a n u t r i t i o n a l  de f i c iency  (Cengel and Estep 1978, 
No f fs inger  1976, Lochmi l ler ,  unpublished data).  The d r y  weight o f  the 
stomach contents  examined i n  the present study d i d  n o t  i n d i c a t e  food 
shortages ex is ted  i n  the  w in te r .  However, the  weight o f  the stomach 
contents i s  probably n o t  an adequate i n d i c a t i o n  o f  food shortage by i t -  
s e l f .  Therefore, we can conclude t h a t  the  d i g e s t i b i l i t y  o f  the d i e t  o f  
p ine  voles does n o t  decrease s u b s t a n t i a l l y  i n  the w i n t e r  and t h a t  n u t r i -  
t i o n a l  dedic ienc ies t h a t  occur i n  the  w i n t e r  may be p r i m a r i l y  a  r e s u l t  
o f  a  decreased a v a i l a b i l i t y  o f  forages. 

These data add t o  our  o v e r a l l  understanding o f  r o o t  damage by p ine 
voles. A t  t h i s  symposium l a s t  year, we repor ted t h a t  r o o t  bark was ap- 
prox imate ly  50% d i g e s t i b l e  dur ing  a l l  seasons o f  the  year (Serve l lo  e t  
a l .  1981). Th is  i s  about 15% less  d i g e s t i b l e  than the  normal d i e t s  o f  
p ine vo les i n  maintained orchards. Therefore, i t  i s  doubt fu l  t h a t  p ine  
voles would p r e f e r  r o o t  bark t o  t h e i r  usual d i e t  o f  grasses and fo rbs  
because o f  t h e  l a r g e  d i f fe rence  i n  d i g e s t i b i l i t y .  However, i f  r o o t  bark 
made up 15% [ t h e  maximum found i n  f i e l d  s tud ies (Cengel e t  a1. 1978) l  
o f  the d i e t s  o f  the  p ine voles when the  d i g e s t i b i l i t y  o f  o ther  forages 
was a t  o r  near 70%, then t o t a l  d i e t  d i g e s t i b i l i t y  would drop on ly  3%. 
This l e v e l  o f  r o o t  consumption probably could be t o l e r a t e d  e a s i l y .  

A t  t h i s  symposium l a s t  year, we a lso  proposed the  hypothesis t h a t  
p ine voles may increase t h e i r  consumption o f  r o o t  bark dur ing  the  w i n t e r  
because o f  increases i n  i t s  sugar content  (Serve l lo  e t  a1 . 1981 ) .  Sugar 
l e v e l s  i n  r o o t  bark reach t h e i r  h ighes t  l e v e l s  i n  midwinter and a re  a l -  
most double summer l e v e l s .  The increase i n  sugar l e v e l s  may make r o o t  
bark more p a l a t a b l e  t o  p ine voles i n  the w in te r .  This increase i n  r o o t  
bark p a l a t a b i l i t y  co inc ides w i t h  the per iod o f  reduced forage a v a i l a b i l -  
i t y  described above. I n  a d d i t i o n  t o  a decrease i n  food suppl ies and an 
increase i n  r o o t  p a l a t a b i l i t y  i n f l u e n c i n g  r o o t  consumption, p ine voles 
may s imply  spend more t ime i n  and around t h e i r  nest  i n  the  w i n t e r  which 



would p rov ide  increased o p p o r t u n i t y  f o r  gnawing behav ior .  These t h r e e  
f a c t o r s  probably  a c t  t oge the r  t o  cause t h e  i nc rease  i n  r o o t  bark con- 
sumption by  p i n e  vo les .  
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INTRODUCTION 

The develcpment o f  c c n t r o l  methods f o r  p i n e  and meadow 
v c l e s  i n  o rcha rd  h a b i t a t s  h a s  met w i th  l i m i t e d  succes s .  
Though numerous p h y s i c a l ,  mechanica l ,  and chemical methods 
have been recommended f o r  l i m i t i n g  v c l e  popu la t ions ,  few 
have e f f e c t i v e l y  reduced and mainta ined v o l e  p o p u l a t i c n s  a t  
minimal d e n s i t i e s  f o r  extended pe r iods  c f  t ime. Though t h e  
u s e  c f  chemicals  h a s  been t h e  most e f f e c t i v e  c o n t r c l  method 
developed i t  h a s  n o t  r e s u l t e d  i n  t h e  e x t i n c t i c n  o f  p e s t  
p c p u l a t i c n s .  The i n i t i a l  a p p l i c a t i c n  o f  r o d e n t i c i d e s  
f r e q u e n t l y  c a u s e s  a  s i g n i f i c a n t  r e d u c t i o n  i n  p e s t  s p e c i e s ,  
b u t  due t o  t h e i r  h igh  i n t r i n s i c  r a t e  c f  i n c r e a s e ,  v c l e  
d e n s i t i e s  q u i c k l y  r i s e .  Because c f  h igh  c o s t s  many o rcha rd  
owners can  n o t  app ly  r o d e n t i c i d e s  f r e q u e n t l y  encugh t o  
c o n t i n u a l l y  s u p p r e s s  v o l e  popu la t ions .  'What is  needed f o r  
e f f e c t i v e  r c d e n t  c o n t r o l  t h e r e f c r e ,  is  a  means o f  
ma in t a in ing  low v c l e  p c p u l a t i o n s  a f t e r  an  i n i t i a l  
r o d e n t i c i d e  a p p l i c a t i o n .  A p c t e n t i a l  means c f  ach iev ing  
such c c n t r o l  is thrcugh t h e  use  c f  n a t u r a l  p r e d a t c r s .  

Tc q u a l i f y  a s  an  e f f e c t i v e  mcde c f  b i c l o g i c a l  c o n t r o l  
f o r  v c l e s  i n  o r c h a r d s  a  p r e d a t o r  must 1 )  f c r s g e  i n  o rcha rd  
h a b i t a t s  2)  u s e  v o l e s  a s  a  primary focd sou rce  and 7 )  
e x h i b i t  mcdera te  o r  weak t e r r i t c r i a l l y  t c  permi t  s e v e r a l  
i n d i v i d u a l s  t c  f o r a g e  i n  one a r e a .  A p r e d a t o r  which 
q u a l i f i e s  f c r  each c f  t h e s e  requirements  is  t h e  ba rn  cwl 
( ~ ~ t c  a l b a ) .  

Barn owls a r e  h i g h l y  s p e c i a l i z e d  r cden t  p r e d a t o r s  which 
f eed  p r i m a r i l y  on m i c r c t i n e s ,  i nc lud ing  p ine  (Mic rc tus  
p inetcrum) and meadcw (M. pennsylvanicus)  vcle=and 
S h r i n e r ,  1951; P h i l l i p s ,  1951; Parmalee,  1954; Mar t i ,  1969; 
R i c k a r t ,  1972) .  These cwls  a r e  p r i m a r i l y  n c c t u r n a l  and 
f c r a g e  i n  open a r e a s ,  i n c l u d i n g  c r c h a r d s  (Merscn and Byers ,  
1981) ,  r a t h e r  t han  f c r e s t e d  a r e a s .  Barn cwls w i l l  u s e  n e s t  
boxes a s  supplementary n e s t i n g  s i t e s  and e x h i b i t  weak 
t e r r i t c r r i a l i t y  and ove r l app ing  hun t ing  ranges  (Lenton,  
1980) .  Because o f  t h e s e  c h a r a c t e r i s t i c s  ba rn  cwls  a r e  a  
gccd c a n d i d a t e  f c r  u s e  a s  b i c l o g i c a l  c c n t r c l  agen t s .  



The impact a  p r e d a t o r ,  such a s  a  ba rn  owl, h a s  on a n  
ecosystem is  l a r g e l y  dependent c n  which and how many prey 
i n d i v i d i a l s  i t  c a p t u r e s - t o  f u l f i l l  i ts food requirements .  
Thcugh b a r n  owls a r e  known t o  f eed  on m i c r o t i n e s ,  i t  i s  n o t  
c l e a r  whether  m i c r o t i n e s  a r e  t h e  p r e f e r r e d  prey  c f  ba rn  owls 
and a r e  t h u s  s e l e c t e d  ove r  o t h e r  a v a i l a b l e  prey  s p e c i e s .  
The o b j e c t i v e s  c f  t h i s  s tudy  were t o  de termine  what prey  
t y p e s  a r e  most v u l n e r a b l e  t o  ba rn  cwl p r e d a t i o n  and what 
prey  c h a r a c t e r i s t i c s  a r e  o f  primary impor tance  i n  
de t e rmin ing  prey  v u l n e r a b i l i t y  t o  ba rn  owls. The r e s u l t s  o f  
t h i s  s t u d y  w i l l  p rov ide  b a s i c  i n fo rma t ion  on ba rn  owl food 
s e l e c t i o n  t c  de termine  t h e i r  p o t e n t i a l  a s  a  means o f  
b i o l o g i c a l  c o n t r o l  i n  orchards .  

MATERIALS AND METHODS 

Twc b a r n  owls caught  i n  J u l y ,  1979 i n  Blacksburg,  Va. 

- 
d i n  l a b o r a t c r y  c o l o n i e s  on a  16L:8D l i g h t  c y c l e  

w i th  Microtus  pennsylvanicus  f ed  r a b b i t  p e l l e t s ,  M. 
pinetorum f e d  Wayne l a b  b lox  supplemented w i t h  app le  and 
sun f lower  s e e d ,  and P. leucopus  f ed  Wayne l a b  b lox  ad l i b .  
Water was a v a i l a b l e  a t  a l l  t imes .  The owls were mainta ined 
i n  a  s emi -na tu ra l  ou tdoor  enc losu re s  ( 6  by 12 by 4m) and f e d  
randcmly s e l e c t e d  l i v e  prey  ad l i b .  excep t  du r ing  prey  
s e l e c t i c n  exper iments .  

S e l e c t i o n  teats. S e l e c t i c n  t e s t s  were performed u s i n g  
p a i r w i s e  compariscns o f  t h e  t h r e e  prey  s p e c i e s .  The 
ccmparisons made were M. pinetorum a d u l t s  t e s t e d  wi th  c. 
pennsylvanicus  a d u l t s  and j u v e n i l e s ,  and P. leuccpus  a d u l t s  
t e s t e d  wi th  M. pinetcrum a d u l t s  and E. pennsylvanicus  a d u l t s  
and j u v e n i l e s .  I n  a l l  t e s t s  p reda to r -na ive  prey  i n d i v i d u a l s  
were used.  

S e l e c t i c n  t e s t s  were conducted i n  an  indoor  room ( 7  by 
6  by 4m) frcm Octcber ,  1979 t o  May, 1980. Perches  were 
l c c a t e d  a t  o p p o s i t e  ends  c f  t h e  rccm wi th  cne  2.5 m above 
t h e  ground and t h e  o t h e r  1.5 m h igh.  The f l c o r  was covered 
wi th  sawdust ,  c rushed oak l e a v e s ,  and a  few t r e e  branches  
b u t  no s p e c i f i c  prey  r e f u g e s  were a v a i l a b l e .  A p l e x i g l a s s  
d c c r  ccvered wi th  a  dcub le  l a y e r  c f  cheese  c l o t h  pe rmi t t ed  
d i r e c t  o b s e r v a t i o n  o f  p r e d a t o r  behav ic r .  

The indoor  enc losu re  photoper iod corresponded t o  t h e  
c u r r e n t  n a t u r a l  photoper iod.  S e l e c t i o n  t e s t s  were begun 30 
min a f t e r  dark  wi th  t h e  e n c l c s u r e  l i t  by a  f l o u r e s c e n t  l i g h t  
covered wi th  red  f i l t e r s  and a  dim l i q h t  c c n t r o l l e d  by a  
v a r i a b l e  pcwer supply .  Th i s  pe rmi t t ed  d i r e c t  obse rva t ion  o f  
p r e d a t c r  behav ic r  wh i l e  ma in t a in ing  a s  lcw a  l e v e l  o f  
i l l u m i n a t i c n  (0 .63 lumens/sq.  rn) a s  p c s s i b l e  t o  s i m u l a t e  
n a t u r a l  f o r a g i n g  cond i t i ons .  



For each t r i a l ,  four  prey ind iv idua ls ,  two of each prey 
type being t e s t e d ,  were released i n t o  the enclosure i n  the  
presence c f  one owl. Prey ind iv idua ls  were i d e n t i f i e d  by 
sex o r  t c e  c l ipp ing  with body length,  t a i l  length,  and body 
weight recorded p r i o r  t c  each t r i a l .  Each owl was given 45 
min. i n  which to capture a  maximum of th ree  of the  four  prey 
ind iv idua ls .  A 20 channel E s t e r l i n e  Angus event recorder  
was used t o  monitor predator  pursu i t  time (from when the owl 
l e f t  t h e  perch to when i t  caught a prey i tem),  handling time 
(from capture u n t i l  ea t ing  commenced), and ea t ing  time. Ten 
t r i a l s  were made per  owl r e s u l t i n g  i n  t o t a l  of 20 t r i a l s  per  
prey type comparison. 

Behavioral tests. To determine d i f fe rences  i n  the 
behavior of  prey types, observations were made on prey 
before ,  during,  and a f t e r  an a e r i a l  s i l h o u e t t e  f l i g h t  i n  the  
indoor enclosure. Since responsiveness to  a e r i a l  models by 
Percmyscus, Microtus, and o ther  rodents i s  independent of 
model configurat ion (Fen t ress ,  1968; Muller Schwarze and 
Muller Schwarze, 1971; B i l d s t e i n  and Althoff ,  1979) 
behavioral  t e s t s  u t i l i z e d  a  s t y l i z e d  s i l h o u e t t e  model (177.5 
cm wingspan, 78.8 cm length)  which moved a t  0.5 m / s  along a  
monofilament l i n e  suspended between the  perches. For each 
f l i g h t  the  s i l h o u e t t e  ' f lew'  by force  of g rav i ty  from the  
higher  perch t o  the  lower perch ( 5  m) and was then hand- 
pul led back t o  the  higher  perch. 

A s i n g l e  naive individual  was released i n t o  the  room 
and i t s  behavior monitored f o r  5  min p r i o r  t o  and 5 min 
subsequent t o  the  s i l h o u e t t e ' s  f l i g h t .  The behaviors 
monitored were a c t i v i t y ,  f reez ing  (no head o r  body 
movements) , ' grooming' (p,rocming, chewing, s n i f f i n g ,  
r e a r i n g ) ,  and use of corners. Twenty t r i a l s  were conducted 
f o r  each of t h e  f i v e  prey type comparisons. 

Analysis. Predator  s e l e c t i o n  was determined using the  
s e l e c t i o n  index of Manly (1 972) and Manly e t  a l .  (1 972). 
Se lec t ion  values range from 0 when a l l  prey captured a r e  of 
type A to  +1.0 when a l l  prey captured a r e  of type B. A 
value of 0.5 occurs when there  is  no d i f fe rence  i n  the 
s e l e c t i o n  between prey types. To ccmpar the  number of each 
type presented with the number eaten a  I(' t e s t  suggested by 
Manly e t  a l .  (1972:729) was used. 

Other s t a t i s t i c a l  analyses used standard parametric and 
nonparametric t e s t s  ( ~ i e g e l ,  1956; Walsh, 1965; Dixon and 
Massey, 1969; Ycllander and Wclfe, 1975). 



RESULTS 

Selection tests shewed that M. pennsylvanicus adults 
and juveniles were significantly more vulnerable to barn owl 
predation than were P. leucopus le able 1 ). Microtus 
pinetorum tended to follow the same pattern as they were 
captured twice as often as P. leucopus, but the difference 
was not significant. There was little difference in the 
vulnerability of juvenile M_. pennsylvanicus and adult 5. 
pinetorum. 

Table 1. Selection indices (SI) for prey selection tests. 
Asterisks denote significant selection between prey types 
(x2, p <0.005). Juv. = Juveniles. Ad. = Adults. 

Prey type A SIvalue PreytypeB SIvalue 

* M. pennsylvanicus Ad. 1 .OO P. leucopus Ad. 0.0 

* M. pennsylvanicus ~ d .  0.84 M. pinetorum ~ d .  0.16 

* M. pennsylvanicus Juv. 0.75 P. leucopus Ad. 0.25 

M. pinetorum Ad. - 0.66 z. leucopus Ad. 0.34 

M. pennsy1va.nicus JUV. 0.61 M. pinetorum Ad. 0.39 - 

With respect tc sex, there were no differences in the 
vulnerability of male and female P. leucopus cr q. 
pinetorum. Within M. pennsylvanicus, juvenile females were 
captured significantly more often than males, while the 
opposite occurred among the adults  a able 2). 

Within each prey type comparison, the prey type with 
the greater mean body length was captured more frequently 
than that with the shorter mean body length (Table 3). This 
resulted in a significant correlation between differences in 
the selection index of the two prey types compared and 
differences in the weights of the two prey types 
(Spearmann's Rank Ccrrelation, r = 1.00, p < 0.01 ) . A 
similar, but less consistent occurred with respect 
to the weights of prey types, however no significant 
correlation between differences in prey weights and 
differences in their selecticn indices occurred (r = 0.64, 
p > 0.2). 



Table 2. Predator selection between sexes. Sample sizes are the 
number of trials where both a p and a o were present and 
only one animal was caught. Asterisks denote significant 
differences in the capture frequency of males and females 
( ~ 2 ,  p <0.005). Juv. = Juvenile. Ad. = Adult. 

Sample 
Prey type Size Capture frequency 

male female 

P. leucopus Ad. - 9 44% 56% 

M. pinetorum Ad. - 

M. pennsylvanicus Juv. - 11 9 * 91 

M. pennsylvanicus Ad. - 

Behaviorally, Microtus species differed from E. 
leucopus both before and after overhead silhouette flights. 
Significantly more Y. pennsylvanicus (80%) and M. inetorum 
(85%) spent time f r o z e ~ o m y s c u s  (605) :ricr to 
silhouette flights. All three prey species showed a similar 
response to the silhouette as it passed overhead, with 
65-75% of the individuals of each species fleeing and the 
others exhibiting freezing behavior. After the silhouette 
flight significantly more E. leuccpus were active (55%) and 
significantly fewer exhibited freezing behavior (80%) than 
individuals of either Microtus species (X number active = 
73%, X number frozen == 

Few differences occurred in the time spent by the owls 
pursuing, handling, and eating the various prey types. No 
significant differences occurred in pursuit and handling 
times for the four prey types. However, the largest and 
heaviest prey types, E. pennsylvanicus adults and y. 
pinetorum required significantly more time to eat than did 
M. pennsylvanicus juveniles and P. leucopus. There were no - 
significant differences in the number of attempts required 
to capture individuals of each prey type. 



Table  3. Comparison o f  cap tu red  prey  t y p e s  weight  and body l e n g t h  
d i f f e r e n c e s .  S i g n i f i c a n t  d i f f e r e n c e s  i n  owl s e l e c t i o n  
between p rey  types  a r e  denoted  by ( " )  x2, p 10.005) .  
A l l  weight  and body l e n g t h  d i f f e r e n c e s  a r e  s i g n i f i c a n t  
( t - t e s t ,  p  <0.01)  excep t  t h o s e  marked (**) . 

P r e f e r r e d  prey  type  v s .  Mean d i f f .  Mean d i f f .  i n  
l e s s  p r e f e r r e d  p rey  t y p e  i n  weights  ( g )  body l e n g t h  ( m m )  

* M. pennsy lvan icus  ~ d .  32.80 33.6 
P.  leucopus  Ad. - 

* g. pennsy lvan icus  Ad. 17.16 
P. Pinetorum Ad. - 

* M. pennsylvanicus  JUV. 0.43"" 8 . 5  
P. leucopus  Ad. - 

M. p inetorum Ad. - 
P. leucopus  Ad. - 

M. pennsylvanicus  Juv .  - -7.50 
P. p inetorum Ad. - 

DISCUSSION 

D i f f e r e n t i a l  v u l n e r a b i l i t y  c f  prey  and t h e  s e l e c t i c n  o f  
s p e c i f i c  prey  types  by ba rn  owls h a s  been demcnst ra ted  i n  
t h i s  s tudy .  During t h e  s e l e c t i c n  t e s t s ,  a l l  prey  were 
e q u a l l y  v u l n e r a b l e  i n  te rms o f  t h e  exper imenta l  c c n d i t i o n s  
( i . e .  no r e f u g e s  e x i s t e d )  and prey  types  d i f f e r e d  on ly  i n  
terms o f  t h e i r  b e h a v i o r a l  and p h y s i c a l  c h a r a c t e r i s t i c s .  
Under t h e s e  c o n d i t i o n s ,  t h e  two Yic ro tus  s p e c i e s  were more 
v u l n e r a b l e  t c  b a r n  owl p r e d a t i o n  than  were P. leucopus.  
S i m i l a r  r e s u l t s  have been r epo r t ed  f o r  ba rn  C W ~ ~  and 
Ambrcse, 1976) and k e s t r e l s  ( B a r r e t t  and Mackey, 1975) i n  
s emi -na tu ra l  e n c l c s u r e s  where 2. pennsylvanicus  were 
cap tu red  mcre f r e q u e n t l y  t han  Peromyscus. 

The g r e a t e r  v u l n e r a b i l i t y  o f  Microtus  s p e c i e s  was due 
p a r t l y  t o  t h e i r  g r e a t e r  bcdy l e n g t h  when compared wi th  P. 
leucopus .  Large bcdy s i z e  may be i n d i c a t i v e  o f  a 
p o t e n t i a l l y  g r e a t e r  c a l o r i c  y i e l d  and g r e a t e r  energy 
b e n e f i t s  f o r  p r e d a t o r s  and t h u s  Micrc tus  were captured  mcre 
f r e q u e n t l y  t han  t h e  s m a l l e r  s p e c i e s  P. leucopus.  The l a c k  
o f  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  bcdy s i z e s  o f  j u v e n i l e  2. 
pennsylvanicus  and a d u l t  3. pinetcrum r e s u l t e d  i n  no 
s i g n i f i c a n t  s e l e c t i o n  between t h e s e  two prey types .  



Behavior was a l so  important i n  determining prey 
v u l n e r a b i l i t y .  It was e a s i e r  f c r  the owls t o  capture prey 
ind iv idua ls  which were frozen r a t h e r  than ac t ive .  The 
g r e a t e r  tendency f o r  both M. pennsylvanicus and M. pinetorum 
to f r e e z e  than f o r  P. leucopus to  f reeze  may have increased 
the  v u l n e r a b i l i t y  of these microtines. 

Because Microtus were selected more frequent ly than 
were P. leucopus i t  appears t h a t  barn owls have p o t e n t i a l  
use a s  a  means of b io log ica l  con t ro l  f o r  microt ines i n  
orchards. The use of carnivores  such a s  mongooses, c a t s ,  
and weasels t o  con t ro l  rodents has not been very successful  
p a r t l y  due t o  the  d i v e r s i t y  of t h e i r  d i e t s  ( i . e .  b i r d s ,  
r a b b i t s ,  f rogs)  ( ~ c d z i c k i  , 1973; Sul l ivan and Sul l ivan ,  
1980). Barn owls however, a r e  rodent s p e c i a l i s t s  and have 
been found t o  a id  i n  r a t  con t ro l  (Lenton, 1980). 

I f  barn o w l s  a r e  e f f i c i e n t  vole predators  i n  the  f i e l d  
even when o ther  prey species  a r e  ava i lab le ,  they could 
cont r ibu te  t o  the  con t ro l  of microtines. I t  is un l ike ly  
t h a t  owls could el iminate  vole populations but i n  
conjunction with chemical methods vole populations could be 
reduced and maintained a t  minimum d e n s i t i e s  f o r  an 
appreciable  period of time. The hazard t o  owls would have 
to be minimized by using rodent icides which do not 
concentrate  i n  secondary consumers o r  which r e s u l t  i n  the 
death of rodents while i n  unexposed a reas  such a s  burrows o r  
nes t s .  I f  such an integrated cont ro l  program were 
success fu l  eccnomic b e n e f i t s  could be rea l ized  through 
reduced expenditures on the  purchase and appl ica t ion  of 
rodent icides.  

Though t h i s  study shows t h a t  microtines a r e  highly 
vulnerable  t o  barn owl predat ion i n  a  laboratory s i t u a t i o n ,  
a d d i t i o n a l  t e s t i n g  is needed t o  determine i f  the  same 
foraging p a t t e r n  occurs i n  orchards. Density est imates  of 
a l l  p o t e n t i a l  prey spec ies  within orchards need t o  be 
determined and compared with types and numbers of prey 
a c t u a l l y  eaten by barn owls o r  o ther  avian predators  
foraging i n  orchards. I f  the  r e s u l t s  of f i e l d  t e s t s  show 
t h a t  barn owls follow the  same foraging p a t t e r n  i n  t h e  f i e l d  
a s  they have i n  the  laboratory ( i . e .  s e l e c t  animals 
according t o  t h e i r  s i z e  and possibly behavicr) then one can 
p r e d i c t  i n  what a reas  owls w i l l  be most e f f e c t i v e  a t  
reducing microt ine populations r a t h e r  than those of co- 
occurr ing species .  

The authors  acknowledge the support of a  g ran t  from t h e  
U.S. Fish and Wi ld l i fe  se rv ice  372949-1 to the  junior  
author. 



LITERATURE CITED 

B a r r e t t ,  G. W. and C.  V. Mackey. 1975. Prey  s e l e c t i o n  and 
c a l o r i c  i n g e s t i o n  r a t e  o f  c a p t i v e  American k e s t r e l s .  
Wilson B u l l . ,  87:514-519. 

B i l d s t e i n ,  K. L. and D. P. A l tho f f .  1979. Responses o f  
whi te- footed  mice and meadow v o l e s  t o  f l y o v e r s  o f  an  
a e r i a l  p r e d a t o r  s i l h o u e t t e .  Ohio J. S c i . ,  79:212-217. 

Boyd, E. M. and J. Sh r ine r .  1954. Nest ing  and food o f  t h e  
ba rn  owl (Tyto a l b a )  i n  Hampshire County, Mass. Auk, 
71 : 199-201. 

Dixon, W. J .  and Massey, F. J .  J r .  1969. I n t r o d u c t i o n  t o  
S t a t i s t i c a l  Analys is .  3 rd  ed. ,  McGraw-Hill Inc . ,  
U.S.A., 678 pp. 

F a s t ,  S. J. and H. W. Ambrose 111. 1976. Prey  p re fe rence  
and hun t ing  h a b i t a t  s e l e c t i o n  i n  t h e  ba rn  owl. Amer. 
Midland Nat . ,  96:503-507. 

F e n t r e s s ,  J .  C .  1968. I n t e r r u p t e d  ongoing behav ic r  i n  two 
s p e c i e s  o f  v o l e  (M. a g r e s t i s  and C. b r i t t a n i c u s ) .  I. 
Response a s  a  f u n c t i o n  o f  preceeding a c t i v i t y  and t h e  
con tex t  o f  a n  a p p a r e n t l y  " i r r e l e v a n t "  motor p a t t e r n .  
Behavicur ,  16: 175-1 53. 

Hol lander ,  M. and D. A. Wolfe. 1973. Nonparsmetric 
s t a t i s t i c s .  John Wiley and Sons ,  Inc . . ,  U.S.A., 503 
PP. 

Lenton, G. !I. 1980. B i o l o g i c a l  c o n t r o l  o f  r a t s  i n  o i l  
palms by owls.  T r c p i c a l  Ecology and Development, pp. 
61 5-621. 

Manly, B. F. 1972. Tables  f o r  t h e  a n a l y s i s  o f  s e l e c t i c n  
p r e d a t i o n  exper iments .  Res. Popul.  Ecol . ,  14:74-81. 

, P. M i l l e r ,  and L. M. Cock. 1972. Ana lys i s  o f  a  
s e l e c t i v e  p r e d a t i o n  exper iment .  Amer. Nat., 
106 :719-776. 

Y a r t i ,  C .  D. 1969. Some compariscns o f  t h e  f eed ing  ecology 
o f  f o u r  cwls  i n  North C e n t r a l  Colorado. Southwestern 
Nat. ,  14:163-170. 

Xerson, Y. Y. nnd R. E. Byers.  1981. Non-target s p e c i e s  
hazard  t o  Brodifacoum u s e  i n  o rcha rds  f o r  meadow v o l e  
c o n t r o l .  Proc.  F i f t h  P ine  Vole Symp. pp 17-14. 

Muller-Schwarze, D. and C.  Muller-Schwarze. 1971. 
Responses o f  chipmunks t o  mcdels o f  a e r i a l  p reda to r s .  
J .  Mamm., 52:456-458. 



Parmalee ,  P. W. 1954. Food o f  t h e  grea t -horned owl and 
b a r n  owl i n  e a s t  Texas. Auk, 71:469-470. 

P h i l l i p s ,  R .  S. 1951. Food o f  t h e  ba rn  owl,  Tyto a l b a  
p r a t i n c o l a ,  i n  Hancock County, Ohio. Auk, 68:279-241. 

R i c k a r t ,  E.  A. 1972. An a n a l y s i s  o f  ba rn  owl and g r e a t  
horned owl p e l l e t s  from western  Nebraska. P r a i r i e  
N a t u r a l i s t ,  4:75-78. 

S i e g e l ,  S. 1956. Nonparametric s t a t i s t i c s  f o r  t h e  
b e h a v i o r a l  s c i ences .  McGraw-Hill, N . Y . ,  712 pp. 

S u l l i v a n ,  T.  P. and D. S. S u l l i v a n .  1980. The use  o f  
wease l s  f o r  n a t u r a l  c o n t r o l  o f  mouse and v o l e  
p o p u l a t i o n s  i n  a  c o s t a l  con i f e rous  f o r e s t .  Oecologia ,  
47:125-129. 

Walsh, J. E. 1965. Handbook o f  nonparametr ic  s t a t i s t i c s ,  
11. R e s u l t s  f o r  two and s e v e r a l  sample problems, 
symmetry, and extremes.  D. Van Ncstrand Co. I n c . ,  
P r i n c e t o n ,  N.J. 868 pp. 

Wodzicki, K.  1973. P rospec t s  f o r  b i c l c g i c a l  c o n t r o l  o f  
roden t  popu la t i cns .  Bul l .  Wld. Hl th .  Org., 
48: 461 -4647. 



PINE VOLE REINVASION OF AN UNFILLED SUITABLE HABITAT 

Pamela N. Miller and Milo E. Richmond 
New York Cooperative Wildlife Research Unit 

Cornell University 
Ithaca, N.Y. 14853 

Despite years of research aimed at developing ecologically safe and 
effective methods for controlling pine voles these rodents remain a 
serious agricultural pest. A large portion of the damage occuring 
yearly could be avoided through close adherance to the current 
recommendations. A regular mowing and herbicide program to eliminate 
rodent cover combined with rodenticides comprise the integrated pest 
management program currently available. Effective toxicants include a 
groundspray and various pelleted baits which can be placed in the 
runways. Repeated mowing of grasses and the use of herbicides are two 
effective means of reducing or eliminating an existing population, and 
more importantly in excluding the potential establishment of voles in a 
new orchard. This is not to suggest that there now exists a panacea for 
controlling rodents in all orchard habitats. Vertebrate pests are 
likely to remain a factor for some time and may never be completely 
conquered. 

In our efforts to enhance control methodology, certain questions 
remain to be answered. Of particular concern is how quickly will an 
area become repopulated by nearby resident voles after a control 
procedure has been used. Repopulation of one of these areas can become 
significant to the grower who has a young orchard planted next to an 
older pine vole infested block, or the grower who keeps his own orchard 
mowed and relatively pest free but has a neighboring orchardist who does 
not. For these reasons the following research was designed to learn 
more about reinvasion and movements from the surrounding orchard into an 
area where the resident population had been removed. 

In the present study major questions posed were: 

1. When do the voles reinvade? 
2. Who are the invaders (species age and sex)? 
3. Where do they relocate? 
4. What were the movements following reestablishment? 

Methods and Materials 

The study area was an 8-acre orchard block within a larger orchard, 
which supported a large and persistent population. This surrounding 
habitat provided the source of animals moving into this suitable but 
empty habitat. Beginning in the fall of 1980 the 8-acre study area was 
subjected to extensive rodenticide testing. Following partial 
population reduction by a variety of rodenticides the remaining 
population was removed by intensive trapping with snap traps during 
March of 1981. Live traps were also used during the removal trapping to 
compare trap success. Following this extensive removal by trapping, 
vole activity in the study area was then monitored by use of the apple 
index technique and by live trapping at three week intervals. Vole 
activity at a tree was determined in this manner by whether or not an 



app le  s l i c e  was chewed 24 hours a f t e r  be ing placed i n  a  runway. 
Beginning i n  May 1981 l i v e  t r app ing  immediately followed each app le  
index check. Each t r app ing  per iod l a s t e d  48 hours with 3  o r  4 checks 
per day. One Sherman l i v e  t r a p  was placed a t  each of 213 t r e e s  w i th in  
t h e  s tudy a r e a .  A l l  captured  animals were marked and r e l ea sed  a f t e r  
r eco rd ing  l o c a t i o n ,  sex ,  age and r ep roduc t ive  cond i t i on  (Table  1 ) .  

Data on vo le  movements w i th in  t he  r e c e n t l y  depopulated a r e a  were 
compared with d a t a  c o l l e c t e d  i n  a  long term f i e l d  s tudy on vo le  
d e n s i t i e s ,  s u r v i v o r s h i p  and reproduct ion .  The l a t t e r  und i s tu rbed  
popd la t ion  served a s  a  c o n t r o l .  

R e s u l t s  

T o t a l  c a p t u r e s  (Table 1)  showed a  gene ra l  i n c r e a s e  throughout t h e  
summer with t h e  excep t ion  of t he  August t r a p  s e s s i o n .  The reduced c a t c h  
i n  August was probably  due t o  t he  extreme h e a t  du r ing  t h a t  per iod .  

- - - - - pp 

TRAP CHECKS 6 6 8 6 5 7 
TOTAL INDIVIDUALS 53 24 18 47 13 96 

TOTAL CAPTURES 86 46 32 82 23 113 
TOTAL RECAPTURES 18 13 18 15 6 12 
INDIVIDUALS WITH 

MULTIPLE RECAPTURES 5 5 4 8 1 1 

Repopula t ion  of t he  t rapped out a r e a  began immediately (Table  2 ) .  
The number of t r e e s  showing vo le  a c t i v i t y  was g r e a t e r  one year  a f t e r  t h e  
t r ea tmen t s  and subsequent t r a p  out  than p r i o r  t o  any d i s t u r b a n c e  of t h i s  
o rcha rd .  F igu re  1  i n d i c a t e s  t he  percent  a c t i v e  t r e e s  w i t h i n  t h e  8-acre 
block a t  3-week i n t e r v a l s  beginning i n  March 1981. This  method of 
moni tor ing  vo le  a c t i v i t y  a t  i n d i v i d u a l  apple  t r e e s  showed a  g radua l  but 
s t eady  i n c r e a s e  which reached an a l l  t ime high of 83.7 percent  i n  
October 1981. I n i t i a l  a c t i v i t y  was 46% i n  November 1980 p r i o r  t o  any 
r o d e n t i c i d e  t r e a t m e n t s .  According t o  t he  apple  s l i c e  index the  l a s t  
a r e a s  t o  become repopula ted  were those  t h a t  were f a r t h e s t  frorn t h e  main 
orchard .  These most d i s t a n t  a r e a s  inc luded one wi th  a  road and a  paved 
parking l o t  bo rde r ing  on two s i d e s .  A  second a r e a  was bordered by a  
f i e l d  and a  swamp on two s i d e s .  



T ~ L E  2. PERCENT ACTIVITY(APPLE INDEX) FOLLOWING 

SPRING 1981 TRAP-OUT 

INDEX 1 2 3 4 5 6 7 8 9 1 0 1 1  

DATE 3-25 4-9 4-23 5-6 5-22 6-12 7-2 7-23 8-14 10-6 10-29 

PERCENT 3.4 7.8 82 17.7 20.2 26.1 39.5 33.0 523 74.2 83.7 
ACTIVE 

REINVASION (apple index) 1981 

Vole densities at individual apple trees were correlated to some 
degree pre and post trap-out (Figure 2 ) .  These data from only 24 trees 
suggest the importance of previously established vole tunnels. A ready- 
made habitat with a carrying capacity somewhat established by prior 
residents is apparent. 

There was no significant difference between male and female 
captures (Figure 3 ) .  VanVleck (1968) working with field populations of 
Microtus pennsylvanicus reported no significant difference between the 
numbers of each sex caught by snap-traps, but found more females 
captured when live traps were used. 



FIG. 2. VOLE NUMBERS AT INDIVIDUAL TREES 

PRE- AND POST-REMOVAL 
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Relatively few voles were trapped farther than 1 tree from the site 
of their original capture (Figure 4). However, these movements were 
significantly further in the recently depopulated area when compared to 
the undisturbed population. Stickel (1946) reported a 2 : l  sex ratio of 
males moving farther than females. Conversely, in this study marked 
females were live trapped at more different stations than were males. 
Our data show that females moved greater distances than males especially 
during May and June. There was no significant difference for the summer 
and fall trap sessions with the exception of August trapping. Trapping 
success was very poor in August evidently due to the hot weather. All 



pregnant and/or lactating females recaptured during the August session 
were recaptured at their original sites. During June, July and August 
non-breeding females moved greater distances than pregnant and/or 
lactating females (Figure 5) .  These data are consistent with results 
reported by VanVleck (1968). 

FIG, 4. ?!EAI.I D ISTANCE MGVEL X I7H :N  A ROW I N  THE RECENTLY CEPOPULATED AREA. 
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FIG. 5 .  MEAN D ISTANCE MOVED BY PREGNANT AND/OR LACTATING P I N E  VOLES 

V S .  NON-BREEDING. 



Both males and females moved f a r t h e r  w i th in  t h e  r e c e n t l y  re invaded 
l r e a  than v o l e s  i n  t h e  und i s tu rbed  p l o t  (F igu re  6 ) .  A p o s s i b l e  
exp lana t ion  f o r  t h e s e  longer  movements i s  t h a t  perhaps d i s p e r s i n g  vo le s  
e n t e r i n g  the  r e c e n t l y  depopula ted  a r e a  encountered  o t h e r  vo le s  a t  t h e  
edges  of t h i s  a r e a  and thus  continued t o  move on t o  new s i t e s .  F igu re  7 
shows t h a t  bo th  males and females were r ecap tu red  more o f t e n  a t  t h e  same 
s i t e  i n  t h e  und i s tu rbed  p l o t  than vo le s  i n  t he  reinvaded p l o t .  

F I G .  6. ~ ~ E A N  DISTANCE MOVED I N  DISTURBED OR UNDISTURBEC PCPULATIONS. 

- - 
. . G O -  - - - = CONTROL - - - 



This preliminary study emphasizes the importance of a control 
treatment covering an entire area incuding the edges to eliminate 
resulting reinvasion by nearby populations. In this study a peripheral 
eight-acre section of orchard was controlled by baiting and trapping. 
Complete coverage of the entire orchard would likely lengthen the 
reinvasion period because a source of reinvading pine voles from outside 
of orchard habitat is very uncommon. Data are being gathered from this 
orchard and others concerning reinvasion under different control 
conditions. We expect to report more fully on this subject at a later 
time . 
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STATUS OF WINTER POPULATIONS OF PINE VOLES (MICROTUS PINETORUM) 
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Knowledge of the spatial and temporal organization of free ranging 
animal populations is important to an understanding not only of the 
social behavior between members of those populations, but also of 
several demographic parameters of the population, including 
reproduction, dispersal and mortality. Such information is particularly 
important when viewed in the context of pest species management. The 
efficacy of control practices such as rodent icide application and 
habitat manipulation might be greatly enhanced if performed with an 
understanding of the organization and status of pest populations in 
mind. 

Early considerations of pine vole (Microtus pinetorum) spatial and 
tem~oral organization were based on the observations that several - 
animals could be captured at 1 tree in an orchard (Hamilton 1938, Benton 
1955). Paul (1970) reported a "loose colonial" organization of pine 
voles in his study of North Carolina populations. More recently, 
FitzGerald and Madison (1981) have reported preliminary observations of 
discrete pine vole "family-units" based on radiotelemetric data gathered 
in the late summer and fall seasons. The status of winter populations 
has not previously been investigated. 

This paper presents preliminary data on the spatio-temporal 
patterns of a winter pine vole population. Of particular interest in 
this study are three questions 1) What is the composition of winter pine 
vole aggregations? 2) What is the range of movement of these groups? 
and 3)  How stationary are pine voles during the winter? 

Methods 

A 0.4 ha plot was established in an orchard in New Paltz, Ulster 
County, New York. The plot consisted of 65 medium aged apple trees 
arranged in 5 rows. At each tree, two permanent trap sites were 
randomly positioned at locations with good pine vole sign. Traps were 
placed in tunnel systems and covered with 30 cm2 pieces of roofing 
tarp. Apple slices served as bait. 

The sex, age (pelage characteristics) and reproductive conditions 
(males: nonscrotal or scrotal; females: nonbreeding or breeding - 
perforate, parous, pregnant and/or lactating) of captured animals were 
determined. All animals were toe clipped and returned to the tunnel at 
the capture site. 

The population was monitored over a 4 day period each month from 
October 1981 to February 1982. Due to snow cover and cold temperatures 
in February, data were collected for a 2 day period then. 



Results and Discussion 

Two hundred captures of 71 animals were amassed from October 1981 
through February 1982. On average, each animal was captured 2.82 
times. Figure 1 presents a frequency distribution of the number of 
times captured as a function of the number of animals captured. The use 
of the negative Binominal Population Estimate (one of the class of Zero 
Truncated Frequency models) provided an estimate of 84.7 trappable 
individuals in the population. In this case, 83.8% of all trappable 
individuals were captured. 

MLES 

Figure 1. Frequency distribution of the live captures of male and 
female pine voles (Microtus pinetorum) trapped from October 
1981 through February 1982. 
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Of 71 animals captured, 40 were males (30 adults: 10 subadults) and 
31 were females (25 adults and 6 subadults). No juvenile pine voles 
were trapped during the study which is of interest because of the 31 
females captured, 15 were in breeding condition throughout part or all 
of the study. Two criteria, vaginal perforation and/or pregnancy, were 
used as indicators of breeding condition. 

Figure 2 shows the average range size measured in number of trees 
for males and females. Animals trapped only 1 time were given a range 
size of 1 tree. Overall, males and females did not differ in the number 
of trees over which they ranged. Removing those animals trapped only 
once from further range size determination did not alter this pattern. 
That is, there was no difference between male vs. female and adult males 
vs. adult female range size for those animals trapped greater than one 
time. The range size of females in reproductive condition was 
significantly smaller than the range size of females not in reproductive 
conditions (t-test, 29 d.f. p<.05) (Snedecor and Cochran 1978). (See 
Figure 3). 



Figure 2. Home range sizes (number of trees) of male and female pine 
voles (Microtus pinetorum) as a function of age and number of 
times captures. 
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Figure 3. Home range sizes (number of trees) of breeding and nonbreed- 
ing female pine voles (Microtus pinetorum). 
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A total of 19 discrete, non-overlapping aggregations was identified 
on the study plot. An aggregation was defined as a group consisting of 
2 or more animals each trapped at least 2 times at one or more trees. 
In all cases, aggregations were situated along tree rows as opposed to 
across rows. The average length of an aggregation encompassed 2.73 
trees *0.34 (range = 1-5). Figure 4 presents a schematic of these 
aggregations. 

Figure 4. A schematic representation of the study plot showing the 19 
discrete aggregations of pine voles. (Circles represent 
apple trees. Rectangles represent male and female home 
ranges. The number of animals living in each aggregation is 
shown to the left. ) 

m a l e s  
..-. 2.-. females 

Of 19 aggregations, 8 contained only 1 pair of animals. Six of 
these eight pairs consisted of 1 adult male and 1 adult female. In only 
2 cases, did an aggregation consist of a same sex pair. On average, 
pine vole aggregations were comprised of 3.7 individuals: 1.5 adult 
males, 1.4 adult females and 0.8 subadults. 

Pine voles seemed to exhibit a high degree of both inter and intra- 
sexual social tolerance, as evidenced by male-male, male-female and 
female-female overlapping home ranges. No physical sign of aggression 
such as scars or bite wounds was seen on the animals. 



Conclusions 

1. Pine voles live in spatially discrete aggregations during 
winter months. 

2. These aggregations occur along rows averaging about 3 trees in 
length. 

3. Aggregations are composed of approximately equal numbers of 
adult males and females (1.5:1.4) plus subadults, suggesting a family 
structure. 

4. Sixty-three percent of all aggregations contained one 
reproductively active female. 

5. Reproductively active females possessed home ranges which were 
significantly smaller than reproductively inactive females. 

Investigations are continuing in an effort to answer the following: 

1) How are these patterns similar to patterns of pine vole 
populations during other seasons? 

2) Are these aggregations actually family units, or is their 
composition random? Based upon age and sex composition of the 
aggregates, disproving randomness will require behavioral and/or genetic 
data. 

3 )  How is integrity of the family unit maintained over time? 

Contributed by the New York Cooperative Wildlife Research Unit: 
Cornell University, New York State Department of Environmental 
Conservation, U.S. Fish and Wildlife Service and the Wildlife Management 
Institute cooperating. The authors thank Charlotte Westbrook for typing 
and retyping. 
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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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I n t r o d u c t i o n  

The o b j e c t i v e  o f  t h i s  study was t o  t e s t  f o r  genet ic  homogeneity 
among severa l  discontinuous orchard p ine vo le populat ions, p a r t i c u l a r l y  
between those t h a t  had been t rea ted  w i t h  endr in  and those t h a t  had not .  
Endr in- res i  s t a n t  p ine  vo le  s t r a i n s  have been documented (Webb and Hors- 
f a l l  1967; Webb e t  a l .  1973), bu t  have n o t  been character ized genet ica l -  
l y .  P r a c t i c a l l y ,  t h i s  study was designed t o  determine i f  genet ic  d i f -  
ferences e x i s t e d  among endr in- t reated and nontreated orchard populat ions 
over two seasons o f  t h e  year, by examining a few s p e c i f i c  gene l o c i  be- 
l i e v e d  t o  be invo lved  i n  endr in  metabolism i n  small mamnals. 

M a t e r i a l s  and Methods 

A represen ta t i ve  sample o f  p ine voles from each o f  3 endr in - t rea ted  
and 3 nontreated apple orchards i n  southwestern V i r g i n i a  was trapped 
dur ing  F a l l  1980 and again i n  2 orchards o f  each type dur ing e a r l y  
Spring 1981. The same animals which had been subjected t o  and had sur-  
v i ved  the  endr in  treatments app l ied  between sampling per iods thus should 
have been captured i n  the  Spring. A l l  t rea ted  orchards had been sprayed 
annual ly  w i t h  e n d r i n  f o r  the past  15 years, and the  nontreated orchards 
had n o t  received t reatment  f o r  t h i s  same amount o f  time. Since the  an i -  
mals were t o  be removed (a form o f  a r t i f i c i a l  se lec t ion ) ,  on ly  one sec- 
t i o n  o f  an orchard was trapped a t  e i t h e r  sampling period, leav ing  a 
b u f f e r  zone o f  a t  l e a s t  th ree  rows o f  t rees  between the F a l l -  and 
Spring-trapped sect ions.  Traps were re loca ted  on the  second o r  t h i r d  
day o f  t rapp ing  so t h a t  even tua l l y  every t r e e  w i t h  v o l e  s i g n  i n  the  
designated sec t ion  was trapped. Carcasses were placed on d r y  i c e  i n  the  
f i e l d  and then s to red  i n  the  labora to ry  a t  about -20C. 

Seven enzyme systems were surveyed i n  each orchard popu la t ion  f o r  
poss ib le  use as polymorphic genet ic  markers us ing hor i zon ta l  starch-gel 
e lec t rophores is .  Changes i n  a c t i v i t y  l e v e l s  o f  f i v e  o f  these systems 
had been repor ted  t o  occur a f t e r  endr in  i n j e c t i o n  i n  small mammals 
(Kacew and Singhal 1973; Ludwicki 1974; Hendrickson and Bowden 1976; 
Meena e t  a l .  1978): AcP ( a c i d  phosphatase), 6 - GUS ( 6 -glucuronidase), 
FDP ( f ruc tose-1  , 6-diphosphatase), GOT ( g l  utamate oxaloacetate transa- 
minase), and LDH ( l a c t a t e  dehydrogenase). I n  add i t i on ,  two o ther  a r b i -  
t r a r i l y  chosen systems were surveyed: IDH ( i s o c i t r a t e  dehydrogenase) 
and MDH (malate dehydrogenase). I t was necessar i l y  assumed t h a t  none o f  
the  l o c i  observed in f luenced  the  p r o b a b i l i t y  an animal was captured. 

Kidney t i s s u e  was used i n  e lect rophores is  o f  the above enzyme sys- 
tems. The t i ssues  were homogeneized, centr i fuged,  and app l ied  t o  f i l t e r  
paper wicks t h a t  were i n s e r t e d  i n t o  a 12.5%-starch gel .  A t  a l l  stages 



o f  preparat ion, carcasses, excised kidneys, homogenates, sample wicks, 
and prepared ge ls  were k e p t  frozen, r e f r i g e r a t e d ,  o r  on i c e  t o  prevent 
enzyme degradation. Recipes f o r  e lec t rophore t i c  b u f f e r s  and histochem- 
i c a l  s t a i n s  were modi f ied Har r i s  and Hopkinson (1976) formulat ions r e -  
por ted by Guse (1980 and pers. comm.). A f t e r  e lect rophores is ,  ge ls  were 
s ta ined  f o r  the des i red enzymes and bandingpat ternswere immediately 
scored by genotype. 

Results and Discussion 

AcP, B -Gus, FDP, GOT-1, and MDH-1 were found t o  be monomorphic i n  
a l l  the p ine v o l e  populat ions studied. GOT-2, IDH-1, LDH-1, and MDH-2 
were found t o  be polymorphic and were used t o  e l e c t r o p h o r e t i c a l l y  char- 
a c t e r i z e  each i n d i v i d u a l  sampled (McBride 1981). For the f o u r  polymor- 
ph ic  l o c i  i n  each orchard populat ion, x 2 independence t e s t s  o f  genotype 
frequency and sex were performed. IDH-1 and MDH-2 genotypes were found 
t o  be sex-dependent (a=0.05). These sex dependencies occurred i n  d i f -  
f e r e n t  sprayed orchards f o r  the two l o c i  a t  both seasons, and f o r  IDH-1 
a l s o  i n  a nonsprayed orchard i n  the  F a l l .  Greater numbers of heterozy- 
gous females than those expected (and a concomitant lesser  number o f  
heterozygous males) occurred i n  the sprayed orchards f o r  IDH-1 and 
MDH-2, whereas the opposi te  occurred f o r  IDH-1 i n  the F a l l  nonsprayed 
orchard. 

Three-way independence t e s t s  o f  orchard, season, and genotype f r e -  
quency conducted fo r  each polymorphic locus by the G l o g - l i k e l i h o o d  
r a t i o  t e s t  demonstrated t h a t  genet ic  s t r u c t u r e  a t  the f o u r  l o c i  d i f -  
fe red  among orchards, as expected, s ince these discontinuous populat ions 
have v i r t u a l l y  no con tac t  w i t h  each o ther .  Orchard, season and genotype 
frequency were j o i n t l y  dependent va r iab les  w i t h  s i g n i f i c a n t  i n t e r a c t i o n s  
( a 4 . 0 5 )  a t  a1 1 f o u r  polymorphic l o c i .  Di f ferences i n  genotype frequen- 
c i e s  were s i g i f i c a n t  due t o  orchard type (endr in - t rea ted  o r  nontreated) 
on ly  a t  the  IDH-1 and LDH-1 l o c i ,  w i t h  heterozygotes comprising greater  
p ropor t ions  o f  t h e  populat ions i n  nontreated orchards f o r  IDH-1 and i n  
t r e a t e d  orchards f o r  LDH-1. 

Mean i n d i v i d u a l  heterozygosi ty  (mean number o f  heterozygous l o c i  
per i n d i v i d u a l )  decreased s l i g h t l y  from F a l l  t o  Spring i n  3 o f  the 4 
orchards t h a t  were sampled both seasons, b u t  increased s l i g h t l y  i n  one 
orchard t h a t  had been t r e a t e d  w i t h  chlorophacinone (Rozol) as we l l  as 
endr in .  Greater heterozygosi t ies d i d  n o t  occur c o n s i s t e n t l y  i n  e i t h e r  
endrin-sprayed o r  nonsprayed orchards a t  e i t h e r  season, nor were sex 
d i f fe rences  cons is ten t  w i t h  respect  t o  orchard type o r  sampling time. 
Heterozygosi ty  averaged over the 4 orchards, however. was s l i g h t l y  
h igher  i n  nontreated orchards both seasons. The average a l s o  decreased 
from F a l l  t o  Spring i n  both sexes and i n  both orchard types. 

Heterozygosi ty  as a measure o f  i n h e r i t e d  v a r i a b i l i t y  i s  commonly 
used as an index t o  the adapt ive p o t e n t i a l  o f  a populat ion, since the 
more heterozygous i n d i v i d u a l s  are be l ieved  t o  have greater  capac i t i es  
t o  su rv ive  and change w i t h  t h e i r  enviroqment, thus successfu l ly  repro- 
ducing t h e i r  k i n d  (Selander e t  a l .  1371; Manlove e t  a l .  1975; Smith e t  
a l .  1975). The reduct ior is in  heterozygosi ty  t h a t  occurred i n  3 orchards 
may i n d i c a t e  the i n t e r m i t t e n t  random d r i f t  e f f e c t s  t h a t  can r e s u l t  from 



severe l o c a l  o r  p e r i o d i c  reduct ions i n  populat ion dens i t y  (Wilson and 
Bossert 1971), such as pes t i c ide  use and adverse w in te r  weather condi- 
t i o n s .  The unique increase i n  heterozygosi ty  t h a t  occurred i n  the one 
orchard t r e a t e d  w i t h  chlorophacinone as we l l  as endrin, however, may 
suggest the g rea te r  a d a p t a b i l i t y  and s e l e c t i v e  advantage o f  the more 
heterozygous animals, s ince presumably voles t h a t  surv ived both morta l -  
i t y  f a c t o r s  would be more heterozygous than those fac ing  j u s t  one. 
A l t e r n a t i v e l y ,  t h i s  one increase i n  heterozygosi ty  may have been a ran-  
dom occurrence. 

Summary and Conclusions 

The presence o f  known, d i f f e r i n g  sources o f  m o r t a l i t y  i n  the endr in-  
t r e a t e d  and nontreated orchards o f  t h i s  study provided a p re l im inary  
basel ine fur meaningful comparisons o f  populat ion genetic ind ices .  
Si:nce popu la t ion  genet ic  composition a t  the l o c i  observed d i d  no t  vary 
apprec iab ly  o r  c o n s i s t e n t l y  w i t h  respect  t o  endr in  treatment, no con- 
c lus ions  can be s t a t e d  as t o  the genet ic  consequences o f  endrin-induced 
m o r t a l i t y  i n  w i l d  p ine vo le populat ions. Populat ion genet ic  s t r u c t u r e  
d i d  seem t o  vary somewhat from F a l l  t o  Spring among orchards, regardless 
o f  p e s t i c i d e  use. Therefore, the  orchard environment, w i t h  i t s  p r e d i c t -  
ab le  source o f  chemical-induced m o r t a l i t y ,  provides an exce l len t  natur-  
a l  s i t u a t i o n  f o r  f u r t h e r  genet ic  observat ions. 
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Abstract: Pine voles (Microtus pinetorum) and meadow voles 
(Microtus pennsylvanicus) were studied in a commercial apple orchard 
in the Hudson Valley of New York during April and May 1981. 
Selected voles were given miniature radiotransmitters and then 
tracked before and after herbicide application. A total of eight 
pine and meadow voles were tracked throughout the experimental 
period. H0m.e range size decreased on the day following herbicide 
application but showed an increase from day 1 to day 5 & 7 after ap- 
plication. Movements away from the tree line into the aisles did not 
change significantly after herbicide use. We conclude that if her- 
bicide is to have a significant impact on vole management in orchards, 
it must be used regularly in conjunction with other cultural prac- 
tices. 

INTRODUCTION 

The problem of pine and meadow vole control in orchard habitat 
has been approached in different ways. Studies have included the 
use of toxicants, alternate food supplies, habitat manipulation 
(mowing, herbicide use, cultivation), interspecific vole competitors, 
apple tree stock that is unattractive to voles, and others (Bart and 
Richmond, 1979; Byers, 1977; Horsfall et al., 1974; Madison et al., 
1981, McAninch, 1978; Pagano and Madison, 1982; Pearson et al., 1980; 
Young, 1977). One difficulty in evaluating some of these control 
procedures in the orchard environment is that the response or fate 
of the voles during experimentation is not clearly known. The use of 
radiotelemetry allows one to monitor vole movement and mortality 
following experimental treatments in the orchard. 

In a previous study, we demonstrated that mowing without thatch 
removal has little effect on the immediate survival and movement of 
pine and meadow voles (Kadison et al., 1981). In another study, we 
measured the effect of clearing a border strip on vole movement 
between the orchard and surrounding habitats, and suggested that the 
border populations of voles should be considered in vole management 
programs (Pagano and Madison, 1982). The present study reports the 
results of a small scale effort to see what happens to pine and 
meadow vole movement following the application of the herbiciee 
Paraquat. 



METHODS 

The study was conducted from 20 April to 15 May 1981 within 
Stanley Orchards, Modena, Ulster Co., New York. A 2.0 acre (0.8 
hectare) section of orchard consisting of 8 rows, 16 trees/row, was 
used. All tree bases were censused regularly with Spencer live traps 
for the occurrence of both pine and meadow voles. Eleven voles (9 
pine voles, 2 meadow voles) were captured for radiotracking following 
an intensive census period during late April and early May. Since 
the population density of both species,andespecially of meadow voles, 
was low during this spring, it was difficult to find many voles for 
tracking. The 11 adults captured consisted of a sample of 9 adult 
pine voles and all the adult meadow voles that could be found within 
the orchard plot at the time of the census. 

The voles were given radiotransmitters between 20 April and 
4 May, and then were radiotracked during intensive sessions between 
5 May and 15 May. The surgical technique for implanting the radio- 
transmitters, and the technique used to track the voles, are reported 
in Madison et al. (1981). The tracking sessions consisted of record- 
ing the position of each vole once every 30 minutes from 1600 h to 
2300 h, thus generating 15 positions for each session. This time 
interval was chosen because earlier studies revealed that this was 
an active period for voles. The sessions were conducted 3 days 
before herbicide application and on days 1, 5, and 7 following appli- 
cation. 

The herbicide Paraquat was administered on 8 May at a concentra- 
tion of approximately 0.56 Kghectare (0.5 lb/acre). The tractor- 
hauled spray unit with boom covered a strip 1.5 m (5 feet) to either 
side of every row. Since the grass was very high and thick at the 
time of spraying, penetration of the herbicide was incomplete in some 
areas, as evidenced by green patches of vegetation in the treated 
zone following herbicide application. 

The 15 position fixes per study session were used to determine 
whether movement of the voles changed after herbicide application. 
Two measures were chosen. One was the area covered by the 15 posi- 
tions, and the other was the average distance of these positions from 
the nearest tree row (see details in Madison et al., 1981). Since we 
did not have the resources to establish a concurrent control plot 
(one having radiotagged voles but not receiving herbicide), we used 
the movements of the voles before herbicide treatment as a control 
for the movements after herbicide application. Since all the radio- 
telemetry positions were recorded during an 11-day period, we felt 
that any effects due to environmental conditions unrelated to treat- 
ment would be small compared to the effect of a sudden, grass/forb 
die-off in the habitat following herbicide application. 



RESULTS 

General. Of the 11 voles initially radiotagged, 8 were tracked 
throughout the study period. Three voles disappeared during tracking, 
and one additional vole disappeared before the voles were recaptured 
for transmitter removal on 17 May. Since the study plot was censused 
regularly following this herbicide study, and since none of the 4 
voles was ever recaptured, predation is the most likely cause of the 
disappearance of these voles. The records of the 8 voles tracked 
throughout the 11-day period of intensive tracking constitutes the 
data set for the analyses to follow. 

Home Range Size. The size of the short term home range covering 
15 positions for each vole during each tracking session averaged 2.8 m 
3 days before herbicide application and 2.4 m, 5.0 m and 6.0 m on 
days 1, 3 and 5 following application, respectively (Table I). 
Relative to the size of the aree used by each of these voles before 
treatment, the area used by the 8 voles one day after treatment was 

2 
Table 1: Home range size (HR, m ) and average distance from the 
nearest tree row (AD, m) for the eight adult pine voles (W) and 
meadow voles (MV) radiotracked during all study sessions before and 
after herbicide application. 

Day Relative to Application 

Species Sex Wt. (g) HR AD HR AD HR AD HR AD 

Mean 2.8 0.7 2.4 0.7 5.0 0.8 6.0 0.8 
SD 2.0 0.3 3.0 0.3 4.0 0.2 6.5 0.3 



smaller for 6 of the 8 individuals. On days 5 and 7 after applica- 
tion, 12 of the 16 home ranges these days were larger than those for 
the same voles one day after treatment. The shift from smaller areas 
on the day following application to larger areas on days 5 and 7 
after application was significant (Fisher's Test, p = 0.03). 

Distance Moved From Row. The average distance moved perpendi- 
cular to the tree rows was 0.7 m 3 days before application and 0.7 m, 
0.8 m and 0.8 m on days 1, 5 and 7 following application, respective- 
ly (Table 1). Although these distances were greater on the average 
after herbicide application, the number of voles showing greater 
movement away from the rows after application was not significantly 
different from random expectation. 

DISCUSSION 

The normal effect of herbicide application in an apple orchard 
is the death of most grasses and forbs in the area of application. 
Since this area along tree rows is also the preferred habitat of pine 
and meadow voles in the orchard, and since both pine and meadow voles 
benefit from the vegetative cover in these areas (McAninch, 1978) , 
our initial expectation was that the herbicide would cause the death 
or dispersal of voles in the treated areas. However, our data indi- 
cate only small effects on death or movement. 

The loss of 4 of the 11 voles during the 2 weeks after herbicide 
application is high; the normal loss rate is about 9% per week, thus 
a 1 to 2 vole loss would have been normal. The increased number of 
voles lost, probably to predators, is likely the result of increased 
susceptibility due to the reduction in the grass/forb canopy. 

The decreased home range size on the day following application 
is not surprising considering the fact that most of the grass in the 
sprayed area had turned brown within 24 h of spraying. Thus, upon 
being suddenly more exposed on day 1 after application, the voles 
were probably temporarily inhibited in their movements. The in- 
creased home range size noted on days 5 and 7 after treatment is 
consistent with food shortage and with the voles having to forage more 
widely for green vegetation. Since the voles did not increase their 
movements into areas towards the aisles where the grass had not been 
sprayed, the voles must have moved farther along the rows, or across 
rows. Both of these adjustments in movement were observed. The in- 
creased movement along rows probably occurred because a substantial 
amount of green grass still remained in this area. The green grass 
remaining was in such high and thick clumps at the time of spraying 
that a good portion of it survived. Both pine and meadow voles for- 
aged in these green patches in preference to moving into the green 
grass next to the aisles. 



Our general impression is that herbicide application is not in 
itself an effective cultural method for the control of voles in 
orchards. The effect of herbicide application would have been more 
noticeable had the herbicide been applied to the entire area under 
the trees at a time when the grass cover was not as thick or tall 
(e.g., less than 12 inches high). We predict that under these 
circumstances the meadow voles would have been forced into the pine 
vole burrows or out of the orchard altogether. The pine voles would 
likely become exclusively subterranean, at least until regrowth, 
and would probably begin to feed more on tree roots. For the latter 
reason, herbicide application combined with poison baits would be 
a recommended control procedure for pine voles. 

The research was made possible by a grant from the U.S. Fish 
and Wildlife Service, Grant No. 14-16-0009-79-066. Special thanks 
go to Stanley Cohn for allowing us to use his property and for the 
herbicide application during the study. 
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Abstract: A study was undertaken to determine if meadow voles, 
Microtus pennsylvanicus, use habitats adjacent to apple orchards. 
Considerations were given to how extensively these areas were used, if 
at all, and if a bulldozed strip would control their movements between 
the orchard and adjacent border habitats. Trapping and telemetry data 
showed that meadow voles do use the adjacent border habitats extensive- 
ly and make frequent crossings between these areas and the nearby or- 
chards. It would seem, therefore, important to include these areas in 
any vole management program. Although the bulldozed strip was effec- 
tive in reducing movements between the orchard and adjacent habitat 
types, questions remain as to the optimal method of controlling any 
movement. 

INTRODUCTION 

A major concern of the orchard growers of the Hudson Valley has 
been the reinvasion of an orchard whose vole population has been elim- 
inated or controlled. Hamilton (1935) indicated that meadow voles 
used brush piles, weedy corners, and other borders near orchards. 
These individuals could act as "seed" populations that might ultimate- 
ly invade the orchards. Thus, it would be important to identify such 
sources, if they exist, and include these habitats in any overall 
vole management program. 

Four main questions were posed prior to the initiation of the 
field work. First, do meadow voles use habitats that are adjacent to 
many of the orchards? Second, to what extent do meadow voles use 
this border-refuge habitat? Third, how extensive are any movements 
between the orchard and border habitats? Finally, what effect would 
a boundary strip have on movement patterns between the orchard and 
border areas? 

METHODS 

The study site was located on the Steve Clarke farm near Modena, 
New York in the Hudson Valley. A trapping grid was set up along an 
orchard edge bordering a wet hollow dominated by thick brush and 
woody vegetation. A grass strip 5 m wide separated the orchard from 
the brush and will hereafter be called the edge. 



The trapping g r i d  consis ted of 90 Sherman l i v e  t r a p s  s e t  i n  15 
rows with s i x  s t a t i o n s  per  row (Figure 1). One t r a p  was placed a t  

Figure 1: Diaqram of t h e  study s i t e ,  showing apple t r e e s  ( O ) ,  t r a p  
loca t ions  (+), and t h e  brush h a b i t a t  ( / / / ) .  The two heavy hor izon ta l  
l i n e s  enclose t h e  bulldozed zone. 

each s t a t i o n .  Traps were spaced 7 m a p a r t  within rows and 10 m a p a r t  
between rows a s  d i c t a t e d  by t r e e  spacing. The g r i d  was s i t u a t e d  so  
t h a t  t h r e e  s t a t i o n s  i n  every row were i n  t h e  orchard, one s t a t i o n  was 
i n  t h e  edge, and two were i n  t h e  brush. Three t r a p  checks were con- 
ducted over a two-day period f o r  a t o t a l  of 270 t r a p  checks. A t  t h e  
conclusion of t h e  study, a three-day t r a p  ou t  was conducted t o  re- 
t r i e v e  t r a n s m i t t e r s  and remove a l l  animals present .  

Telemetry equipment and methods use2 were s i m i l a r  t o  those de- 
sc r ibed  i n  e a r l i e r  papers (Madison, e t  a l . ,  1980). Four a d u l t  male 
meadow voles  and f i v e  a d u l t  females were se lec ted  from the  animals 
trapped f o r  use i n  t h e  te lemetry work. These animals came primari ly  
from orchard t r a p  s i t e s .  A l l  male meadow voles  were reproductively 
a c t i v e ,  and a l l  females were a t  t h e  same stage of pregnancy a t  t h e  
time of t r a n s m i t t e r  implant. 

Telemetry pos i t ions  were obtained hourly f o r  e i g h t  consecutive 
hours on each of t h r e e  days f o r  every individual .  After  an i n i t i a l  
25 p o s i t i o n s  were obtained, a bulldozed s t r i p  15 m wide was made i n  
t h e  brush. The 5 m wide edge was l e f t  untouched, c rea t ing  a t o t a l  



dis tance  of 20 m between t h e  orchard and t h e  edge of the  brush. 
Twenty-five telemetry p o s i t i o n s  were again obtained on each individual  
i n  t h e  same manner a s  described above. The da ta  were combined (males 
p lus  females) f o r  ana lys i s .  

RESULTS 

The t rapping r e s u l t s  shown i n  Table 1 ind ica te  t h a t  the  meadow 
voles  used a l l  t h r e e  a reas  found within the  study s i t e .  For the  s i z e  
of t h e  area involved, a  disproport ionately high number of voles  were 
caught i n  t h e  mowed edge hab i ta t .  The r e s u l t s  of t h e  t rapping sug- 
gested a  j u s t i f i c a t i o n  t o  continue with the  p r o j e c t  desp i te  the  fewer 
captures  i n  t h e  brush zone. 

Table 1: Trapping da ta  ind ica t ing  t h e  number of d i f f e r e n t  ind iv idua ls  
caught i n  each h a b i t a t  type. 

Sex Total  
M F Total  Trap Checks 

Orchard 5 6 11 
Edge 7 3 10 
Brush 4 2 6 

Animals caught i n  one h a b i t a t  type d id  not necessar i ly  r e s t r i c t  
t h e i r  movements t o  t h a t  area.  Six of the  nine t ransmit tered voles  
included both t h e  brush and orchard h a b i t a t s  within t h e i r  home ranges. 
These animals f r e e l y  crossed t h e  grassy edge before t h e  bulldozed 
s t r i p  was c rea ted  between the  orchard and brush zones. 

The telemetry d a t a  presented i n  Table 2 a r e  adjusted values,  
obtained by mult iplying t h e  raw da ta  by c o e f f i c i e n t s  t o  r e f l e c t  the  
s i z e  of t h e  t h r e e  h a b i t a t  types on t h e  study s i t e s .  The t o t a l  te-  
lemetry p o s i t i o n s  f o r  t h e  edge, brush, and orchard were mul t ip l ied  
by .17, -33,  and .50 ,  respect ively.  The da ta  a r e  summarized a s  mean 
telemetry p o s i t i o n s  per  h a b i t a t  type before and a f t e r  bulldozing. 

Table 2: Telemetry d a t a  summarized a s  mean pos i t ions  per  area before 
and a f t e r  bulldozing. The telemetry da ta  was adjusted by c o e f f i c i e n t s  
t o  r e f l e c t  t h e  s i z e  d i f fe rences  between the  h a b i t a t  types ( the  coef f i -  
c i e n t s  were .17 f o r  edge, .33 f o r  brush, and .50 f o r  orchard) .  

Orchard Edge Brush 

Before 
Af te r  



A two-way ana lys i s  of var iance was c a r r i e d  ou t  on t h e  telemetry 
da ta .  No s t a t i s t i c a l l y  significant d i f fe rences  ex i s ted  between be- 
f o r e  and a f t e r  bulldozing; however, t h e  a r e a  main e f f e c t  was s i g n i f -  
i c a n t  (p < .01). A Neuman-Keuls mult iple  range t e s t  showed t h a t  brush 
and orchard zones were used s i m i l a r l y ,  b u t  t h e  edge was used s i g n i f i -  
can t ly  l e s s  than e i t h e r  t h e  brush o r  orchard (p < .05). 

A s  an i n d i c a t o r  of mobility between t h e  brush and orchard a reas ,  
t h e  number of complete crossings from t h e  brush i n t o  the  orchard hab- 
i t a t  ( o r  v i c e  versa )  was tabu la ted  both before and a f t e r  the  bul l -  
dozing f o r  each meadow vole (Table 3 ) .  A l l  bu t  two of the  nine ani- 
mals ca r ry ing  t r a n s m i t t e r s  made crossing moves before the manipulation. 
During t h e  bulldozing operat ion,  considerable  movement occurred a s  
near ly  every t ransmi t te red  vole  had t o  move away from t h e  bulldozer. 
However, only one female meadow vole  carrying a t ransmi t te r  was k i l l e d  
a s  a d i r e c t  r e s u l t  of t h e  bulldozing. A t - t e s t  showed a s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f fe rence  i n  crossings before z. a f t e r  bulldozing ( t  = 
3 .48 ,  p < .05). Substant ively,  t h e r e  appears t o  be a d i s t i n c t  decrease 
i n  t h e  number of crossings a f t e r  t h e  bulldozing. 

Table 3: The number of crossings from t h e  orchard t o  t h e  brush ( o r  
v ice  versa)  by ind iv idua l  meadow voles  before and a f t e r  bulldozing. 

Number of Crossings 

Vole Before After  

DISCUSSION 

The main purpose of t h i s  study was t o  determine i f  h a b i t a t s  
found ad jacen t  t o  orchards were used by meadow voles. The t rapping 
and telemetry d a t a  not  only show t h a t  some meadow voles use t h e  
brush a s  p a r t  of  t h e i r  home ranges, b u t  t h a t  they use it j u s t  a s  
in tens ive ly  a s  they use t h e  orchard hab i ta t .  There i s  considerable 
movement between t h e  orchard and brush h a b i t a t s  a s  long a s  t h e r e  is no 
b a r r i e r  t o  prevent  it. 

The r e l a t i v e l y  open and unprotected edge h a b i t a t  appears t o  be 
used i n  a l imi ted  way by t h e  voles ,  pr imari ly  a s  a cor r idor  through 
which t o  move between t h e  brush and orchard. The la rge  number of 



t r a p  captures ,  b u t  t h e  small  number of te lemetry pos i t ions ,  i n  t h i s  
zone can be explained a t  l e a s t  i n  p a r t  by rap id  movements between t h e  
brush and orchard h a b i t a t s .  

Several  animals moved i n t o  t h e  brush toward t h e  evening hours 
with only i n t e r m i t t e n t  per iods spent  there  during t h e  day. This sug- 
g e s t s  t h a t  t h e  animals p re fe r red  t h e  s h e l t e r  of t h e  brush, b u t  pre- 
f e r r e d  t o  feed  i n  t h e  orchard. This conclusion i s  supported by t h e  
pauci ty of  herbaceous vegetat ion on which t o  feed i n  t h e  brush h a b i t a t .  

Reducing t h e  l ike l ihood  of reinvasion of the  orchards by voles  is 
an important element of a management program. By reducing o r  elimina- 
t i n g  t h e  movement of animals between t h e  orchard and border h a b i t a t s ,  
a grower can c r e a t e  two separa te  populations, thereby allowing t h e  
implementation o f  a management program without t h e  t h r e a t  of invasion 
by vo les  from e x t e r n a l  sources. Although t h e  bulldozed border s t r i p  
appeared t o  be  e f f e c t i v e  i n  stopping crossing movements, it i s  
doubtful  t h a t  a 20 m wide s t r i p  would be a p r a c t i c a l  con t ro l  measure. 
Adjoining property l i n e s  o f t e n  make it d i f f i c u l t  t o  use many e f f e c t i v e  
means of  con t ro l .  

Cole (1978) ind ica ted  t h a t  a c lean,  mowed s t r i p  10 m wide was an 
adequate b a r r i e r  t o  p r a i r i e  vole  movements. Another study i n  
Aus t ra l ia  (Barnet t ,  e t  a l . ,  1978) showed t h a t  small mammals r a r e l y  
crossed open a r e a s  such a s  roads even i f  t h e  road had long been 
unused and was p a r t l y  overgrown. They a l s o  ind ica ted  t h a t  t h e  number 
of c ross ings  was inverse ly  r e l a t e d  t o  road width. Horsfal (1964) 
s t a t e d  t h a t  roads and streams appear t o  a c t  a s  b a r r i e r s  t o  meadow 
and p ine  vo le  movements along orchard borders. Other d e t e r r e n t s  could 
include t i l l e d  and/or herbicided s t r i p s  along orchard boundaries. 

Where poss ib le ,  border a reas  should be kept  c lean (Hamilton, 
1935), s ince  brush p i l e s  o r  overgrown corners  can support a population 
of  meadow voles .  However, any a l t e r a t i o n  of t h e  h a b i t a t  should be 
done i n  conjunct ion with an orchard management plan s ince  t h e  
removal of s h e l t e r  could force  animals t o  seek refuge i n  the  nearby 
orchards (Horsfal,  1964). 

The r e s u l t s  of  t h i s  study i n d i c a t e  t h a t  a sound vole management 
program should inc lude  h a b i t a t s  ad jacen t  t o  t h e  orchards. Although 
t h e  loca t ion  of t h e  study s i t e  d i c t a t e d  t h e  use of only meadow voles  
i n  t h i s  p r o j e c t ,  it i s  poss ib le  t h a t  many of t h e  woodlots t h a t  e x i s t  
near  t h e  orchards could harbor p ine  vole  populations a s  wel l  (Goertz, 
1971; Paul,  1970; Benton, 1955). Further  work needs t o  be done t o  
i d e n t i f y  t h e  bordering h a b i t a t s  t h a t  could harbor meadow and/or pine 
vo le  populations. The e f f e c t  of d i f f e r e n t  population d e n s i t i e s  on 
movements ac ross  b a r r i e r s ,  a s  well  a s  t h e  long-term ef fec t iveness  of 
b a r r i e r s ,  must a l s o  be s tud ied  before f i n a l  conclusions can be drawn. 
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INTRODUCTION 

P ine  v o l e s  ( Y i c r o t u s  pinetorum) and meadow v o l e s  (M. 
pennsy lvan icus )  co-occur i n  o rcha rds  b u t  may e x h i b i t  mutual 
avoidance  through temporal  o r  s p a t i a l  i s o l a t i o n .  Though p i n e  and 
meadow v o l e s  have e x h i b i t e d  ove r l app ing  home r?nges ,  i n d i v i d u a l s  
o f  t h e  two s p e c i e s  seldom occupy t h e  same 2m a r e a  a t  t h e  same 
t ime (Pagano d Madison, 1981).  D i f f e r e n c e s  i n  h a b i t a t  u s e  by p i n e  
and meadow v o l e s  may c o n t r i b u t e  t o  t h e i r  s p a t i a l  s e p a r a t i o n  i n  
o rcha rds .  McAnich (1979) found a  weak r e l a t i o n s h i p  between meadow 
v o l e  numbers and s o i l  compaction,  s o i l  mo i s tu re ,  t h a t c h  dep th ,  and 
l i g h t  i n t e n s i t y  and no r e l a t i o n s h i p  between meadow v o l e  occu r rence  
and s o i l  o r g a n i c  m a t t e r  o r  cover  d e n s i t y .  However, Pagano and 
Madison (1981) r e p o r t  a  s t r o n g  c o r r e l a t i o n  between meadow vo le  
numbers and abundant cover  d u r i n g  August. P ine  v o l e s  e x h i b i t e d  a  
s i g n i f i c a n t  r e l a t i o n s h i p  wi th  s o i l  compaction,  t h a t c h  dep th ,  and 
l i g h t  i n t e n s i t y .  

S t u d i e s  concerning p ine  and meadow v o l e  movements and h a b i t a t  
u s e  have monitored e s t a b l i s h e d  v o l e  popu la t ions  u s u a l l y  i n  
mainta ined o rcha rds .  Th i s  paper  r e p o r t s  on t h e  e c o l o g i c a l  
parameters  a s s o c i a t e d  wi th  p i n e  v o l e  c o l o n i z ~ t i o n  of an  abandoned 
o rcha rd .  Thus, s i t e  s e l e c t i o n  by p ine  v o l e s  and t h e  e f f e c t  o f  
p i n e  v o l e  movement and e s t ab l i shmen t  on meadow v o l e s  could  be  
determined.  

YATERIALS AND METHODS 

I n  a n  i s o l a t e d  abandoned o rcha rd  i n  Montgomery County 
V i r g i n i a ,  which con ta ined  an  e s t a b l i s h e d  meadow v o l e  popu la t ion ,  
two t r a p  g r i d s  (0.25 h e c t a r e  each)  were e s t a b l i s h e d  i n  June ,  1980. 
Each g r i d  c o n s i s t e d  o f  f o u r  t r e e  rows (10  t r e e s  p e r  row) and 5 
a i s l e  rows w i t h  94 and 102 t r a p s i t e s  p e r  g r i d .  The g r i d s  were 
s e p a r s t e d  by 35 me te r s  o f  cont inuous  h a b i t a t  and were t r apped  
monthly. A i s l e  rows had l a r g e  Sherman t r a p s  6 meters  a p a r t  and 
t r e e  rows had 2  sma l l  Sherman t r a p s  a t  each a c t i v e  t r e e  s i t e .  
T raps  were b a i t e d  wi th  o a t s  and a p p l e s  and were p laced i n  v o l e  
runs .  Tree  t r a p s  were dug i n t o  runways and covered wi th  t a r  
paper .  Meadow v o l e  popu la t ions  were monitored throughout  t h e  
s t u d y  wh i l e  p i n e  v o l e  popu la t ions  were monitored a f t e r  t h e i r  
r e l e a s e  i n  1980 and 1981. 

I n  September,  1980 94 p i n e  v o l e s  (47dd, 4799) were r e l e a s e d  
on t h e  c o n t r o l  g r i d  bu t  subsequen t ly  colonized t h e  exper imenta l  



g r i d .  S ince  few members o f  t h i s  popu la t ion  survived t h e  w i n t e r ,  a  
second r e l e a s e  o f  100 p ine  v o l e s  ( 5 0 8 4  5099) was conducted on t h e  
exper imenta l  g r i d  i n  J u l y ,  1981. Voles were r e l ea sed  on t h e  
c e n t r a l  p o r t i o n  o f  t h e  g r i d s ,  2 p a i r s  p e r  t r e e .  

411 t rapped animals  were t o e  c l i pped  and /o r  e a r  tagged,  
sexed,  measured ( t o t a l  l e n g t h  and body l e n g t h ) ,  and r ep roduc t ive  
c o n d i t i o n  recorded ( t e a t s ,  vag ina ,  and t e s t e s ) .  A l l  t r a p  and 
r e c a p t u r e  d a t a  was recorded on g r i d  maps t o  n o t e  a r e a s  o f  o v e r l a p  
and movement p a t t e r n s  w i t h i n  t h e  popu la t ion .  Popu la t ion  d e n s i t i e s  
were c a l c u l a t e d  by minimum number known a l i v e  (YNKA) ( ~ r e b s ,  1966) 
bo th  b e f o r e  and a f t e r  p ine  v o l e  i n t r o d u c t i o n .  

Vege ta t ion  and s o i l  c h a r a c t e r i s t i c s  f o r  s i t e s  where e i t h e r  
p i n e  v o l e s ,  meadow v o l e s ,  o r  no v o l e s  were captured  were 
q u a n t i f i e d .  Vege ta t ive  ground cover  was determined f o r  0-25 cm i n  
h e i g h t ,  25-50 cm and 50-100 cm us ing  a  0.5 by 1  meter v e g e t a t i o n  
cover  board.  Tree  cover  was c h a r a c t e r i z e d  f o r  0-1.5 m and 1.5-7 m 
u s i n g  3 7 m h igh  by 10 cm wide cover  d e n s i t y  board.  A t  each s i t e  
s o i l  mo i s tu re  and pY was recorded us ing  a  Takemum s o i l  pH and 
humidi ty  t e s t e r .  S o i l  samples were obta ined wi th  a  s o i l  auge r  and 
l i t t e r ,  A hor i zon ,  and B ho r i zon  dep ths  were measured with a  
r u l e r .  The r e l s t i v e  pe rcen tage  o f  g r a s s e s  and f o r b s  were noted a t  
each s i t e .  

I n  J u l y ,  1981 a  random sample o f  66 t r a p  s i t e s ,  a t  bo th  t r e e s  
and a i s l e s ,  on each g r i d  was chosen f o r  h a b i t a t  a n a l y s i s .  Th i s  
sample served t o  c h a r a c t e r i z e  t h e  h a b i t a t  a v a i l a b l e  i n  t h e  o rcha rd  
p r i o r  t o  t h e  1981 p i n e  v o l e  r e l e a s e .  Sxper imenta l  samples were 
ob ta ined  immediately a f t e r  t h e  J u l y ,  September,  October ,  and 
November t r a p p i n g  s e s s i o n  a t  s i t e s  where e i t h e r  p ine  o r  meadow 
v o l e s  had been cap tu red .  

During September,  1981 a  second random sample of 66 t r a p  
s i t e s  on each g r i d  was conducted.  Th i s  sample served a s  a  c o n t r o l  
sample f o r  t h e  r e l e a s e  o f  v o l e s  i n  1980 s i n c e  no h a b i t a t  sampling 
had been done a t  t h a t  t ime. Sxper imenta l  samples were then  
ob ta ined  f o r  a l l  t r a p  s i t e s  a t  which two o r  more meadow o r  p ine  
v o l e s  had been captured  i n  J u l y ,  1980 through February ,  1981. 

Stepwise  d i s c r i m i n a n t  a n a l y s e s  were performed on h a b i t a t  d a t a  
from each g r i d  t o  de termine  which h a b i t a t  v a r i a b l e s  were most 
impor t an t  i n  d i s c r i m i n a t i n g  between s i t e s  where p i n e ,  meadow, o r  
no v o l e s  occurred .  

RESULTS 

Meadow v o l e  popu la t ion  d e n s i t i e s  followed t h e  same pas t e rn  on 
bo th  g r i d s  d e s p i t e  t h e  presence  o r  absence  o f  p ine  v o l ,  . The 
i n i t i a l  d e n s i t y  on t h e  exper imenta l  g r i d  i n  J u l y ,  1980 was 117/ha 
and was 55/ha on t h e  c o n t r o l  g r i d  ( ~ i g .  1 ). Meadow vo le  d e n s i t i e s  
peaked i n  t h e  f a l l  o f  1980 and then  dec l ined  through 1981. 
Bowever, t h e  i n t r o d u c t i o n  o f  p ine  v o l e s  i n  September, 1980 and 
J u l y ,  1981 had no d i s c e r n a b l e  e f f e c t  on meadow v o l e s  d e n s i t i e s .  
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Figure 1. Population d e n s i t i e s  of g. pennsylvanicus ( s o l i d  l i n e )  
and M. pinetorum (dashed l i n e s )  from J u l y  1979 - February 
1982 on t h e  experimentdl g r i d  ( A )  and con t ro l  g r i d  (B). 
Downward arrow Y-arks t h e  po in t s  of in t roduc t ion  o f  g. 
pinetorum on t h e  g r i d s .  



Throughout the  s tudy,  meadow and pine voles  were r a r e l y  
captured a t  the  same t r a p  s i t e s  e i t h e r  within o r  between t rapping 
periods. After  the  colonizat ion of the  experimental g r id  by pine 
voles  i n  1980, 36% of the t r a p  s i t e s  captured only meadow voles ,  
22% captured only pine voles ,  while l e s s  than 16% of the t r a p  
s i t e s  captured both species .  A s i m i l a r  d i s t r i b u t i o n  p a t t e r n  
occurred on the  con t ro l  gr id with 49% of the  t r a p  s i t e s  capturing 
meadow voles ,  7% pine voles ,  and l e s s  than 10% captured both 
species .  After  the  second pine vole  r e l e a s e ,  meadow and pine 
voles  again exhibi ted s p a t i a l  separa t ion  with 38% of the  t r a p  
s i t e s  on the  experimental g r id  capturing only meadow voles ,  29% 
pine vo les ,  and a t  4% of the t r a p  s i t e s  both spec ies  were 
captured. Pine voles  were captured a t  f i v e  s i t e s  (4%) a t  which 
meadow voles  had been caught during previous t rapping sessions.  
S imi la r  d i s t r i b u t i o n  pa t te rns  occurred on the con t ro l  g r id .  
During t rapping sess ions  when pine voles  were presen t ,  27% of the 
meadow voles  captured on each gr id  occurred a t  a i s l e  t r a p s i t e s  
adjacent  t o  t r e e  s i t e s  concurrent ly used by pine voles. 

Pine vole  d e n s i t i e s  were always g r e a t e s t  on the  experimental 
q r i d ,  even though the  1980 re lease  was on the con t ro l  g r id .  This 
may have been due t o  the  s i q n i f i c a n t l y  lower amount of g r a s s ,  
g r e a t e r  depth of l i t t e r ,  and g r e a t e r  depth of the  A horizon on the  
experimental g r id  when compared t o  the  con t ro l  gr id.  Pine vole  
occurrence was pos i t ive ly  cor re la ted  with l i t t e r  depth and 
nesa t ive ly  cor re la ted  with t h e  occurrence of g rasses ,  while t h e  
opposi te  c o r r e l a t i o n s  occurred with meadow voles   a able 1 ). Pine 
vole  h a b i t a t  was a l s o  character ized by high amounts of t r e e  cover. 
Meadow voles  were found i n  a reas  with a  high percentage of low 
vege ta t ive  cover. 

Both before and a f t e r  the  pine vole  re lease ,  meadow voles  
were pr imari ly  captured a t  a i s l e  s i t e s .  P r i o r  t o  the  pine vole 
in t roduc t ion ,  96% of the  meadow voles  captured on both g r i d s  were 
a t  a i s l e  s i t e s .  After  the  re lease ,  87% of the  meadow vole 
captures  on the  experimental g r i d ,  and 89% on the  con t ro l  g r i d ,  
were a t  a i s l e  s i t e s .  Seventy seven percent of the  pine voles  
captured on the  experimental g r id  and 49% on the  con t ro l  g r id  were 
under t r e e s .  

Stepwise discr iminant  funct ion analyses showed which h a b i t a t  
var iab les  accounted f o r  most of the v a r i a t i o n  i n  t r a p  s i t e s  
u t i l i z e d  by pine and meadow voles  o r  no voles .  Resul ts  from t h e  
experimental g r id  during the  f i r s t  year ( i . e . ,  Ju ly ,  1980 - 
February, 1981 ) showed s o i l  moisture and depth of the A s o i l  
horizon t o  be the  most discr iminat ing variables .  Using these 2  
h a b i t a t  var iab les  the  ana lys i s  c o r r e c t l y  c l a s s i f i e d  97% of the  
meadow vole s i t e s ,  77% of the  pine voles  s i t e s ,  and 70% of the  no 
vole s i t e s . -  The depth of the A horizon was g r e a t e s t  a t  pine vole  
t r a p s i t e s  (X = 2.1 cm) l e a s t  a t  meadow vole s i t e s  (g = 0.2 cm), 
and moderate a t  no-vole-sites (X = 0.5 cm) . S o i l  -moisture was 
lower a t  no vole s i t e s  ( X  = 34.7%) than e i t h e r  pine ( X  = 46.1%) o r  
meadow vole ( X  = 52.9%) t r a p  s i t e s .  Similar  r e s u l t s  occurred on 
the  con t ro l  g r id  where s o i l  moisture alone was the pr inc ipa l  



ractor discriminating between trapsites, with lower soil moisture 
at no vole sites (r = 72.7%) than at either pine fl = 36.5%) or 
meadow vole sites (r = 47.3%). 

During the second year  a arch, 1981 - November, 1981 ) low 
vegetative cover (0-25 cm), low tree cover (0-1.5), and depth of 
the A soil horizon were the most discriminating variables on the 
experimental grid. Using these habitat characteristics the 
analysis correctly classified 79% of the meadow vole trapsites, 
64% of the pine vole sites, and 67% of the no vole sites. Yean 
low tree cover at 30 vole sites was 40.7% which did not differ 
from pine vole sites (37.9%), but both differed from meadow vole 
sites (3.6%). Mean low vegetative cover was 39.2% for pine vole 
sites while both no vole and meadow vole sites exceeded 69 
percent. Depth for the A horizon_ was greatest for no vole sites (x = 4.2 cm) and lower for pine (X = 1.4 cm) and meadow vole sites 
(X = < 0.2 cm). 

On the control grid the relative percentage of grasses and 
percent soil moisture were the discriminating variables for the 
second year. Using these variables 79% of the meadow vole sites, 
64% of the pine vole sites, and 67% of the no vole sites were 
correctly classified. The percent grass cover was lowest at pine 
vole (X = 18.0%) and no vole sites ('il = 25.3%) and greatest at 
meadow vole sites (51 = 78.3%). As on the experimental grid, soil 
moisture was greatest at meadow vole sites, (X = 48.3%) and lower 
at pine vole(y = 31.8%) and no vole sites (X = 31.6%). 

A second set of discriminant analyses was conducted to 
discriminate between meadow and pine vole sites in the 
experimental samples. Tach analysis used only two habitat 
variables to correctly classify at least 75% of the trap sites as 
either pine or meadow vole sites. For the first year low 
vegetative cover and low tree cover discriminated between the 
habitats of the two species on the experimental grid. Pine voles 
associated with reduced low vegetative cover (?I = 42.2%) and more 
tree cover (X = 37.4%) than meadow voles (X = 75.1% and 3.3%, 
respectively). On the control grid meadow voles occurred in argas 
with thin A horizon's (X = 1.8 cm) as compared to pine voles (X = 
19.5 cm). 

During the second year meadow voles on the experimental grid 
associated with less litter (x = 0.37 cm) and thicker low 
vegetative cover (x = 72.9%) than did pine voles (X = 2.0 cm and 
8.5% respectively). On the control grid meadow voles occurred in 
moist areas (X = 48.3% moisture) with a high occurrence of grasses 
(x = 78.3%) while pine voles were Pound in drier areas (X = 31 .S% 
moisture) with a high occurrence of forbs (TI = 82.0%). 

DISCUSSION 

The introduction of pine voles into an orchard containing 
only meadow voles had little effect on meadow vole density or 
spatial distribution. Similar density patterns for meadow voles 



occurred on both the control and experimental grids whether pine 
voles were present or not. Yowever, because meadow vole densities 
declined from Vovember, 1980 through January, 1982 it is difficult 
to ascertain what impact pine voles would have had on a more 
substantial meadow vole population. Pine voles exhibited spatial 
isolation from meadow voles which occupied grassy aisle areas 
while pine voles primarily occupied areas under trees. Yeadow 
voles selected moist areas with abundant low vegetative cover such 
as grasses, while pine voles selected areas beneath trees where 
there was a substantial A soil horizon and litter layer, moderate 
soil moisture, and good low tree cover. Fisher and Anthony (1980) 
determined that litter layers and A horizon soil characteristics 
were important to pine vole establishment. .4dditionally Benton 
(1955) and Paul (1970) working in wooded habitats correlated cover 
conditions with pine vole occurence. These variables and others 
were significant in pine vole establishment when sypatric 
potential competitors were present. On occassion, meadow voles 
used burrows under trees which were previously utilized by pine 
voles, but in only one instance was a meadow vole found under a 
tree concurrently used by pine voles. Yore frequently, pine voles 
occurred in habitats typical for meadow voles but never for 
extended periods of time. These pine voles may have been 
exploring for more suitable habitat or dispersing to new areas. 

The lack of a significant effect of an introduced pine vole 
population on an established meadow vole population suggests that 
these two species may exhibit little competitive interaction in 
the field. Due to extensive differences in their habitat 
preferences and mode of life (i.e. forsorial vs. terrestrial) one 
might expect little competition except perhaps for food resources. 
Since forage quality is relatively high in orchards competition 
for food would be minimal. Thus, pine and meadow voles co-exist 
in limited areas such as orchards with minimal interaction and 
pine voles exhibited no measurable effect on meadow vole spatial 
patterns. However, further research is needed to determine 
whether pine vole habitat use is limited by the presence of meadow 
voles. 
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ECOLOGICAL REQUIREMENTS OF PINE AND MEADOW VCLES 
IN NEW ENCLAND CRCHARDS 
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INTRODUCTICK 

With incressed concern over the effects of pesticides on 
ecosystems end non-taraet species, the use of many toxic 
materials hes either been banned or severly restricted. 
Consequently, 6 more ecological approach to vole damege is 
necessary to develop sounder methods of control. 
Distribution of pine vcles (Microtus ~ i n e t o r e ) ,  both 
seasonally end geogrephically, indicates thet this species 
i s  not reedily adaptable to a wide range of hebitet types or 
conditions. If there ere certain factors limiting the 
occurrence end ebundance of pine voles, end they can be 
detected, w e  may b e  able to exploit this knowledge to 
adbersely affect bole populaticns by menipuleting their 
habitat. 

The objectives of this study were to: (1) quantitatively 
measure both environmental perameters and control methods 
influencing the distribution and amount of damage done by 
pine and meadow voles (Ficrotus pennsylvenicus) in southern 
New Englend apple orchards, end (2) measure parameters which 
m6y determine intre-orchard distribution of the 2 species. 

METHODS 

Environmental perameters thst could have an influence on 
damage caused by distribution and site selection of pine and 
meadow voles were measured at 2 habitat levels. The first 
level, interorcherd, i s  the genere1 hebitet of the orchard 
end its surrounding landscape. The second level, 
intra-orcherd, i s  the specific microhabitat used by 
individusl animels. 

At the general hebitet level, 65 orchsrds in the 
southern New Englano aree were visited to assess vole damege 
and habitet conditions. These orcherds were selected to 
include areas of frequent, occesionel, end rsre (or none) 
vole damtige throughout the study area (Fig. 1).  



F i g u r e  1. D i s t r i b u t i o n  o f  o r c h a r d s  a s s e s s e d  f o r  d a m a g e .  

D e m a g e  a t  e a c h  o r c h a r d  w a s  d e t e r m i n e d  t h r o u g h  a n  
i n t e r v i e w  w i t h  t h e  o w n e r / m a n a g e r  a b o u t  c o n d i t i o n s  f o r  t h e  
p a s t  5 - 1 0  y e e r s  a n d  b y  r a n d o m  t r s n s e c t s  t h r o u g h  t h e  o r c h a r d  
t o  l o c a t e  b u r r o w s ,  r u n w a y s ,  a n d  d a m a g e d  t r e e s .  A D a m a g e  
I n d e x  ( D I )  v a l u e  w a s  t h e n  c e l c u l a t e d  f o r  e e c h  s p e c i e s  a t  t h e  
o r c h a r d .  D I  v e l u e s  w e r e :  

0  - s p e c i e s  n o t  f o u n d  
1 - s p e c i e s  f o u n d ,  n o  d a m a g e  r e c o r d e d  
2 - s o m e  d a m a g e  o c c a s i o n s 1  y e e r s  
3 - s o m e  d a m a g e  e v e r y  y e a r  
4 - i n t e n s i v e  d e m e g e  o c c e s i o n e l  y e a r s  
5 - i n t e n s i v e  d e m a g e  e v e r y  y e a r  

I n t e r v i e w s  w i t h  t h e  o w n e r / m a n n g e r  w e r e  d o n e  t o  f i n d  t h e  
c o n t r o l  m e t h o d s  u s e d  f o r  t h e  p a s t  s e v e r a l  y e a r s ;  t y p e  o f  
p o i s o n ,  t y p e  o f  b a i t ,  a p p l i c a t i o n  m e t h o d  a n d  f r e q u e n c y  o f  
a p p l i c a t i o n ,  a n d  w h e t h e r  h e r b i c i d e s  w e r e  u s e d  a r o u n d  t h e  
t r e e s ;  s g e  o f  t h e  o r c h a r d  b l o c k s ;  s n d  t r e e  t y p e s  e n d  
r o o t s t o c k  i n  t h e  b l o c k s .  Random t r a n s e c t s  t h r o u g h  t h e  
o r c h a r d s  w e r e  d o n e  t o  m e a s u r e  t r e e  d e n s i t i e s ,  t o p o g r a p h y ,  



a n d  g r o u n d  c o v e r .  Random s o i l  s e m p l e s  ( 1  s c m p l e / 2 - 4  h a )  
w e r e  t a k e n  o f  t h e  t o p  2 5  cm o f  t h e  o r c h s r d .  S o i l  s e m p l e s  
w e r e  a n a l y z e d  f o r  t h e  e m o u n t s  o f  g r e v e l ,  s e n d ,  s i l t ,  c l a y ,  
a n d  o r g e n i c  m a t t e r  p r e s e n t ,  pH, b c l l k  d e n s i t y ,  e n d  w a t e r  
m o i s t u r e .  

A t  e a c h  o f  t h e  o r c h e r d s  u s e d  i n  t h e  g e n e r e l  h e b j t s t  
a n a l y s i s ,  s i t e  s p e c i f i c  s o i l  e n d  v e g e t a t i o n  s e m p l e s  w e r e  
t a k e n  f r o m  t r e e s  w h i c h  w e r e  k n o w n  t o  h a v e  b e e n  demaged b y  
e i t h e r  p i n e  o r  meadow v o l e s .  I n  a d d i t i o n ,  s e m p l e s  w e r e  
t a k e n  f r o m  t r e ~ s  w h i c h  s h o w e d  n o  s i g n s  c f  demage a n d  w h i c h  
h a d  n o  b u r r o w s  o r  r u n w a y s  u n d e r  t hem.  

T h e  d i s t r i b u t i o n  o f  v o l e s  a t  7  w e s t e r n  M a s s a c h u s e t t s  
o r c h e r d s  w e r e  d e t e r m i n e d  b y  t r e p p i n g .  E a c h  t r p p p i n g  a r e s  
c o n s i s t e d  o f  1 0 - 1 2  r e n d o m l y  l o c a t e d  g r o p s  o f  3 t r e e s  i n  e 
r o w .  Two S h e r m a n  l i v e  t r a p s  w e r e  p l a c e d  u n d e r  t h e  d r i p l i n e  
o f  e a c h  t r e e  f o l l o w i n g  t h e  p r o c e d u r e  o f  G e t t l e  ( 1 9 7 5 ) .  E e c h  
t r a p p i n g  a r e a  h a s  t r a p p e d  f o r  3 3 - d a y  p e r i o d s  i n  R 

c o n s e c u e t i v e  f a l l  a n d  s p r i n g .  P a r a m e t e r s  m e e s u r e d  e t  e a c h  
t r a p  s i t e  w e r e :  t r e e  t y p c ,  d r i p l i n e  r a d i u s ,  d i s t e n c e  t o  
n e i g h b o r i n g  t r e e s ,  s o i l  t y p e ,  v e g e t a t i o n ,  s l o p e ,  s n d  n u m b e r  
o f  b u r r o w s  a n d  r u n w a y s .  

A n a l y s i s  

D a t e  f o r  b o t h  h a b i t a t  l e v e l s  w e r e  t e s t e d  u s i n g  
d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s ,  a  p r o c e d u r e  f o r  d e t e c t i n g  
a n d  q u e n t i f y i n g  d i f f e r e n c e s  b e t w e e n  s a m p l e  g r o u p s  f r o m  
m u l t i v a r i a t e  d a t a .  D i s c r i m i n a n t  a n a l y s i s  h a s  3 m e j o r  
p u r p o s e s .  The  f i r s t  p u r p o s e ,  d i s c r i m j n e t i o n ,  i s  t o  a n s w e r  
t h e  q u e s t i o n ,  " c s n  we d i s t i n g u i s h  b e t w e e n  g r o u p s ? "  T h e  
s e c o n d  a n d  t h i r d  p u r p o s e s ,  a r e  c l a s s i f i c e t i o n  a n d  
p r e d i c t i o n ,  i . e . ,  "how c a n  we d i s t i n g u i s h  b e t w e e n  g r o u p s  s o  
t h e t  f u t u r e  s u b j e c t s  may b e  c o r r e c t y  g r o u p e d ? "  A s s u m p t i o n s ,  
d a t a  c o m p i l a t i o n ,  e n d  c a l c u l a t i o n s  f o r  t h e  d i s c r i m i n a n t  
p r o c e d u r e  a r e  d i s c u s s e d  b y  L i n d e m e n  e t  a l .  ( 1 9 8 0 ) .  
G r o u p i n g s  o n  t h e  v o l e  d a t a  w e r e  d e t e r m i n e d  b y  t h e  t y p e  o f  
s p e c i e s  p r e s e n t  e n d / o r  t h e  a m o u n t  o f  damege o c c u r i n g .  P t  
p r e s e n t ,  o n l y  s o i l  d a t e  f r o m  t h e  i n t e r - o r c h ~ r d  a n d  i ~ f e s t e d  
t r e e s  h a s  b e e n  a n e l y z e d .  

RESULTS 
I n t e r - o r c h a r d  

D i s c r i m i n a n t  f u n c t i o n  a n a l y s e s  o f  t h e  r a n d o m  s o i l  
s a m p l e s  t a k e n  f r o m  e a c h  o r c h ~ r d  a n d  t h e i r  c o r r e s p o n d i n g  D I  
v a l u e s  s h o w e d  e  4 4 . 3 2  c o r r e c t  c l a s s i f i c a t i o n  f o r  p i n e  v o l e s  



Table 1. Discriminsnt function classification results for 
random soil samples end pine vole DI values. 

Predicted DI Values 

~ i 4 ~ f  2~ i!ie o 1 2  3 4  5 

0 6 7 . 9 %  1 4 . 9  0 .0  7 . 9  4 . 6  4.7 

Table 2 .  Discriminent function classificetion results for 
random soil semples end meedow vole DI values. 

Predicted DI Values 

~f "b!?Ae 0  1 2  3 4  

0 3 9 . 6 %  2 8 . 0  2 .6  2 1 . 0  8 . 4  



T a b l e  3 .  S t e n d e r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
p i n e  v o l e  DI v e l u e s  e n d  r endom s o i l  s e m p l e s .  

S e p a r e t e  D I  V a l u e s  P o o l e d  D I  

V a r i a b l e  F u n c .  1 F u n c .  2  F u n c .  3 F u n c .  1 F u n c .  2 - 
O r g a n i c  M a t t e r  - . 9 0  -. 1 4  -. 5 5  -. 3 0  -. 5 8  
G r a v e l  -. 3 4  - . 4 9  . 1 9  -. 5 8  -. 0 7  
S e n d  -. 6 9  . I 3  -. 1 5  . 5 3  - . I 6  
C l a y  -. 8 1  - . 1 4  . 7 9  -. 0 1  - . 1 5  
P H  -. 2 0  -. 0 9  -. 4 8  - . I 0  . 2 0  
L i t t e r  D e p t h  . 1 6  -. 9 3  -. 0 8  - . 2 7  . 1 9  
B u l k  D e n s i t y  -.11 . I 6  . 0 1  . 1 5  - . 8 2  
M o i s t u r e  C o n t e n t  . 2 6  . 2 6  . 0 2  .4C - . I 5  

D l  Means  
0  

T a b l e  4 .  S t a n d a r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  f o r  
rneedow v o l e  DJ v e l u e s  a n d  r andom s o i l  s a m p l e s .  

S e p a r a t e  DI V a l u e s  P o o l e d  DI 

V a r i a b l e  F u n c .  1 F u n c .  2  F u n c .  3 F u n c .  1 F u n c .  2 

O r g s n i c  M a t t e r  - . I 1  -. 7 7  . 0 4  - . 6 @  . 6 6  
G r a v e l  - . 4 9  -. 3 8  -. 1 9  - . E l  -. 3 8  
S a n d  . 7 2  - . 4 4  -. 6 9  -. 5 3  -. 0 9  
C l a y  . 3 1  -. 8 7  -. 7 2  -. 6 3  -. 7 6  
P H  - . I 3  . 1 7  -. 2 0  . 1 5  . 5 2  
L i t t e r  D e p t h  - . 3 5  . 2 6  . 0 5  -. 7 2  - . I1  
B u l k  D e n s i t y  . 2 5  -. 4 1  1 . 0 1  . 0 5  . 0 1  
M o i s t u r e  C o n t e n t  . 3 0  . I 0  . 8 0  - 3 3  -. 0 4  

DI M e e n s  
0 



T a b l e  5 .  D i s c r i m i n s n t  f u n c t i o n  c l a s s i f i c a t i o n  r e s u l t s  f o r  
r a n d o m  s o i l  s a m p l e s  a n d  c o m b i n e d  p i n e  v o l e  DI  
v a l u e s .  

P r e d i c t e d  DI  V a l u e s  

~ f ~ b ' i ? ' A ~  0 - 1  2 - 3  4 -  5  

T a b l e  6 .  D i s c r i m i n a n t  f u n c t i o n  c l a s s i f i c s t i o n  r e s u l t s  f o r  
r a n d o m  s o i l  s e m p l e s  a n d  c o m b i n e d  meadow v o l ?  DI 
v a l u e s .  

P r e d i c t e d  DI V a l u e s  

~f cbk!~Ae 0-1 2 - 3  4 - 5  

T a b l e  7 .  D i s c r i m i n e n t  f u n c t i o n  c l a s s i f i c a t i o n  f o r  s o i l  
s a m p l e s  t a k e n  f r o m  p i n e  v o l e ,  meadow v o l e ,  a n d  
u n i n f e s t e d  t r e e s .  

P r e d i c t e d  G r o u p  M e m b e r s h i p  

A c t u a l  G r o u p  S a m p l e s  P i n e  Mesdow N e i t h e r  

P i n e  V o l e  D a m a g e d  3  0  4 6 . 7 %  2 0 . 0  3 5 . 3  

Meadow V o l e  D e m e g e d  1 8  5 0 . 0  33.3.  1 6 . 7  

U n d a m a g e d  T r e e s  3  5  2 8 . 6  2 2 . 9  4 8 . 6  



( T a b l e  I )  a n d  a  4 0 . 1 %  c o r r e c t  c l a s s i f i c a t i o n  f o r  m e a d o w  
v o l e s  ( T a b l e  2 ) .  A b o u t  7 6 %  o f  t h e  s a m p l e s ,  h o w e v e r ,  w e r e  
c l a s s i f i e d  i n t o  e i t h e r  t h e  c o r r e c t  D l  v a l u e  o r  t h e  v a l u e  
j u s t  a b o v e  o r  b e l o w  i t  o n  t h e  s c a l e .  T h e r e  w a s  l i t t l e  
o v e r l a p  b e t w e e n  o r c h a r d s  w i t h  n o  c'amage e n d  t h o s e  e x h i b i t i n g  
i n t e n s i v e  d a m s g e .  P e r c e n t  o r g a n i c  m a t t e r  a n d  l i t t e r  d e p t h  
w e r e  t h e  v a r i a b l e s  m o s t  c o r r e l a t e d  w i t h  h i g h  DI v a l u e s  f o r  
p i n e  v o l e s  w h i l e  s o i l  m o i s t u r e  w a s  c o r r e l a t e d  w i t h  l o w  DI  
v a l u e s  ( T a b l e  3 ) .  P e r c e n t  s e n d  w a s  c o r r e l a t e d  w i t h  l o w  
meaoow v o l e  l e v e l s  ( T a b l e  4 ) .  

When t h e s e  t e s t s  w e r e  r e p e a t e d  u s i n g  c o m b i n e d  D l  v a l u e s  
0 -  2 - 3 ,  4 - 5 )  t h e  n u m b e r  o f  s e m p l e s  c o r r e c t l y  c l a s s i f i e d  
w a s  6 1 . 3 2  f o r  p i n e  v o l e s  ( T a b l e  5 )  a n d  5 5 . 5 %  f o r  meadow 
v o l e s  ( T a b l e  6 ) .  F o r  b o t h  s p e c i e s  m o s t  o f  t h e  i n c o r r e c t l y  
c l a s s i f i e d  s a m p l e s  w e r e  f r o m  t h e  o c c a s i o n a l  d a m a g e  DI  v a l u e s  
( 2 - 3 ) .  T h e r e  w a s  l i t t l e  o v e r l a p  b e t w e e n  t h e  s a m p l e s  f o r  
o r c h a r d s  w i t h  n o  d a m s g e  a n d  t h o s e  w i t h  h e a v y  d a m a g e .  H i g h  
p e r c e n t a g e s  o f  o r g a n i c  m a t t e r ,  g r a v e l ,  a n d  m o i s t u r e  w e r e  
r e l a t e d  t o  h i g h  DI  v a l u e s  f o r  p i n e  v o l e s  ( T a b l e  3 ) .  H i g h  DI  
v a l u e s  f o r  m e a d o w  v o l e s  w e r e  r e l a t e d  t o  t h e  a m o u n t  o f  
o r g a n i c  m a t t e r  i n  t h e  s o i l .  

I n t  r e - o r c h a r d  

A n e l y s i s  o f  t h e  s o i l  d a t a  t a k e n  f r o m  d a m a g e d  a n d  
u n d a m a g e d  t r e e s  s h o w e d  n o  c o r r e l a t i o n  b e t w e e n  p r e d i c t e d  a n d  
o b s e r v e d  g r o u p s  ( T a b l e  7 ) .  T h e  s a m p l e s  c o r r e c t l y  c l a s s i f i e d  
w a s  o n l y  4 4 . 6 %  w h i c h  i s  o n l y  s l i g h t l y  b e t t e r  t h a n  r a n d o m  
c h a n c e .  When o n l y  t h e  p i n e  a n d  meadow v o l e  t r e e s  w e r e  
t e s t e d ,  t h e  n u m b e r  o f  s a m p l e s  c o r r e c t l y  c l a s s i f i e d  w a s  7 0 . 8 2  
( T s b l e  8 ) .  T h i s  a n a l y s i s  w o u l d  s e e m  t o  i n d i c a t e  t h a t  
u n i n f e s t e d  t r e e s  d o  n o t  r e p r e s e n t  v o l e  r e s i s t a n t  t r e e s  b u t  
a r e  i n s t e a d  u n o c c u p i e d  h a b i t a t .  

T h e  m o s t  i m p o r t a n t  v a r i a b l e s  i n  t h i s  d i s c r i m i n a t i o n  w e r e  
s a n d ,  s i l t ,  o r g a n i c  m a t t e r ,  a n d  b u l k  d e n s i t y .  H i g h  
p e r c e n t a g e s  o f  o r g a n i c  m a t t e r  a n d  b u l k  d e n s i t y  w e r e  
f a v o r a b l e  t o  p i n e  v o l e s  w h i l e  h i g h  q u a n t i t i t i e s  o f  s a n d  e n d  
s i l t  w e r e  f a v o r a b l e  t o  m e a d o w  v o l e s .  
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Table 8. Discriminant function classification for soil 
samples taken from pine vole and meadow vole 
infested trees. 

Predicted Group 

Actual Group Samples Pine Meadow 

Pine Vole Damaged 3 0 73.3% 2 6 . 7  

Meadow Vole Damaged 1 8  33 .: 6 6 . 7  
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SELECTED HABITAT CHARACTERISTICS AND PINE VOLE ABUNDANCE 
I N  PENNSYLVANIA APPLE ORCHARDS 

J . R .  P a r k e r ,  G.M. K e l l y ,  a n d  W . M  T z i l k o w s k i  
S c h o o l  o f  F o r e s t  R e s o u r c e s  
T h e  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  
U n i v e r s i t y  P a r k ,  PA 1 6 8 0 2  

I n  t h e  p a s t ,  r e s e a r c h e r s  f r o m  T h e  P e n n s y l v a n i a  S t a t e  
U n i v e r s i t y  h a v e  i n v e s t i g a t e d  s p e c i f i c  a s p e c t s  o f  t h e  p i n e  
v o l e  ( M i c r o t u s  p i n e t o r u m )  a n d  i t s  b i o l o g y  ( F i s h e r  1 9 7 6 ,  
G e t t l e  1 9 7 5 ,  S i m p s o n  1 9 7 8 ) .  I n  o u r  c u r r e n t  r e s e a r c h ,  we a r e  
i n v e s t i g a t i n g  many f a c t o r s  o f  t h e  p i n e  v o l e ' s  o r c h a r d  
h a b i t a t  a n d  e x a m i n i n g  t h e s e  f a c t o r s  c o l l e c t i v e l y .  Our  
o b j e c t i v e s  a r e :  

1 )  To d e t e r m i n e  w h a t  c o m b i n a t i o n s  o f  h a b i t a t  
c h a r a c t e r i s t i c s  r e l a t e  b e s t  t o  a b u n d a n c e  o f  
p i n e  v o l e s  i n  P e n n s y l v a n i a  a p p l e  o r c h a r d s .  

2 )  To r ecommend  s t r a t e g i e s  o n  how t o  c o n s i d e r  
o r  m o d i f y  t h o s e  h a b i t a t  c h a r a c t e r i s t i c s  t o  m a i n -  
t a i n  t h e  l o w e s t  p o s s i b l e  n u m b e r s  o f  p i n e  v o l e s .  

From e a r l y  J u n e  1 9 8 1  t o  e a r l y  S e p t e m b e r  1 9 8 1 ,  we 
r a n d o m l y  c h o s e  o r c h a r d s  f r o m  a e r i a l  p h o t o g r a p h s  o f  Adams 
C o u n t y ,  P e n n s y l v a n i a .  S e l e c t e d  p o i n t s  w e r e  s c a t t e r e d  a l l  
o v e r  t h e  a p p l e - p r o d u c i n g  a r e a s  o f  t h e  c o u n t y .  Random p o i n t s  
w e r e  l o c a t e d  o n  t h e  g r o u n d ,  a n d  s u b s e q u e n t l y ,  1 3 0  a p p l e  
o r c h a r d s  w e r e  s a m p l e d .  W i t h  t h e  c o o p e r a t i o n  o f  t h e  g r o w e r s  
a n d  l a n d o w n e r s ,  we l a i d  o u t  a  5 0 - x  50-m s a m p l e - p l o t  a t  e a c h  
r a n d o m  p o i n t .  We u s e d  t h e  t r e e  c o r r e s p o n d i n g  t o  t h e  
o r i g i n a l  r a n d o m  p o i n t  a s  a  c o r n e r .  We t h e n  m e a s u r e d  
c h a r a c t e r i s t i c s  o f  p i n e  v o l e  h a b i t a t  w i t h i n  t h e  d r i p l i n e s  o f  
t h e  t r e e s  c l o s e s t  t o  e a c h  o f  t h e  t h r e e  r e m a i n i n g  c o r n e r s  a n d  
w i t h i n  t h e  p l o t .  T h e  h a b i t a t  c h a r a c t e r i s t i c s  we m e a s u r e d  
w e r e  t h a t c h  d e p t h ,  t r u n k  d i a m e t e r ,  a n d  c r o w n  d i a m e t e r .  We 
a l s o  m e a s u r e d  p e r c e n t a g e  o f  g r o u n d  a r e a  c o v e r e d  b y  
v e g e t a t i o n ,  u s i n g  a  v e g e t a t i o n  s a m p l i n g  f r a m e  ( D a u b e n m i r e  
1 9 6 8 ) ,  a n d  v e r t i c a l  c o v e r  o f  g r o u n d  v e g e t a t i o n  a t  s e v e r a l  
h e i g h t s ,  u s i n g  a  v e g e t a t i o n  p r o f i l e  b o a r d  ( N u d d s  1 9 7 7 ) .  

We t o o k  6  s o i l  s a m p l e s  p e r  p l o t  a t  2 d e p t h - i n t e r v a l s .  
The  f i r s t  s a m p l e  w a s  f r o m  t h e  s u r f a c e  t o  2 4  cm d e e p ,  a n d  w a s  
t a k e n  w i t h  a  s o i l  p r o b e ,  t h e  o t h e r  s a m p l e  was  f r o m  2 8  t o  4 8  
cm d e e p ,  a n d  was  t a k e n  w i t h  a  s o i l  a u g e r .  A f t e r  c o l l e c t i n g  
o v e r  7 0 0  s a m p l e s ,  we g r o u n d  e a c h  s a m p l e  a n d  u s e d  a  2-mm 
s i e v e  t o  s e p a r a t e  f i n e s  f r o m  g r a v e l .  To a n a l y z e  t h e  s o i l s ,  
we u s e d  a  h y d r o m e t e r  f o r  t h e  f i n e s  t o  d e t e r m i n e  p e r c e n t a g e s -  
b y - w e i g h t  o f  s a n d ,  s i l t ,  a n d  c l a y  ( B l a c k  1 9 6 5 ) .  S i e v e s  w e r e  
u s e d  t o  d e t e r m i n e  p e r c e n t a g e s - b y - w e i g h t  o f  v a r i o u s  s i z e -  
c l a s s e s  o f  g r a v e l .  We a l s o  m e a s u r e d  t h e  v o l u m e s  o f  t h e  s o i l  
s a m p l e s  t a k e n  w i t h  t h e  s o i l  p r o b e ,  a n d  we w i l l  u s e  t h e s e  
v o l u m e s  a n d  t h e  w e i g h t s  o f  t h e  s a m p l e s  t o  c a l c u l a t e  b u l k  
d e n s i t y .  T h e  s o i l  s a m p l e s  we c o l l e c t e d  r e p r e s e n t  a l l  o f  t h e  



s o i l  a s s o c i a t i o n s  f o u n d  i n  t h e  a p p l e - p r o d u c i n g  a r e a s  o f  
Adams C o u n t y .  T h e s e  a s s o c i a t i o n s  c o n s i s t  o f  s i l t  l o a m s ,  
c h a n n e r y  s i l t  l o a m s ,  g r a v e l l y  s i l t  l o a m s ,  and  v e r y  s t o n e y  
s i l t  l o a m s .  

O t h e r  h a b i t a t  c h a r a c t e r i s t i c s  t h a t  we m e a s u r e d  i n c l u d e :  
d i s t a n c e  b e t w e e n  t r e e s  w i t h i n  and  b e t w e e n  t r e e  r o w s ;  s l o p e  
a n d  a s p e c t  o f  t h e  s a m p l e - p l o t ;  a n d  d i s t a n c e  f r o m  t h e  p l o t  t o  
a  c h a n g e  i n  l a n d - u s e  s u c h  a s  r e s i d e n t i a l ,  w o o d s ,  p a s t u r e ,  
c r o p ,  o r  o l d  f i e l d .  T h e s e  l a n d - u s e s  w e r e  r e c o r d e d ,  a s  w e l l  
a s  a n y  p o t e n t i a l  b a r r i e r s  t o  p i n e  v o l e  m o v e m e n t ,  s u c h  a s  
p a v e d  r o a d s ,  a n d  s t r e a m s  and  p o n d s .  

A f t e r  m e a s u r i n g  h a b i t a t  c h a r a c t e r i s t i c s ,  we v i s i t e d  
e v e r y  t r e e  i n  t h e  p l o t  and  l o o k e d  w i t h i n  t h e  d r i p l i n e  f o r  a n  
e n t r a n c e  t o  a  s u b s u r f a c e  p i n e  v o l e  t u n n e l .  I f  a  t u n n e l  w a s  
p r e s e n t ,  we p l a c e d  a  30-x 30-cm p i e c e  o f  r o o f i n g  f e l t  o v e r  
t h e  e n t r a n c e .  I f  no t u n n e l  was  p r e s e n t ,  we p l a c e d  t h e  
r o o f i n g  f e l t  s o m e w h e r e  o n  t h e  g r o u n d  w i t h i n  t h e  d r i p l i n e .  

From t h e  m i d d l e  o f  S e p t e m b e r  1 9 8 1  t o  t h e  m i d d l e  o f  
O c t o b e r  1 9 8 1 ,  we v i s i t e d  e a c h  s a m p l e - p l o t  2  m o r e  t i m e s .  On 
t h e  f i r s t  r e t u r n  we p l a c e d  a  p i e c e  o f  G o l d e n  D e l i c i o u s  
a p p l e ,  a s  b a i t ,  u n d e r  e a c h  p i e c e  o f  r o o f i n g  f e l t .  I f  a  p i n e  
v o l e  t u n n e l  w a s  p r e s e n t ,  we p l a c e d  t h e  b a i t  5-15 cm i n t o  t h e  
t u n n e l .  We t h e n  r e t u r n e d  20-24 h o u r s  l a t e r  t o  c h e c k  e a c h  
p i e c e  o f  b a i t  f o r  t o o t h m a r k s  o f  p i n e  v o l e s .  I f  t o o t h m a r k s  
w e r e  p r e s e n t ,  we r e c o r d e d  t h a t  t r e e  a s  a c t i v e ;  we a r e  u s i n g  
a c t i v i t y  a s  a n  i n d e x  o f  p i n e  v o l e  a b u n d a n c e .  I n  a d d i t i o n  t o  
a c t i v i t y ,  we r e c o r d e d  p r e s e n c e  o r  a b s e n c e  o f  a  t u n n e l .  The  
n u m b e r  o f  v i s i t s  t o  t r e e s ,  w h i c h  i n c l u d e d  l a y i n g  t h e  r o o f i n g  
f e l t ,  p l a c i n g  t h e  b a i t ,  a n d  c h e c k i n g  t h e  b a i t ,  t o t a l e d  o v e r  
1 8 , 0 0 0 .  

We h a v e  r e c e n t l y  c o m p l e t e d  o u r  s o i l  a n a l y s i s ,  w h i c h  was  
t h e  f i n a l  s t a g e  o f  d a t a  c o l l e c t i o n .  A f t e r  some  p r e l i m i n a r y  
a n a l y s i s ,  we s e e  t h a t  we a r e  o n  o u r  way t o  m e e t i n g  o u r  
o b j e c t i v e s :  i n  o u r  i n v e s t i g a t i o n  o f  a p p l e  o r c h a r d s ,  we h a v e  
s a m p l e d  t h e  f u l l  r a n g e  o f  c o n d i t i o n s  o f  t h e  h a b i t a t  
c h a r a c t e r i s t i c s  t h a t  w e  s e l e c t e d .  We f o u n d  v e r y  y o u n g  t o  
v e r y  o l d  b l o c k s ;  s p a r s e  t o  d e n s e  p l a n t i n g s ;  f l a t  t o  s t e e p  
t e r r a i n ;  a n d  s p a r s e  t o  d e n s e  g r o u n d  v e g e t a t i o n .  Of t h e  a r e a  
s a m p l e d  w i t h i n  d r i p l i n e s ,  f i v e  c l a s s e s  o f  g r o u n d  v e g e t a t i o n  
w e r e  p r e s e n t  ( F i g .  1 ) ;  t h e s e  d a t a  r e p r e s e n t  s a m p l e s  o v e r  a l l  
o r c h a r d s .  E i g h t e e n  p e r c e n t  o f  t h e  a r e a  was  b a r e ;  1 2 %  w a s  
c o v e r e d  b y  f o r b s  s u c h  a s  n e t t l e  ( U r t i c a  s p p . ) ,  c l o v e r  
( T r i f o l i u m  s p p . )  , y a r r o w  (Achilles s p p . )  , p l a n t a i n  ( P l a n t a ~ o  
s p p . )  , and s o r r e l  (Rumex s p p . )  ; 1 3 %  w a s  c o v e r e d  b y  g r a s s e s  
a n d  s e d g e s ;  3% w a s  c o v e r e d  b y  o t h e r  m a t e r i a l  s u c h  a s  m o s s e s ,  
r o c k s ,  b r a n c h e s ,  b o t t l e s ,  p r o p h y l a c t i c s ,  a n d  a u t o  p a r t s ;  45% 
w a s  c o v e r e d  b y  t h a t c h ,  d e f i n e d  h e r e  a s  m a t e r i a l  t h a t  i s  
d e a d ,  b u t  r e c o g n i z a b l e  a s  v e g e t a t i v e  o r g a n i c  m a t t e r ;  a n d  9 %  
o f  t h e  a r e a  was  c o v e r e d  b y  woody v e g e t a t i o n  s u c h  a s  p o i s o n  
i v y ,  ( T o x i c o d e n d r o n  r a d i c a n s )  , r a s p b e r r y  (Rub u s  s p p . )  , 
v i r g i n i a  c r e e p e r  ( P a r t h e n o c i s s u s  a u i n a u e f o l i a ) ,  t r e e -  
s e e d l i n g s ,  a n d  r o o t - s u c k e r s .  

We m e a s u r e d  s p a c i n g  o f  a p p l e  t r ees  a s  t h e  n u m b e r  o f  
t r e e s  i n  o u r  50-m t r e e  r o w s  ( F i g .  2 ) ,  a n d  a s  t h e  n u m b e r  o f  
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C L A S S  

$ig. 1. Ground cover within dripline of apple trees. 

W O O D Y  

TREES IN A ROW 

Fig. 2. Relative frequency of apple tree spacings ic 130, 
50-x 50-m, sample-plots. 



t r e e s  i n  t h e  50-m l e n g t h  a c r o s s  t h e  r o w s .  O v e r  5 0 %  o f  t h e  
s a m p l e - p l o t s  h a d  f r o m  6  t o  9 t r e e s  p e r  r o w ,  a n d  f r o m  5  t o  6 
t r e e s  a c r o s s  r o w s .  T h e  m o s t  common s p a c i n g  c o m b i n a t i o n  w a s  
8 t r e e s  p e r  r o w  b y  5 t r e e s  a c r o s s  r o w s ,  o r  a  t r e e  d e n s i t y  o f  
4 0  t r e e s l 0 . 2 5  h a .  T h e  r a n g e  o f  t r e e  d e n s i t i e s  t h a t  we 
s a m p l e d  w a s  f r o m  2 0  t r e e s l 0 . 2 5  h a  t o  2 1 0  t r e e s f 0 . 2 5  h a .  

we f o u n d  a  l a r g e  r a n g e  o f  p i n e  v o l e  a c t i v i t y ,  d e f i n e d  
h e r e  a s  t h e  p e r c e n t a g e  o f  t r e e s  i n  a  s a m p l e - p l o t  w h i c h  h a d  
b a i t  a t  l e a s t  p a r t i a l l y  e a t e n  b y  p i n e  v o l e s .  We f o u n d  t h a t  
8 6  o u t  o f  t h e  1 3 0  p l o t s  h a d  a c t i v i t y ,  a n d  t h e  r e m a i n i n g  4 4  
p l o t s  h a d  no  a c t i v i t y  ( F i g .  3 ) .  

FREOUENCY 

ABSENT PRESENT 

A C T I V I T Y  

F i g .  3 .  Frequency of sample-plo ts  w i t h  
and w i t h o u t  p i n e  v o l e  a c t i v i t y .  

Of t h e  8 6  a c t i v e  p l o t s ,  o v e r  h a l f  h a d  b e t w e e n  1% a n d  1 0 %  
a c t i v i t y .  S p e c i f i c a l l y ,  3 5  p l o t s  h a d  b e t w e e n  1% a n d  5 %  
a c t i v i t y ,  a n d  2 0  p l o t s  h a d  b e t w e e n  6 %  a n d  1 0 %  a c t i v i t y  ( F i g .  
4 ) .  
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Fig. 4 .  Frequency of l e v e l s  of pine vo le  
a c t i v i t y  i n  130 sample-plots. 

T h e s e  p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  we a r e  
p r o g r e s s i n g  t o w a r d  o u r  o b j e c t i v e s .  T o  m e e t  t h o s e  
o b j e c t i v e s ,  we w i l l  r e l a t e  t h e  r a n g e  o f  c o n d i t i o n s  o f  
s e l e c t e d  h a b i t a t  c h a r a c t e r i s t i c s  t o  t h e  r a n g e  o f  s a m p l e d  
a b u n d a n c e  o f  p i n e  v o l e s .  We w i l l  d e f i n e  c o m b i n a t i o n s  o f  
o r c h a r d  c o n d i t i o n s  t h a t  a p p l e - g r o w e r s  c a n  m e a s u r e  a n d  manage  
a n d  c a n  i n c o r p o r a t e  i n t o  t h e i r  p l a n s  f o r  i n t e g r a t e d  c r o p  
m a n a g e m e n t .  

REFERENCES 
B l a c k ,  C . A . ,  e d .  1 9 6 5 .  M e t h o d s  o f  s o i l  a n a l y s i s .  Am. 

S o c .  A g r o n . ,  I n c . ,  M a d i s o n ,  W i s c .  1 5 7 2  p .  

D a u b e n m i r e ,  R.F. 1 9 6 8 .  P l a n t  c o m m u n i t i e s :  a  t e x t b o o k  o f  
p l a n t  s y n e c o l o g y .  H a r p e r  a n d  Row, New York .  300 p ,  

F i s h e r ,  A . R .  1 9 7 6 .  R e l a t i o n s h i p s  b e t w e e n  s o i l s  a n d  p i n e  



v o l e  ( M i c r o t u s  p i n e t o r u m )  p o p u l a t i o n s  i n  P e n n s y l v a n i a  
o r c h a r d s .  M.S. t h e s i s ,  T h e  P e n n s y l v a n i a  S t a t e  U n i v . ,  
U n i v e r s i t y  P a r k ,  PA. 5 7  p .  

F i s h e r ,  A.R. a n d  R o b e r t  G .  A n t h o n y .  1 9 8 0 .  T h e  e f f e c t  o f  
s o i l  t e x t u r e  o n  d i s t r i b u t i o n  o f  p i n e  v o l e s  i n  
P e n n s y l v a n i a  o r c h a r d s .  Am. M i d .  N a t .  1 0 4 ( 1 ) : 3 9 - 4 6 .  

G e t t l e ,  A.S.  1 9 7 5 .  D e n s i t i e s ,  m o v e m e n t s ,  a n d  a c t i v i t i e s  o f  
p i n e  v o l e s  ( M i c r o t u s  p i n e t o r u m )  i n  P e n n s y l v a n i a .  M.S 
t h e s i s ,  T h e  P e n n s y l v a n i a  S t a t e  U n i v . ,  U n i v e r s i t y  P a r k ,  
PA. 6 6  p .  

N u d d s ,  T.D. 1 9 7 7 .  Q u a n t i f y i n g  t h e  v e g e t a t i v e  s t r u c t u r e  o f  
w i l d l i f e  c o v e r .  W i l d l .  S o c .  B u l l .  5 ( 3 ) : 1 1 3 - 1 1 7 .  

S i m p s o n ,  D.A. 1 9 7 8 .  D y n a m i c s  o f  p i n e  v o l e  p o p u l a t i o n s  i n  
t w o  P e n n s y l v a n i a  o r c h a r d s .  M.S. t h e s i s ,  T h e  
P e n n s y l v a n i a  S t a t e  U n i v . ,  U n i v e r s i t y  P a r k ,  PA. 5 5  p .  

S i m p s o n ,  D.A. ,  R.G. A n t h o n y ,  G . M .  K e l l y ,  a n d  G.L. S t o r m .  
1 9 7 9 .  D y n a m i c s  o f  a  p i n e  v o l e  p o p u l a t i o n  i n  a  
P e n n s y l v a n i a  o r c h a r d .  L P r o c .  o f  T h i r d  E a s t .  P i n e  a n d  
Mead .  V o l e  Symp. p p . 4 7 - 5 1 .  
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The p ine vo le research e f f o r t  under way a t  V P I  & SU has invo lved  
4 par ts :  an i n v e s t i g a t i o n  o f  n u t r i t i o n  and energet ics, a  study o f  
h a b i t a t  and behavior, an eva lua t ion  o f  chemical c o n t r o l ,  and the 
development o f  a  computer s imu la t ion  model o f  populat ion dynamics. 
Coyle e t  a l .  (1981) repor ted on the  r e s u l t s  o f  a  p re l im inary  model 
developed by Coyle (1980), and o u t l i n e d  a second stage model t o  
incorporate h i s  (1980) recommendations and the c o n t i n u a l l y  expanding 
base of f i e l d  and labora to ry  data. The p re l im inary  model was a 
demographic s imulator  mechan is t i ca l l y  d r i v e n  by b ioenerget ic  equations 
developed c h i e f l y  from labora to ry  s tud ies a t  V i r g i n i a  Tech. The 
second stage model was proposed t o  inc lude  4 submodels, one each 
deal ing w i t h  the b i o l o g i c a l  and s p a t i a l  aspects o f  p ine vo le 
populat ions, and w i t h  the  con t ro l  procedures and economic aspects 
o f  orchard management f o r  p ine  voles. To date, the  m a j o r i t y  o f  work 
has been on the extens ive ref inement o f  the  b i o l o g i c a l  and s p a t i a l  
components, and on ly  those ref inements a re  discussed here. 

To d i s t i n g u i s h  the second stage model from Coyle's (1980) 
model, c a l l e d  MICROTUS, the  b i o l o g i c a l  - s p a t i a l  component o f  the 
newer vers ion i s  named PITYMYS. I t  has been w r i t t e n  i n  programming 
language PL/ I  f o r  ease o f  programming and documentation, and may 
be executed a t  any reasonably-sized computer f a c i l i t y  equipped w i t h  
a PL/ I  compiler.  The basic  design i s  i n s p i r e d  by t h a t  o f  MICROTUS, 
and i s  shown i n  Figures 1 and 2. The design i s  h i g h l y  modular, and 
makes 1 i b e r a l  use o f  subrout ines f o r  i d e n t i f i a b l y  separable b io -  
l o g i c a l  and computational events. Figures 1 and 2 show the names 
o f  the  p r i n c i p a l  subrout ines o f  PITYMYS, and t h e i r  associated 
funct ions.  

Forages are d i v i d e d  i n t o  the  same 5 classes (grasses, forbs,  
bulbs and roo ts ,  v ine leaves, and apple f r u i t )  as i n  MICROTUS, 
according t o  the  c l a s s i f i c a t i o n  o f  Lochmi 1 l e r  (1980). Female 
p ine voles are d iv ided  i n t o  the same 6 energet ic  classes: suckl ings, 
j uven i les ,  non-reproduct ive adul ts ,  pregnant adu l t s ,  l a c t a t i n g  
adul ts ,  and pregnant-and- lactat ing adu l t s .  And males a re  d iv ided  
i n t o  the same 3 energet ic  classes: suckl ings, j uven i les ,  and adu l t s .  
A major m o d i f i c a t i o n  i n  PITYMYS i s  t h a t  animals a re  c l a s s i f i e d  a lso  
by the a d d i t i o n a l  c r i t e r i o n  o f  age i n  weeks. Thus the populat ion 
may be sect ioned and sumned along e i t h e r  dimension, according t o  
the des i red form o f  populat ion appra isa l  . As MICROTUS, PITYbIYS 
operates on a weekly t ime step, and i s  l i m i t 9 d  to a maximum s imu la t ion  
per iod o f  52 weeks. 
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F i g  2. Design and subrout ines o f  BBIODRIV. 



Subroutine INPIT prompts the user for  the type (maintained o r  
abandoned) and s ize  of the orchard t o  be simulated, and the simulation 
time. In addition the user specifies the type of model to  be used: 
BLOKMODL and TREEMODL are al ternative subroutines driving 2 different 
population simulators. BLOKISODL drives BBIODRIV to  t r e a t  the voles on 
a standardized orchard block as a single breeding population, whereas 
TREEMODL drives TBIODRIV to  t r e a t  the voles a t  each t ree  as a separate 
subpopulation. Whichever model i s  chosen, the user i s  given a choice 
of whether or  not to  specify the i n i t i a l  forage structure,  but must 
specify the i n i t i a l  population structure (by orchard o r  by t r ee ) .  
Except fo r  computational expedients, the subroutines of BBIODRIV and 
TBIODRIV are ident ica l ,  so only those of BBIODRIV a re  discussed here 
in de ta i l .  

BBEBDRIV computes the daily energy budget (DEB) of a representa- 
t ive  animal of each energy class as the sum of i t s  maintenance energy, 
growth energy, and reproductive energy needs. DEB'S are simulated 
as functions of surface temperature, subsurface temperature, photo- 
period, ac t iv i ty  period, and ac t iv i ty  level ,  and are  computed using 
the data of Lochmiller (1980). This algorithm may be more precise 
than that  of MICROTUS, where the ef fec ts  of temperature and photoperiod 
are simulated only indirectly,  via the assumption of an annually 
sinusoid basal metabolic rate.  

The energy acquisition routine has been extensively revised. 
Under the single assumption tha t  animals do not ingest more gross 
energy than they need for  maintenance, growth, and reproduction, 
a dietary gross energy need i s  computed using steady-state flow 
equations, from the DEB, the mean daily mass of stomach contents 
( in  terms of gross energy), the d ie t  d iges t ib i l i t y ,  and the food 
passage r a t e  of each vole c lass .  These 4 quanti t ies are  known 
with good precision, and the i r  use in th i s  algorithm (BEATDRIV) 
obviates the need for  estimates of stomach s ize ,  the volume of food 
ingested per feeding, and the number of feeding times per day, as 
in MICROTUS. The a c t  of feeding i s  simulated using a l inear program- 
ing routine tha t  c a l l s  an IMSL (International Mathematics and Sta t i s -  
t i c s  Library) version of the simplex algorithm (ZX3LP) to al locate 
limited forage energy among competing vole classes.  The algorithm 
assumes no foraging hierarchy, as needed in MICROTUS, and weights 
the al locations by the number of voles in each class.  The algorithm 
i s  i te ra ted  by forage c lass ,  in order of feeding preference, until 
a l l  DEBS a re  met or unti l  each forage class has been reduced to a level 
equal to the product of i t s  avai labi l i ty  and pa la t ib i l i t y .  If any 
vole class DEB i s  not met, an energy res t r ic t ion  coefficient  i s  
computed for  a representative of tha t  class.  

I f  a DEB i s  met, the body weight of a representative animal i s  
increased according to the growth ra te  data of Derting and Cranford 
(pers. comm.), and the body f a t  level i s  increased according t o  the 
body composition analyses of Lochmiller (1980), Noffsinger (1976), 
and Serve1 lo (1981). Derting and Cranford (pers. corn.) have found 
juvenile growth patterns to d i f f e r  among 3 photoperiods, and tha t  
ef fec t  i s  simulated by using l inear regression to  derive the body 
weightincrease a t  the exist ing photoperiod from the 3 increases 
computed for  the 3 known photoperiods. If  a DEB i s  not met, the 



body weight and f a t  l e v e l s  are determined according t o  the sever i t y  
o f  the energy r e s t r i c t i o n .  Equations used t o  determine growth on 
r e s t r i c t i o n  are der ived from the data o f  Merson (1979). 

P r o b a b i l i t i e s  o f  t r a n s i t i o n  between age and energy classes are 
computed, f o r  representat ives o f  the  age-by-energy classes, as func t -  
ions o f  body weight and f a t  l e v e l s .  Nondietary e f f e c t s  on surv ivo r -  
sh ip  (predat ion,  paras i t ism,  disease, i n j u r y ,  o l d  age) are n o t  t rea ted  
mechn is t i ca l l y ,  b u t  are simulated by s e t t i n g  the maximum poss ib le  
su rv ivo rsh ip  value f o r  an age-by-energy c lass (pmax) equal t o  the 
maximum observed i n  a na tu ra l  populat ion.  Actual su rv ivo rsh ip  i s  
then determined b i o e n e r g e t i c a l l y  on the range (0.0, pmax), so t h a t  
there i s  always some m o r t a l i t y  operat ing independently o f  energy 
a c q u i s i t i o n .  N a t a l i t y  i s  a  f u n c t i o n  o f  maternal age and energy balance, 
and the number o f  breeding-age adu l t s  i n  the populat ion.  

The s imu la t ion  o f  f r a c t i o n a l  animals i s  avoided by p rov id ing  the 
user w i t h  a choice o f  vo le c lass t r a n s i t i o n  a lgor i thms.  I n  the 
d e t e r m i n i s t i c  a lgor i thm the s i z e  o f  one c lass i s  m u l t i p l i e d  by a 
p r o b a b i l i t y  o f  t r a n s i t i o n  i n t o  a second class, and the product 
rounded t o  the nearest whole number. I n  the  s tochas t i c  a lgor i thm, 
the t r a n s i t i o n  i s  simulated by independent B e r n o u l l i  t r i a l ,  wherein 
a number i s  drawn from a uni form d i s t r i b u t i o n  between 0.0 and 1.0, 
compared w i t h  the t r a n s i t i o n  p r o b a b i l i t y ,  and i f  the random number i s  
less  than o r  equal t o  the p r o b a b i l i t y ,  one animal i s  advanced. This  
a lgor i thm i s  i t e r a t e d  over a l l  o f  the animals i n  an age-by-energy 
c lass,  y i e l d i n g  s i m i l a r  r e s u l t s  f o r  l a rge  samples t o  those o f  the  
d e t e r m i n i s t i c  a lgor i thm. The s tochas t i c  a l g o r i  thm i s  the re fo re  
o f f e r e d  as an op t ion  f o r  the sake o f  b i o l o g i c a l  rea l ism,  b u t  may n o t  
be convenient f o r  s imu la t ion  s tud ies where r e p e a t a b i l i t y  and comparison 
o f  c o n t r o l  s t r a t e g i e s  a re  des i rab le .  

A v a i l a b i l i t y  o f  forages other  than grasses, and seasonal changes 
i n  d i g e s t i b i l i t y ,  p a l a t i b i l i t y ,  and preference o f  a l l  forages, are 
simulated i n  subrout ine BENERGY by a se r ies  o f  equations developed 
by Coyle (1980) from the data o f  Lochmi l le r  (1980). The e f f e c t  o f  
graz ing by p ine voles i s  simulated f o r  grasses by subrout ine BGRAZE. 
The grass growth r a t e  i s  taken as the f i r s t  d e r i v a t i v e  o f  a  curve 
descr ib ing  grass gross energy a v a i l a b i l i t y  as a f u n c t i o n  o f  J u l i a n  
day. The grass growth r a t e  t h a t  week i s  decremented by the amount 
grazed t h a t  week t o  y i e l d  an energy a v a i l a b i l i t y  change r a t e .  That 
change i s  added t o  the amount a v a i l a b l e  a t  the beginning o f  the 
week t o  y i e l d  a p r e d i c t i o n  o f  the  amount a v a i l a b l e  a t  the beginning 
o f  the next  week. 

I n  a d d i t i o n  t o  performing a1 1 o f  the func t ions  o f  BLOKMODL a t  
the l e v e l  o f  the i n d i v i d u a l  t ree ,  TREEMODL al lows animals t o  t r a v e l  
t o  o r  from neighboring t rees a t  the end o f  each week, according t o  
d i r e c t i o n a l  movement p r o b a b i l i t i e s  computed from f i e l d  l i v e - t r a p  data 
as funct ions o f  adjacent t r e e  subpopulat ion dens i t i es .  The orchard 
populat ion i s  then taken as the sum o f  the  subpopulations. 



Val i d a t i o n  o f  PITYMYS w i l l  be by s t a t i s t i c a l  comparison o f  
s imu la t ion  ou tpu t  t o  f i e l d  l i v e  t r a p  data, as analyzed v i a  the 
demographic software discussed by Hasbrouck e t  a l .  (1982). Once 
va l idated,  the model w i l l  be used t o  simulate, a t  low cost ,  experiments 
w i t h  management opt ions on p ine vo le populat ions, and may prov ide 
some t h e o r e t i c a l  knowledge o f  small mammal populat ion dynamics. 

The c o n t r o l  and economic submodels are being designed t o  operate 
about the  b i o l o g i c a l - s p a t i a l  submodel, b u t  remain i n  need o f  2  types 
o f  in format ion:  q u a n t i f i c a t i o n  o f  the r e l a t i o n s h i p  between p ine vo le 
populat ion dens i t y  and apple t r e e  damage l e v e l ,  and q u a n t i f i c a t i o n  of 
the r e l a t i o n s h i p  between apple t r e e  damage l e v e l  and f r u i t  y i e l d  
reduct ion.  F r u i t  y i e l d  reduc t ion  can be assessed a t  market value, 
and a popu la t ion  then can be assessed i n  d o l l a r  terms, a t  which p o i n t  
a  to lerance l e v e l  can be se t  as t h a t  a t  which the marginal cos t  o f  
c o n t r o l  equals i t s  marginal gain. An op t im iza t ion  model can then be 
w r i t t e n  t o  s e l e c t  the management op t ion  t h a t  minimizes t o t a l  cos t  as 
the sum o f  cos t  due t o  c o n t r o l  and cos t  due t o  damage. I t should 
be noted t h a t  the  c o s t  o f  damage should inc lude the cur ren t  costs o f  
crop reduc t ion  and t r e e  replacement, and the cos t  and i n t e r e s t  on 
crop reduc t ion  dur ing  the  l a g  t ime t o  product ion by new t rees.  
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WATER METABOLISM IN LABORATORY-MAINTAINED AND 
FREE-RANGING PINE VOLES (MICROTUS PINETORUM) 

D. Rhodes and M.E. Richmond 
New York Cooperative Wildlife Research Unit 

Cornell University 
Ithaca, N.Y. 14853 

Introduction 

Prior study of water use by the pine vole, Microtus pinetorum, has 
indicated that these voles require large volumes of water on a daily 
basis and exhibit rapid turnover of body water relative to other mammals 
of similar body size (Rhodes and Richmond, 1981). However, the extent 
to which these animals are tolerant of water deprivation and hence the 
importance of available water to the members of this species remains 
unexplored. Similarly, data on rates of body water turnover in free- 
ranging pine voles are presently unavailable. Thus, this study examines 
rates of body water turnover and urine concentrations of pine voles 
during exposure to 3 ambient temperatures, during a restricted water 
regime, and under field conditions. We present evidence indicating that 
pine voles exhibit rapid turnover of body water under both laboratory 
and field conditions and that these animals are very intolerant of water 
restriction. 

Methods 

Water metabolism of laboratory reared pine voles was assessed 
during exposure to 15, 22, or 30°C. Adult voles were weighed and then 
housed singly in plastic cages equipped with hardware cloth bottoms. 
Water supplied in inverted graduated cylinders and food (Charles River- 
Rat Mouse formula) were provided. After the voles were exposed to an 
ambient temperature for 24 hr, they were placed over pans of mineral oil 
and urine samples were collected for measurement of urine concentration. 
Subsequently, the voles were injected intraperitonealty with 50 ul 
3 ~ ~ 0  (15 u~i). Urine samples were collected once or twice daily for 
4 d and analyzed for 3 ~ 2 ~  concentration. An expression for loss of 
tritiated water over time was developed with standard re ression 
techniques for each vole and the biological halflife of 'H20 WEIS 
calculated in ln2/k, where k is the slope of the regression line 
(Richmond et al. 1960). 

Ad lib water consumption was determined over a 3 d period for an -- 
additional 13 voles maintained at 22°C. The volume of drinking water 
was then reduced to 75% of the daily ad lib water consumption for each 
animal. All voles exhibited loss of G d w e i a h t  in response to water 
restriction and did not reach a stable level of body weight over a 5 d 
period. To counter continued weight loss, an amount of water equal to 
the previous day's weight loss was added to the vole's daily water 
ration. This was continued until body weight stabilized. Urine 
concentrations and tritiated water turnover were then determined as 
previously described. 

Water metabolism of free-ranging voles was assessed in a population 
of animals located in New Paltz, N.Y. In November 1981, voles were 



livetrapped, weighed, toe-clipped, and injected with 50 ul 3 ~ 2 ~ .  
Prior to injection, an initial urine sample was collected from 22 voles 
for urine concentration measurement. Collection of urine under field 
conditions was accomplished by placing the voles in metabolism cages and 
suspending the entire cage over a layer of mineral oil contained in a 
plastic pan. Collection of samples usually required 0.5-1 hr. The 
animals were then released at their original capture site. Traps were 
checked at 1-1.5 hr intervals during daylight hours for 5-6 d and 
additional urine samples collected from injected voles as described 
above. Because of the rapid loss of radioactivity from the animals and 
regression analysis constraints, injected pine voles had to be 
recaptured at least twice within 4 d to be included in this analysis. 

Results 

Comparison of the mean biological halflife of water in M. pinetorum 
exposed to 15", 22, or 3 0 " ~  indicates that water turnover by these 
animals is unaffected by this range of ambient temperature (Table 1). 
Similarly, urine concentrations of voles exposed to these temperatures 
did not differ significantly between temperature treatments. 

---------- --- -.- - 
Table r. Biolorical halflife of tritiated water and urine concentra-- - 

tions of Microtus pinetorum under field conditions, water 
restriction, or with ad lib water maintained at an ambient 
temperature of 15"~, 22'C, or 30°C. Values represent means ' lSE, sample sizes are in parenthesis. Means denoted by 
different letter superscripts differ at p<.01 as determined 
by Duncan's multiple range test. 

-------I- ------ 
Free Water 

ranging 15" 22" 30" restricted 

Body wt. (g) 23.9 $.9a 22.3%.6a 24.611.0a 21.4%.7a 18.0~ .7b 

Halflife of 
tritiated 
water (hr) 13.1?0.ga 13.7%.6a 14.2%.5a 15.8q.2a 20.7%.7~ 

(7) (16) (10) (16) (13) 

Urine concentration 
(mOsmol/kg) 83?ia 4 2 0 % ~ ~  3 9 5 x 0 ~  343-15b 1508%9 

(22) (16) (10) (16) (13) 

In contrast to the rate of water turnover observed in animals main- 
tained under an & libitum water regime, pine voles exhibited a substan- 
tial increase in the biological halflife of 3 ~ 2 ~  in response to a 
reduction in the volume of water received on a daily basis. In this 
instance, a 46% increase in the biological halflife of tritiated water 
was observed in water-restricted voles relative to animals maintained at 
the same temperature with ad lib water rations. These voles also 
responded to a reduction in drinking water with nearly a 4 fold increase 
in urine concentration relative to similarly treated voles with free 
access to water. 



Lastly, the halflife of 3 ~ ~ 2 ~  in free-ranging voles was similar 
to that observed in all groups of animals receiving ad lib water. 
However, the mean urine concentrations in these voles was 4-5 times more 
dilute than was the average urine concentration of voles in any 
treatment receiving ad libitum water. 

Discussion 

Acute exposure of pine voles to three ambient temperatures ranging 
from 15 to 20'~ failed to elicit pronounced changes in their water turn- 
over rates or urine concentrations in this study. This finding is 
consistent with the results reported in our previous investigation of 
water metabolism in pine voles, but differs from results presented by 
Deaver's and Hudson (1977) for the red-backed vole, Clethrionomys 
gapperi. In their study, cold exposed (5°C) 2. gapperi exhibited a 76% 
7 
increase in the rate of body water turnover r e l a G t T  similarly 
treated voles maintained at 20°C. The fact that their lowest 
temperature was 10" lower than that employed in this study may account 
for the apparent differing physiological responses of the two species. 

Assessing water consumption and water turnover rates when water is 
provided ad libitum provides little information about the ability of a 
species to respond a varying water availability. Specifically, we can 
compare the biological halflife of body water in pine voles supplied 
with water libitum with the halflife observed under water restricted 
conditions to obtain an index of the water conservation abilities of the 
pine vole. The results from this study indicate that pine voles cannot 
reduce the body water turnover rate to low levels, nor can they produce 
a highly concentrated urine relative to related species. Deavers and 
Hudson (1977) have shown that the biological halflife of body water in 
the related 2. gapperi supplied with libitum water is only slightly 
shorter than that exhibited by water-restricted pine voles (19.9 vs. 
20.7 hr, respectively). Further when presented with limited water, 2. 
gapperi have body water halflives 47% longer than those of water- - 
restricted pine voles. Maximum urine concentrations of C. gapperi - -  
(Deavers and Hudson 1979) also exceed those of ~ i n e  voles as do those of 
both Microtus pennsylvanicus and Microtus ochrogaster (Heisinger et al. 
1973). Ostensibly, the pine vole's high energy requ&ements (Bradley 
1976) coupled with a diet low in calorie value but high in water content 
results in the intake of amounts of water exceeding this species' 
needs. Thus, no apparent selective pressure exists for elaborate water 
conservation mechanisms by the pine voles. 

Further evidence that these laboratory data accurately portray the 
water dynamics of pine voles is found in the measurements of water turn- 
over derived from free-ranging voles. In this study, we found 
concordance between the halflife of body water in laboratory-maintained 
animals and that exhibited by voles under field conditions. However, in 
contrast to urine concentrations of approximately 350 mOsm observed in 
pine voles in the laboratory, animals in the field produced urine at 
concentrations averaging only 83 m0sm. Thus, in order for free ranging 
voles to maintain the same water turnover rate as laboratory animals, 
while simultaneously producing a more dilute urine, an alternate route 
of water loss must be reduced. We suggest that it is evaporative water 
loss which is significantly reduced by voles living in natural 
conditions. Because these animals lead a predominantly subterranean 



existence, they continually encounter an atmosphere of high moisture 
content (Dubost 1968), thus potentially reducing their rate of 
evaporative water loss (Schmidt-Nielson et al. 1970). 

In summary, pine voles exhibit rapid turnover of body water and an 
inability to slow rates of water exchange relative to other related 
species. We suggest that this physiological characteristic of pine 
voles is potentially amenable to manipulation, chemical or physical, to 
control the numbers of pine voles inhabiting orchard situations. 
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Demographic Ana lys i s  o f  Pine Vole Popula t ions i n  Two Orchard 
Types i n  Southwest V i r g i n i a  
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Few l o n g  te rm s t u d i e s  have been conducted t o  ana lyze the  popula- 
t i o n  dynamics o f  p ine  and meadow vo les  i n  o rcha rd  environments. Such 
s t u d i e s  a r e  needed t o  p rov ide  bas i c  b i o l o g i c a l  i n f o r m a t i o n  f o r  use i n  
o rcha rd  management and vo le  c o n t r o l  programs. To s a t i s f y  these needs, 
a  t h r e e  yea r  s tudy  was begun i n  December, 1979, t o  mon i to r  v o l e  popu- 
l a t i o n s  i n  a  main ta ined and an abandoned app le  orchard i n  Southwest 
V i r g i n i a .  Two o b j e c t i v e s  o f  t h i s  s tudy were (1 )  t o  f o l l o w  popu la t i on  
dynamics o f  p ine  and meadow vo les  i n  two orchard types and ( 2 )  t o  pro-  
v i d e  data  f o r  t he  development and v a l i d a t i o n  o f  computer model ing 
e f f o r t s  c u r r e n t l y  underway a t  V i r g i n i a  Tech (Jordan and T i p t o n  1982).  
L i n d q u i s t  e t  a l .  (1981) gave p r e l i m i n a r y  r e s u l t s  f rom the  f i e l d  s tudy 
a f t e r  one yea r  o f  t r app ing .  Th is  paper presents  data  f rom t h e  second 
yea r  o f  t r a p p i n g  (December 1980, t o  December, 1981) and compares t h e  
p i n e  vo le  popu la t i ons  i n  t he  two orchards d u r i n g  t h e  two years .  

The two orchards have been l i v e - t r a p p e d  month ly  s i n c e  December, 
1979. Both  orchards a r e  i n  t h e  Roanoke V a l l e y  i n  Southwest V i r g i n i a  
and a r e  w i t h i n  1  m i l e  o f  each o the r .  The main ta ined orchard has n o t  
been comnerc ia l l y  managed f o r  t he  l a s t  4 years  b u t  has been mowed 2-3 
t imes d u r i n g  s p r i n g  and sumner. The abandoned o rcha rd  has had no 
maintenance i n  t h e  l a s t  5  years .  

Both orchards were l i v e - t r a p p e d  3 consecut ive  days d u r i n g  t h e  
m idd le  o f  each month. The t r a p  g r i d s  were each about 1 / 3  hec ta re  i n  
area and measure 6  t r e e  rows by 12-13 t rees .  Two Sherman l i v e  t r a p s  
were p laced i n  t unne ls  o r  runways under each t r e e  and checked t w i c e  
d a i l y .  Traps were s e t  e a r l y  i n  t he  morning and c l o s e d  each day a f t e r  
t he  second t r a p  check. Tar paper was p laced ove r  t h e  t raps .  For each 
vo le  trapped, l o c a t i o n  o f  capture, sex, age, body weight ,  body l e n g t h  
and r e p r o d u c t i v e  c o n d i t i o n  were recorded. Voles were marked by toe  
and ear  c l i p p i n g  f o r  i d e n t i f i c a t i o n  and re leased.  To a l l o w  comparisons 
w i t h  t h e  r e s u l t s  o f  L i n d q u i s t  e t  a1 . (1981 ),  age was determined by 
body weight .  Juven i l es  were vo les  weigh ing l e s s  than 159, subadul t s  
weighed g r e a t e r  than o r  equal t o  159 b u t  l e s s  than 219, and a d u l t s  
were g r e a t e r  than o r  equal t o  219 body weight .  

Popu la t i on  d e n s i t i e s  were c a l c u l a t e d  as t h e  minimum number o f  
vo les  known t o  be a l i v e  (MNA) i n  t he  orchards f o r  each t r a p p i n g  ses- 
s ion .  MNA was s i g n i f i c a n t l y  (P<0.001) h ighe r  i n  t he  main ta ined o r -  
chard than i n  t he  abandoned orchard d u r i n g  t h e  f i r s t  yea r  (Tab le  1 ) .  
However, t h e r e  was no d i f f e r e n c e  i n  popu la t i on  s i z e  between the  two 
orchards d u r i n g  t h e  second yea r .  There were s i g n i f i c a n t l y  (P<0.001) 
more p ine  vo les  i n  t h e  main ta ined orchard d u r i n g  t h e  f i r s t  yea r  o f  
t r a p p i n g  than i n  t h e  second yea r  b u t  t h e r e  was no d i f f e r e n c e  i n  t h e  
abandoned o rcha rd  d u r i n g  the  two years .  From February, 1981, t o  



Table 1. Minimum number o f  p ine voles known t o  be a l i v e  (MNA) i n  a 
maintained and an abandoned apple orchard f o r  each month 
from December, 1979, t o  December, 1981. 

MAINTAINED ORCHARD ABANDONED ORCHARD 

MONTH 79-80 80-81 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUNE 

JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 



May, 1981, the MNA i n  the  abandoned orchard was h igher  than i n  the  
maintained orchard. 

There were s i g n i f i c a n t l y  (P<0.003) more males and females cap- 
tu red  the f i r s t  year  i n  the maintained orchard than i n  the second year. 
I n  the second year most captures occurred from December, 1980, t o  
February, 1981, and then decl ined u n t i l  October, 1981. The h ighest  
number caught was observed i n  December, 1980 (122). There was no 
d i f f e r e n c e  (P>0.05) i n  the  number o f  p ine voles captured i n  the aban- 
doned orchard between the two years. I n  the second year h igher  numbers 
were captured i n  February (60), March (64) and Apr i  1  (60). A1 though 
the ma1e:female r a t i o  v a r i e d  monthly i n  both orchards, the y e a r l y  
t o t a l s  dur ing  the second year were 1.1:l.O i n  the  maintained orchard 
and 1.2:l.O i n  the abandoned orchard. This was s i m i l a r  t o  the  r a t i o  
i n  the  two orchards dur ing  the f i r s t  year  (L indqu is t  e t  a1 . 1981). 

The number o f  voles captured i n  both orchards dec l ined dramati- 
c a l l y  i n  Ju ly ,  August and September o f  1980 and from June through 
September i n  1981. L indqu is t  e t  a1 . (1981) speculated the dec l ine  i n  
number o f  captures and i n  MNA dur ing summer was caused by a decrease 
i n  t r a p p a b i l i t y  and no t  by an actual  decrease i n  populat ion s i ze .  
A c a l c u l a t i o n  was made o f  the percent catch o f  those known a l i v e  f o r  
each month i n  both orchards (Table 2).  To compute t h i s  percentage the  
t o t a l  number o f  p ine voles captured each month ( i n c l u d i n g  voles on 
unknown sex) was d i v i d e d  by the MNA f o r  t h a t  month. There were no 
s i g n i f i c a n t  d i f fe rences  i n  percent catch between the two orchards nor 
between the  two years. However, the percentage dropped below 50% from 
J u l y  t o  September i n  the  maintained orchard both years. The abandoned 
orchard had s i m i l a r  trends. Thus, there was some dec l ine  i n  trappa- 
b i l i t y  i n  summer i n  both orchards which reduced the number o f  voles 
captured and est imates o f  populat ion s i ze .  

The oercentage o f  j uven i les ,  subadults and adu l t s  was n o t  s i g n i -  
f i c a n t l y  d i f f e r e n t  between the  two orchards dur ing  the  second year  o f  
t rapp ing  (Tables 3 and 4) .  Juveni les and subadults were captured each 
month i n  the maintained orchard dur ing  the f i r s t  year o f  t rapp ing  b u t  
dur ing  the second year  no juven i les  were captured i n  6 months and no 
subadults captured i n  2 months (Table 3 ) .  The percentage o f  adu l t s  
captured dropped below 60% dur ing  f a l l  o f  the second year and was on ly  
37% i n  December, 1981. Small sample s izes may have accounted f o r  
these low percentages. I n  the abandoned orchard there were s i g n i f i -  
c a n t l y  (P<0.03) more juven i les  captured the  second year than i n  the 
f i r s t  year (Table 4 ) .  The percentage o f  adu l t s  captured stayed above 
70% except from J u l y  t o  September bu t  small sample s izes may again 
have caused some b ias .  

Adu l t  males captured i n  the maintained orchard dur ing  the f i r s t  
year  had s i g n i f i c a n t l y  (P<0.001) h igher  body weights than those cap- 
tu red  the second year. Adul t  female body weights were not  d i f f e r e n t  
(P>0.05) between the  two years. I n  t h e  abandoned orchard the re  was 
no d i f f e r e n c e  i n  e i t h e r  male o r  female body weight between the two 
years. Adul ts  captured the f i r s t  year  tended t o  be heavier i n  the 
maintained orchard than i n  the  abandoned orchard (ma1 es P=0.0516; 
females P=0.077). There was no such t rend  dur ing the second year. 



Table 2. Percent catch o f  those known a l i v e  f o r  each month i n  a main- 
ta ined  and an abandoned apple orchard near Roanoke, V i r g i n i a .  
Number captured i s  ind ica ted  i n  parentheses. 

MAINTAINED ORCHARD ABANDONED ORCHARD 

MONTH 79 - 80 80-81 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUNE 

JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 



Table 3. Percent o f  j u v e n i l e  (JUV), subadul t  (SAD) and a d u l t  (AOU) 
p ine  vo les captured each month i n  a mainta ined apple orchard 
near Roanoke, V i  r g i  n ia ,  f rom Oecember, 1979, t o  Oecember, 
1981. Voles o f  quest ionable  sex a r e  n o t  inc luded.  

OEC, 1979-DEC, 1980 DEC, 1980-DEC, 1981 

MONTH N JUV SAD AOU N JUV SAD AOU 

OEC 168 6.0 7.7 86.3 122 2.5 15.6 82.0 

JAN 115 0 . 0 ~  0 . 0 ~  0.0 1 
96 1.0 23.0 76.0 

FEB 121 4.1 19.8 76.0 51 0.0 19.6 80.4 

MAR 209 5.5 16.5 78.0 31 0.0 9.7 90.3 

APR 267 8.0 23.5 68.5 21 0.0 14.7 85.7 

MAY 143 2.1 16.8 81.1 21 14.3 0.0 85.7 

JUNE 119 5.0 6.7 88.2 11 9.1 18.2 72.7 

JULY 29 3.5 24.1 72.4 7 0.0 28.6 71.4 

AUG 14 7.1 14.2 78.6 3 33.3 33.3 33.3 

SEPT 21 4.8 9.6 85.7 1 0.0 0.0 100.0 

OCT 145 9.3 26.8 64.0 9 0.0 44.4 55.5 

NOV 113 6.2 39.8 54.0 52 13.5 34.6 51.9 

DEC 122 2.5 15.6 82.0 43 18.6 44.2 37.2 

Data n o t  i nc luded  because most animals were n o t  weighed. 



Table 4. Percent o f  j u v e n i l e  (JUV), subadult  (SAD) and a d u l t  (ADU) 
p ine voles captured each month i n  an abandoned apple orchard 
near Roanoke, V i rg in ia ,  from December, 1979, t o  December, 
1981. Voles o f  quest ionable sex a re  n o t  included. 

- -- - - - - -  - 

DEC, 1979-DEC, 1980 DEC, 1980-DEC, 1981 

MONTH N JUV SAD ADU N JUV SAD ADU 

DEC 49 2.0 
1 

JAN 3 1 0.0 

FEB 29 0.0 

MARCH 47 0.0 

APRIL 34 0.0 

MAY 20 0.0 

JUNE 29 6.9 

JULY 15 6.7 

AUGUST 1 0.0 

SEPT 1 0.0 

OCT 33 9.1 

NOV 43 0.0 

DEC 30 6.7 

Data n o t  inc luded  because most animals were n o t  weighed. 



The dramatic dec l ine  i n  the p ine vo le populat ion i n  the  main- 
ta ined  orchard and the d i f fe rences  repor ted between the  two orchard 
types may be due t o  several fac to rs .  I n  the maintained orchard a very 
poor apple crop i n  1981, coupled w i t h  reduced vegetat ive cover, caused 
the apples on the ground t o  d e t e r i o r a t e  much f a s t e r  than i n  previous 
years. This may have produced an environment which could n o t  support 
the h igh  vo le dens i t y  found i n  the maintained orchard i n  1980. A 
severe drought dur ing  the summer and f a l l  o f  1981 may a lso  have had a 
greater  impact on the populat ion i n  the maintained orchard than i n  
the  abandoned orchard. Another explanat ion might  be t h a t  successional 
changes i n  the vegetat ion a re  occurr ing i n  the maintained orchard since 
i t  i s  no longer being commercially managed ( i  .e. no insec t i c ides ,  
t r e e  pruning o r  herb ic ides) .  F i n a l l y ,  i t  has never been determined if 
pine voles e x h i b i t  c y c l i c  dens i t y  f l u c t u a t i o n s  as do o ther  species of 
microt ines.  I n  an optimum environment such as a maintained orchard 
p ine voles may be c y c l i c .  The populat ion i n  1980 may have reached a 
peak dens i t y  w i t h  the dec l ine  phase f o l l o w i n g  i n  1981. The populat ion 
densi ty  i n  the abandoned orchard was much more s tab le  over the two 
year period, perhaps because the h a b i t a t  i s  n o t  as favorable f o r  h igh 
reproduct ive output  o r  s u r v i v a l .  The vo le populat ion d i d  dec l ine  i n  
the summer o f  1981 i n  the abandoned orchard, b u t  t h i s  may be due t o  
the  extremely d r y  weather reducing e i t h e r  the populat ion s i z e  o r  
trappabi 1  i t y .  

Vegetat ion w i l l  be sampled i n  both orchards t h i s  sp r ing  and sum- 
mer. Temperature and r a i n f a l l  data w i l l  a l so  be analyzed t o  determine 
i f  these f a c t o r s  were c o r r e l a t e d  w i t h  the dec l ine  in both orchards 
dur ing the summer o f  1981. Data which i s  c u r r e n t l y  being c o l l e c t e d  
w i l l  be analyzed t o  prov ide more i n s i g h t  i n t o  body weight dynamics, 
seasonal reproduct ion and surv iva l ,  and s p a t i a l  dynamics o f  both p ine 
and meadow vole populat ions i n  both orchards. 
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EFFECT OF GREEN VEGETATION AND COTTON NEST MATSRIAL 

ON REPRODUCTION AND SURVIVAL OF PINE VOLES 

(MICROTUS PINETORUM). 

Jack A. Cranford 

Department of Biology 

Virginia Polytechnic Institute and State University 

Blacksburg, Virginia 24061 

INTRODUCTION 

Plant compounds associated with active plant growth and senesence 

have been reported to have different effects on microtine reproduction 

(~erger et al., 1977, 1981). Biological assays of inhibitory 

compounds showed some effect at pharmacological doses in Microtus 

pennsylvanicus but not in M. pinetorum p ranf ford et al., 1980; Derting 

and Cranford, 1981). Stimulatory plant compounds contained in active 

growing wheat have been demonstrated to cause early sexual maturation 

( ~ e r ~ e r  et al., 1981 ) and to induce reproduction in wild populations 

during non reproductive periods (~egus, 1977; Berger et al., 1981 ). 

Bodenheimer (1 949) postulated that plants contain compounds which 

trigger the onset of reproduction in M. guentheri. In M. montanus 

small amounts of green plants or their extracts supplemented to the 

normal laboratory diets have caused increased uterine weight, 

increased numbers of estrus females, increased numbers of young 

produced, and a return to sexual activity under normally inhibitory 

conditions   inter and Negus, 1965; Negus and Pinter, 1966; legus and 

Berger, 1971 ; Negus and Berger, 1972). 



Orchards typically have grass growing in aisle rows and under 

trees which could provide additional reproductive stimulation. Mowing 

keeps the grass in an active growth stage which would maintain a high 

level of reproductive stimulatory compounds in the vegetation. This 

research will report on the effect on reproduction of small amounts of 

oat sprouts fed to M. pinetorum in a laboratory colony and in animals 

maintained in large outdoor enclosures under natural conditions. An 

additional factor tested was the presence of nest material in the form 

of cotton batting. 

MATERIALS AND METHODS 

One hundred M. pinetorum were randomly selected at weaning from 

the laboratory colony and were paired at seventy days of age. All 

animals in the laboratory groups were maintained as mated pairs for 

180 days under LD 16:8 in small tub cages with Wayne lab blox and 

water available ad libitum. Group one consisted of 10 experimental 

pairs which received the equivalent of 2 g dry weight of oat sprouts 

(greens) per day in addition to the normal diet and a control group of 

10 pairs. Group two consisted of 10 experimental pairs which received 

cotton batting nest material in addition to the normal sawdust 

substrate and a control group of 5 pairs. Group three was composed of 

30 animals, 10 males and 20 females, which were housed in outdoor 

enclosures as 10 groups of two females with one male. The outdoor 

enclosures were 45 cm by 180 cm in size and had 16 cm of earth for 

burrowing and subsurface nest construction. All groups had food and 

water ad libitum, were under natural photoperiod and temperature from 

June 1981 to December 1981, and had greens and natural vegetation 



continuously ava i lab le .  Five of these groups (randomly se lec ted)  i n  

add i t ion  t o  n a t u r a l  n e s t  mate r ia l s  had cot ton ba t t ing  supplied a s  

supplementary n e s t  mater ial .  

A l l  laboratory animals were weighed and examined per iod ica l ly  f o r  

s igns  of reproduction ( sc ro ta1  t e s t i s ,  pe r fora te  vagina, enlarged 

n i p p l e s ) ,  l i t t e r s  were weaned a t  21 days of age, sexed and recaged. 

Outdoor enclosure animals were checked d a i l y  and trapped per iod ica l ly  

t o  determine t h e  same parameters a s  the  laboratory groups. 

RESULTS 

Laboratory group one was maintained on small supplemental 

feedings of  greens and produced t h e i r  f i r s t  l i t t e r s  a t  69 + 7 days of 

age while t h e i r  con t ro l  group was more var iab le  and matured l a t e r  (80 

+ 73 days). Overall l i t t e r  s i z e  f o r  the  greens feed group was 2.5 -, 1 - 

while the  c o n t r o l  was smaller  (2.1 5 9 )  and the sex r a t i o  f o r  greens 

fed animals was 52:48 while the  con t ro l  group produced more females 

(38:62). Over t h e  180 days of mated l i f e ,  greens fed animals produced 

7.57 l i t t e r s  per  female a t  26.4 + 6 day i n t e r v a l s  while the  con t ro l  

group produced fewer l i t t e r s  (2.43) and were more var iab le  i n  the  

i n t e r  l i t t e r  i n t e r v a l  (40.9 12 days). Both of these var iab les  were 

s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  (P = 0.025; P = 0.05 

respec t ive ly) .  Overal l  breeding success of the  greens fed group was 

higher  i n  every parameter including the  mean number of o f f spr ing  per  

female with t h e  greens groups producing 8.86 young while con t ro l s  

produced 5.0 o f f spr ing  per female. 

Laboratory group two was maintained with supplemental cot ton 

b a t t i n g  n e s t  mate r ia l  r e s u l t i n g  i n  60 percent mor ta l i ty  over the  t e s t  



period while only one control animal died. Reproductive success of 

supplemented cotton animals was 70 percent with most females only 

producing one litter. The point at which 50 percent of the females 

(LD 50) with cotton batting died was 56 days after the onset of the 

experiment with the male LD 50 at 100 days. 

All animals in the group which survived the 180 day period were 

killed and all organs and tissues examined and weighed. No 

differences were noted between experimental (cotton present) and 

control animals except for mean body weights. Survivors which had 

cotton present were significantly heavier (E = .01) than the controls. 

For 12 animals which died, post mortum examination indicated that 7 

died due to cotton blockage of the stomach-small intestine junction 

with 4 of the remaining 5 dying from cotton blockage of the small 

intestine-ceacum junction. The source of mortality of one control and 

one cotton animal could not be determined. 

Group three housed in the outdoor enclosure under natural 

conditions with natural vegetation and greens present had 100% 

breeding success with 2.6 litters per female and a mean litter size of 

2.47 in the absence of cotton. Three outdoor enclosures with cotton 

went extinct within 60 days producing no offspring, one enclosure 

survived and produced one litter and one enclosure group survived but 

did not breed. The post mortum examination of dead pine voles 

indicated that mortality was due to cotton blockage of the stomach- 

small intestine junction. Initial population density in cotton 

containing enclosures was 15 which decreased to 9 while the same 

starting density in noncotton enclosures reached 46 at 175 days and 



contained 2.6 breeding females per enclosure. Of the 46 ind iv idua ls  

i n  the enclosures ,  the  second, t h i r d  and four th  l i t t e r s  produced over 

the  135 day period were c l e a r l y  recognizable by pelage and o r  body 

s i z e  and weight. These cohorts  were s t a t i s t i c a l l y  d i f f e r e n t  i n  body 

weight from each o ther  and from the paren ta l  generation and t h e i r  

f i r s t  l i t t e r  ( P  5 .05). 

VISCUSSION 

Although p r i o r  research with reproductive inh ib i to ry  compounds i n  

M.  pinetorum was not successful  a t  b io log ica l ly  relevant  dosage r a t e s  

( ~ e r t i n g  and Cranford, 1981) the  e f f e c t  of green vegetat ion even i n  

small amounts was q u i t e  s i g n i f i c a n t .  Using the reproductive da ta  from 

the  indoor groups one can ca lcu la te  the p o t e n t i a l  impact of g rass  

(greens)  p resen t  i n  the  home range of s s i n g l e  female over a  120 day 

breeding period. Animals with g rass  would produce 21 o f f spr inq  of 

which 10 would be females while animals lacking grass  would produce 9 

of fspr ing  of which 5.6 would be females. A s  has  been shown by Negus 

e t  a l .  ( 1  981 ) f o r  E. montanus only very small amounts of the  

stirnulatory compound 6-MBOA were necessary and our laboratory s t u d i e s  

with o a t  sprou ts  i n d i c a t e  the  same condit ion f o r  M. pinetorum. L i t t e r  

s i z e s  f o r  greens fed animals were higher  both indoors and outdoors and 

the  i n t e r  l i t t e r  i n t e r v a l s  were shor te r .  These e f f e c t s  have a l s o  been 

reported f o r  M. montanus and our r e s u l t s  a r e  i n  c lose  agreement with 

t h a t  data .  

Cotton f i b e r  present  a s  supplementary n e s t  mate r ia l  was i n j e s t e d  

by t e s t  animals and resu l ted  i n  blocked segments of the stomach and 

small i n t e s t i n e .  The e f f e c t  of t h i s  blockage was t o  decrease the 



animals digestive efficiency and resulted in decreased body weight and 

eventual desth. The indoor experimental groups had lower reproductive 

success and those outdoors in the enclosure experienced nearly total 

mortality. The observed differences in time to death probably reflect 

differences in behavior of males and females. Females begin to die 

within two weeks of exposure but 50 percent died within 50 days while 

males took twice as long. This probably reflects the greater nest 

building and nest maintenance habits of the female. 

The overall impact of greens and cotton in an orchard has yet to 

be tested but the outdoor enclosure experiment clearly indicates that 

the presence of grass in orchards probably enhances overall 

reproduction success. The presence of cotton in runways and adjacent 

to fossorial burrow entrances could perhaps contribute greatly to an 

overall management program. As cotton results in significant 

mortality, reduction in the numbers of litters produced and general 

reduction in individual nutritional status it could contribute to an 

overall management program. Because the voles must build nests and 

cotton is acceptable to the individuals their behavior alone could 

result in at least reduced recruitment into a population over time and 

perhaps extinction of females. 
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STR4NGE MALES BLOCK PREGNANCY I N  LACTATING PINE VOLES, 
ElICROTUS FINETORUM, AND REDLICE SURVIVAL AND GROWTH OF 

NURSING Y9USG 

Margaret H .  Schadler 
Department o f  Biological  Sciences, Union College, Schenectady, NY 12308 

Strange (unfamil iar)  males a f f e c t  surv iva l  of  progeny of  repro- 
duct ive female rodents  i n  a v a r i e t y  of ways. In mice, s t range  males 
block pregnancy before implantation of embryos (Bruce, 1959) but only i n  
females t h a t  a r e  not  l a c t a t i n g  (Bruce and Parkes, 1961). In voles  these 
males can block pregnancy both before and a f t e r  implantation (Stehn and 
Richmond, 1975; Marks and Schadler,  19?9; Schadler,  1981). Strange 
males have a l s o  been shown t o  k i l l  nursing pups i n  lemmings (blallory and 
Brooks, 1978) and mice (Labov, 1980 and vom Saal and Howard, 1982), 

The presen t  study i n  pine voles  (Microtus pinetorum) examines t h e  
e f f e c t  o f  s t range  males on blockage of pregnancy i n  l a c t a t i n g  voles  and 
on surv iva l  and growth of  nursing pups. 

Pine vo les  used i n  these  experiments were descendents of  animals 
trapped near  New P a l t z ,  N.Y. i n  1974 and 1975. Animals were housed i n  
metal l abora tory  mouse cages 18.5x26x14.5 cm with s o l i d  bottoms and wire 
tops  and were maintained i n  a photoperiod of 12L:lZD a t  a temperature of  
16-18OC. They were fed Wayne Rat Lab Blox, Wayne Guinea Pig P e l l e t s ,  
apple and water. Wood chips provided l i t t e r  and nes t ing  mater ial .  
Cages were cleaned once a week such t h a t  dis turbance was spread uni- 
formly over a l l  groups of  experimental animals. 

A l l  mothers used i n  the  study had success fu l ly  reared a t  l e a s t  
one l i t t e r .  In o rder  t o  minimize var ia t ion ,  females with l i t t e r s  o f  two 
t o  four  neonates were used and they were assigned on Day 4 post  partum 
t o  con t ro l  and experimental groups i n  such a way a s  t o  equal ize any 
d i f fe rence  i n  l i t t e r  number and i n  weight of  offspring.  A l l  females 
were housed with t h e  s tud  male throughout pregnancy and a f t e r  p a r t u r i -  
t i o n  u n t i l  they were placed i n  treatment groups. 

The mothers with t h e i r  l i t t e r s  (n=74) received t h e  following 
t reatment:  In t h e  f i r s t  group (n=34) females were housed with the  s tud  
male u n t i l  i n f a n t s  were weaned. A second group (n=30) were housed with 
t h e  s tud  male f o r  4 days post  partum a t  which time t h e  s tud  male was 
removed and t h e  s t range  male introduced following the  procedure des- 
cr ibed below. A t h i r d  group (n=10) was housed with t h e  s tud  male f o r  4 
days a f t e r  which he was removed and not replaced. This group was used 
t o  determine i f  pregnancies were missed o r  i f  su rv iva l  of  young was 
adversely a f fec ted  because o f  t h e  removal of  t h e  at tending s tud  male. 

Before t h e  s t range  males were released i n t o  t h e  cazes with t h e  
nursing mother and h e r  l i t t e r ,  they were introduced behind a small wire 
enclosure i n  t h e  female's cage on Day 4 and released i n t o  the  cage on 
Day 5. Unacquainted p ine  vole adu l t s  f i g h t  vigorously and previous 
attempts t o  p lace  s t range  males d i r e c t l y  with l a c t a t i n g  females re -  
s u l t e d  i n  t h e  k i l l i n g  o r  wounding of one of  the  parents  and/or the  
young. In o rder  t o  assess  t h e  e f f e c t  of t h e  presence of  the  male, such 
aggressive encounters were avoided with t h e  24 hour fami l ia r iza t ion  



period. After this period, previously unacquainted males and females 
do not fight. 

During the experiment all cages were checked daily and observed for 
a minimum of five minutes for condition of young, behavior of all cage 
occupants, and for recording of deaths. Young from the two groups that 
were housed with males, either stud or strange, throughout the experi- 
ment were weighed at 2 days, at 10 days and at 21 days of age when 
they were weaned. 

The criterion used for determining blockage of pregnancy was the 
difference in number of days post partum until delivery of a litter. 
Previous findings (Schadler and Butterstein, 1979) showed that 87% of 
lactating females delivered litters that were conceived within 3 days 
post partum. Since gestation is 24 days, the expected interval between 
litters is 24-27 days. Therefore, if a female exposed to a strange 
male at 5 days lost her pregnancy and was subsequently re-inseminated, 
her young would be born after 29 or more days. 

To check the effect of strange males on infants the following 
criteria were used: 1) the number of litters that survived intact 
until weaning; 2) the number of young that survived; and 3) weight gain 
of infants. 

Chi square and the Student's t-test were used in the statistical 
analyses. 

RESULTS 

Data on delivery of post partum litters showed that a significant 
number of pregnancies (x2=6.8, p<0.01) were blocked by the strange male 
(Table 1). In all groups 90-91% of the females bore litters conceived 
during the post partum period. Of the females that were not exposed to 
strange males, 9 of 10 (90%) of the animals caged alone after 4 days 
and 30 of 34 (88%) of the animals caged with stud males delivered lit- 
ters 24-27 days post partum. This is compared with 18 of 30 (60%) of 
the group exposed to strange males. In the latter group 9 females (30%) 
delivered litters that were born 29 or more days post partum. 

Data on infant size and survival for all three groups appear in 
Table 2. A comparison of survival of litters between the group that 
had the stud males removed and not replaced and the ones in which the 
stud was not removed showed no significant difference (x2=.55). Com- 
parison of the groups caged with a male, either stud or strange, that 
successfully reared intact litters showed the following: The group 
caged with a stud male had a weaning success rate of 65% (22 of 34 
litters) versus a 7% success rate (2 of 30) for the group housed with a 
strange male. The difference is significant at p<0.001 (x2=21,7). The 
number of offspring that survived for 10 days was 95% for the first 
group versus 68% for the second and at 21 days was 84% versus 34%. 
Both differences were significant (x2=26.1, p<0,001 and x2=63, 
p<0,001 respectively). 

Infants exposed to strange males not only survived less well but 
those that did survive had a reduced rate of growth (Table 2). Mean 
gain in weight of infants from the first group from 2-10 days was 
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4.3i0.19 and 2-21 days was 9.9k0.22 compared with infants from the 
second group (3.1i0.19 and 8.7i0.50). Both differences were significant 
(t=4.4, p<0.001; t=2.2, pc0.05 respectively). 

Daily examination of living infants and carcasses revealed little 
sign of wounding. Of the 30 experimental animals that died before 10 
days, none died within the first several hours after they were exposed 
to the strange male, 8 died within the next day and the rest survived 
two or more days. Dead animals were often found intact but in some 
cases dead infants in all groups were totally or partially consumed, 
a common occurrance in pine voles. Observance of adults showed no 
detectable differences in the behavior of stud males versus strange 
males. In both cases males hovered with females over the young in the 
nest. 

DISCUSSION 

Strange males did not block pregnancy after parturition in mea- 
dow voles, blicrotus pennsylvanicus, when they were introduced before 
implantation on the second day after post partum coitus. (Mallory and 
Clulow, 1977). Kenney, Evans, and Dewsbury (1977) found that the inci- 
dence of abortion after implantation in parous female 3. ochrogaster 
and M. pennsylvanicus that had recently lactated was low and they 
speculated that the females may have experienced protection from their 
recent lactation. 

In 30% of the pine voles, lactating mothers underwent blockage 
of pregnancy and subsequent re-insemination by strange males in this 
experiment. This phenomenon is interpreted to be a true case of preg- 
nancy blockage and not delayed implantation mediated by removal of the 
stud male because 88-90% of all females from both sets of controls, 
with or without stud males after Day 4, had litters conceived within 3 
days post partum. This loss of pregnancy was less than that noted in 
non-lactating females in which 84% of the females aborted when they 
were placed with strange males at 4 days post partum (Marks and 
Schadler 1979) and 88% aborted at 10 days post partum (Schadler, 1981). 

Reduced survival of offspring of lactating rodent females exposed 
to strange males has been reported by Mallory and Brooks (1978), Labov 
(1980), and vom Saal andHoward (1982). In lemmings, Mallory and Brooks 
(1978) found that a strange male placed with lactating females killed 
the young unless the female was successful in attacking the male and 
keeping him at bay. In pine voles, familiarizing strange males with 
their new associates allays aggressive tendencies and the female does 
not actively defend the nest, 

Labov (1980) working with mice placed strange males with females 
before the litters were born. He noted that allowing males to co-habit 
with pregnant females for an extended period of time before parturition 
or letting them copulate with estrous females painted with urine con- 
taining pheromones from pregnant female cagemates appeared to repress 
killing of the young. vom Saal and Howard (1982) found that doninant 
male mice placed alone in cages with newborn infants were more likely 
to kill the infants than subordinate ones, In voles, since strange 
males did not physically attack the young, reduced survival must be 
ascribed to other causes, 
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Some authors have suggested that decreased secretion of prolactin 
which is both luteotropic and lactogenic in voles follows the introduc- 
tion of a strange male. The luteotropic effect has been described in 
the vole M, agrestis, by Milligan and MacKinnon (1976) and Charlton, 
Milligan 2nd Versi (1978). Milligan, Charlton and Versi (1979) noted 
that pregnant females with functional corpora lutea and elevated prolac- 
tin levels had their pregnancies blocked upon exposure to strange males. 
This blockage was accompanied by degeneration of corpora lutea and 
suppression of secretion of prolactin. The necessity for adequate 
levels of circulating prolactin to stimulate lactation is well known. 

If prolactin levels are lowered in pregnant and lactating pine 
voles exposed to strange males, this could account for the noted block- 
age of pregnancy in these animals and for reduction in survival and 
growth of nursing young, 
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Interior. 

REFERENCES 

Bruce, H.M. (1959) An exteroceptive block to pregnancy in the 
mouse. Nature, 184, 105. 

Bruce, 1I.M. and Parkes, A.S. (1961) The effect of concurrent 
lactation on the olfactory block of pregnancy in the mouse. 
J. Endocr. 22, 6-7. 

Charlton, S.R., Milligan, S.R. and Versi, E. (1978) 
Studies on the control of the corpus lutewn in the vole, 
Microtus agrestis. J, Reprod. Fert. 52, 283-288. 

Kenney, A. MCM., Evans, R.L. and Dewsbury, D.A. (1977) 
Postimplantation pregnancy disruption in Microtus ochrogas- 
ter, M. pennsylvanicus and Peromyscus maniculatus. J,  - 
Reprod. Fert. 49, 365-367. 

Labov, J.B, (1980) Factors influencing infanticidal behavior in 
wild house mice (& musculus). Behav. Ecol. Sociobiol. 
6, 297-303. 

Mallory, F.F. and Brooks, R.J. (1978). Infanticide and other 
reproductive strategies in the collared lemmings, Dicrosto- 
nvx groenlandicus Nature, 273, 144-146. - 

Mallory, F.F. and Clulow, F.B. (1977) Evidence of pregnancy 
failure in the wild meadow vole, Microtus pennsylvanicus. 
Canadian J. of Zool. 55, 1-17. 



Marks, K.J. and Schadler, M.H. (1979), Embryo rejection in the 
pine vole. Proceedings of the Third Annual Pine and Meadow 
Vole Symposium, New Paltz, N.Y. February, 1979. pp. 30-31. 

Milligan, S.R. and MacKinnon, P.C.B. (1976). Correlation of 
plasma LH and prolactin levels with the fate of the corpus 
luteum in the vole Microtus agrestis. J. Reprod. Fert., 
47, 111-113. 

Milligan, S.R., Charlton, H.M. and Versi, E. (1979) Evidence 
for a coitally induced "mnemonic" involved in luteal func- 
tion in the vble (Microtus agrestis). J. Reprod. Fert. 
57, 227-233. 

Schadler, H.H. and Butterstein, G.M. (1979). Reproduction in the 
pine vole, Microtus pinetorum. J. Mamm. 60, 841-844. 

Schadler, M.H. (1981). Postimplantation abortion in pine voles 
(Microtus pinetorum) induced by strange males and pheromones 
of strange males. Biol. Reprod. 25, 295-297. 

Stehn, R.A. and Richmond, M.E. (1975). Male-induced pregnancy 
termination in the prairie vole, Microtus ochrogaster. 
Science, 187, 1211-1213. 

vom Saal, F.S. and Howard, L.S. (1982). The regulation of 
infanticide and parental behavioc:implications for reproduc- 
tive success in male mice. Science 215, 1270-1272. 



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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