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AN APPROACH TO DETERMINE THE ECONOMIC THRESHOLD LEVEL FOR PINE VOLES 

Stephen B. White and Theodore L. Hul lar  
Cornel l  Univers i ty  
I thaca ,  NY 14853 

The e f f e c t i v e n e s s  of orchard management, a s  i n  any a g r i c u l t u r a l  
system, is  judged on t h e  t o t a l  quan t i ty  and q u a l i t y  of t h e  produce and 
on t h e  f i n a n c i a l  r e t u r n  pe r  u n i t  of investment. Decis ions  a f f e c t i n g  
orchard management a r e  based u l t ima te ly  on economic f a c t o r s .  

Th i s  economic c r i t e r i o n  should, the re fo re ,  be app l i ed  t o  a l l  
orchard p e s t  management decisions--including c o n t r o l  of t h e  p ine  vo le  
(Pitymys pinetorum). The purpose of t h i s  paper is t o  d e s c r i b e  an 
approach we a r e  t ak ing  t o  i d e n t i f y  f a c t o r s  use fu l  i n  e s t ima t ing  t h e  
economic th resho ld  which can form t h e  b a s i s  f o r  c o s t - e f f e c t i v e  
management of t h e  pine  v o l e  and t h e  meadow v o l e  (Microtus pennsylvanicus) 
i n  app le  o rcha rds .  

Dyer and Ward (1977) and Dolbeer (1981) s t a t e  t h a t  t h e  d e c i s i o n s  
i n  management of p e s t  s p e c i e s  should be based on economics. Key 
f a c t o r s  i n  economics-based p e s t  c o n t r o l  include:  e s t ima t ion  of l o s s e s  
caused by s h o r t -  and long-term damage a s  a  func t ion  of p e s t  populat ions;  
c o s t  of measures t o  c o n t r o l  t h e  p e s t  wi th in  def ined populat ion l e v e l s ;  
and t h e  oppor tun i ty  c o s t s  of t h e  c o n t r o l  measures. When t h e s e  f a c t o r s  
a r e  known t h e  p e s t  c o n t r o l  s p e c i a l i s t ,  t he  orchard manager, and t h e  
r e sea rche r  can make wise judgements on a c t i o n s  t o  t ake  a g a i n s t  t h e  
depredat ing spec ies .  

Rodent damage c o n t r o l  i n  app le  orchards  has  evolved l a r g e l y  
through use  of s t andard  orchard p r a c t i c e s .  S tud ies  a r e  not  a v a i l a b l e  
t o  quan t i fy  t h e  l e v e l s  of damage necessary t o  determine what c o n t r o l  
measures a r e  economically j u s t i f i e d ,  o r  even t o  i d e n t i f y  t h e  range of 
damage t h a t  would e s t a b l i s h  cos t -e f fec t iveness .  

There a r e  s e v e r a l  reasons  f o r  t h i s  l a c k  of knowledge. The damage 
done t o  app le  t r e e s  is  n o t  e a s i l y  observed, desc r ibed ,  o r  measured. 
There i s  probably not  a  simple l i n e a r  r e l a t i o n s h i p  between bark removal 
and economic damage. In  a d d i t i o n  t o  these  d i f f i c u l t i e s  and because 
t h e  t r e e  is  a  pe renn ia l ,  t h e r e  is cummulative damage a s  we l l  a s  
r ecupera t ive  and compensatory processes .  In numerous s i t u a t i o n s ,  
compensatory growth has  been suggested and a c t u a l l y  demonstrated 
(Dyer 1973, 1975, 1976, Dyer and Bokhari 1976, H a r r i s  1974, Hutchinson 
1971, Pearson 1965, Vickery 1972, Westlake 1963, and Woronecki &. 
1376). 

To d a t e ,  only  a  few a t t empts  have been made t o  address  t h e  
economics of ? ine  v o l e  o r  meadow v o l e  damage i n  orchards .  Pearson 
(1976, 1977) and Pearson and Forshey (1978) examined t h e  r e l a t i o n s h i p  
between t h e  presence of v o l e s  and t r e e  damage expressed a s  a  reduct ion 
i n  crop va lue .  A few a u t h o r s  have made some t h e o r e t i c a l  and 
s p e c u l a t i v e  e s t i m a t e s  of damage (Kennicott  1957, Hamilton 1938, 
Garlough and Spencer 1944, B i se r  1967, and Syers 1974). Recently 
Su l l ivan  g &. (1980) have repor ted some s tandard survey work 



examining t h e  magnitude and causes  of t r e e  mor ta l i ty .  This  g ives  some 
concept of economic damage, but cannot be  used t o  i s o l a t e  even t h e  
b e n e f i t s  of c u r r e n t  rodent  c o n t r o l  techniques.  Ferguson (1980) and 
Lu t tne r  (1978) have a l s o  produced some very broad economic 
g e n e r a l i z a t i o n s  by e x t r a p o l a t i n g  form roden t i c ide  use  f i g u r e s .  These, 
however, a r e  on ly  measures of s tandard accep tab le  orchard p r a c t i c e ,  and 
cannot form t h e  b a s i s  f o r  v o l e  management i n  orchards .  

A s imple  d e s c r i p t i o n  of damage t o  an  app le  t r e e  r o o t  system is  
no t  a v a i l a b l e .  The depth t o  which damage extends  i s  a v a i l a b l e  only  
a s  a n t e d o t a l  informat ion (Benton 1952). Even t h e  s imples t  unders tanding 
of roden t  damage, and t h e  response of t h e  t r e e  t o  such damage, i s  not  
c u r r e n t l y  a v a i l a b l e .  No s t u d i e s  a r e  a v a i l a b l e  which r e l a t e  t h e  dea th  
of t r e e s  t o  t h e  removal of roo t  t i s s u e .  There i s  no informat ion t o  
suggest  a t  what l e v e l  t i s s u e  removal may begin t o  impair growth, o r  
a t  what l e v e l  growth impairment may begin t o  reduce crop y i e l d s  and 
t h e  p roduc t ive  l i f e - span  of t h e  t r e e .  

Such informat ion is e s s e n t i a l  t o  wise  management, and might 
suggest  t h a t  100% c o n t r o l ,  an indus t ry  s t andard ,  may be n e i t h e r  
necessary nor d e s i r a b l e .  We have proposed t h r e e  s t u d i e s  t h a t  should 
he lp  d e f i n e  t h e  economic th resho ld  l e v e l  o f  p ine  v o l e s  and improve 
our  unders tanding of and recommendations f o r  t h e  moderately damaged 
t r e e .  These types  of s t u d i e s  should a l s o  a i d  i n  i d e n t i f y i n g  methods 
u s e f u l  f o r  making c a r e f u l  damage assessments t h a t  a r e  now lack ing  i n  
p ine  v o l e  c o n t r o l  l i t e r a t u r e .  

The f i r s t  s tudy  w i l l  address  t h e  unsubs tan t i a t ed  hypothesis  t h a t  
v o l e  d e n s i t y  is a  most important f a c t o r  i n  r o o t  damage. This  s tudy 
w i l l  involve enc los ing  known v o l e  populat ions  wi th in  0.008 ha fenced 
p l o t s  which con ta in  e i g h t  app le  t r e e s .  The t r e e s  a r e  McIntosh on 
M-26 r o o t s t o c k  and a r e  i n  t h e i r  n i n t h  l e a f .  Vole populat ions  
equ iva len t  t o  247, 494, and 74% (family  group) v o l e s  per ha w i l l  
be  placed wi th in  enclosures .  Harvest r ecords ,  shoot  growth and l e a f  
ana lyses ,  which have been c o l l e c t e d  dur ing previous  r e sea rch  p r o j e c t s ,  
w i l l  con t inue  t o  be  done f o r  a l l  t r e e s  i n  each enclosure .  When shoot 
growth, l e a f  n u t r i e n t  a n a l y s i s ,  and t r e e  s p e c i f i c  crop loads  a r e  
c o r r e l a t e d  wi th  v o l e  d e n s i t i e s ,  t h i s  s tudy  should y i e l d  informat ion 
d i r e c t l y  r e l a t e d  t o  t h e  economic threshold.  I f  roo t  systems w i t h i n  
t h e  enclosed p l o t s  a r e  excavated, an even f u l l e r  understanding of 
v o l e  damage on t r e e s  should be  gained. 

To s tudy  t h e  long-term, c u m u l a t i v e  e f f e c t s  of p ine  v o l e  damage, 
a  second s tudy  w i l l  examine t h e  r o o t  systems of damaged mature t r e e s .  
By s e l e c t i n g  t r e e s  of poor,  moderate, and high v igor ,  a  c o r r e l a t i o n  
between l e v e l s  of r o o t  damage and t h e  v a r i o u s  degrees  of t r e e  v i g o r  
may be e s t ab l i shed .  A few t r e e s  w i l l  b e  removed by excavat ing a l l  
r o o t  m a t e r i a l  g r e a t e r  than 1 cm i n  diameter.  Root m a t e r i a l  w i l l  
b e  sec t ioned  i n t o  approximately s t r a i g h t  c y l i n d r i c a l  segments. The 
d i s t a n c e  between t h e  r o o t  crown and each segment w i l l  be  recorded, 
and t h e  s u r f a c e  a r e a  w i l l  b e  es t imated ( n 'diameter 'height) .  The 
p o r t i o n  of t h e  s u r f a c e  a r e a  which has  been damaged w i l l  be  es t imated 



us ing  a h e l i c a l  l i n e - t r a n s e c t  t o  sample damaged and undamaged bark on 
each r o o t  segment. The amount of damaged t i s s u e ,  recorded wi th in  0.5-m 
zones of t h e  r o o t  crown, w i l l  b e  c o r r e l a t e d  a g a i n s t  shoot growth, 
l e a f  n u t r i e n t  a n a l y s i s ,  and t r e e  s p e c i f i c  ha rves t  records .  It i s  
expected t h a t  most r o o t  systems would no t  be t o t a l l y  excavated but  
w i l l  be sampled by c u t t i n g  a 2-m deep t r ench  a c r o s s  t h e  diameter  of 
t h e  d r i p l i n e  ( through o r  immediately ad jacen t  t o  t h e  t r e e  base) .  A 
15-cm segment of each r o o t  exposed w i l l  be  removed and handled a s  
d e t a i l e d  above. The l o c a t i o n  ( v e r t i c a l  and h o r i z o n t a l )  of each exposed 
segment w i l l  a l s o  b e  noted. 

The t h i r d  and l a t e r  s tudy  would examine t h e  p o s s i b i l i t i e s  t h a t  a 
damage l e v e l  accumulated over yea r s  of exposure would cause  a 
s i g n i f i c a n t l y  d i f f e r e n t  reduct ion i n  y i e l d  than does a one-time 
exposure t o  t h e  same damage l e v e l .  This  ques t ion  can b e  approached 
by excavat ing t h e  r o o t  crown and proximal por t ion  of a l l  r o o t s  
a t t ached  t o  t h e  crown. The des i r ed  percentage of damage w i l l  be  
obta ined by measuring t h e  t o t a l  circumference of t h e  exposed r o o t s  and 
t h e  g i r d l i n g  of t h a t  p o r t i o n  of t h e  t o t a l  circumference which is  
p resc r ibed  by t h e  damage category.  The l e v e l s  of damage chosen f o r  
each ca tegory  w i l l  correspond t o  t h e  l e v e l s  of roo t  g i r d l i n g  observed 
i n  t h e  second study. 

CONCLUSIONS 

The t h r e e  s t u d i e s  w i l l  improve our  knowledge of t h e  dynamic 
r e l a t i o n s h i p  between v o l e s ,  damage, and a c t u a l  economic l o s s .  The 
expected i n s i g h t s  a r e  numerous and may form t h e  b a s i s  f o r  new con t ro l  
techniques .  I t  i s  d i sconcer t ing  not  t o  have a good, even simple,  
unders tanding of t h e  a c t u a l  damage ( roo t  t i s s u e  removal) done by 
p ine  vo les .  A sys temat i c  examination of t h i s  f i r s t  o rde r  damage is  
important because it  has  never been done, and i n  i t s  absence we may 
be miss ing important  unders tandings  r e l a t i n g  t o  t h e  f u n c t i o n a l  
mechanisms and more important ly  t h e  c o n t r o l  of p ine  v o l e  damage. 

Through a simple comparison of r e s u l t s  from our  t h r e e  s t u d i e s ,  
s e v e r a l  a d d i t i o n a l  obse rva t ions  should b e  poss ib le .  By comparing 
r e s u l t s  from t h e  second and t h i r d  s t u d i e s ,  t h e  importance of damage 
l o c a t i o n  (e.g. ,  r o o t  h a i r  ve r sus  r o o t  g i r d l i n g )  and secondary damage 
(e.g. ,  fungus) should b e  understood. Comparisons from these  s t u d i e s  
should a l s o  i d e n t i f y  damage l e v e l s  of no o r  only  temporary s ign i f i cance .  
The r e s u l t s  from t h e  f i r s t  s tudy w i l l  be t h e  most d i r e c t  a t tempt  t o  
determine an  a c t u a l  economic th resho ld  populat ion a v a i l a b l e  t o  da te .  
Th i s  should a l s o  p rov ide  a d d i t i o n a l  understanding of t h e  r e l a t i v e  
importance of r o o t  hair feeding ve r sus  roo t  g i r d l i n g .  

Dolbeer (1981) urged animal damage c o n t r o l  r e s e a r c h e r s  t o  spend 
ha l f  t h e i r  e f f o r t  i n  t h e  s tudy of t h e  economic impl i ca t ions  of 
damage and damage con t ro l .  Although s t u d i e s  proposed he re  do no t  
reach t h i s  goa l ,  they w i l l  begin t o  improve our  understanding of t h e  
economics of p i n e  v o l e  damage p a r t i c u l a r l y  f o r  t h e  s o i l  types ,  and 
age c l a s s e s  of t r e e s  i n  t h e s e  s t u d i e s .  Only through a f u l l e r  
unders tanding of t h e  r e l a t i o n s h i p  between v o l e s ,  t r e e s ,  crop l o s s  and 



c o n t r o l  e f f i c a c y ,  c a n  we r e f i n e  o u r  a b i l i t y  t o  c o n s i s t e n t l y  make t h e  
most a p p r u p r i a t e  and  economically-sound management recommendations f o r  
t h e  c o n t r o l  of  p i n e  v o l e  damage i n  commerical  a p p l e  o r c h a r d s .  
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