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ABSTRACT 

The r e l a t i o n s h i p  between t h e  d e n s i t y  o f  m o l e h i l l s  (number 
2 of  molehil'ls/lOO m ) ,  and t h e  h a b i t a t  o f  t h e  c o a s t  r o l e  ware 

determined f o r  10 - f i e l d s  i n  t h e  Lwer Mainland of  B r i t i s h  

Columbia. Sore p r o p e r t i e s  o f  t h e  s o i l  a t  dep ths  o f  10 and 2 0 -  
F 

C cm, and t h e  abundance of earthworms i n  t h e  moles t  h a b i t a t  were 

1 . considered.  

Study p l o t s  con ta in ing  moleh i l l s  had s i g n i f i c a n t l y  (p,c .05) .'. 

higher  s o i l  mois ture ,  h igher  water  con ten t  a t  10 lower \, -/-/ 
bulk d e n s i t y  a t  10 cn, less a i r  space a t  20 cm, and an almost  

s i g n i f i c a n t l y  (p = .w) h e a v i e r  mean wef g h t  of  worms than p l o t s  1 , '  

without  mo leh i l l s .  The number o f  m o l e h i l l s  was s i g n i f i c a n t l y  
1 

and p o s i t i v e l y  c o r r e l a t e d  wi th  t h e  mean and t o t a l  weights of  . 
earthworms i n  t h e  p l o t s ,  n e g a t i v e l y  wi th  s o i l  'bulk  d e n s i t y ,  

p o s i t i v e l y  wi th  s o i l  .oistu* a t  1 0  c m ,  p o s i t i v e l y  wi th  s o i l  

water  con ten t  a t  20 c m ,  a h b o s i t i v e l y  wi th  s o i l  pH a t  10 q> 

The r e l a t i o n s h i p  between t h e  d e n s i t y  of  m o l e h i l l s  and t h e  

. phys i ca l  c h a r a c t e r i s t i c s  o f i t h e  s o i l  was examined f o r  seasona l  

v a r G t i a n  i n  t h r e e  f i d l d s .  /The number o f  m o l e h i l l s  i n  t h e  
I .  

s tudy  p l o t s  was s i g n i f i c a n t l y  and nega t ive ly  c o r r e l a t e d  wi th  

t h e  bulk d e n s i t y  of  t h e  s o i l  i n  summer, autumn, d  s p r i n g ,  Q 
and with  s o i l  a i r  space a t  2 0  cm i n  sp r ing .  In  w i n t e r ,  

pos s ib ly  because o f  t h e  h igher  s o i l  mois ture  a t  t h a t  t i m e ,  

t h e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  between t h e  bulk  d e n s i t  

of t h e  s o i l  and moleh i l l  dens i ty .  The d i s t r i b u t i o n  
-. 4 -?Ole-/ - 

h i l l  npmbers a l s o  changed seasona l ly .  -Moles dug over  a  g r e a t e r  

iii 



\ number o f  a r e a s  i n  autumn o r  w i n t e r  t h a n  i n  t h e  -er, p o s s i b l y  
\ 

because  o f  i n c r e a s e s  i n  s o i l  m o i s t u r e .  

The r e c r u i t m e n t  ( immigra t ion  p l u s  r e p r o d u c t i o n )  i n  a c o a s t  

mole p o p u l a t i o n ,  and t h e  m o v e m e n m f  a  s i n g l e  c o a i t  mole, . 
were a l s o  s t u d i n d .  Moles ' d id  n o t  push up h i l l s  i n H c e r t a i n  

I 
I 

p l o t s  because t h e  h a b i t a t  was unsu and n o t - b e c a u s e  o f  

a  l a c k  o f  i n d i v i d u a l s  t o  f i l l ;  o r  i q u a t e  d i s p e r s a l  a b i l -  

i t i e s  t o  e n t k r ,  t h e  p l o t s  o'f t h e  size/usecl t o  de te rmine  h a b i t a t  

p r e f e r e n c e s .  ' 

t - A f i e l d  exper iment  demonst ra ted  t h a t  E n p i k ' s  (1967) con-  [ 
c l u s f o n  t h a t  n i t r o g e n  f e r , t i l i z e r  r educes  t h e  number o f  m o l e h i l l s  

i n  a  g iven a r d a  r e q u i r e s  q u a l i f i c a t i o n .  L A  l a b o r a t o r y  e x p e r i -  

ment demonst ra ted  t h a t ' n i t r o g e n  f e r t i l i z e r ' d o L s  reduce  s o i l  

pH and hence t h e  we igh t s  of earthworms. Thus it may, under  
1 

c e r t a i n  f i e l d p n d i t i o n s ,  i n d i r e c t l y  r educe  m o l e h i l l  numbers. 

The number o f  m o l e h i l l s  pushed up w i t h i n  t h r e e  mole 

t e r r i t o r i e s  was s i g n i f i c a n t l y  and p o s i t i v e l y  c o r r e l a t e d  w i t h  

s o i l  m o i s t u r e  and pH o v e r  time w i t h i n  one summer's o b s e r v a t i o n s .  

No c o r r e l a t i o n  was foynd between m o l e h i l l  d e n s i t i e s  and. t h e  
\ 

c o n c e n t r a t i o n s  o f  0 and C02 i n  t h e  t u n n e l s .  The h i g h e s t  2 

l e v e l  o f  C 0 2  found i n  a  t u n n e l  was 5 .51 ,  and t h e  l o w e s t  l e v e l  

o f  O 2  was 14.31.  The c o n c e n t r a t i o n s  o f  b o t h  gases  i n  t h e  

t u n n e l s  fo l lowed , those  i n  t h e  a i r  s p a c e s  i n  t h e  a d j a c e n t  s o i l .  

Concen t ra t ions  o f  O 2  were s i g n i f i c a n t l y  n b g a t i v e l y  c o r r e l a t e d  

w i t h  s o i l  m o i s t u r e ,  C 0 2  p o s i t i v e l y .  
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Chapter 1. Introduction \ 
I *,' 

Habitat selection ha,s been defined as "the repertoire of 

behavioural resp&ses to environmental stimuli by means of I 

which an animal locates its preferred habit& (Meadows and 

Campbell 1972). The concept of habitat selection is simple: 

An animal lives in an environment which best suits its needs. 

The biological conditions however, are complex. Animals live 

in environments consisting of three main components - chemical 
(e.g. oxygen, salinity, macromolecules), physical (e.g. light, 

gravity, pressure, temperature, substrate characteristics), 

and biological (e.g. intraspecific and interspecific factors) 

- and are affected by many of the interactions occurring be- 

tween these components. 

Habitat selection also depends on the ability of an animal 
J 

to assess and respond to different environmental factors.' For 

example, an animal may be able to detect changes in pH as 

small as 0.1, yet may not respond to differences less than 

1.0. An animal choosing between habitats differing in pH will 

thus not prefer one to the other unless it is able to detect 

.the difference and, furthermore, does not tolerate its pre- 

- sent circumstances. Two additional aspects of habitat selec- 

tlon theory must be considered. First, the animal may be 

exposed to only a limited number of habitats. Its choice does 

not necessarily represent the optimum habitat for the species. 

The animal presumably chooses the best among those available. 
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Secondly,it  i s  n e c e s s a r y  t o  ' c o n s i d e r  t h e  d i f f e r e n c e s '  be -  

tween p r e f e r e n c e  l i m i t s  f o r  a  s p e c i e s ,  envi ronments  where , 

i n d i v i d u a l s  o f  a  s p e c i e s  undergo p h y s i o l o g i c a l  change,  and l e t h a l  

l imits fbr a  s p e c i e s . '  - P r e f e r e n c e  l imits can  b e  r e g a r d e d  as 

t h e  range  o f  h a b i t a t s  w i t h i n  which most i n d i v i d u a l s  o f  a  s p e c i e s  

may be found.  O u t s i d e  t h e s e  limits a r e  ext reme envi ronments  

where some i n d i v i d u a l s  can s t i l l  s u r v i v e  b u t  undergo a  degree  

o f  p h y s i o l o g i c a l  change.  F i n a l l y ,  t h e r e  a r e  envi ronments  i n  

which 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  ( e  .g .  pH, oxygen, tempera-  

t u r e )  a r e  l e t h a l  t o  a l l  members o f  t h e  s p e c i e s .  

I n  t h e  l i t e r a t u r e ,  s t u d i e s  o f  h a b i t a t  s e l e c t i o  a r e  more & 
common f o r  i n v e r t e b r a t e s  t h a n  f o r  v e r t e b r a t e s .  The number o f  

f a c t o r s  invo lved  i n  h a b i t a t  s e l e c t i o n  f o r  most v e r t e b r a t e s  i s  

c o n s i d e r a b l e  and t h e i r  e f f e c t s  a r e  most e a s i l y  de termined under 

c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s .  The n a t u r a l  h a b i t a t  o f  a  

mammal, f o r  example,  i s  ge  r a l l y  d i f f i c u l t  t o  r ep roduce  e x p e r i -  R m e n t a l l y .  Even i f  most o  t h e  c o n d i t i o n s  c o u l d  be  s i m u l a t e d ,  

t h e  normal hone range  sizes cannot  be d u p l i c a t e d  i n  c a p t i v i t y .  ,' 
~i Such r e s t r i c t i o n s  havg c o n f i n e d  s t u d i e s  o f  l e t h a l  l i m i t s  o f  --, 
'r 

mammals t o  s i m p l e .  l a b g & a o r y  exper iments  ( e .  g .  H a r r i s  1952) or 

t o  work i n  f i e l d  e n c l o s u r e s  ( e . g .  Wecker 1 9 6 3 ) .  -- I n  s i t u  s t a i e s ,  

w h i l e  more comprehensive,  a r e  n o t  a s  r i g o r o u s  ( e . g .  Hardy 1945, 

P r u i t t  1953).  

H a b i t a t  s e l e c t i o n  s t u d i e s  i n  b i r d s  have concerned them- 
- 

s e l v e s  mainly w i t h  n e s t i n g ,  a v a i f a b i l i t y  o f  food ,  and l e t h a l  

c l i m a t i c  - c o n d i t i o n s  (Klopfe r  and Hailman 1965) .  A s  Lack 
7 

(1933) p o i n t e d  o u t ,  such s t u d i e s  f a i l  t o  a'cknowledge t h e  i n -  



s t i n c t i v e  - n a t u r e  o f h p b i t a t  s e l e c t i o n .  He- ment ions  s e v e r  1 1 
examples i n  which a  s p e c i e s  is n o t  found i n  a  h a b i t a t  wit- 

a c c e p t a b l e  food s u p p l y ,  n e s t i n g  c o n d i t i o n s ,  and climate. Lack 
I 

s u g g e s t s  t h a t  t h e  r e a s o n  f o r  t h e i r l a b s e n c e  i s  t h a t  i n d i v i d u a l s  
J 

o f  t h e  s p e c i e s  i n s t i n c t i v e l y  r e c o g n i z e  t h e  h a b i t a t  a s  u n s u i t -  

a b l e  because  i t  is  o ~ c u p i e d  by a n o t h e 9 s p e c i e s . b e t t e r  a d a p t e d  
b 

t o  i t .  I t  i s ,  t h e r e f o r e ,  o t h e r  s p e c i e s  o f  b i r d s ,  and n o t  a n  - = 
P 

u n s u i t a b l e  p h y s i c a l  envi ronment ,  which i s  i m p o r t a n t  i n  such 

c a s e s  (Lack 1933). 

No comprehensive s t u d y  o f  h a b i t a t  . s e l e c t i o n  i n  moles has  

been p u b l i s h e d .  Most a c c o u n t s  o f  t h e i r  h a b i t a t s  a r e  based on 

c a s u a l  o b s e r v a t i o n  (Mellanby 1971).  Two p a p e r s ,  however, 

r e p o r t  t h e i r  p r e f e r r e d  h a b i t a t s  f o r  moles from more d e t a i l e d  

s t u d i e s .  Mi lne r  and B a l l  (1970) s t u d i e d  t h e  g e n e r a l  h a b i t a t  

o f  t h e  European o r  common mole (Talpa europaea  L.) i n  Snowdonia - 
(North Wales).# They concluded t h a t  moles were less numerous i n  

rocky o r  s t o n y  s o i l s ,  and p r e f e r r e d  f r e e l y  d r a i n e d  a r e a s  w i t h  

a  pH g r e a t e r  t h a n  4 . 0 .  A r l t o n  (1936) d e s c r i b e d  t h e  o p t i m a l  

h a b i t a t  o f  t h e  e a s t e r n  mole (Scalopus  a q u a t i c u s  L.) a s  s o f t  s o i l  - \ b 

w i t h  humus, m o i s t u r e ,  d  food.  He mentions t h a t  mois t  3 
s o i l s  p e f m i t  t u n n e l l i n g .  A mole l e a v e s  an  a r e a  if t h e  sM 
becomes d ry  and h a r d  and worms a r e  found a t  some dep th .  I n  

e x p e r i m e n t s ,  moles showed no p r e f e r e n c e s  when p r e s e n t e d  w i t h  

s o i l s  v a r y i n g  i n  m o i s t u r e  c o n t e n t  ( A r l t o n  1936) .  . \,-- / Moles ( T a l p i d a e )  a r e  found th roughou t  most o f  t h e  world 

(Walker 1964) .  The common mole o f  Europe and Asia  h a s  t h e  G 
wides i s t r i b u t i o n  and p robab ly  causes  t h e  most a g r i c u l t u r a l  \ 



/ 

damage. A l l  moles a r e  f o s s o r i a l  i . e .  t h e y  spend most of t h e i r  
/' 

l i v e s  underground. T h e i r  d i e t s  ' c o n s i s t  mainly  o f  s o i l  i a v e r -  

t e b r a t e s .  Vege tab le  m a t t e r ,  u s u a l l y  i n  t h e  form of p l a n t  r o o t s ,  

i s  sometimes e a t e n  by some s p e c i e s .  

There are two s p e c i e s  of moles (Subfamily S c a l o p a c i n a e )  
./r 

found i n  t h e  Lower ~ a i n l a n h  'of ~ r i t i s h  Columbia. These a r e  

t h e  Townsend mole (Scapanus townsend i i  Bachman) , a n r t h e  c o a s t  

mole (S. - o r a r i u s  T r u e ) .  The Tounsend mole is  t h e  l a r g e r  o f '  

t h e  two, a d u l t  males  r e a c h i n g  an  average  l e n g t h  o f  20 cm (Cowan 

G Guiguet 1956) .  I t  e a t s  mainly s o i l  i n v e r t e b r a t e s  b u t  i t s  

d i e t  can c o n n o n l y ~  n c l u d e  408 v e g e t a b l e  m a t t e r  (Moore 1933).  . 

I t  i s  c o n s i d e r e d  t o  be ~ g r i c u l t & a l  p e s t  i n  t h e  n o r t h w e s t e r n  
\ 

Uni ted  S t a t e s ,  t h e  dama'ge i n  1 Oregon county  b e i n g  e s t i m a t e d  

a t  $100,000 annualqy (Wick 1961). I n  B . C .  it i s  found o n l y  
i 2 l o c a l l y  i n  a  5 - s q u a r e  mile ( I S  km ) a r e a  

(Cowan and Guiguet 1956) and it i s  t h e r e f o r e  o f  l i t t l e  economic 
* - 

impor tance  i n  Canada. 

In  B . C . ,  t h e  c o a s t  mole o c c u r s  a s  f a r  

n o r t h  t o  t h e  C o a s t a l  k o u n t a i n s .  I t  i s  n o t  

Gulf I s l a n d s  o r  on Vancouver Island-(Cowan 

-st a s  Hope and 

found on any o f  t h e  

and Guiguet  1956) .  

I t s  h a b i t a t  i s  r e s t r i c t e d  t o  a g r i c u l t u r a l  a r e a s  and it  i s  

g e n e r a l l y  n o t  found above an  a l t i t u d e  of  1 ,000  f e e t .  With in  

t h e  s p e c i e s '  r ange  i n  B . C .  i t  i s  found i n  a lmos t  a l l  t y p e s  o f  

s o i l s  - g l a c i a l  ti1 , a l l u v i a l  c l a y ,  s a n d s ,  g r a v e l s ,  and r i v e r  

d e p o s i t s .  I t  r ange  i n  numbers from abou t  4 /ac  ( 9.88/ha) t o  

1 / 3 5  a c  ( l / l 4 . 1 7 h a )  The b io logy  o f  t h i s  s p e c i e s  has  been \ I / 



s t u d i e d  by Glendenning (1959) and h i s  f i n d i n g s  w i l l  be  b r i e f l y  

summarized below. 

The c o a s t  mole i s  t e r r i t o r i a l  th roughou t  most o f  t h e  y e a r .  

Around ~ c t o b d r  moles which have been l i v i n g  i n  c u l t i v a t e d  

f i e  ds  move i n t o  h e a v i l y  sodded g r a s s l a n d s  which a r e  t h e i r  

f a v o u r i t e  h a b i t a t .  Digging i s  most f r e q u e n t  from October -  / 
March d u r i n g  which tim'e one mole may push up from 200-400 h i l l s .  

Tunnels  a r e  c o n s t x u c t e d  a t  t h r e e  d i f f e r e n t  l e v e l s .  S u r f a c e  

t u n n e l s  a r e  made j u s t  below t h e  s u r f a c e  of t h e  e a r t h  and a r e  , 
\ 

u s u a l l y  used only\\,once w h i l e  t h e  male i s  h u n t i n g ,  d u r i n g  d i s -  
\. 

p e r s a l ,  o r  w h i l e  f i n d i n g  a  mate.  Most o f  t h e  r e g u l a r  h u n t i n g  

t u n n e l s  used d a i l y  a r e  b u i l t  a t  a  depth  o f  15-20 cm. They 

s e r v e  a s  an  e x t e n s i v e  p i t  t r a p  (Mellanby 1 9 6 7 )  i n t o  which e a r t h -  
b 

worms ( L u m b ~ i c i ~ a e )  and o t h e r  i n v e r t e b r a t e s  e n t e r  and a r e  
A 

caugh t .  A deeper  sys tem of  t u n n e l s  i s  c o n s t r u c t e d  d u r i n g  d r y  

weather  whi le  moles a r e  s e a r c h i n g  f o r  f o o d ,  u s u a l l y  a t  a  depth' 

of  1-Pm. 
\ 

~ a c h  t e r r i t o r y  o f  t h e  c o a s t  mole i s  occup ied  by o n l y  one 

mole. When t h i s  mole i s  removed no nbw h i l l s  appear .  The 

t u n y l s  e x c i v a t e d  dy t h e  occupant  a r e  c i r c u l a r  *or  s l i g h t l y  
\ 

v e r t i c a l l y  f l a t t e n e d ,  abou t  5  cm r i  i n  d i a m e t e r ,  and c o n t a i n  

s m a l l  chambers abou t  10 cm i n  ,d iameter  approx imate ly  e v e r y  m .  

Moles d i g  w i t h  t h e i r  forepaws which have s t r o n g  c laws .  S o i l  
# 

i s  pushed t o  t h e  s u r f a c e  of  t h e  ground a t  v a r i o  i n t e r v a l s  
\ 4 

along  t h e  t u n n e l s .  D i r t  from t h q  deeper  t u n f i l s  IS voided 

through o t h e r  t u n n e l s .  A d e t a i l e d  d e s c r i p t i o n  o f  ow t h e  P 
c o a s t  mole p robab ly  d i g s  i s  found i n  Skoczen (1958).  



The c o a s t  mole mates from e a r l y  J a n u a r y  t o  e a r l y  March. 

L Males c o n s t r u c t  l o n g  t u n n e l s  (marked by l a r g e ,  w i d e l y - s e p a r a t  

h i l l s )  t o  nea rby  t e r r i t o r i e s  i'n s e a r c h  o f  females.)  Females 

may e,xpand t h e i r  t e r r i t q r i e s  a t  t h i s  time 
\ . Y i s  t h e  c a s e  f o r  

1 

t h e  % a s t e r n  mole (Harvey 1'376). Females c o n b t r u c t  a  n e s t  o u t  

d: : o f  d r i e d  g r a s s  i n  a  chamber abou t  15  -cn b e l o  t h e '  sur fa 'ce .  The 

n e s t  o f  t h e  c o a s t  mole i s  n o t  marked by o f  d i r t  
4 .,- 

a s  a r e  found f o r  t h e  ~ u i o ~ e a n  (Godfrey and Crowfoot 1960) and ' . L. 

d Townsend .(Kuhn e t  a l .  19 6 )  moles.  About 2-4 y o h g  a r e  born  -- 
from t h e  end o f  February  t o  t h 8  end o f  A p r i l .  They remain i n  

t h e  n e s t  f o r  abou t  3 weeks, f o r a g e  i n  t h e  f e m a l e ' s  t e r r i t o r y  
i 

f o r  a n o t h e r  few wepks, and a r e  t h e n  f o r c e d  t o  d i s p e r s e .  . 
1 *, 7, 

The p r i n c i p  prey' o f  moles a r e  earthworms which t f 

comprise  93% o f  h e i r  d i e t .  m o l l u s c s ,  and o t h e r  . . . 
s o i l  i n v e r t e b r a t e s  a r e  a l s o  e a t e n .  Caged a d u l t s  may e a t  

n e a r l y  t w i c e  t h e i r  weight  i n  earthworms d a i l y  i . e .  100-150 gm 

wet /*e igh t ,  which r e p r e s e n t s  upwards o f  100 worms. I n  a d d i -  

t i o  i t o  nourishment  earthworms a l s o  p r o v i d e  t h e  mole wi th  *. 
w a t e r .  C 1 

Moles l i v e  up t o  3 y e a r s  i n  t h e  w i l d .  A b o u ~ 4 5 2  o f  a  . 
\ 

n a t u r a l  p o p u l a t i o n  s t u d i e d  by Glendenning (1959) c o n s i s t e d  
' 

o f  a d u l t s  over  1 y e a r  o l d .  Adult  male c o a s t  moles a r e  about  

16 cm long  and weigh a b o u t ~ 7 4  gm; a d u l t  females  ave rage  15.7 

c m  and 70 gp. 

Moles were once  though t  t o  be  b e n e f i c i a l  t o  a g r i c u l t u r e  

, by improvin t h e  a e r a t i o n  and d r a i n a g e  o f  t h e  s o i l ,  d e s t r o y i n g  

f . 



harmful  s o i l  i n s e c t s ,  and c i r c u l a t i n g  s o i l  m i n e r a l s  (Abaturov - 
1 9 7 2 ,  De/ela/ l&0)  . These b e n e f i t s  have been s u p p i a n r e d  by 

modem a g r i c u l t u r a l  p r a c t i c e s  and moles a r e  now c o n s i d e r e d  t o  

be  p e s t s .  They s t i l l  undoubtedly  cohsume cutworms, w e e v i l s ,  
+ - 

l a r v a e ,  t o o t  maggots ,  wireworms, and w h i t e  g h b s ,  b u t  do n o t  

reduce  t h e  p o p u l a t i o n s  t o  a n  a p p r e c i a b l e  e x t e n t .  

Some o f  the  t y p e s  o f  damage caused  by moles i s  l i s t e d  / a 

below ( a f t e r  Kuhn 1970) : 

1) w h i l e  t u n n e l l i n g  t h e y  uproo t  s e e d l i n g s  k i l l i n g  them 
/ 

d i r e c t l y ,  and expose t h e i r  r o o t s  t o w f r o s t  and d r o u g h t ;  
3 . I '  . 

/ b 
2 )  t u n n e l s  a r  occup ied  by meadow v o l e s  (Microtus  s p c )  "\ 

w h i c h y t  e x b e d  r o o t s .  and b u l b s ,  

3 )  m o l e R i l l s  c p n  cover  and t h  h s k i l l  up t o  105 o f  a  

sward i n  a  t e r r i , t o r y .  

4 )  m o l e h i l l s  r u i n  farm machinery,  

5 )  m o l e h i l l s  sometimes cause  s o i l  e r o s i o n ,  

6)  m o l e h i l l s  a r e  b r e e d i n g  grounds f o r  weedy p l a n t  

s p e c i e s  which invade  t h e  p a s t u r e  and d i l u t e  t h e  

sward,  

. 7 )  hay and s i l a g e  may be contaminated  i t h  d i r t  and 
/ b 

c u r i n g  r e t a r d e d ,  and,  M I/ 

8 )  lawns may be  damaged and t e t u r f  undermined. 
h 
\ > 7 P 
MXS have no n a t u r a l  enemies which c o n s i s t e n t l y  p r e y  

4 

J' on them excep f o r  owls and c a t s  which c a p t u r e  t h e  d i s p e r -  - h 
e n g  young i d s p r i n g  (Giger  1965, Cowa,n 1942, Sou the rn  1954) .  - 
Otherwise moles seem t o  be l i m i t e b ' o n l y .  by t h e i r  food s u p p l y  

/ - 
/ 



ar 

and t h e  a r e a  .of s u i t a b l e  h a b i t a t .  . Severe f ros ;  does no t  appear. 
f 

t o  reduce mole numbers. Flooding from e x c e p t i o n a l l y  heavy 

r a i n  and s p r i n g  run -o f f  causes  some m o r t a l i t y  b u t  t h i s  i s  i n - '  

s i g n i f i c a n t  (moles a r e  good swimmers (Reed 'and l i n e y  1943) , 

and on ly  d i e  under t h e s e  s i t u a t i o n s  because of ea r thwom mr-  

t a l i t y  and not  because of d r o h i n g ) .  

A few,rpecies of f l e a s  and mites have been found on moles 

(Fain 1 9 6 9 , ~  Full* N42, J u r i k  1968) aqd s e v e r a l  s p e c i e s  of  

nematodes have been found i n  t h e i r  stomachs (Cameron and Par-  

n e l l  1933, Erankland 1959, ~ u & a ~ a  195R; 1959).  Nei ther  t h e  

i n t e r n a l  nor t h e . e x t e r n a 1  p a r a s i t e s  appear t o  harm t h e i r  hos t .  

% r e f o r e  it saers un l ike ly  t h a t  a means of  b i o l o g i c a l  c o n t r o l  

fog t h e  mole w i l l  be found. 

- Poisoned gases ,  s o i l  fumigants ,  p e s t i c i d e s ,  , 

and land  have been l a r g e l y  unsuccess fu l  i n  ' 
0\ 

1 
c o n t r o l l i n g  t h e  c o a s t  mole, a l though land husbandry r a y  have 

some e f f e c t  (Glendenning 1959). Kuhn 

used dry p e l l e t e d  b a i t s  con ta in ing  1 5  

t r o l  t h e  Townsend r o l e .  I n s e c t i c i d e s  

ch lordane ,  and sev in  (Shi lova -- e t  a l .  

(1970) has s u c c e s s f u l l y  

t h a l l i u m  s u l f a t e  t o  con- 

such a s  a l d r i n ,  , d i e l d r i n ,  

1971) c o n t r o l  mole 

a c t i v i t y  by k i l l i n g  t h e i r  p r i n c i p a l  food sou rce ,  t h e  earthworm. 

K i l l i n g  t h e  earthworms i s  n o t ,  hpwever, d e s i r a b l e  because of 

t h e i r  b e n d i c i a l  e f f e c t s  on s o j l  f e r t i l i t y  (Evans 1948, Evans. 
* 

an'd Build -1948). 

The only e f f e c t i v e  means o f  mole c o n t r o l  known a t  p r e -  

s e n t  is t o  t r a p  them. There a r e  s e v e r a l  t r a p s  co r t r e r c i a l l y  



a v a i l a b l e  bu t  t h e  Engl ish  s c i s s o r  t r a p  ts  t h e  b e s t  (Rudge 1963). 

This method o f  c o n t r o l  i s ,  u n f o r t u n a t e l y ,  uneconomical i n  

terms of man-hours. and i s  t h e r e f o r e  no t  i n  common a g r i c u l t u r a l  

use .  - 

The o b j e c t i v e  o f  my t h e s i s  i s  t o  d e f i n e  which h a b i t a t s  , 

a r e  s u i t a b l e  t o  t h e  c o a s t  r o l e ,  and i f  p o s s i b l e  t o  dev i se  a  

means of  c o n t r o l l i n g  moles through h a b i t a t  manipulat ion.  My 
i 

approach was t o  look a t  m o l e h i l l s  and n o t  t h e  roles themselves.  

I t  was - a p r i o r i  a s su red  t h a t  moles would push up more o r  f-r 

h i l l s  i n  r e l a t i o n  to t h y u i t a b i l i t y  o f  t h e  h a b i t a t .  In  o r d e r  
' 1  
1 

t o  a s c e r t a i n  i f  t h i s  r e l a t i o n s h i p ~ w a s  p r e s e n t ,  and i f  so,.to 

see if , , rhe h a b i t a t  could be changed t o  reduce t h e  number of 

mo leh i l l s  made b> r m l e ,  .y s tudy  d e a l t  wi th  t h e  fol lowing:  J .  
1. To d e t e r r i n e  where a  r o l e  w i l l  d i g ,  by comparing hab i -  

t a t s  where roles a r e  and a r e  not  a c t i v e .  

2 .  To determine what c o n t r o l s  how many m o l e h i l l s  a mole w i l l  

d i g  p e r  u n i t  a r e a .  

3. To determine i f  t h e r e  i s  seasona l  v a r i a t i o n  i n  t h e  r e l a ;  
4 1 
t i o n s h i p  between moleh i l l  nurbdrs and t h e  h a b i t a t  of roles. 

4 .  To determine whether environmental  f a c t o r s  can be mani- 

pu l a t ed  t o  c o n t r o l  a c t i v i t y  producing h i l l s .  e 

Each chap te r  p resen ted  w i l l  d e a l  wi th  one a s p e c t  of  t h e  

major work which' w i l l  be d i scussed  a s  a  whole a t  t h e  conclusion.  

Fur ther  s t u d i e s  t o  determine i f  rec ru i tment  o r  d i s p e r s a l  were 

r e spons ib l e  f o r  t h e  absence of moles from c e r t a i n  s tudy  p l o t s  

r a t h e r  than u n s u i t a b l e  h a b i t a t  a r e  included i n  t h e  Appendices. 



~ h a b t e r  2 .  P a t t e r n s  of mole a c t i v i t y  and t h e i r  r e l a t i o n s 6 i p  

t o  earthworm a v a i l a b i l i t y  and s o i l  c h a r a c t e r i s t i c s  

Thrgughout t h i s  s t u d y  t h e  h a b i t a t  p r e f e r e n c e  o f  t h e  c o a s t  

mole was e s t i m a t e d  by i t s  d i g g i n g  a c t i v i t y  ( q u a n t i f i e d  by c o u n t -  , 

i n g  m o l e h i l l s ) .  I t  was assumed t h a t  t h e  d i g g i n g  a c t i v i t y  o f  

moles was i n  some way r e l a t e d  t o  t h e  s u i t a b i l i t y  o f  t h e  h a b i t a t .  I 
4 

More h i l l s  i n  one a r e a  t h a n  a n o t h e r  c o u l d  r e s u l t  from t h e r e  be ing  
a 

more i n d i v i d u a l s  i n  t h e  former .  Godfrey (1955) found t h a t  t e r r i -  

t o r y  s ize v a r i e d  w i t h  t h e  h a b i t a t .  However, t h e  r e l a t i o n s h i p  

between m o l e h i l l  numbers and- h a b i t a t  would p e r s i s t ,  whether  o r  

n o t  more h i l l s  were produced by more i n d i v i d u a l s ,  o r  by more 

d i g g i n g  a c t i v i t y  o f  a  s i n g l e  i n d i v i d u a l .  

The earthworm i s  t h e  p r i n c i p a l  food s o u r c e  o f  t h e  c o a s t  

mole compris ing  93% o f  i t s  d i e t  (Glendenning 1959) , and c o u l d .  

p o t e n t i a l l y  be t h e  s o l e  l i m i t i n g  f a c t o r  t o  mole a c t i v i t y .  I t  

i s  n o t  - a  p r i o r i  c l e a r ,  however, which o f  t h e  c h a r a c t e r i s t i c ( s )  

o f  earthworm. p o p u l a t i o n s  a r e  i m p o r t a n t  t o  moles.  T h e r e f o r e ,  . 
earthworms were c o n s i d e r e d  i n  terms o f  t h e i ~ n u m b e r s ,  mean 

1 

w e i g h t ,  t o t a l  w e i g h t ,  ( p e r  u n i t  volume) and s p e c i e s  composi t ion  

which would r e f l e c t  r e s p e c t i v e l y  f requency o f  e n c o u n t e r ,  

ave rage  meal s i ze ,  amougt o f  f o o + ' a v a i l a b l e ,  and p a l a t a b i l i t y .  

Earthworm a c t i v i t y ,  which may be an  index of  how . f r e q u e n t l y  
\ .  

earthworms e n t e r  mole r u n s ,  was n o t  c o n s i d e r e d .  Earthworm 

a c t i v i t y  i s  cormaonly measured by coun t ing  earthworm c a s t s ,  a  

t e c h n i q u e  which r e q u i r e s  c o n s i d e r a b l e  e x p e r i e n c e  i f  accuracy  

i s  r e q u i r e d ,  and which i s  u n s u i t a b l e  i n  a  g razed  p a s t u r e  where 

d- 



c a s t e s  a r e  n o r m a l l y  d e s t r o y e d  by l i v e s t o c k  ( S a t c h e l l  1 9 5 5 ) .  

The d i g g i n g  a c t i v i t y  o f  moles  would a l s o  b e  e x p e c t e d  t o  

depend o n  t h e  h a r d n e s s  o f  t h e  ground.  Godfrey (1955)  men t ions  

t h a t  s h a l l o w  t u n n e l s  a r e  made i n  l o o s e l y  packed  m o i s t  s o i l  and  

d e e p . t u n n e l s  i n  h a r d  d r y  s o i l .  The t y p e  o f  t u n n e l  dug may b e  

r e f l e c t e d  i n  t h e  number o f  m o l e h i l l s .  The hardne .ss  o f  t h e  

ground i n  t u r n  depends  on  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  

s o i l  wh ich ,  a s  a  r e s u l t ,  were g i v e n  c o n s i d e r a b l e  emphas i s  i n '  

t h i s  s t u d y .  The pH and m i n e r a l  c h a r a c t e r i s t i c s  o f  t h e  s o i l  
t 1 

were a l s o  c o n s i d e r e d  . s i n c e  t h e y  a r e  known t o  r e l a t e  t o  ear thworm 

C 

* a c t i v i t y  and abundance  ( S a t c h e l l  1955 ,  Laverack  1 9 6 1 ) ,  and  t h e y  

may p r o v i d e  c l u e s  t o  , o t h e r  f a c t o r s  c o  o l l i n g  mole a c t i v i t y  

w i t h  which t h e y  may c o v a r y .  

The re  a r e  p o t e n t i a l l y  t h r e e  e m p i r i c a l  ways o f  d e t e r m i n -  

i n g  a  h a b i t a t  p r e f e r e n c e  i n  t h e  mole.  The f i r s t  i s  t o  compare 

t h e  h a b i t a t  i n s i d e  and  o u t s i d e  i t s  g e o g r a p h i c a l  r a n g e .  T h i s  
\ 

method would b e  e f f i c i e n t  i n  d e t e c t i n g  e x t r e m e s  and l i m i t i n g  ' 

f a c t o r s  b u t  it would be  i n s e n s i t i v e  t o  any s y n e r g i s t i c  o r  

a n t a g o n i p  e f f e c t s .  I t  would a l s o  b e  u n a b l e  t o  d e t e c t  t h o s e  
I 

f a c t o r s  which may i n f l u e n c e  t h e  deg r&s  o f  mole a c t i v i t y .  

A second  method i s  t o  compare one  f i e l d  i n f e s t e d  w i t h  moles  

6- w i t h  a n o t h e r  dev i d  o f  them i n s i d e  t h e  g e o g r a p h i c a l  r a n g e .  

T h i s  t e c h n i q u e  a s  a  d i s a d v a n t a g e  i n  t h a t  i t  can  b e  a r g u e d  

t h a t  t h e  f i e l d  o f  moles  i s  i n a c c e s s i b l e  o r  beyond t h e  

d i s p e r s a l  capa  o f  t h e  s p e c i e s .  The for me^ i s  p a r t i -  

c u l a a r l y  p e r t i n e n t  i n  t h e  B . C .  Lower Mainland where dk e p  d r a i n -  



# 

1 2  

\ 
1 

a g e  d i t c h e s  commonly sur rounQ p a s t u r e s ;  . a l t h o u g h  moles  c a n  

swim i t  may b e  i n c o r r e c t  t o  a s s e r t  t h a t  t h e y  w i l l  r e a d i l y  take 

t o  w a t e r  d u r i n g  d i s p e r s a l .  I t  would b e  e x t r e m e l y  d i f f i c u 1 , t  t o  

d i s c r e d i t  t h e s e  o b j e c t i o n s  i n  terms o f  t h e  ' n o r m a l '  mgvements 

o f  t h e  s p e c i e s .  

A t h i r d  method i s  t o  compare p a ~ t s  o f  one f i e l d  w i t h  mole .I 
$ 

a c t i v i t y  t o  o t h e r  p a r t s  o f  t h e  same f i e l d  w i t h o u t  mo les .  T h i s  
% 

was t h e ' m a i n  method used  f o r  t h i s  s t u d y .  Presumably  a  mole 

h a s  a c c e s s  t o  and  i s  c a p a b l e  o f  e n t e r i n g  l a n d  a d j a c e n t  t o  i t s  f 
t e r r i t o r y ,  and i& i t s  young a r e  i n  one  a r e a  a s  opposed  t o  

a n o t h e r  b e c a u s e  o f  t h e i r  h a b i t a t  p r e f e r e n c e s .  

Methods 

A .  The S tudy  Areas  

A f t e r  an  e r t e n s i v e  s u r v e y  o f  p o t e n t i a l  s t u d y  a r e a s  i n  . 

t h e  f a rmland  o f  t h e  Lower Ma in land ,  1 0  f i e l d s  c o n t a i n i n g  a  

l a r g e  number o f  m o l e h i l l s  ( q u a l i t a t i v e l y  a s s e s s e d )  were chosen  - 

i n  Wav, 1976,  a s  t h e  s t u d y  areash- The l o c a t  ons  o f  t h e  f i e l d s  2 - 
and t h e  names a s s i g n e d  t o  them a r e  shown i n  F i g u r e  1. F i e l d s  

were named a f t e r  t h e  f a r m e r  who worked t h e  l a n d .  

The a r e a  w i t h i n  e a c h  f i e l d  chosen  f o r  s t u d y  c o n t a i n e d  t h e  

most  m o l e h i l l s  w i t h i n  t h e  f i e l d .  A s t a n d a r d  1 ha  a r e a  was 

< 
marked o f f  f o r  s t u d y .  I f  t h e  f i e l d  was s m a l l e r  t h a n  1 ha  

(Gad icke ,  P e r k i n ,  and Campbe l l ) ,  t h e  s t u d y  a r e a  was l i m i t e d  - 
t o  t h e  s i z e  o f  t h e  f i e l d .  Two s t u d y  a r e a s  ( L a i t y  and  Judd)  

were o r i e n t e d  a l o n g  a  n o r t h - s o u t h  ( t h e  d i r e c t i o n  was a r b i -  
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Figure 1. Map of the B.C. Lower Mainland showing the locations 

and names of the 10 study areas used to compare 
f' 

mole activitv with earthworm and so+ characteris- 

tics. Study areas are indicated b y d o t s ,  the, 

nearest cities by dots enclosed in g triangle.\ 
% 





/ 
t r a r y )  a x i s .  A l l  o t h e r s  fol lowed n a t u r a l  fen& l i n e r  (o r  l and  

The reason f o r  t h e  horth-south*.orientation 

was t o  d e t  having t h e  s tudy  p l o t s  a long  t h e  perimeters, 

as i n  most f i e l d s ,  i n  s o n  way b i a sed  t h e  r e su l t s . .  

The pe r ime te r  o f  each s tudy  a r e a  was marked a t  10 m i n t e r -  

v a l s  by a  p i e c e  of su rveyor ' s  t a p e  a t t a c h e d  t o  a  n a i l  d r iven  

i n t o  t h e  ground. These markers l a t e r  se rved  t o  d i v i d e  t h e  

s tudy  a r e a s  i n t o  10 x I0  m quadra t s  f o r  e n w e r a t i n g  m o l e h i l l s  

and t ak ing  earthworm and s o i l  s aup le s .  

B.  Enumerating Moleh i l l s  

The number of m o l e h i l l s  was counted w i t h i n  each o f a t h e  

10 x 1 0  m p l o t s  i n  t h e  s tudy  a r e a s  i n  June ,  1976. The s i d e  of 

each h i l l  was kicked away a s  it was counted s o  as t o  subse-  
1 

quent ly  d i s t i n g u i s h  between o l d  and new h i l l s .  The i n i t i a l  

d e f i n i t i o n  o f  a mo leh i l l  was: 

1 )  any r a i s e d  mound o r  column o f  e a r t h  caused by moles, and,  

2 )  any ba re  l e v e l l e d  c i r c u l a r  pa tch  o f  ground due t o  t h e  

f o m r  presence of a  mo leh i l l  ( i n  jubsequent counts  o n l y ' t h e  , 
f i r s t  d e f i n i t i o n  was used) .  With t h i s  d e f i n i t i o n  o f  a  r o l e -  

h i l l  d igging a c t i v i t y  i n  t h e  f i e l d  w i t h i n  about t h e  l a s t  yea r  

could be measured. 

The number of  m o l e h i l l s  f o r  each o f  t h e  10 x 10 m s tudy  

p l o t s  f o r  t h e  1 0  f i e l d s  a r e  p resen ted  i n  Appendices 1-10. 

There may have been some count ing e r r o r s  i n  Perkin  and Hatt 

because t h e  former was harrowed and t h e  l a t t e r  c u t  2 weeks 
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b e f o r e  c o u n t i n g ;  numbers may b e  u n d e r e s t i m a t e d  i n  e a c h  c a s e .  

A l l  c o u n t s  were made a t  t h e  e n d  o f  J u n e  o r  t h e  b e g i n n i n g  o f  
\ 

J u l y  w i t h  e x a c t  d a t e s  r e c o r d e d  on*Bbles. 
* 

C .  A s s e s s i n g  Earthworm p o p u l a t i o n s  and  s o i l  c h a r a c t e r i s t i c s  

, Lines  o f  10 p l o t s  were chosen  on t h e  b a s i s  o f  t h e  m o l e h i l l  

c o u n t s  t o  r u n  from a r e a s  o f  h i g h  mole a c t i v i t y  t o  a r e a s  o f  no  

a c t i v i t y .  The l o c a t i o n  o f  t h e  l i n e  f o r  e a c h  f i e l d  i s  i n d i c a t e d  
r /  

on Appendices  1 - 1 0 .  I n  McConnell t h e  l i n e  r a n  t h r o u g h  two 

c e n t e r s  o f  a c t i v i t y .  I n  Judd  gnd H a t t  t h e r e  were many h i l l s  

t h r o u g h o u t  t h e  f i e l d s  s o  t h e  10 p l o t s  w i t h i n  e a c h  were selec- 

t e d  w i t h  a  t a b l e  o f  random numbers.  For  t h e  l a t t e r ,  two con-  

t r o l  f i e l d s  ( c o n t a i n i n g  a l m o s t  no  mole a c t i v i t y )  were s e l e c t e d  
f l  

on t h e  same fa rms  f o r  compar i son .  The c o n t r b l  f i e l d s  were 
1 \ 

a b o u t  500 m f rom t h  main s t u d y  a r e a s  i n  e a c h  c a s e .  An a r e a  'I 
of  1 ha  was 100 p l o t s  i n  e a c h  c o n t r o l ,  and  10 

* 
p l o t s  were chosen  a t  random i n  e a c h  from a  t a b l e  o f  random 

numbers.  

Earthworms were  sampled  a t  t h e  c e n t e r  of \each s t u d y  p l o t *  
', 

u s i n g  t h e ' e x t r a c t i o n  t e c h n i q u e  o f  Raw ( 1 9 5 9 ) .  \One ,ga l lon  o f  
1- 

w a t e r  c h t a i n i n g  25 r n l  405 f o r m a l i n  was a p p l i e d  t o  a n  a r e a  of  

60  cm, f o l l o w e d  by a  s e c o n d  a p p l i c a t i o n  when ear thworms s t o p p e d  

s u r f a c i n g .  T h i s  t e c h n i q u e  i s  p r o b a b l y  t h e  b e s t  way t o  sample  

ear thworms . i n  t h e  f i e l d  (Evans and Gu i ld  1947 ,  Raw 1959,, 

Svedson 1 9 5 5 ) .  .9n a r e a  o f  60 x 60 cm was t r e a t e d  and  e a r t h -  



worms were removed and counted from a  50 x  50  cm c e n t r a l  a r e a .  
\ 1 This  p rocedure  reduced t h e  v a r i a b i l i t y  o f  my samples ,  p robab ly  

because  o f  t h e  reduced e f f e c t  o f  l a t e  a 1 seepage  o f  t h e  e x t r a c -  . 
t i n g  s o l u t i o n  th rough  t h e  'ground. 

Earthworms were c o l l e c t e d  w i th  a  p a i r  o f  twewers and 

) immediately p u t  i n t o  a  p r e s e r v i n g  s o l u t i o n  o f  101 g l y c e r i n  w i t h  

5 2  formaldehyde. Worms were weighed wet a s  a  group f o r  each 

s a i p l e  and mean worm weight  was, computed. T o t a l  worm weigh t  d i d  
r 

n o t  n e c e s s a r i l y  e q u a l  mean weight  times t v b e r  o f  earthwdrms 

because  i n  some i n s t a n c e s  on ly  a fragment o f  a  worm was c o l l e c -  
9 

t e d ;  t h i s  was cons ide red  i n  worm,numbers b u t  n o t  we igh t s .  

They were l a t e r  i d e n t i f i e d  t o  s p e c i e s  and age  c a t e g o r i e s  by 
w 

Dr. J . W .  Reynolds,  Department o f  Fo re s t  Resources ,  U n i v e r s i t y  
I 

6f  New Brunswick, F r e d e r i c t o n ,  N.B. 

Soib-sain l e s  were e i t h e r  c o l l e c t e d  by an a s s i s t a n t  a t  P 
t h e  same t i m e  a$ t h e  worm samples ,  o r  immediately a f t e r w a r d s .  

The samples were c o l l e c t e d  abou t  2 m-from where t h e  earthworms 
' 

were e x t r a c t e d  and i n  a  d i r e c t i o n  o f  equa l  o r  s l i g h t l y  h i g h e r  

s l p p e  t o  avo id  fo rma l in .  

S o i l  samples were c o l l e c t e d  from a  p i t  abou t  20  

cm. Three s t a i n l e s s  s t e e l  c y l i n d e r s ,  sharpened a t  one end ,  

were d r i ven  i n t o  a  w a l l  o f  t h e  p i t  a t  a depth  o f  1 0  cm, and 

t h r e e  more were d r i v e n  i n  a t  18 -20  cm, depending on t h e  s o i l  

hor izons  ( I  avoided sampling on t h e  boundary o f  two h o r i z o n s ,  

and t r i e d  t o  remain above unconso l ida ted  m a t e r i a l ) .  The 

c y l i n d e r s  were each about  4 cm long by 3 cm i n  d i ame te f ,  and 



i 

each  c o n t a i n e d  a n  e x a c t  volume of  25 .5  c c .  The c y l i n d e r s  were 
J 

removed from t h e  ground w i t h  a  garden t r d w e l  and t h e  e a r t h  o f  

a l l  t h r e e  from one  l e v e l  ( t o t a l  volume o f  7 6 . 5  c c )  was p l a c e d  

i n t o  a  p l a s t i c  bag and s e a l e d  w i t h  a  t i e  t a g .  

The s o i l  was 'weighed i n  t h e  l a b o r a t o r y  w h i l e  s t i l l  i n  t h e  
t 

bag. I t  was t h e n  empt ied  o n t o  a  paper  towel  on a  c o u n t e r  t o p ,  

u s u a l l y  w i t h i n - 2 4  hours  o f  c o l l e c t i o n  t o  d r y .  The p h y s i c a l  

s o i l  c h a r a c t e r i s t i c s  de termined were: 

s o i l  m o i s t u r e  (wet w t - d r y  wt /d ry  w t  x 100 = 5 1 ,  

bulk  d e n s i t y  ( d r y  w t / v o l  = gm/cc) , 
r .  

w a t e r  c o n t e n t  (wet wt -d ry  wt /vo l  x 100 = % ) ,  

and a i r  space  ( p o r o s i t y - w a t e r  c o n t e n t  = % ;  

( p o r o s i t y  = 100 x .  s p e c i f i c  g r a v i t y - b u l k  d e n s i t y / s . g . ) .  
\ 

\ 
A more complete d e s c r i p t i o n  o f  t h e s e  c h a r a c t e r s  i s  found i n  

Wilde ( l 9 5 8 ) ,  and Wilde and Voigt  (1955) .  

Analyses of  t h e  s o i l  were performed by t h e  s o i l  t e s t i n g  

l a b o r a t o ~ y  o f  t h e  B . C .  Department o f  A g r i c u l t u r e ,  Kelowna, 

B . C . ,  Organic m a t t e r  was de termined by t h e  Walkey-Black method; 

pH and n i t r a t e  by p o t e n t i o m e t r y ;  s a I t s  by e l e c t r i c a l  conduc-' 

t a n c e ;  phosphorus by t h e  a c i d - f l u o r i d e  method; a n d  po tass ium,  

ca lc ium,  and magnesium by a tomic  a b s o r p t i o n  s p e c t r o s c o p y .  A 
54 

d e s c r i p t i o n  of  t h e s e  methods i s  i n  ~ c ~ u l ? a n  (-1971). TotaL 

n i t r o g e n  was de termined by t h e  Micro-Kje<d&l\method; by t h e  

Research S t a t i o n ,  F e d e r a l  Department o f  A g r i c u l t u r e ,  Agass iz ,  

B . C .  The s o i l  samples t e s t e d  were t h o s e  used t o  de te rmine  t h e  

phy ' ; ica l  s o i l  c h a r a c t e r i s t i c s  and were c o l l e c t e d  d u r i n g  J u l y  

and t h e  beg inn ing  of  August .  



-T 

r* 

D. S t a t i s t i c a l  Analyses 

S t a t i s t i c a l  t r ea tmen t s  of  t h e  d a t a  were done on'the com- 

p u t e r  f a c i l i t i e s  a t  Simon F rase r  Univers i ty .  C o r r e l a t i o n  

c o e f f i c i e n t s  ( r )  wet.  ob ta ined  from t h e  c o r r e l a t i o n  ma t r i ce s  

provideii from SPSS REGRESSION. Means and s t a n d a r d  d e v i a t i o n s  

were  ob ta ined  from t h e  same program. An a n a l y s i s  o f  va r i ance  

APL prograq  ANOVAR was used i n s t e a d  of a t - t e s t .  The p r i n c i p a l  

coraponqnt aha lys  i s  was dons us ing LJIFFY. 
a prOgry pqbutdb: 

by D r .  S. Coopman of  t h e  ~ s y k h o l o g y  Department a t  S.F.U. 

Nonparametric c o r r e l a t i o n s  were computed us ing  SPSS NONPAR CORR, 

and m u l t i p l e  r e g r e s s i o n  us ing  SPSS REGRESSION. The Mann Whitney 

U s t a t i s t i c  was computed us ing  APL Nonpar. 

Resu l t s  P 

fi\ 8 

i 
# / 

' - 
\ .  The number of  molehill- o t s  sampled f o r  each 

k .. 
f i e l d  a r e  given i n  Appendix 11. These a r e  t h e  va lues  which 

were used i n  t h e  c o r r e l a t i o n  ana lyses .  The numbers ~f worms 

f o r  math of t h e  p lo t s ,  mean weigh 
1 

~ - ~ & r m s ,  t o t a l  weight of  

3 worms, s o i l  mois ture  a t  10 cm, s o i l  mois ture  a t  20 cm, bulk 

d e n s i t y  a t  10 rm,, bulk d e n s i t y  a t  20 cm, wate r  con ten t  a t  10 

cm, wate r  con ten t  a t  20 c a ,  a i r  space a t  1 0  cm, a d i r  space 
1 

a t  20 clp a r e  given i n  Appendices 1 2 - 2 2  r e s~gc t ive ly . : ' .The  -- 

mineral  con ten t s  of t h e  p l o t  samples f r o q  Keur, L a i t y ,  Robertson, '  1 

Campbell, and B r i n k W f i e l d s  i n  t h e  summer of  1976 re p re sen ted  ' f 
i n  Appendices 23-27. \ 1 @ 

a \ 
F o r t a l l  t h e  f i e l d s  combined, mole a c t i v i t y  was s i g n i f i - %  

of  worms, t h e  t o t a l  - 



weight o f  worms (p 5 . 01 ) ,  s o i l  m i  t u r e  a t  10 cm, n e g a t i v e l y  
) t ' 

with  bulk d e n s i t y  a t  10 cm (p .01)' and 20 CRI, and nega t ive ly  

wi th  water  con ten t  a t  10 cm- and 20 cm ( p s  .01) (Table 1 ) .  

Only t h r e e  i nd iv idua l  f i e l d s  had any s i g n i f i c a n t  (p .05) 

c o r r e l a t i o n s  (Table 2 ) .  Of t h e s e  t h e  Keur f i e l d  had f i v e  ,-, 

(number o f  woms ,  and s o i l  mois ture  and wate r  con ten t  a t  10 

and 20  cm), t h e  Robertson f i e l d  one (bulk d e n s i t y  a t  10 cm), 

and t h e  d i n k  f i e l d  one ( s o i l  mois ture  a t  2 9  ., Other f i e l d s  "t 
which had n  r l y  s i g n i f i c a n t  ( p s  0.10) c o r r e l a t i o n s  were La i ty  P 
f o r  mean worm weight ,  Perk in  f o r  t h e  number o f  worms, and H a t t  

f o r  b u l k d n s i t y  a t  10 cm. 

There were s e v e r a l  i n d i v i d u a l  f i e l d s  wi th  s i g n i f i c a n t  

r e l a t i ohsk igs '  between earthworm popula t ions  and t h e  s o i l .  In  

Keur so i4  mois ture  and wate r  con ten t  were c o r r e l a t e d  wi th  t h e  
w 

number of  worms and t o t a l  weight of  woms (Table 3 ) .  I n  

Campbell, mean weight  of  worms was c o r r e l a t e d  wi th  s o i l  bulk 

dens i ty  and a i r  space.  I n  Brink and Hatt t h e  mean weight of 

worms was c o r r e l a t e d  wi th  wate r  con ten t  and s o i l ' b o i s t u r e  res- 

pe<tively. '  For a l l  I d s  combined t h e  number of worms 

was s i g n i f i c a n t l y  c o r r e l a t e d  wi th  s o i l  mois ture  a t  10 cm, and 

t h e  mean and t o t a l  weights  of t b w o m s  were s i g n i f i c a n t l y  

c o r r e l a t e d  wi th  t h e  bulk d e n s i t y  of t h e  s o i l  ( p s  .01). 

The earthworms sampled i n  t h e  10 f i e l d s  belonged t o  1 2  

spec i e s  (Appendix 28 ) .  These were: W b b o p h o r a  c h l o r o t i c a ,  
) c- 

fpor rec todea  t r a p e z o i d e s ,  A. t u b e r c u l a t a ,  Dendrobaena o c t a e d r a ,  
- I 

Denrodri lus rub idus ,  E i sen ia  ro sea ,  ~ k b e n i e l l a  t e t r a e d r a ,  

Luabricus r u b e l l u s ,  - L.  f e s t i v u s ,  .L. - terrestris, Octo las ion  



a 1. C o r r e l a t i o n s  ( r )  wi th  a11 t h e  f i e l d s  combined 

( t o t a l  o f  100 quadra t s )  between t h e  n u m i d  o f  m o l e h i l l s  and 

t h e  earthworm and phys i ca l  s o i l  parameters cons idered .  k a n s  

and szandard d e v i a t i o n s  a r e  provided.  

4 

Charac te r  Me an r 

number of m o l e h i l l s  15 .32  

number of worms 

m a n  worm weight (gm) 

t o t a l  w o n  weight (gm) 

s o i l  mois ture  10 c r  ( t )  L 
s o i l  mois ture  20 c r  (5)  

bulk dens i ty  10 c r  ( g d c c )  0 . 9 1  -0.33.. - 
bulk d e n s i t y  20 c r  (g r / cc )  0 . 8 9  - 0 . 2 2 '  

. water conten t  10 c r  (8)  29 .70  0.21.- 

water c o n t e n t  20 c r  (5) 29 .55  0.29.. 

a i r  space 10 c r  ( t )  35.95 0 . 0 0  

a i r  space 20 ca ( 8 )  
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cyaneum, and - 0. tyr taeum;  A l l  o f  t h e  f i e l d s  c o n t a i n e d  e a r t h -  

worms i n  t h e  genus Lumbricus, mainly - L .  r u b e l l u s  and. - L .  , 

terres t r is .  Other  s p e c i e s  were found i n  o n l y  one o r  a  few 

f i e l d s  w i t h  A .  t u b e r c u l a  be ing  t h e  most common. Most o f  t h e  -4 
i n d i v i d u a l s  were j u v e n i l e s ,  a c l i t e l l a t e  a d u l t s  were n e x t  i n  

I 

abundance,  t h e n  c l i t e l l a t e  a d u l t s ,  and f i n a l l y  p o s t - c l i t e l l a t e  , a 
a d u l t s .  

I t  appears  t h a t  t h e r e  a r e  no r e l a t i o n s h i p s  between t h e  

number o f  m o l e h i l l s  and earthworm s p e c i e s ,  mainly  because  t h e  

s p e c i e s  u s u a l l y  changed from f i e l d  t o  f i e l d  i r r e s p e c t i v e  o f  

m o l e h i l l  numbers. The numbers o f  i n d i v i d u a l s  w i t h i n  a  s p e c i e s  

a l s o  d i d  n o t  appear  t o  f o l l o w  any p a t t e r n  i n  m o l e h i l l  numbers. 

Tables  4 and 5 p r e s e n t  t h e  comparison o f  t h e  Judd and 

H a t t  f i e l d s  w i t h  t h e i r  c o n t r o l s  on t h e  b a s i s  o f  t h e  numbers 

and weights  o f  earthworms,  and p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  

s o i l .  I n  t h e  Judd f i e l d  t h e  number of  worms, t o t a l  we igh t  o f  
-- 

worms and s o i l  m o i s t u r e  were 

bulk  d e n s i t y  s i g n i f i c a n t l y  

l y  g r e a t e r  t h a n  i n  t h e  c o n t r o l .  I n  t h e ' H a t t  f i e l d  t h e  mean 

weight  o f  worms, t o t a l  weight  of  worms, and s o i l  a  

were s i g n i f i c a n t l y  (p  S .01) more, and s o i l  

and w a t e r  c o n t e n t  a t  20 cm s i g n i f i c a n t l y  l e s s ,  t h a n  i n  t h e  

c o n t r o l .  

The c o r r e l a t i o n s  between t h e  number o f  m o l e h i l l s  i n  t h e  

s t u d y  p l o t s  and t h e  minera l  c h a r a c t e r i s t i c s  o f  t h e  s o i l  f o r  

t h e  summer o f  1 9 7 6  a r e  p r e s e g t e d  by f i e l d  i n  Table  6 .  Calcium 
, 

/ 



Tab \ e 4. Comparison o f  J u d d  f i e l d  w i t h  i t s  c o n t r o l  (Mann 

Whitney U t e s t )  t o  d e t e r m i n e  i f  a f i e l d  w i t h  h i g h  n m b e r s  o f  

m o l e h i l l s  d i f f e r e d  from one  w i t h o u t  on t h e  b a s i s  of t h e  s o i l  
\ 

p a r a m e t e r s  and  ear thworm c h a r a c t e r i s t i c s  measured .  Ten s t u d y  

p l o t s  were s a n p l e d  i n  e a c h  f i e l d .  

C h a r a c t e r  
Mean Mean 

Judd C o n t r o l  
u 

J u d d  

number of  worms 

m a n  worm w e i g h t  (gm) 0.30 

t o t a l  wqrm w e i g h t  (gm) 8.15 

s o i l  m o i s t u r e  10 c m  ( t )  52.15 

s o i l  m o i s t u r e  20 c m  ( t )  49.34 

b u l k  d e n s i t y  10  c m  (gm/cc) 0 .70  

b u l k  d e n s i t y  20 c m  ( g n / c c )  0.70 

w a t e r  c o n t e n t  10 crn ( t )  34.98 

w a t e r  c o n t e i t  20 c m  ( t )  33.58 

a i r  s p a c e  10 ca ( t )  38.56 

a i r  s p a c e  20 cm (1 )  39.80 44.18 . 77.0" 



Table 5 .  Comparison 05 Ha t t  f i e l d  wi th  i t s  c o n t r o l  (Mann 

Whitney U t e s t )  t o  determine i f  a  f i e l d  wi th  high rhnbers  of 

m o l e h i l l s  d i f f e r e d  from one without  on t h e  b a s i s  o f  t h e  s o i l  . .  
parameters and earthworm c h a r a c t e r i s t i c s  cons idered .  Ten s tudy  

p l o t s  . . ~era-3aaphz-  d i n  each f i e l d .  
.- 

- -----.---.. - .-'\ *, 

1.- - 
Mean " 

Character  Mean Control  U 
Hat t  Ha t t  

number of  worms 

mean worn weight (gm) 1 . 5 3  0 . 4 7  10,O. 0 * *  . 
t o t a l  worm weight (gm) 3 3 . 7 9  1 3 . 3 8  9 0 . 0 * *  

, s o i l  mois ture  10 cm (5) 3 9 . 8 9  4 3 . 0 6  51.5 

s o i l  mois ture  20  cm (5) 3 9 . 5 1  4 9 . 1 4  79 .  O *  
\ 

bulk dens i ty  10 cm (gm/cc) 0 . 9 0  0 . 9 6  6 9 . b  

bulk dens-ity 20 cm (gm/cc) 0 . 8 7  0 . 9 3  6 4 . 5  
& 

water  con ten t  10 cm ( 8 )  34 .24  4 0 . 3 1  8 8 . 0 * *  

water  con ten t  20 cm (S) 3 2 . 9 3  4 3 . 7 9  9 9 . 0 * *  

a i r  space 10  cm (8) / 31 .85  2 3 . 2 2  8 9 . 0 * *  

8 a i r  space 20 cm (8)  3 4 . 2 3  1 9 . 9 5  9 9 . 0 * *  
t 



and s o i l  pH and mineral content .  Ten quadrats were sampled 

. i n  eacK f i e l d .  

\ 
Character Keur Laity Robertson Campbell Brink 

, otganic matter 0.34 -0.05 0.28 -0.19 -0.34 

PH -0.01 0.31 ' -0.54 0.49 -0.21 

s a l t s  -0.25 -0.02 -0.51 0.30 -0.44 

n i t r a t e  nitrogen - 0.46 -0.03 -0.26 -0.31 0.40 

phosphorus -0.22 0.22 -0.25 -0.22 0.52 

potassium -0.20 -0.22 0 . n  -0.29 -0.10 
'* 

calcium 0.04 -0.02 -0.61 0.55 -0.59 

magnesium -0.05 0.33 0.30 0.30 -0.36 

t o t a l  nitrogen 0.33 -0.50 0:30 0.30 -0.36 



- was s i g n i f i c a n t l y  and n e g a t i v e l y  c o r r e l a t e d  wi th  t h e  nuaber o f  

m o l e h i l l s  i n  t h e  Robertson f i e l d .  

Cor re l a t i ons  between m o l e h i l l  nusbers  and s o i l  minera l s  

f o r  a l l  t h e  f i e l d s  combined ( t o t a l  of  50 p l o t s )  show t h a t  t h e  

number o f  m o l e h i l l s  was s i g n i f i c a n t l y  p o s i t i v e l y  c o r r e l a t e d  

wi th  pH (Table 7) .  The c o r r e l a t i o n s  of phosphorus and magnesium 

approached s i g n i f i c a n c e  (p s 0.10). 
/ 

Table 8 p r e s e n t s  t h e  c o r r e l a t i o n s  between t h e  weight and 

number o f  earthworms, and t h e  mineral  con ten t  o f  t h e  s o i l  f o r  

t h e  surrer of  1976. Mean and t o t a l  worn weights  were s i g n i f i -  . 
c a n t l y  nega t ive ly  c o r r e l a t e d  wi th  o rgan ic  m a t t e r  and t o t a l  

n i t r o g e n .  

The f i v e  f i e l d s  used i n  t h e  mineral  ana lyses  were a l s o  

examined f o r  c o r r e l a t i o n s  between t h e  number o f  m o l e h i l l s  and 

t h e  ear thworr  and phys i ca l  s o i l  c h a r a c t e r i s t i c s  cons idered  a s  

a s e p a r a t e  group from t h e  complete samples o f  t h e  10 f i e l d s  

(Table 1 ) .  The c o r r e l a t i o n s  of t h e  w o n  parameters  wi th  t h e  

phys i ca l  s o i l  c h a r a c t e r i s t i c s  a r e  included (Table 9 ) .  The 

number o f  m o l e h i l l s  was n o t  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  
'0 

number o r  weight of earthworms, o r  t h e  phys i ca l  s o i l  parameters .  C 

Mean w o n  weight was p o s i t i v e l y  c o r r e l a t e d  wi th  s o i l  bulk 
4 

d e n s i t y  and nega t ive ly  wi th  a i r  space a t  20 cm (p .01).  

To ta l  wormweight was p o s i t i v e l y  c o r r e l a t e d  wi th  s o i l  bulk 

d e n s i t y  a t  20 cm. 

The c o r r e l a t i o n s  between t h e  number of  m o l e h i l l s  and e a r t h -  

worms and t h e  phys i ca l  s o i l  c h a r a c t e r i s t i c s  f o r  t h e  f i v e  f i e l d s  

n o t  used i n  t h e  minera l  ana lyses  a r e  p resen ted  i n  Table 10. I n  



Table 7. C o r r e l a t i o n s  ( r )  between t h e  number of  m o l e h i l l s  

and s o i l  pH and minera l  con ten t  of  f i v a  f i e l d s  used i n  t h e  , 
mineral  ana lyses  cosbined ( t o t a l  of 5 0  q u a d r a t s ) .  

Charac te r  
Standard r 

Mean Deviat ion (n- 50 )  

organ ic  p a t t e r  7 . 2 1  % 2 . 5 8 t  

s a l t s  0 . 1 4  b. 0 . 0 3  - 0 . 0 6  - 
n i t r a t e  /' 
n i t r o g e n  0 . 8 5  ppm 0 . 7 1  ppm - 0 . 0 5  

phosphorus 4 0 . 4 7  ppm 2 8 . 7 0  ppm 0 . 2 5  

potassium 6 3 . 9 8  ppm 6 0 . 2 2  ppm - a s  '. 
calcium 9 5 9 . 2 1  ppm 4 5 6 . 8 1  ppm - 0 . 0 2  

magnesium 1 0 5 . 7 7  ppm 9 5 . 2 8  ppa - 0 . 2 3  

t o t a l  n i t rogen  0 . 6 1  t 0 . 2 1  S 0 . 0 3  



Table 8 . Correlations (r) o f  the earthworn characteristics 

with soil pH and mineral content (n-50) for the five fields 

in Table 7 . 

Number &an Total 
of worms worm w'o r m  

/t- weight weight 

* * 
organic matter 0.04 -0.33 -0.28 

salts -0.03 0.09 0.07 

nitrate nitrogen 0.25 0.09 0.21 

phosphorus 0.24 0.24 0.10 

potassium 0.07 0.21 0.14 

calcium -0.23 0.03 -0.05 

magnesium' -0.26 0.13 0.08 
* * 

total nitrogen -0.12 -0.34 -0.35 



reen t h e  n Tab le  9 .  C o r r e l a t i o n s  bet\ and weigh t  o f  

earthworms and p h y s i c a l  s o i l  c h a r a c t e r i s t i c s  and t h e  number 

-of m o l e h i l l s  i n  t h e  f i e l d s  used f o r  t h e  mine ra l  a n a l y s e s  
t 

( t o t a l  o f  50 q u a d r a t s ) .  

Numbei o f  Number Mean T o t a l  
Cha rac t e r  h i l l s  o f  worms worm worm. 

weight  weight  

- number o f  worms 0.25 

mean worm weight  

t o t a l  worn weight  

s o i l  mo i s tu r e  1 0  cm 

s o i l  mois tu re  20 cm 

bulk  dens f ry  1 0  cn 

bulk  d e n s i t y  20 cm 

wate r  c o n t e n t  10 cm 

wa te r  c o n t e n t  20 cm 

a i r  space  10 cm 

a i r  space  20 cm 



/ 

Table  10.  C o r r e l a t i o n s  (r) o f  t h e  worm and  p h y s i c a l  s o i l  

c h a r a c t e r i s t  s w i t h  t h e  number o f  b o l e h i l l s  i n  t h e  f i e l d s  

n o t  used  f o  r t h e  m i n e r a l  a n a l y s e s  ( t o t a l  ~f 50 q u a d r a t s ) .  

f )  
, 

t &m&er of Number Mean T o t a t  
C h a r a c t e r  h i l l s  , of  woms worn w o n  

weight  weight  
* 

number o f  worms -0 .10  

3" 
** 

an worm weight  0.46 0.05 \ 
'b). 4 7- **  

o t a l  worm weight  0 .33  0 .81  

s o i l  m o i s t u r e  1.0 cm 0.22 20 2 0 .03  

m o i s t u r e  20 cm 0.18 -0 .03  0.10 
* 

bu lk  d e n s i t y  10 cm-' -0 .32  0.16 0 .11  

bulk  d e n s i t y  2.0 cm -0 .24 
* *  

w a t e r  c o n t e n t  10 cm 0.24 -'o.SS -0 . 1 6 
f *i 

w a t e r  c o n t e n t  20 pp 0 .31  -0.62 0.05 

a i r  s p a c e  10 cm 0.02 0.41 0.06 
** 

a i r  s p a c e  20 cm -0 .19  . 0.58  0.20 



t h e s e  f i e l d s  t h e  number of mlehi.1-1s was p o s i t i v e l y  c o r r e l a t e d  

wi th  mean (p ,c .01) and t o t a l  worn weights ,  n e g a t i v e l y  wi th  - 
bulk d e n s i t y  a t  1 0  c r ,  . and p o s i t i v e l y  w i t h  wate r  c o n t e n t  a t  

/ 
20 car. The number o f  worms was s i g n i f i c a n t l y  c o r r e l a t e d  wi th  

a i r  space a t  20 cr  and wate r  con ten t ,  and t h e  t o t a l  weight o f  

worms was c o r r e l a t e d  wi th  wate r  c o n t e n t ,  a l l  a t  t h e  0.01 l e v e l .  

A comparison of  t h e  f i v e  f i e l d s  used i n  t h e  6 i n e r a l  

ana lyses  wi th  t h e  f i v e  no t  used i s  presen ted  i n  Table 11. They 

were s i g n i f i c a n t l y  d i f f e r e n t  i n  every c h a r a c t e r i s t i c  except  

mean worm weight ,  s o i l  a i r  space,  and water con ten t  a t  20 cm. 

Those used f o r  t h e  mineral  ana lyses  had s i g n i f i c a n t l y  fewer 

h i l l s ,  fewer worms, a  much less t o t a l  worn ; e i g h t ,  less s o i l  

mois ture ,  heav ie r  s o i l ,  and l e s s  water  con ten t  a t  10 cm. 

The presence  of a l a r g e  number of zero va lues  i n  t h e  c o r r e -  
f i  

l a t i o n  ana lyses  due t o  quad ra t s  wi th  no mole a c t i v i t y  may mask 

t r u e  r e l a t i o n s h i p s  because t h e  number of moLshil ls  has  ceased 

t o  vary ,  whereas t h e  earthworms and s o i l  c h a r a c t e r i s t i c s  have 

n o t .  A s  a r e s u l t , f u r t h e r  c o r r e l a t i o n  tests were performed 

omi t t i ng  quad ra t s  con ta in ing  no m o l e h i l l s  (Table 12 ) .  The 

n&er of m o l e h i l l s  wai found t o  be s i g n i f i c a n t l y  and p o s i t i v e l y  

c o r r e l a t e d  wi th  t h e  t o t a l  weight o f  worms, n e g a t i v e l y  wi th  s o i l  

bulk dens i ty  a t  1 0  cm, p o s i t i v e l y  wi th  water  con.ibnt a t  20 cm, 

and p o s i t i v e l y  wi th  pH. 

The rank c o r r e l a t i o n  ( t e s t i n g  f o r  r e l a t i v e ,  n o t  a b s o l u t e ,  
\ 

r e l a t i o n s h i p s )  r e s u l t s  a r e  p resen ted  i n  Table 13. Some of  t h e  

d a t a  were m& normally d i s t r i b ~ t e d  s o  a  Spearman Rho rank 

c o r r e l a t i o n  tes t  was used t o  co r robora t e  t h e  r e s u l t  of  t h e  - 
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T a b l e  13. Rank correlation results for all 10 fields combined 

with'quadrats containing no molehills omitted (total of 76 

quadrats; only the probabilities of significance are recorded). 

# 0 

Numbdr of Nunber Mean Total 
Character hills of worms w a n  worm 

weight weight 
\ 

C 

numbar of warns 0.042. 
\ 

T ** 
mean worm weight 

-C. 

0.073 0.006 ' 

** 
soil moisture 10 cm 0.140 0.001 0.256 0.012** 

**  L 
soil moisture 20 cm 0.236 0.002 0.473 0.016 

**  
bulk de3ity 10 cm 0.002 0.132 0.099 0.443 

bulk dslrhty 20 & 
* 

0.017 ' 0.228 

water content 10 cm 0.103 0.362 0.197 0.26% 
a 

water content 20 tr 0.036 . 0.300 0.437 0.396 

air space 10 cm 0.352 0.046 0.302 0.208 

air space 20 cm 0.345 0.077 0.035 0.493 



Pearson product - ramnt correlation, i rare powerful test. 
Frequency distribution of the number of molehills in the plots 

war an exponential &cay. The number of wlehills was sipifi- 

cantly correlated with the number worms, total worm weight, 

soil bulk density, soil water and air space at 20 cm. 

In the five fields used for the mineral analyses, the -. 
number of .molehills per plot was found to be significantly 

. . correlated with the bulk densiay of the soil at 10 cm, and 
phosphorus (Table 14). The correlation with soil moisture at 

5 

20 CB was almost significant (pmO.065). 

table 15 presents a comparison of a11 plots containing 

molehills to those without for the 10 fields, m d  in the case 

of soil minerals, for five fields. Although s&e data were not 

normally distributed a Chi-square test f6r heterogeneity of 

variance was insignificant for all characters except m a n  and 

total weight of worms, and soil bulk density at 20 cm. A 

Wilcoxon two-sarple7test confirmed the ANOVA results in these 

three cases. Soil moisture at 10 and 20 cm, and water content - 
at 20 cm, were found to be significantly in plots with 

molehills than in those without, and the bulk density of the 

soil at 10 cm was significantly less; mean w o n  weight was 

almost significantly greater in quadrats with molehills 

(PO. 06). 
.. 

Multiple regressioa analyses were used on the following 
# - 

combinations of the study plots: 



Table 14. Rank correlation results for the five ffrlds usod in 
\ 

the mineral analyses with quadrats containing no molehills 

omitted (total of 34 quadrats;. only the probabilities of 
. 

significance are recorded). 

Nubar of Number Mean Total 
hills of worms worm worn 

weight weight 
I 

Character 

number of w o m s  

mean worm weight 

total worm weight 

soil moisture 10 cm 

soil moistute 20 cm 

bulk density 10 cm 

bulk density 20 cm 

water content 10 cm 

water content 20 cm 

air space 10 cm 

air space 20 cm " 

organic matter 

pH 
salts 

nitrate nitrogen 

phosphorus 

potassium 

calcium 

aagnes ium 

total nitrogen 
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Data Avai lab le  Number o f  Number o f  Number o f  
F i e l d s  P l o t s  Charac te rs  . 

1. earthworm and 
phys i ca l  s o i l  
c h a r a c t e r i s t i c s  . 

e a r t h o m ,  p h y s i c a l ,  
and mineral  s o i l  
c h a r a c t e r i s t i c s  5  

s a ~  as ' 1' bu t  
only  p l o t s  w i th  - 
moleh i l l s  10  

same as ' 2 '  bu t  only  
p l o t s  wi th  m o l e h i l . 1 ~  5 

The t o t a l  r - squa re s  f o r  t h e  f o u r  combinations were r e s p e c t i v e l y  

34.7% ,-*,.24 :68, 50.78, and 65.48 : i .e. t h e  c h a r a c t e r s  were n o t  
C 

good 1 i n e a r . p r e d i c t o r s  of  t h e  number o f  m o l e h i l l s  pushed up. 

when'minoral c h a r a c t e r i s t i c s  were not  considered+ bulk 

d e n s i t y  of t h e  s o i l  and t h e  worm weight c h a r a c t e r s  were t h e  k 

f i r s t  t h r e e  c h a r a c t e r s  t o  e n t q r  i n  t h e  s tepwise  r e g r e s s i o n  pro-  

cedure  and they accounted f o r  26.68 of he va r i ance  when a11 J 
p l o t s  were cons idered ,  and 21.3t of  t h e  va r i ance  when t h e  p l o t s  

wi thout  h i l l s  were omit ted.  With t h e  mineral  c h a r a c t e r i s t i c s  

inc luded ,  pH and magnesium t o g e t h e r  accounted f o r  28.6t o f  

t h e  v a r i a b i l i t y  when a l l  p l o t s  f o r  which mineral  in format ion  

was a v a i l a b l e  were cons idered ,  and 3 8 . 0 4  of  t h e  va r i ance  when 
a - 

p l o t s  wi thout  m o l e h i l l s  were omit ted.  

The d a t a  were f u r t h e r  analyzed us ing  a  p r i n c i p a l  compon- 

e n t s  a n a l y s i s .  This  m u I t i v a r i a t e  s t a t i s t i c a l  technique has  

c e r t a i n  h o u r i s t j c  advantages which t h e  o t h e r  p rev ious  t e c h n i -  

ques do n o t  have. These a r e :  t h e  d a t a  do no t  have t o  be 



l i n e a r l y  r e l a t e d  (even wi th  t r ans fo rma t ions  t h e  d a t a  r a y  no t  

f i t  a l i n e a r  a o d e l ) ; , a n d  it can accommodate s y n e r g i s t i c  e f f e c t s  , 
of t h e  da t a  which t h e  o t h e r  techniques  a r e  s i r p l y  incapable  of  

handl ing.  I t  i s  a l s o  e a s i e r  t o  d e t e r n i n e  i f  t h e r e  i s  d i r e c a  

c a u s a l i t y  between v a r i a b l e s  which can on ly  be i n f e r r e d  f r o u  

the -p rev ious  techniques  i f  an  experi laental  des ign  i s  n o t  used,  

which i s  t h e  c a s e  f o r  t h i s  s tudy .  

The r e s u l t s  of  t h e  p r i n c i p a l  components a n a l y s i s  a r e . p r e -  

s en t ed  i n  Table  16. A f i v e - f a c t o r  r o t a t i o n  ( r o t q t i o n s  a r e  1 
used t o  produce t h e  g r e a t e s t  p r e d i c t a b i l i t y  o f  t h e  v a r i a b l e s  

from t h e  components) produced a carponent ( 4 )  on which ro le  

a c t i v i t y  loaded heav i ly  t h e  number of m o l e h i l l s  c o r r e l a t e d  

(r-0183) hi-ghly wi th  t h i s  component. Also load ing  heav i ly  on 

t h e  same conponent-were t h e  number of worns, phosphorus, t o t a l  

worn weight ,  pH, magnesium, and bulk d e n i t y  a t  i 0  cm. These 

v a r i a b l e s ,  except  t h e  number o f  m o l e h i l l s ,  a l s o  loaded heav i ly  

on t h e  o t h e r  conponents. 

Discussion 

A .  The r e l a t i o n s h i p  between r o l e  a c t i v i t y  and t h e  s o i l  
I 

-. 

The c o r r e l a t i o n s  pb ta ined  i n  Table 2 between mole a c t i v i t y  

and t h e  phys i ca l  c h a r a c t e r i s t i c s  of t h e  s o i l  do n o t  appear  t o  

be meaningful except  f o r  t h o s e  i n  t h e  Keur f i e l d .  The s i g n i -  

f i c a n t  c o r r e l a t i o n s  ob ta ined  f o r  t h e  Kour f i e l d  a r e  i n t a r e s t -  

i ng  because t h e r e  are 5 w i t h i n  t h a t  1 f i e l d  a lone .  -Four of  

t h e s e  a r e  f o r  t h e  phys i ca l  s o i l  c h a r a c t e r i s t i c s ,  s o i l  mois ture  



Table 1.6. ~esults- d the principal components analysis with 

soil minerals included. A fire-factor rotation (varimax) pro- 

vided the most conspicuous molehill component. (4) . The 

internal consistency value for this component was 0.39, and 

the sums o f  squares 1.87. Only those characters with the 

eight highest loadings are presented. A loading greater than 

0.30 is considered to be significant. 

. . 

Character Loading 

number of molehi 11s 

phosphorus 

number of worms 

pH 

magnesium 

bulk density at 10 cm 

mean weight of wonns 

total weight of worms 



and water content  a t  10 and 20 c r .  The c o r r e l a t i o n s  f o r  s o i l  

moisture a t  10 c r  and water content  a t  20 cm are s i g n i f i c a n t  

a t  t h e  0.01 ' l e v e l .  Looking a t  Appendices I S ,  16, 19,  and 20 

it can be seen t h a t  t h e  Keur f i e l d  i s  t%driei t  of  a11 10 
J' 

f i e l d s  s tudied .  I t  i s  probable t h a t  t h e  c o r r e l a t i o n s  were 
- 

found t o  be s i g n i f i c a n t  with such a  small saap le  only because 

t h e  Keur f i e l d  was s o  dry. 

The s i g n i f i c a n t  r e l a t i o n s h i p  between t h e  number of mole- 

h i l l s  and the  amount of water i n  t h e  s o i l  a s  measured by s q i l  

moisture and water content  p e r s i s t e d  when a l l  t h e  10  f i e l d s  

were combined (Table 1). The bulk dens i ty  of t h e  ;oil a t  depths 
-4- 

of both 1 0  and 20 cm was a l s o  s i g n i f i c a n t l y  and neg&iyely 

c o r r e l a t e d  with the  number of molehi l l s .  Thus, moles pushed 

up fewer h i l l s  i n  a reas  wherv t h e  s o i l  was dry and dense, 

possibly because t h e  s o i l  becomes more d i f f i c u l t  t o  d i sp lace  

when it is  heavier  and when it is d r i e r ,  and/or burrows i n  

dense ground s t a y  open longer i n  such s o i l s  and need less r e p a i r .  

This r e l a t i o n s h i p  is a l s o  present  i n  t h e  comparison of t h e  

Judd f i e l d  with i t s  cont ro l  (Table 4 ) .  The con t ro l  f i e l d ,  

where the re  were l e s s  molehi l ls  (ca 10/ha) had s i g n i f i c a n t l y  

l e s s  s o i l  moisture and water content ,  an4.a s i g n i f i c a n t l y  

higher bulk densi ty .  There was a l s o  a  s i g n i f i c a n t l y  g r e a t e r  

s o i l  a i r  space a t  20 c m  i n  t h e  con t ro l  f i e l d  a s  well, probably 

bdcause t h e r e  was less water content  (remember t h a t  a i r  space- 

porosi ty-watar  content ;  a s  water content  decreases.  a i r  space 
a 

increases) .  



The r e l a t i o n s h i p  of  h igh mole a c t i v i t y  wi th  a  low s o i l  

bulk dens i ty  i s  a l s o  p r e s e n t  i n  t h e  comparison a f  t h e  Hatt 
u/ t 

f i e l d  wi th  i t s  c o n t r o l  (Table 5 ) ,  bu t  i n  t h i s  c a s e  it was n o t  
* 

s i g n i f i c a n t .  The Hat t  o o n t r o l  f i e l d  &d, however, s i g n i f i -  

c an t ly , . o r e  s o i l  mois ture  and water con ten t  t han  i t s  p a i r e d  

f i e l d  which was t h e  oppos i t e  of t h e  expected r e s u l t .  This  p ro -  

bably occurred because t h e  Hatt c o n t r o l  f i e l d  was s i t u a t e d  on 

low ground and s u b j e c t  t o  f l ood ing  ( p a r t  of  t h e  f i e l d  was f l ood -  

ed a t  t h e  t i r e ) .  I t  i s  l i k e l y  t h a t ,  a l though t h e  f i e l d  appearmd 
I 

- 

s u i t a b l e  f o r  r o l e s ,  they were no t  p r e s e n t  a t  t h e  time of  s a w -  
3 

l i n g  because of  f looding  a t  o t h e r  time$ of t h e  yea r .  Samples 

were c o l l e c t e d  i n  August when t h e  f i e l d  was- n o t  f looded.  

d 

The s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  x k b e r s  of mole- 

h i l l s  and t h e  b w e n s i t y  and water  con ten t  o f  t h e  s o i l  were 

s t i l l  p r e s e n t  when t h e  quadra t s  wi thout  m o l e h i l l s  were omi t ted  
\ 

I r o n  t h e  ana lyses  (Table I > ) ,  and when rank c a r r e l a t i o n s  were 
J+ 

' used (Table. 13).  The s i g n i f i c a n c e  o f  those ,  wi th  s o i l  mois ture  

was l o s t .  This r a y  have occurred because t h e  p l o t s  wi thout  

mo leh i l l s  u s u a l l y  conta ined  west s o i l  mois ture  c o n t e n t ,  

and without  t h i s  extreme i n  e da ta  set t h e  c o r r e l a t i o n s  
%I 

were i n s i g n i f i c a n t .  Again, s o i l  mois ture  and water  con ten t  
I 

WBrQ - 
less, 

s i g n i f i c a n t l y  g r e a t e r ,  and s o i l  bulk d e n s i t y  s-icantly 
L 

i n  a r e a s  wi th  mole a c t i v i t y  compared t o  t h o s e  wi th  noxp 

(Table 15) .  
7 

I t  i s  p o s s i b l e  t h a t  r o l e s  were -8brmaea from c e r t a i n  s tudy  

p l o t s  becauie  of  poor recru i tment  and d i s p e r s a l .  I $  t h i s ' w e r e  



t h e  case t h e  above r e s u l t s  would n o t  i n d i c a t e .  t h a t  moles p r e -  
I- 

f e r  a h a b i t a t  wi th  .are s o i l  wate r  and k l i g h t e r  s o i l .  How- 

e v e r ,  s tudies ,  on t h e  recru i tment  and d i s p e r s a l  o f  . the coast 

mole (Appendices 29 and 50) i n d i c a t e  t h a t ~ i e G n t  . . andr d i s -  

p e r s a l  were n o t  r e s p o n s i b l e  f o r  t h e  absence o f  moles from p l o t s  

i n  t h e  f i e l d s  used f o r  t h i s  s tudy .  .d$ 

The c o r r ~ l a t i o n s  between t h e  nruber  o f  m o l e h i l l s  and t h e  
b' mlnera l  c h a r a c t e r i s t i c s  cons idered  by f i e l d  ( e- 6 )  produced 

k F' 
only  one s i g n i f i c a n t  c o e f f i c i e n t .  I t  is u n c l e a r  why calcium i s  . / 
t e l a t e d  t o  m o l e h i l l  numbers i n  qn ly  t h i s  one in s t ance .  

. . b \ 
\ 

A p l o t  of t h e  phosphorus con ten t  o f  t h e  s o i l  v e r  us t$e , 
/ , a r  

ayber  of m o l e h i l l s  (Figure  2 )  showed t h d t  t h e r e  was &series 
4 

of ou t ly ing  p o i n t s ,  a l l  r m p r e s e n t i n ~ t h e  s tudy  p l o t s  i n  t h e  

Campbell f i e l d .  I t  appears  t h a t  t h i d ~ n e  f i e l d  i s  r e spons ib l e  

f o r  t h e  s i g n i f i c a n c e  of the c o r r d l a t i o n . ( T a b l e  14) between mole- 
A .  

h i l l  n w b e r s  and phosphorus when a l l  f i e l d s  .,re combined.' The 

land  owner informed me t h a t  t h e r e  was a ' s e p t i c  t ank  a t  one end 

o f  t h e  f i e l d .  T A ~ S  has overflowed and t h e  my. my have 
I 

i .  

i 
provided food f o r  earthworms, i nc reased  t h e i r  popu la t ion  weight ,  

and inc reased  the number o f  m o l e h i l l s .  The Wm a l s o  i n -  
.. , * 

c r e a s e s  s o i l  phosphorus, which may have c o r r e l a t e d  wi th  t h e  

number of m o l e h i l t a  s o l e l y  because it i n d i r e c t l y  measured t h e  J 

food supply of  e a r t h w o r u .  . \\J 

S o i l  pH was a l s o  s i g n i f i c a n t l y  , c p r r e l a t e d  w i t h  f h 6  number 

>of . o l e h i l l s  (Tables 7 and 12) .  I t  i ,  d i f f i c u l t  t o  conceive 
-- 

how pH could be  of  d i r e c t  importance'  t o  moles, b u t  it c !  be . . 
'1 -- 

of  cons ide rab le  i n d i r e c t  i rpp r t ancd  by i t s  c o r r e l a t i o n  wi th  
i 
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Figure 2 .  P l o t  o f  t h e  phosphorus c o n t e n t s  o f  t h e  s tudy  p l o t s  

i n  the  f i v e  f i e l d s  used i n  t h e  mineral  a n a l y s e s  
t versus  t h e  number o f  m o l e h i l l s  i n  t h e  p l o t s .  

Po in t s  f o r  p l o t s  i n  t h e  Campbell f i e l d  a r e  i n d i -  

c a t e d  a s  ho l low d o t s .  





earthworm populat ions (Table 14).  A s  w i l l  bg discussod la ter  

the  nuiber  of w l e h i l l s  is  s t rong ly  r e l a t e d  t o  ear thworm,  

' and earthworms..are usual ly  reduced i n  ribbers and weight a t  
. 

lower pH ( ~ j t c h e l l  1955). d 

\ 

The f i v e  - f i e l d s  used i n  t h e  r i n e r a l  analyses  showed no 

s igngf ican t  c o r r e l a t i o n s  between the  number o f  r o l e h i l l s  and 

physical  so i l  c h a r a c t e r i s t i c s ;  t h e  remainidg f i e l d s  showed 

s i g n i f i c a n t  c o r r e l a t i o n s  between the '  nrubet. of m l e h , i l b  and 

- s o i l  bulk dens i ty  a t  10 CB and water content  a t  20 c r .  The 
c' G_b two groups f f i e i d s  were a l s o  i i g n i f i & n t l y  d i f f e r e n t  on t h e  

b a s i s  of  every physical  s o i l  charac ter i s l l lc  except a i r  space 

and water content  a t  20 c r  (Table '11). The . f a i t  t h a t  thei;' 

- c o r r e l a t i o n s  between t h e  number of  molehi l l s  and t h e  s o i l  a r e  

d i f f e r e n t  i s  not s u r p r i s i n g  if they represent  d i f f e r e n t  condi- 

t i o n s  of .ole a c t i v i t y .  A s  s t a t e d  i n  t+y Methods, t h e  f i v e  

f i e l d s  used f o r  minepal analyses  were chosen because they had 

t h e  most B i s t i ~ t  gradients  in+mole  a c t i v i t y .  They d i f f e r e d  
i 

i n  t h i s  respect  from t h e  remaining' f i v e  f i e l d s ,  and t h i s  d i f f -  

erence has produced r d i f f e r e n t  s e t  of  c o r r e l a t i o n  r e s u l t s .  . 

Results shown i n  Table i l  a r e  c o n s i s t e n t  with '  t h e  t rands  

so  f a r  discussed. The f i e l d s  not  used i n  t h e  mineral  analyses  . - 
had s i g n i f i c a n t l y  .ore- m o l . h i l l s ~  aqd had a  cormspondingly 

s i g n i f i c a n t l y  h i i h e r  s o i l  moisture and watar content,' and 

lower bulk dens i ty .  d 



B. The re la t ionship-s f -she  nuaber of r o l e h i l l s  with earthworm 

populat ions 

I In t h e  c o k l a t  n  analyses considared by f i e  d  (Table 1 ) .  
, 

( 
only @number of .worm was found t o  be s i g n i f i c a n t l y  co r re -  

l a t e d  with t h e  number of molehi l l s  and i n  t h e  Keur f i e l d  only. ---? 
I 

This may have occurred because t h e  Keu f i e l d  contained t h e  \ 
lowest numbers of worms of  a l l  t h e ' l 0  f b l d s  used i n  t h e  study 

f 
(Appendix 12).  As  t h e  number of worm i n  t h e  Keur f i e l d  i n -  

creased from none t o  a small  amount, t h e  number of molehi l l s  

a l l  i n d i c a t e  t h a t  rare molehi l l s  

When a l l  10 f i e l d s  worm 

combined t h e  t o t a l  weight of worms and mean weight of worms were 

found t o  be s m i f i c a n t l y  and p o s i t i v e l y  c o r r e l a t e d  with t h e  

nurber of r o l e h i l l s .  Both were s i g n i f i c a n t l y  g r e a t e r  i n  t h e  

Hatt  f i e l d  than i n  i t s  con t ro l  ( t a b l e  5 ) ,  and(tota1 weight of 
', 

worms was g r e a t e r  i n  t h e  Judd f i e l d  than i t s  c  n t r o l  (Tabbe 4 ) .  ? 
When a l l  10  f i e l d s  wire combined and p lo  s without l o l e h i l l s  h 
were omitted ( T a b u  10).  t o t a l  word wdghd was s i g n i f i c a n t l y  

c o r r e l a t e d  with t h e  nurber of molehi l l s  a t  t h e  0.01 l e v e l .  When 

rank c o r r e l a t i o n s  were used (Table 11) t h e  ntmbe of molehi l l s  5 
was s i g n i f i c a n t l y  co r re la t ed  w i t h  t h e  number of worms a t  t h e  

0.05 l e v e l ,  and with t o t a l  w o n  weight a t  t h e  0.01. l e v e l .  In - 
t h e  comparison of quadrats  with m l e h i l l s  t o  those without 

(Table 13) ,  t h e  w a n  weight o f ' r o r u  was found t o  d. almost 

s i g n i f i c a n t l y  g r e a t e r  (p-0.06) i n  p l o t s  with h i l l s .  



..f 
The o v e r a l l  p i c t u r e  of t h e  r e l a t i o n s h i p  o f  earthworms 

\ with t h e  number of  m o l e h i l l s  is t h a t  moles d ig  more where they  

have more t o  e a t ,  and earthworms a r e  more s y c c e s s f u l  i n  s o i l s  

t h a t  moles f i n d  e a s i e s t  t o  d ig .  These r e l a t i o n s h i p s  are t r u e  f o r  

c o r r e l a t i o n s  wi th  mean earthworm weight ,  and e s p e c i a l l y  t o t a l  

wow weight.  A causa l  r e l a t i o n s h i p  can be i n f e r r e d  by concluding 

t h a t  moles d ig  more when they have more energy a v a i l a b l e -  f o r  

d igg ing .  T h i s  conc lus ion  makes sense  b i o l o g i c a l l y  cons ide r ing  

t h e  method moles use  t o  o b t a i n  food. I t  must be remembered 

t h a t  t h e  tunne l  system a c t s  l i k e  a  pit t r a p .  I t  would seem a  

b e t t e r  s t r a t e g y ,  i n  terms o f  n e t  energy g a i n ,  f o r  r o l e s  t o  d ig  

' when they have a  good food supply.  I f  they a r e  hungry i t  would 

be a  disadvantage t o  expend l a r g e  amounts o f ' e n e r g y  d igg ing  

and extending t h e  tunne l  system ( p i t  t r a p ) ,  and an advantage 

t o  conserve energy a t  t h a t  time and wa i t  u n t i l  more earthworms 

e n t e r  t h e  t unne l s .  

In  terms of  t h e  l5iological  s i g n i f i c a n c e  of  t h e  t h r e e  earth '-  

wonn,parameters measured, i t  appears t h a t  t h e  s i n g l e  most impor- 

t a n t  f a c t o r  r e l a t e d  t o  t h e  number of  m o l e h i l l s  pushed up i s  t h e  

t o t a l  amount of food a v a i l a b l e .  The average r e a l  size appears  t o  

be nex t  i n  importance (perhaps only  because it i s  c l o s e l y  r e l a t e d  

t o  t o t a l  worn weight ) ,  and t h e  frequency of c o n t a c t  wi th  food l e a s t .  

This l a s t  r e s u l t  i s  no t  s u r p r i s i n g  because a mole would have t o  
m 

e n c o u n t p  s e v e r a l  worrs of  low body w r f g h t t o  ga in  t h e  same 

amount of energy o b t a h e d  from a l a r g e r  worm. There is  p r e -  



i 

s rqab ly  a lower s i z e  lirjt t o  t h e  earthworms roles w i l l  e a t  
4 

and t h k  number of  worrs is probably a poor e s t i m a t e  o f  t h e  

amount o f - a v a i l a b l e  food. I t  may be t h e  r i l a t i o n s h i p  of  WOK 
number wi th  t o t a l  wonr weight (Tables 9 6 1 4 )  which made t h e  

nunber of e a r t h w o q s  s i g n i f i c a n t  i n  some o f  t h e  ana lyses .  

In  t h e  f i v e  f i e l d s  used i n  t h e  mineral  ana lyses  no 

earthworm parameters  were c o r r e l a t e d  wi th  - t h e  number of 

m o l e h i l l s  (Table 9 ) ,  whereas i n  t h e  f i v e  f i e l d s - n o t  used i n  
I 

t h e  mineral  ana lyses  (Table 10) t h e  number of m o l e h i l l s  i s  s i g -  

n i f i c a n t l y  c o r r e l a t e d  wi th  mean wbne weieht  a t  the 'O.01 l e v e l  

and with  t o t a l  worn weight.  Furthermore, t h e  number of  worms 

and t o t a l  weight o f  woms were s i g n i f i c a n t l y  g r e a t e r  i n  t h e  f i v e  

f i e l d s  n o t  used f o r  t h e  mineral  ana lyses  (%bib- 11) which a l s o  
b 

conta ined  a o r e ' m o l e h i l l s .  The explana t ion  f ~ r  t h i s  d i f f e r e n c e  

3 s  a func t ion  o f  t h e  d a t a  se t  used.  The f i e l d s  no t  used i n  t h d  

mineral  ana lyses  inc luded  t h e  Judd,  Perk in ,  and Ha t t  f i e l d s  

which contained t h e  g r e a t e s t  numbers and weights  d f  woms 

(Appendices 1 2 ,  13 ,  and 14) , a s  w e l l -  a s  t h e  g r e a t e s t  numbers 

of  mo leh i l l s  (Appendix 11) .  I t  i s  because t h i s  -extreme i s  

p r e s e n t  t h a t  t h e  ' co r rd l a t i ons  were found t o .  be s i g n i - f i c a n t .  

C. The r e l a t i o n s h i p  of  earthworm popula t ions  t o  t h e  s o i l  
b 

c h a r a c t e i i s t i c s  
0 

Earthworms l i v e  i n  and are a f f ec t ed  by t h e  s o i l  (Sa t che l1  . 

if. 
.v 

1955). I t  i s  p o s s i b l e  t h a t  t h e  s o i l  c h a r a c t e r i s t i c s ,  i n s t e a d  



qf d i r e c t l y  i n f luenc ing  t h e  n u r b d  of  m o l e h i l l s ,  do s o  i n -  

d i r e c t l y  through t h e i r  a c t i o n ( s )  on earthworms. Table 3 shows \ 
t h e  c o r r e l a t i o n s  between t h e  e a r t h w o k  pqrameters a n h  

phys i ca l  s o i l  c h a r a c t e r i s t i c s  f o r  t h i h u d y  . fu the I u r  i * 
f i e l d  both t h e  numbers o f  woms and t o t a l  worm weight are 

s t r o n g l y  c0 r r eAb .d  (p .01) wi th  s o i l  mois ture  and water con- . \ 
t e n t .  I n  t h e  Brink f i e l d  t h e s e  same two s o i l  p a r w s  a r e  

s t r o n g l y  c o r r e l a t e d  wi th  mean *om weight.  l o r  ~ h :  1 0  

f i e l d s  combined t h e  number o f  woms i s  coirelated,significantly 

with s o i l  mois ture ,  and mean weight wi th  t h e  b u l k , d e n s i t y  o f  

t h e  s o i l  a t  t h e  0.01 l e v e l .  The c o r r e l a t i o n s  wore p o s i t i v e .  

I n  t e n s  o f  t h e  mineral  con ten t  of  t h e  s o i l ,  mean and t o t a l  

worm weights were nega t ive ly  c o r r e l a t e d  wi th  o rgan ic  matter 

and t o t a l  n i t r o g e n  (Table 8 ) .  

I t  is not  p o s s i b l e  from t desi"gn of  t h i s  s tudy  t o  s t a t i s -  "P 
t i c a l l y  i n f e r  t h a t  t h e  phys i ca l  s o i l  c h a r a c t e r i s t i c s  a r e  re- 

l a t e d  t o  t h e  n l u b e r  of m o l e h i l l s  i n d i r e c t l y  through fhe  e a r t h -  

worms. This p o s s i b i l i t y  w i l l  have t o  remain open. The phys i -  

c a l  c h a r a c t e r i s t i c s  of  t h e  s o i l  could be of  d i r e c t  importance 
'\ 

by making t h e  s o i l  e a s i e r  o r  harder  f o r  r o l e s  t o  d ig .  In  t h e  

case  of  s o i l  bulk d e n s i t y ,  fur thermore,  t h e  r e l a t i o n s h i m y  

- 
., be d i r e c t  because t h e  number of mo leh i l l s  i s  nega t ive ly  c o r r e -  

l a t e d  wi th  t h e  bulk  d e n s i t y  of t h e  s o i l ,  and mean worm weight 

,. i s  p o s i t i v e l y  c o r r e l a t e d  wi th  s o i l  bulk d e n s i t y .  Because t h e  

number of mo ldh i l l s  i s  p o s i t i v e l y  c o r r e l a t e d  wi th  mean w o n  

weight ,  t h e  r e l a t i o n s h i p  of  s o i l  bulk d e n s i t y  wi th  mole a c t i v i t y  



i s  perhaps no t  due t o  an i n d i r e c t  r e l a t i o n  through earthworms. 

The c o r m r e l a t i o n  ana lyses t  aga in  produced d i f f a r e n t  r e s u l t s  

when t h e  d a t a  rr subdivided i n t o  t h e  two ;rows o f  t h o  f i v e  

f i e l d s  used i n  t h e  mineral  ana lyses  and t h e  remaining f i v e  

f i e l d s .  In  t h e  f o r u e r  mean worr weight was s i g n i f i c a n t l y  

p o s i t i v e l y  c o r r e l a t e d  wi th  t h e  bulk d e n s i t y  o f  t h e  s o i l  and 

n e g a t i v e l y  wi th  a i r  space a t  10 c r ;  t 6 t a l  worm weight was s i g -  

n i f i c a n t l y  p o s i t i v e l y  c o r r e l a t e 3  wi th  t h e  s o i l  bulk  dens i ty -  

20 c r .  In t h e  f i v e  f i e l d s  no t  used i n  t h e  minera l  ana lyses  

t h e  number o f  worm was s i g n i f i c a n t l y  p o s i t i v e l y  c o r r e l a t e d  

wi th  a i r  space a n d m e g a t i v ~ l y  wi th  water  c o n t e n t .  Tota  
l' weight was n e g F v e l y  c o r r e l a t e d  wi th  water  con ten t .  

I 

Mole a c t i v i t y  was n o t  c o r r e l a t e d  wi th  e i t h e r  t h e  o rgan ic  

matter o f  t h e  s o i l  o r  t h e  t o t a l  n i t r o g e n  c o n t e n t ,  a s  were r e a n  

and t o t a l  weights o f  e a 6 m  (Table 8 ) .  It would be expected 

t h a t  earthworms weights would be p o s i t i v e l y  c o r r e l a t e d  wi th  

t h e s e  c h a r a c t e r s  i n s t e a d o f  n e g a t i v e l y ,  bu t  t h e  p o s i t i v e  r e l a -  

t i o n s h i p  i s  n o t  precluded by t h e s e  r e s u l t s  s i n c e  t h e  o rgan ic  

ra t te r  and n i t r o g e n  above groupd, a v a i l a b l e  a s  a  food S o u r c e  

f o r  t h e  earthworms, was n o t  measured. 

Earthworm numbers s i g n i f i c p t l y  c o r r e l a t e d  wi th  s o i l  ., 
pH, phosphorus , and t o t a l  n i t r o g e n ,  and earthworm weights  were 

a t e d  wi th  t h o s e  f a c t o r s  and @ o i l  s a l t s ,  pH, and n i t r a t e  
, 

&' 
* 

(Table 1 4 ) .  A l l  t h e s e  f a c t o r s  r e l a t e  t o  t h e  food 

supply and pH of  t h e  e n v i r o n m n t  of t h e  earthworms, a11 o f  
4 

which a f f e c t  t h e i r  popula t ion  nurbors  m d  weights'(Edwards and 



Lof ty  1972).  

D. M u l t i p l e  r e g r e s s i o n  a n a l y s i s  

The t o t a l  R-square v a l u e s  f o r  t h e  m u l t i p l e  r e g r e s s i o n  

a n a l y s e s  were low. The h i g h e s t  v a l u e  f o r  t h i s -  r e g r e s s i o n  a n a l y s i s  

was f o r  t h e  combined m i n e r a l  f i e l d s  when t h e  p l o t s  c o n t a i n i n g  no 

m o l e h i l l s  were o m i t t e d .  I t  i s  h a r d  t o  s a y  whether  t h e  65.4t  o f  . 

t h e  v a r i a n c e  ( R ~  T o t a l )  accounted  f o r  i n  t h i s  a n a l y s i s  was due 

t o  good p r e d i c t o r  c h a r a c t e r s ,  o r  because  t h e r e  were 2 1  c h a r a c t e r s  
2  and on ly  34 p l o t s  ( R  a d j u s t e d  = 8 t ) .  When t h e  sample i s  i n -  C 

c r e a s e d  t o  50 p l o t s  wffh t h e  same number o f  c h a r a c t e r s  o n l y  50.7% 
--7 

o f  t h e  v a r i a n c e  i s  accoun ted  f o r .  T h i s  i n u e ; j r r e l a t i o n s h i p  

does n o t  o c c u r  when o n l y  t h e  p h y s i c a l  s o i l  a#d earthworm paramete r s  

a r e  c o n s i d e r e d .  I t  i s  t r u e  t h a t  on ly  34.75 o f  t h e  v a r i a n c e  i s  

accounted  f o r  when a l l  100 p l o t s  a r e  c o n s i d e r e d  b u t  when t h e  

sample i s  reduced t o  76 p l o t s  t h e r e  i ess v a r i a n c e  accoun ted  r" 
f o r  (24 .65) .  Again,  t h e  bu lk  d e n s i t $  o f  t h e  s o i l  and worm 

'! 
weight  pa ramete r s  were o f  impor tance ,  be ing  t h e  f i r s t  3  c h a r -  

< a c t e r s  t o  e n t e r  i n  t h e  forward  s t e p w i s e  r e g r e s s i o n  and a c c o u n t -  

ing  f o r  most o f  t h e  v a r i a b i l i t y  e x p l a i n e d  by t h e  r e g r e s s i o n  
r-' 

e q u a t i o n .  When t h e  m i q e r a l s  were i n c l u d e d ,  pH was a g a i n  o f  

pr imary  impor tance;  magnesium was secondary ,  pe rhaps  because  it 
/' 

has  a  s t r o n g  r e l a t i o n s h i p  w i t h  s o i l  bu lk  d e n s i t y  (Buckran and 

Brady 1967). 
2 The low R t o t a l s  s t r o n g l y  i n d i c a t e  t h a t  t h e  v a r i a b i l i t y  

I 



i n  m o l e h i l l s  i s  n o t  being t o t a l l y  expla ined  by t h e  v a r i a b l e s  

considered.  They a r e  a  good i n d i c a t i o n  t h a t  some parameter is  

miss ing.  This parameter o r  p a r a m e t e h  could be  any of t h o s e  

n o t  s t u d i e d  which were A n t i o n e d  i n  t h e  preamble, o r  i t  could 
- * 

be a  s y p e r g i s t i c  e f f e c t  of  t h e  parameters cons idered .  Which- 

e v e r  t h e  c a s e ,  a  r eg re s s ion  equa t ion  cannot be formulated which 

could s u c c e s s f u l l y  p r e d i c t  even the . .major i ty  o f  t h e  number of 

mo leh i l l s  pushed up i n  a  p l o t .  
I 

'd 

E . P r i n c i p a l  component a n a l y s i s  

The r e s u l t s  of t h e  p r i n c i p a l  component a n a l y s i s  (Table 16)  

1 
agree  wi th  those  of m u l t i p l e  r eg re s s ion .  The f a c t  t h a t  t h e r e  

i s  a  number of m o l e h i l l s  component ( t h e  number of  m o l e h i l l s  

weighted heav i ly  on one component only)  i s  encouraging.  How- 

e v e r ,  it i s  t h e  f o u r t h  component, which e x p l a i n s  l i t t l e ' o f  t h e  

v a r i a b i l i t y  ( 8 %  i n  t h i s , c a s e )  of  t h e  d a t a  s e t  a s  a  whole. The 

may be t o o  g r e a t  t o  i n f e r  

causa l  r e l a t i o n s h i p s  be t rben  them and t h e  n w b e r  o f  m o l e h i l l s .  
* 

Furthermore, t h e  c h a r a c t e r s  which heav i ly  weight ( c o r r e -  

l a t a d  Eigh ly  wi th  t h e  component) t h e  mo leh i l l  component a l s o  

heav i ly  weight t h e  o t h e r  components. This i ~ p l i a s  t h a t  t h e r e  

i s  no d i r e c t  r e l a t i o n s h i p  between any one of t h e  c h a r a c t e r s  

and t h e  n w b e r  o f  m o l e h i l l s .  . What t h e  a n a l y s i s  does i n d i c a t e ,  

however, i s  t h a t  t h e r e  i s  probably s o r e  c h a r a c t e r  i n f luenc ing  

no t  only  t h e  n m b e r  of mol+ehills, bu t  a l s o  t h e  o t h e r  c h a r a c t e r s  
% 



. which loaded  h e a v i l y  on t h a t  component. T h i s  would favour  t h e  

i n t e r p r e t a t i o n  t h a t  it is something i n  t h e  envi ronment  and n o t  
$ 

i n  t h e  b io logy  o f  t h e  mole which i s  a f f e c t i n g  t h e  number o f  mole- 

h i l l s .  This  effoat i n  t h e  environment  c o u l d  b e  a s y n e r g i s t i c  

f a c t o r  (which would b e  d i f f i c u l t  t o  measure o r  compute) ,  o r  some 

f a c t o r  n o t  measured. k 

F.  P o s s i b l e  s o u r c e s  o f  e r r o r  

I t  i s  p o s s i b l e  t h a t  i n  s u i t a b l e  h a b i t a t s . ,  t e r r i t o r y  s i z e s  

can be reduced and t h a t  t h e r e  would be more moles i n  t h e  1 ha 

a r e a s  used f o r  s t u d y  w i t h i n  a f i e l d .  The most l i k e l y  r e s u l t  of 

high d e n s i t i e s  of  moles,on t h e  nu&er o f  m o l e h i l l s  would', how- 

e v e r ,  be  t o  have m o l e h i l l s  d i s t r i b u t e d  th roughou t  t h e  f i e l d  

r a t h e r  t h a n  i n  o n l y  one p a r t .  Secondly ,  i f  t h e  h a b i t a t  i s  v e r y  

s u i t a b l e  t o  moles ,  t h e r e  may bp --- more rno)ehills produced i f  two 

moles occupy a n  a r e a  u s u a l l y  occupied  s i n g l y .  T h i s  i n c r e a s e  

i n  m o l e h i l l  numbers would,  however, have been coun ted  i n  t h e  

s t u d y  and r e l a t e d  t o  t h e  more s u i t a b l d  h a b i t a t .  I n  o t h e r  words,  

: t h e  r e s u l t s  would be i n  agreement  w i t h  t h e  purpose  o f  t h i s  

s t u d y  i .e .  t o  f i n d  i n  which h a b i t a t s  t h e r e  a r e  more m o l e h i l l s .  

'&he number o f  n o l e s ' i s  i r r e l e v a n t .  - 
Another c o n s i d e r a t i o n  i s  t h a t  t h e  env i ronmenta l  c h a r a c t e r -  

'I 

. i s t i c s  were measured o n l y  once wherdas t h e  m o l e h i l l s  were 
9 .  

a c t u a l l y  pushed up o v e r  *road p e r i o d  o f  time. Because t h e  
/ 

m o l e h i l l s  r e p r e s e n t  s e v e r a l  G n t h s  of  a c t i v i t y  it i s  p o s s i b l e  - 

t h a t  t h e  ' c o n t r o l l i n g '  c o p d i t i o n s  were n o t  measured b u t  r a t h e r  

o c c u r r e d  d u r i n g  a p r e v i o u s  time. In o r d e i  t o  a c c o k d a t e  t h i s  



I,.. 

p o s s i b l e  e r r o r  t o  some d e g r e e  i t  was n e c e s s a r y  t o  sample t h e  

earthworms and s o i l  under  r e l a t i v e l y   constant^-weather c o n d i t i o n s ,  

and t o  sample o v e r  a s  s h o r t  a  'time a s  p o s s i b l e ;  s o  t h a t  a t  l e a s t  

t h e  r e l a t i v e  h a b i t a t  d i f f e r e n c e s  between q u a d r a t s  c o u l d  be 

measured.. Th i s  was done i n  t h e  s t u d y .  I n  t h e  a n a l y s i s  it i s  
1 

a l s o  i m p o t t a n t  t o  look f o r  r e l a t i v e  r e l a t i o n s h i p s  between 

h a b i t a t s  and r e l a t e  t h e s e  t o  m o l e h i l l  numbers,  which was a l s o  - 
done. . 

4 

I t  may n o t  b e  s u f f i c i e n t ,  however, t o  s imply  look a t  r e l a -  

t i v e  r e l a t i o n s h i p s  i . e .  i n c r e a s i n g  o r  d e c r e a s i n g  numbers o f  r' 
h i l l s  and i n c r e a s i n g  o r  d e c r e a s i n g  v a l u e s  f o r  . t h e  p a r a m e t e r s  

c o n s i d e r e d .  The a b s o l u t e  v a l u e s  o f  t h e  pa ramete r s  may inheed  

be l i m i t i n g  o r  enhancing a t  c e r t a i n  times. Th i s  p o s s i b i l i t y  
7 

w i l l  b e  c o n s i d e r e d  i n  t h e  n e x t  c h a p t e r  where s e a s o n a l  v a r i a -  

t i o n  i n  t h e  r e l a t i o n s h i p  between m o l e h i l l s  and s e v e r a l  p a r a -  

meters w i l l  be  c o n s i d e r e d .  

F i n a l l y ,  t h e  inadequac ies  of t h i s  s o r t  o f  s t u d y  acknow- * 

l e d g e d -  i n  t h e  i n t r o d u c t i o n  must a l s o  be recogn ized .  The 

number o f  m o l e h i l l s  c o u l d  v a q  accord ing  t o  t h e  s e x  a n d / o r  age 
J-' 

o f  t h e  i % d i v i u a l s ,  and a c c o r d i n g  t o  whether  o r  n o t  t h e  terri? 
i .. 

t o r y  h a s  r e c e n t l y  been occupied .  These f a c t o r s  c o u l d  add - 

v a r i a b i l i t y ' t o  t h e  number o f  m o l e h i l l s  i n  t h e  s t u d y  p l o t s  and 
/ 

it  i s  v a r i a b i l i t y  which canno t  be accounted  f o r  by t h e  p a r a -  

meters c o n s i d e r e d .  Also ,  t h e r e  were c e r t a i n  env i ronmenta l  

c h a r a c t e r i s t i c s  which were n o t  measured such a s  t h e  c o v e r i n g  

v e g e t a t i o n ,  d r a i n a g e  p a t t e r n s  of  t h e  s o i l ,  e t c . ,  s imply  be -  
0 

I 



cause  t h e  t a s k  was t o o  g r e a t  f o r  ; s i n g l e  r e s e a r c h e r .    here 
c h a r a c t e r i s t i c s  c o u l d  a g a i n  add t o  e unexp la ined  v a r i a b i l i t y .  , /" 
Conclus ion  / 

i 

The number o f  m o l e h i l l s  h e s e n t  i n  a s t u d y  p l o t  i s  p o s i -  
-. J 

t i v e l y  r d l a t i d  t o  worm w e i g K s o i l  w a t e r  c o n t e n t ,  s o i l  n o i s -  

t u r e ,  and pH, and n e g a t i v e l h  t o  t h e  bu lk  d e n s i t y  o f  t h e  s o i l .  

The amount o f ' w a t e r  i n  t h e  s il and pH w e r e  c l o s e l y  r e l a t e d  w i t h  ! 
worm weight  and i t  i s  ppss ibCe t h a t  t h e  former  two a r e  r e l a t e 2  

t o  t h e  number o f  t n o l e h i l l s  o n l y  through t h e  l a t t e r .  I f  such a  . - - -. 
r e l a t i o n s h i p  h o l d s ,  then  t h e  main f a c t o r s  i n f l u e n c i n g  t h e  . --- 

digg ing  a c t i v i t y  o f  moles a r e  t h e  weight  o f  worms and t h e  bu lk  - 

d e n s i t y  o f  t h e  s o i l .  



k 
G 

Chapte r  3 Seasona l  v a r i a t i o n  i n  t i o n s h i p  o f  t h e  ' j 

number o f  m o l e h i l l s  and %he p h y s i c a 1 , c h a r a c t e r i s -  

5 p h y s i c a l  and b i o t i c  c h a r a c t e r s  of  t h e  s o i l  i n  such a r e a s  va ry  

s e a s o n a l l y .  M o l e h i l l s  and s o i l  c h a r a c p e r s  were measured 

n - -  d i f f e r e n t  times o f  t h e  y e a r  t o  de termine  t h e  d e g r e e  o f  v  

b i l i t y  i n  e a c h ,  and t h e i r  r e l a t i ~ n s h i p  w i t h  each  o t h e r .  Moles 

d i s p e r s e  d u r i n g  t h e  'summer and sometimes a s  l a t e  a s  f a l l  and 

w i n t e r .  The env i ronmenta l  c h a r a c t e r i s t i c s  a t -  t h e s e  times cou ld  

be  expec ted  t o  he of  e s p e c i a l  importance i n  d e t e r m i n i n g  where a  , 

mole w i l l  choose t o  s e t t l e  and e s t a b 1 i s h . a  t e r r i t o r y .  I t  was 

t h e r e f o r e  n e c e s s a r y  t o  see i f  t h e ' y a t t e r n s  o f  mole a c t i v i t y  

w i t h i n  a  f i e l d  changed s e a s o n a l l y .  By f b l l o w i n g  such p a t t e r n s  

i t  would be p o s s i b l e  t o  d e t e  i f  t h e  a r e a s  unoccupied i n  

t i c s  o f  t h e  s o i l  
1 

, i 

Both t h e  number o f  m o l e h i l l s  i n  a  p a r t i c u l a r  a r e a  and t h e  - j 
/' i 

/ 

" < 

f 
- 

'3 

sarsmer remained unoccupied a f t e r  d i s p e r s a l  (young moles l e a v e  a 
3 

t h e  t e r r i t o r i e s  of  t h e i r  mothers  a f t e r  May ( G l e n a n n i n g  1 9 5 9 ) ) .  
i' < 

I f  t h e  a r e a s  unoccupied d u r i n g  'summer were s u i t a b l e  t h e y  c o u l d '  , 4 I 
b e  exppc ted  t o  b e  occupied.. d i s p e r s i n g  young moles.  S.. . -  

\ Methods * i 

The s t u d y  a r e a s  were t h e  same a s  t h o s e  used  t h e  p i e v i a u s '  
T 

5-r (1976) (Chap te r  2 )  . They were 1. ha p l o t s  w i t h i n  t h e  
\ 

Keur, L a i t y  and Robertson f i e l d s .  These t h r e e - f i e l d s  were 1 - 1 
chosen f o r  s t u d y ' b e c a w e  t h e y  had. d i i c r e t e  g r a d i e n t s  o f  mole 



-\ a c t i v i t y  and t h e y  had e q t y  a r e a s  t h a t  ( c o u l d  b e  occup ied  by 

d i s p e r s i n g  young. 

The p e t t e r n s  of  mole a c t i v i t y  had been e s t a b l i s h e d  i n  t h e  
.' 

summer samples JChap te r  2 ) .  The r e l a t i o n s h i p  o f  mle a t t i v i t y  
\ 

w i t h  t h e  environment  d u r i n g  t h e  summer was c a l c u l a t e d  on t h e  

b a s i s  o f  t h o s e  samples.  Any e f f e c t s  t h a t  t h e  changing e n v i r -  

onment may have had on t h e  p a t t e r n s  of  a c t i v i t y ,  o r  on t h e  

r e l a t i o n s h i p  o f  t h e  a c t i v i t y  t o  t h e  envi ronment ,  were s t u d i e d  

by sampling t h e  same s t u d y . a r p s  i n  September 1976 (autumn),  

t h e  number b f  new m o l e h i l l s  p e r  10 x  1 0  m p l o t  (100 p l o t s  p e r  
\ /- 

f i e l d )  was coun ted .  , 1 0  p l o t s  were chosen i n  a  l i n e  t o  1 
I 

run  t h r o u g h  a r e a s  o f  Iiihk mole a c t i v i t y  i n t o  a r e a s  o f  low mole 
J 

\ a c t i v i t y .  S o i l  samples w&e c o l l e c t e d  a s  i n  t h e  suner  o f  

1976: Earthworms were a l s o  sampled i n  September 1976 b u t  no 

samples were c o l l e c t e d  a f t e r w a r d s  t o  p r e v e n t  damaging t h e  

, .es;thwo?m p o p u l a t i o n s  w i t h  l a r g e  amounts o f  f o r m a l i n .  New - . l i n e  t r a n s e c t s  were c h o w n  f o r  each  season  i f  t h e  p l o t s  w i t h  -4 
-4 
a 

t h e  h i g h e s t  numbers o f  m o l e h i l l s  were n o t  i n  t h e  same p o s i t i o n s  * 1 
< 

a s  t h e  p r e v i o u s  c o u n t s .  ! 
: 

The p a t t e r n s  o f  r o l e  a c t i v i t y  o f  t h e  t h r e e  f i e l d s  d u r i n g  

t h e  f o u r  seasons  were p l o t t e d  and examined f o r  any changes .  

The s o i l  and earthworm samples f o r  t h e  t h r e e  f ~ * l d s  were pooled., .- 

s o l e l y  t o  i n c r e a s e  t h e  sample size from 10 t o  30 ,  and exa?ined 

f o r  changes i n  t h e i r  c o r r e l a t i o n s  w i t h  t h e  number of  m o l e h i l l s  . 
o v e r  t h e  s e a s o n s .  



R e s u l t s  -\ 

The numbers o f  m o l e h i l l s  i n  e a c h  o f  t h e  s t u d y  p l o t s  f o r  

t h e  Keur,  L a i t y ,  and Robe r t son  f i e l d s  f o r  summer, autumn,  

w i n t e r ,  and  s p r i n g  a r e  p r e s e n t e d  i n   endice ices 29-37 and  a r e  

summarized i n  T a b l e 8 1 7 .  The d i s t r i b u t i o n s  o f  h i l l s ,  i n  t h e  
/ / 

t h r e e  f i e l d s  o v e r  t h e  f o u r  s e a s o n s  a r e  p r e s e n t e d  i n  F i g u r e  3 .  

I n  t h e  Keur f i e l d  t h e r e  was o n l y  one  c e n t e r  o f  a c t i v i t y  

( s h a d e d  p l o t s )  i n  summer, b u t  a second  became e s t a b l i s h e d  i n  

autumn and expanded  i n  w i n t e r  and s n r i n g .  Al though t h i s  new 

1 c e n t e r  o f  a c t i v i t y  was q u i t e  l a r g e ,  i t  d i d  n o t  expand  i n t o  

t h e  o r i g i n a l  c e n t e r  o f  a c t i v i t y  i n  t h e  f i e l d  a s  c a n  be  s e e n  

from t h e  d iagram f o r  s p r i n g ;  an  a r e a  o f  l i g h t  a c t i v i t y  remained  

between t h e  two t e r r i t o r i e s .  T h e r e  was some l i g h t  a c t i v i t y  i n  , '  

C 

t h e  r ema in ing  h a l f  o f  t h e  f i e l d  *in ;utumn a n d  w i n t e r  which 

.' g r e a t l y  d e c r e a s e d  by s p r i n g .  
/ 

b 
1 

A t r e n d  t o  more a c t i v i t y  c o v e r i n g  a l a r g e r  . p a r t  o f  t h e  

f i e l d  i n  w i n t e r  o r  s p r i n g  t h a n  i n  summer and f a l l  was a l s o  

a p p a r e n t  i n  t h e  L a i t y  f i e l d .  A c t i v i t y  was a g a i n  c o m p a r a t i v e l y  , 

heavy i n  w i n t e r .  A c t i v i t y  was more d i f f u s e  i n  t h i s  f i e l d .  t h a n  

i n  t h e  Keur f i e l d .  I t  a p p e a r s  t h a t  t h e r e  were c e n t e r s  o f  , a c t i -  
' , 

v i t y  i n  two c o m e r s ;  i n  one of  t h o s e  c o r n e r s  t h e  a c t i v i - t y  
< 

e x t e n d e d  towards  t h e  midd le  o f  t h e  f i e l d .  I n  autumn a n d  win. tpr  
< 

t h e s e  two c e n t e r s  expanded and  a t h i r d  t owards  a n o t h e r  cc rmer  

- d e v e l o p e d .  I n  s p r i n g  o n l y  one  o f  t h e  c e n t e r s  remained  v e r y  
1 

a c t i v e .  

I n  t h e  Robe r t son  f i e l d  t h e r e  were c e n t e r s  o f  a c t i v i t y  i n  
"- 

, \ 

e a c h  ' c o m e r .  The:mole from t h e  c o m e r  i n  t h e  u p p e r  l e f t  was 



Table 17; .  The numbers ~f m o l e h i l l s  i n  t h e  Keur, La i ty ,  and 

Robertson f i e l d s  i n  summer, autumn, winter ,  and spr ing .  

Surrer Autumn Winter Spring 

Keur 34 355 652 666 

Laity 358 533 1228 537 

Robertson 712 334 396 257 

Total  1415 , 1222 2276 1460 



LEAF 6 4  OMITTED I N  P A G E  , W M B E R I N G  



The d i s t r i b u t i o n  o f  m o l e h i l l s  i n  t h e  r ,   aim 
and Rober t son  f i e l d s  d u r i n g  w i n t e r  

and s p r i n g .  Each d iagram r e p r e s b n t s  t h e  s t u d y  a r e a ,  

F i g u r e  3 .  

e a c h  s q u a r e  a  s t u d y  p l o t  (10x10 m ) .  Blank s q u a r e s ,  
. . 

c o n t a i n e d  no  m o l e h i l l s ,  h a t c h e d . s q u a r e s  1 - 1 0  h i l l s ,  

and s o l i d  s q u a r e s  11 o r  more h i l l s .  p e  l o c a t i o n s  

of  t h e  l i n e  t r a n s e c t s  u sed  t o  sample s o i l  a r e  i n d i -  
- ,-- 

I a 

c a t e d  by a r r o w s .  





1 b 

removed by myself a t  t h e  time of t h e  counts  i n  suner .  The 

mole from t h e  upper t i g h t  appeared ;o move i n t o  t h e  vaca ted  

a r e a ,  was a c t i v e  i n  both  i t s  o r i g i n a l  t e r r i t o r y  and t h e  v a t a t e d  

arbs i n  w i n t e r ,  and appeared t o  r e t u r n  t o  i t s  o r i g i n a l  t e r r i -  

t o r y  i n  sp r ing .  The a c t i v i t y  of t h e  o t h e r  two c e n t e r s  appear-  

ed t o  decrease  from summer t h r o u g h - t o  s p r i n k  

There were s i g n i f i c a n t  nega t ive  c o r r e l a t i o n s  between t h e  

number of  mo leh i l l s  and t h e  bulk ddns i ty  o f  t h e  s o i l  i n  

summer, autumn, and sp r ing  (Table 1 8 ) ,  bu t  no t  i n  w i n t e r .  The 

number o f  m o l e h i l l s  was *also s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  
t 

s o i l  a i r  space a t  20 c a  i n  s p r i n g .  '"gain, t h e r e  were a l s o  no 

s i g n i f i c b n t  rank c o r r e l a t i o n s  i n  win te r  (Table 1 9 ) .  Thd bulk I 
7 

\ * 
d e n s i t y  of  t h e  s o i l  and s o i l  mois ture  .were s i g n i f i c a n t l y  c o r r e -  . 

r 

l a t e d  wi th  t h e  number of  m o l e h i l l s  f o r  t h e  remaining t h r e e  
w 9 

seasons .  S o i l  a i r  space a t  20 cm was s i g n i f i c a n t l y  c o r r e l a t e d  

wi th  t h e  number of moleh-ills i n  summer and s p r i n g .  ; 
7) 

t 

* t 

Discussion 
b 

, 

The changer i n  t h e  d i s t r i b u t i o n  and numbers o f  t h e  mole- : 
B g 

h i l l s  over  t h e  fou r  seasons  a r e  i n  agreement wi th  Glendenning's 

(1959)  o b s e r v a t i o n . t h a t  t h e  c o a s t  mole i s  more a c t i v e  i n  min te r  
* 

than  a t  o t h e r  times of  t h e  yea r .  The a c t i v i t y  of  t h e  r o l e s  was, 

heavy i n  a u t u m  bu t  t h i s  r a y  have occurred because most of t h e  

h i l l s  had been pushed up wi th in  2 weeks of  t h e  count.  The 

a c t i v i t y  of t h e   mole^ was beginning t o  i n c r e a s e  r a p i d l y  a t  

t h i s  t i re  and t h e  autumn counts  inc lude  t h e  beginning o f  t h i s  

- 



Table  18. C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  o b t a i n e d  between t h e  

v a r i o u s  s o i l  and worm paramete r s  and t h e  number o f  m o l e h i l l s  
r- 

f o r  t h e  Keur, ~ a i t ~ ,  and Robertson f i e l d s  ( t o t i 1  o i  30 huad-' 

r a t s )  i n  summer, autumn, w i n t e r ,  and s p r i n g .  
L 

/ - 
Chargc te r  Summer Autumn Winter  Sp r ing  

t o t a l  worn weight  -0.04 

s o i l  mo i s tu r e  10 cn  0.17 

s o i l  mois tu re  20 cn  0.20 
t 

bulk  , d e n s i t y  10 cm -0 .43 

bu lk  d e n s i t y  20 c m  -0.28 
-s 

wate r  co  n t  10 cm 
3 1  

0.12 

wate r  c o n t e n t  20 cm 0.00 

a i r  space  10 cm 0.04 
4 -  . 

a i r  s p a ; - a  cm 0.13 



. f 

Table  19. Rank c o r r e l a t i o n s  ( p r o b a b i l i t i e s  o f  s i g n i f i c a n c e )  - 
o b t a i n e d  i n  comparisons between t h e  v a r i o u s  s o i l  and earthworm 

c h a r a c t e r s  w i t h  t h e  number of m o l e h i l l s  f o r  t h e  Keur, L a i t y ,  

and Robertson f i e l d s  ( t d t a l  o f  ,30 q u a d r a t s )  i n  summer, autumn, 

w i n t a r ,  and s p r i n g .  

Cha rac t e r  Summer Autumn Winter  Sp r ing  

number o f  worms 0.47 0.50 1 
f 

mean worm weight  . 0.. $8 0.29 

t o t a l  worm weight  .' 0.43 0.40 
**  * 

s o i l  mois tu re  10 cm 0.07 0.01 0.27 0.05 

o .64* s o i l  mois tu re  20 cm 0,. 0 2 0.35 0 .O-6 
fi ** * **  

bulk  d e n s i t y  10 cm 0.002 0.02 0.27 6.01 

yi 
* **  **  

bulk d e n s i t y  20 cm 0.02 0.01 0.48 0.01 

water  congent  10 cy 0.38 0.06 0.23 0.19 
C b  

0.26 0.26 0.33 0.39 water  con t en t  20 c a  

a i r  space  10 cm 0.23 ' 0.46 ' 0.43 0.06 
* * *  

a i r  space  20 c r  0.05 0.25 0.34 0.01 



'Y. 

i n c r e a s e .  

The a c t i v i t y  o f  moles seemed t o  s p r e a d  i n t o  more p l o t s  

i n  autumn and w i n t e r ,  and recede  from them i n  summer a n  s p r i n g .  4, 
T h i s ,  combined w i t h  t h e k a c k  of  any s i g n i f i c a n t  c o r r e l a t i o n s  o f  

t h e  number o f  m o l e h i l l s  w i t h  s o i l  ~ o i s t u r e  and e s p e c i a l l y  t h e  

bulk  d e n s i t y  o f  t h e  
< ? O i l  

, would i n d i c v e  t h a t  t h e - e n v i r o n m e n t  

i s  n o t  l i m i t i n g  m o l e '  a c t i v i t y  a t  t h i s  : t ime.  The b u l k  ' 

t h e  s o i l  does n o t  change b u t  t h e  s o i l  m o i s t u r e  does .  

c r e a s e d  a c t i v i t y  may be  due t o  more w a t e r  i n  t h e  s o i l  making i t  

e a s i e r  t o  d i g  i n ,  a l l o w i n g  t h e  moles t o  become more a c t j r e .  

A l t e r n a t i v e l y ,  t h e  a c t i v i t y  o f  earthworms i s  a l s o  e x p e c t e d  t o  

i n c r e a s e  i n  autumn and w i n t e r  (optimum t e m p e r a t u r e  f o r  a c t i v i t y  

i n  Lumbricus i s  abou t  1 0 . ~ ~ ~  ( S a t c h e l 1  1 9 5 5 ) ) ,  and t h e  i n c r e a s e  

i n  t h e  d i g g i n g  a c t i v i t y  o f  moles cou ld  s imply  r e f l e c t  the-- 

i n c r e a s e d  a c t i v i t y  of worms. I f  worms a r e  more a c t i v e ,  i t  

would be e x p e c t e d  t h a t  t h e y  would be more l i k e l y  t o  e n t e r  mole 
L 

t u n n e l s  and t h u  i n c r e a s e  t h e  mole ' s  food s$ly and hence i n -  4 
c r e a s e  t h e  number o f  m o l e h i l l s  pushed up (Chap te r  2 ) .  

The, s i g n i f i ; a n c e  of  s o i l  a i r  space  i n  summer and s p r i n g  

c o u l d  be r e l a t e d  t o  o t h e r  p h y s i c a l  s o i l  pa ramete r s .  S o i l  a i r  

s p a c e  i s  a  c o v a r i a b l e  o f  s o i l  bu lk  densif41, and i s  i n d i r e c t l y  

r e l a t e d  t o  s o i l  m o i s t u r e  through 3 1  {ter c o n t e n t .  

The l a c k  o f  s i g n i f i c a n t  c o r r e l a t i o  s Wetween t h e  number 
\ 4 w 

o f  m o l e h i l l s  and t h e  p h y s i c a l  s o i l  c h a r a c t e r i s t i c s  i n  w i n t e r ,  

i n s t e a d  o f  i n d i c a t i n g  t h a t  t h e s e  c h a r a c t e r i s t i c s  a r e  n o t  

l i m i t i n g  t o  mole a c t i v i t y  a t  t h i s  time, may s imply  be a n  a r t e -  

L a i t .  There ii always s o i e  d e s t r u c t i o *  o f  t h e  - m o l e h i l l s  by 



livestock and this an error inhere& in this sort of study.. 
\ 

In winter, however, he destruction.is somewhat heavier due to . 9 
overgiaring and conditions created by the heavy rains. - 

2 

These two a potentially severe bias ia the a 

molehill counts and they may possibly have resulted in inaccuracies 
i - 

in uinte; such that no significant correlations between the 

number of molehills and the physical soil characteristics were 

obtained. It can be assumed that the rate of destruction of . . 

molehills may have increased but the relative numbers of hills . 

would not be expected to change; there should, thersfore, -have 

been some significant rank correlations for winter. This would 

imply that noles are indeed not limited by the physical soil 

characteristics in win.ter. However, the nature of the counting 

bias is unknown so no conclusion about the bias can be drawn. 
4 

Conclusions 

There is saasonal variation in the distribution of the 

number of molehills. Moles were active throughout a 

part of the study areas in autumn and may have 

occurred because of an error in of molehills, 

but may instead indicate tha.t the bulk density of the so.il does 

not limit mole activity at this time. ,There were, however, 
\ 

..' 

parts of the fields in which moles were never active. , 

\ 



Chapter 4 A test o f  t h e  p o s s i b l e  e f f e c t ' o f  n i t r o g e n  f e r t i -  

l izer  on m o l e h i l l  numbers 

Ennik (1967) suggested t h a t  n i t r o g e n  f i r t i l i z e r  reduced 

t h e  'digging a c t i v i t y  of t h e  European mole. H i s  experiment 

c o n s i s t e d  of  applying ammonium n i t r a t e  and l imes tone ,  e i t h e r  

a t  a  l e v e l  of  70 kg N/ha o r  140'kg N/ha, on p & o t s  which were 

e i t h e r ,  c u t ,  r o t a t i o n a l l y  grazed by c a t t l e  o r  h e a v i l y  grazed.  

' Hei had twod r e p l i c a t e s  f o r  each conditi .on and- a p p l i c a t i o n  and 

c o n t r o l .  He appzied t h e  y e a r l y  amount d f  f e r t i l i z e r  i n  two 
./\ 

. a p p l i c a t f d n s  ( s p r i n g  and s y u e r ) ;  and counted t h e  number of  L 

b 

moleh i l l s  i n  each p l o t  each yea r  f o r  4 y e a r s .  ~ o n t i n u o u s l ~  

grazed  p l o t s  only  rece ived  70 kg N/ha; two p l o t s  r ece ived  a  t o p  

d re s s ing  of dung a f t e r  g r a z i n g ,  t h e  o t h e r  two d i d  no t .  Moles 

were t rapped o r  k i l l e d  each yea r  dur ing  ' t h e  exper iments .  He' 

found t h a t  t h e  number o f  mo leh i l l s  decreased i n  t h e  sequence.; 

c u t  p l o t s ,  con t inuous ly  grazed ,  r o t a t i o n a l l y  grazed with  high 

d t r o g e n  a p p l i c a t i o n ,  and r a t a t i o n a l l y  grazed w i t h  , low ~ n i t r o -  

gen a p p l i c a t i o n .  Ennik c a l c u l a t e d  \he mian Limber of  .olehil ls ,  

o f  t h e  4 yea r s  f o r  each . condi t idn  ahd d-id a  range fest  on t h e s e  
I 

r o u i  means ( c u t  p l o t s  weti no t  Cons idered) .  H e  found t h a t  t h e r e  

was a s i g n i f i c a n t  (p .05) d i f f e r e n c e  between t h e  t o n t i n u o u s l y  4 - 

grazed  p l o t s  (with o r  wi thout  t op  d re s s ing )  and t h e - r a t a t i o n a l l y  
- 

' g r azed  p l o t s  w i t h  140 kg N/ha. Them wai no s i g n i f i c a n t ,  d i f f -  

, erence  between t h e  cont inuous ly  g t azed  ' p l o t s  - and t h e  r o t a t i o n - ,  
. @ 

y l l y  .grazqd p lo t s .  wi th '  70 kg $/ha. 
/ 
/ Ennik a t tempted  t o  determifie the e f f e c t  of  t h e  f e r t i l i z e r  



on moles by looking a t  - i t s  e f f e c t  on 'earthworms , t h e  *ocla9s . 

main source  o f  food-. The worms i n  h i s  p lo t s '  were m a i n l y ,  

A .  ch lo ro t i ca . '  H e  found t h a t  h i s  * r i a t i o n  i n  y r t h w o m  .? - 
and weights was g r e a t e r  w i t h i n  a p l o t  t han  

77 
3 

could n o t  test  . f o r  i n y  s ign i ' f i can t  f e r t i l i z e r  d f h c t .  

Ennik ooncluded t h a t '  w i th in  ' c u t  p l o t s  mole a c t i v i t y  w a s  n o t  . . 

a f f e c t e d  by the  l e v e l  of  n i t r d g a n  appl ica ' t i an ,  v and w i t h i n  t h e  
rn 

cont inuously  grazed p l o t s  such a c t i v i t y  was n o t  a f f e c t e d  by a 
L 1 

top  d re s s ing -o f  dung. H e  d i d  no t  s t a t e  t h a t  n i t r o g e n  f e r t i l i z e r  
b 

reduced the  a c t i v i t y  o f  moles in t h e  r o t a t i o n a l l y  grazed . p l o t s  

bu t  t h e  s t a t i s t i > c a l  a n a l y s i s  he p r e s e n t s  does l e a d  t o  t h i s  con- 

c l u s i o n  H a . e t a i n e d  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  < 
i 

cont inuously  grazed p l o t s  and t h e  r o t a t i o n a l l y  grazed p l o t s  
'r 

w i t h . .  70 kg N/ha, whichximplied t h a t  t h e r e -  was no e f f e c t  of  t h e  

graz ing  schedule on m o l e h i l l  numbers, b u t  d i d  o b t a i d  a  s i g n i f i -  

c a n t  d i f f e r e n c e  bbtwebn r o t a t i o n a l  l y  and cont inimusly  grazed 
( ., p l o t s  wi th  1 4 0  kg N/ha. H e  a l s o  s t a t e s  t h a t  mole a c t i v i t y  i s  

probably r e l a t e d  t o  t h 6  n b b e r  6f +prthworms. However, h e  says  
* 4 t h a t  'Data r ep6 r t ed  i n  .the l i t e r a t u r e  do n o t  suppor t  t h e  suppo- 

- i 
1 - 

s i t i o n  t h a t  t r ea tmen t s  I , with  'low mole . . a c t i v i t y  r a y  have been- 
\ 

unfavourable f o r  w o t .  d e v e l a p ~ n t .  , . ' L 

2, 

I a t tempted $0 test  Ennik's  ' conc ius ion l  ,n 

e. 

f e r t i l i z e r  riduces ? lo  a c t i v i t y  by conducting my om P 

l i r e r  exp&imehts. ~ u r t h e m r e ,  1. was i n t e r i s ' t e d  i n  detdrmin- 



ing  t h e  mechanism by which the. f e r t i l i z e r  could i n f l u e n c e  moles, 

s o  I measured t h e  e f f e c t s  o f  t h e  f e r t i l i z e r  on o t h e r  a s p e x t s  
L 

of; t h e  .mole1 s envirohment such as '  t he .  s o i l  atmosphere. /' 
f l  
/ There were fou r  ways i n  which I be l i eved  n i t r o g e n  f e r t i -  

l i z e r  might e f f e c t  t h e  diggi'ng a , c t i v i t y  o f  moles. Thase a r e :  - 
The f e r t i l i z e r  reduces t h e  ph o f '  s o i l  through t h e  chemical  

r e a c t i o n  : 

, - t h e r e  was a  s i g n i f i c a n t  p o s i t i v e  between t h e  

n m 8 e r . o f  mo leh i l l s  and s o i l  pH 

The O2 con ten t  of  the s o i l  atmosphere is  decreased and 

CO i nc reased  by i n c r e a s e d ' p l a n t  growth and microbia l  
2 
a c t i v i t y .  

- moles may d ig  more h i l l s  t o  a e r a t e  t h e i r  t y e l s .  

By i n c r e a s i n g  p l a n t  g r k t h  and hence c v a p d t r i k s p i r a t i o n ,  

s o i l  mois ture  i s  somewhat decreased and t h e  d j f f u s i o n  o f  
.- , i 

s o i l  gases and t h e  atmosphere t h e r e f o r e  increased .  

- moles may d ig  more h i l l s  i f  they can b rea the  b e t t e r .  
- 

1 f  t h e  f e r t i l i k e r  decreases  s o i l  moistuie through inc reased  
- 

evapo t r ansp i r a t i on  moles may d i g  less i f  t h e  s o i l  i s  dry. 
- - 

- t h e r e  was a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between 
f 

a 

t h e  number o f  m o l e h i l l s  and s o i l  mois ture  (Chapter 2 ) .  

The expex i r en t s  I conducted, t h e r e f o r e ,  were t o  test  t h e  - 
e f f e c t  of n i t r o g e n  f e r t i 2 1 i z e r  OR mie a c t i v i t y ,  and t o  d e t e r -  

mine whether t h i s  e f f  i f  i t  e x i s ' t s ,  is due t o  any of  t h e  J' 

\ *I- 
\ 



above f o u r  r e a s o n s .  

Methods 

A .  The e x p e r i m e n t a l  d e s i g n  
6 

I n d i v i d u a l  mole t e r r i t o r i e s  ( a s  opposed t o  a r b i t r a r y  

a r e a s )  were chosen a s  t h e  b a s i c  u n i t s  f o r  t r e a t m e n t  and c o n t r o l  

u n i t s  t o  p r e v e n t  one  mole from r e c e i v i n g  ' two t r e a t m e n t s .  

F i f t e e n  mole t e r r i t o r i e s  were l o c a t e d  on t h e  L a i t y  f a n  i n  
r 

Naple .Ridge. ( F i g u r e  4 ) .  T e r r i t o r i e s  were l o c a t e d  by look ing  . 
f o r  c e n t e r s  mole a c t i v i t y  which' appeared  t o  form d i s c r e t e  

u n i t s  o f  39 x 40 m i n  a r e a .  Th i s  s ize  i s  r e a s o n a b l e  

c o n s i d e r i n g  t h e  r e s u l t s  o f  t h e  t r a c k i n g  s t u d y  IAppendix 3 1 ) .  . 
a 

The 'shape80f each  r e c t a n g l e  i n c l u d e d  t h e  g r e a t e s t  number of 

h i l l s  i n  each a c t i v i t y  c e n r e r .  
I 

T h i s  t e c h n i q u e  o f  d e l i n e a t i n g  mole t e r r i t o r i e s  proved' 
0 

\ 

s i m p l e .  There were seven t e r r i t o r i e s  t h a t  w e r e . u n d e r  p r e v i o u s  

o b s e r v a t i o n  and t h e i r  l im i t s  .were e a s i l y  r ecogn ized .  For-  t h e '  

remainder  t h e r e  was ssme doubt .  I n  t e r r i t o r i e s  4  a n d  5 t h e r e  
, . 

may have been a  t h i r d  i n d i v i d u a l  i n  t h e  a r e a ;  i n k 4  and 1 5  

t h e r e  r a y  have been a  t h i r d  i n d i v i d u a l ,  and ;  t h e  boundary 

between 9 and 10 was i n d i s t i n c t .  Q n  each o f  t h e  two i n s t a n c e s  
\ 

where t h e r e  may h a e a  t h h d  .o le  t h e  t e r r i t o r i e s  were s o  - -7 
p l o t t e d  t h a t  t h e  t h i r d  mole cou ld  n o t  b e d i g g i n g  w i t h i n  m o r e j  

\ 

t h a n  2 n of  an e x p e r i m e n t a l  t r e a t m e n t .  Nine and i d  r e c e i v e  a' -, 

t h e  same t r e a t m e n t  s o  t h e r e  was no i n t e r F e r e n c e .  . - # 
The number o f  m o l e h i l l s  i n  each t e r r i t o r y  was c o u n t e d  
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- 
u s i n g  t h e  same method as is t h e  h a b i t a t  s e l e c t i o n  s t u d y  (C-hap- 

\ ter  2 ) .  The number o f  m o l e h j l l s  i n i t i a l l y  found i n  e a c h  terr i -  
\ 
t o r y  (6 and 7 ~ ~ r i i )  -? a n d  t h e  c o n d i t i o n  e a c h  w a s ' a s s i g n e d  t o  

4 

a r e  p r e s e n t e d  i n  Tab le  20. A l l  f e r t i l i z e r  u a s  a p p l i e d  u s i n g  a  

r o t a r y  hand s p r e a d e r  a c c o r d i n g  t o  t h e  s c h e d u l e  i n  Tab le  2 1 .  The 

. ammoniacal n i t r o g e n  used on 25 A p r i l  was e x p e c t e d 3 0  lower  s o i l  

pH through b a c t e r i a l  a c t i o n  acc&bing t o  t h e  f o l l o w i n g  chemicql  

r e a c t i o n  : 
Pt ', 

,aqd would t h u s  have t h e  same e f f e c t  a s  t h e  ammonium n i t r a t e  

' used b y  Ennik (1967) .  

B .  Measuring changes i n  m o l e h i l l  nutnbars and t h e  envi tonment  

/ 
The new m o l e h i l l s  i n  each  o f  t h e  15 t e r r i t o r i e s  were 

counted  a t  a b o u t  2-week i n t e r v a l s .  S o i l  and a i r  samples were 

c o l l e c t e d  from 3 t e r r i t o r i e s  on ly  - number 4 ( c o n t r o l ) ,  "number . 
7 (140 k g  N/ha),  and number 10 ( 7 0  kg  ha). Five  s o i l  

samples were c o l l e c t e d ,  from each of  t h e  t h r e e  t e r r i t o r i e s  - 
L'- f o u r  f r o n k 5  m towards t h e  c e n t e r  from each c o m e r ,  and one 

from t h e  c e n t e r  i t s e l f  ., They were co l l ec ted . .when  t h e  mole- 

h i l l s  were coun ted .  The m o i s t u r e  c o n t e n t  o f  t h e  s o i l  was c a l -  
-trr 
1' 

c u l a t e d  a f t e r r t h e  sample was a i r  d r i e d .  The s o i l  was t h e n  

ground w i t h  a  m o r t a r  and p e s t l e  and passed  through a  24 mesh 

s i e v e .  .The pH was determined on a  1 0  +cc  sample o f  t h i s  s o i l  

by adding 1 0  c c  0 . 0 1 ' M  ca lc ium c h l o r i d e  and s t i r r i n g  occa -  

s i o n a l l y  f o r  1 / 2  h r  (McMullan 1972) .  The pH o f  t h e  s o i l  was 

r e a d  from t h i s  t r e a t e d  sample u s i n g  a  F i s h e r  



' Table  20. The 15 t e r r i t o r i e s  used i n  t h e  f a r t i l i ze r  experiment.  
. . 

The number of m o l e h i l l s  found i n  each t e r r i t o r y  on 6 and 7 

. A p r i l ,  18 and 19 days before  f e r t i l i z e r  was a p p l i e d ,  a r e  p r e -  
" 

s e n t e d ,  a s  w e l l  a s  t h e  t r ea tmen t ,  dimensions,  and a r e a  f o r  

each t e r r i t o r y .  

. 2 -  T e r r i t o r y  f m o l e h i l l s  Treatment Dimensions (m)  % Area (a ) 

c o n t r o l  

3  i26 140 kgN/ha 30x45 1,350 , 

4 348 c o n t r o l  30x35 1 , o h ,  

c o n t r o l  35x35 1i225 
C 

140 kgN/ha 30x30; 30x15 

70 kgN/ha * 40x35 
\ 

1 ,'400 

102 c o n t r o l  30x35 
. - 1,050 

99 70 kgN/haM 35x35 1,225 

c o n t r o l  



I 

Table 21. Description of the fertiliqr treatmnts,for th6 10 ' 
'L w 

mole territories (remaining five were controls). 

C 

- 25 April 7Q kg N/ha 140 kg N/ha 
rate + 

, 
41-0-0 (S~ott's) Scott's 41-0-0 . 

formula 30% water soluble insoluble 
composition n3trogen from ureas and 

r potential: acidity 
(1500 lbs .) CaCOJton 

b 3 

1 l b ~ u l Y  . ' . . 
rite 174 kg N/ha 35 Kg N/ba 
formula 54-0- 0 (Green Valley) 41-0-0 
composition - 50% nitrate nitrogen, 50% anonical nitrogen. * 

11 ~k~ , ' 174 kg N/ha 
4 

35 kg N/ha 
rate 16-16-16 (Terico) 16-16-16 
formula + nitrogen as urea, phosphorus as P2 02, pota- 
composition + ssium as K20.- 

\ Q 

Same as annual rate used by Ennik (1967); forr of nitrogen 
used by Ennik (1967) was ammonium nitrate. 

+ Formula and corposifion for phosphorus and potassium are 
s r m  as used by Ennik (see Ennik (1965)) ; enly 4 annual - - 

rate for all minerals was applied on 11 July. 



I 1 
I 
\ 

. . 
AC~UMET Model-420 d i g i t a l  pH/ion meter. . . 

, , 
The n i t r a t e  and ammonia contents  of t h e  ski1 were d e t e r -  . 

' mined f o r  samples i n e d i a t a l y  before and a t  weekly i n t e r v a l s  

a f t e r  t h e  second f e r t i l i z e r  app l i ca t ion .  A Simplex hi1 Test  

K i t ,  Edwards ~ a b & a t o r ~ ,  Norfolk, Ohio, was used t o  detmrmine 

t h e i r  concentrct ioqs i n  ppm. 

? 

C. Sampling the  a i r  wi th in  t h e  s o i l  and mole tunne l s  
e 

%* - 

Ten a i r  sampling s i tes  were es tab l i shed  i n  t h e  runways of 

each of  t h e  t h r e e  t e r r i t o r i e s  .used t o  c o l l e c t  s o i l  samples. , 

Samples were c o l l e c t e d  through Tygon p l a s t i c  tubing 3 mm i n  

diameter with bore of 1 m. The tunnel  underneath a molehi l l  

was loca ted  a n d . ~ n e  end of t h e  tubing was placed ins ide ;  t h e  

hole  was then covered with e a r t h  and packedaleaving about 10 

cm of tubing above ground; t h e  open end of t h e  tubing was 

plugged with a toothpick,  The sample tubbs were placed i n  an 

approximately uniform d i s t r i b u t i o n  throughout each of t h e  t h r e e  

t e r r i t o r i e s .  The average depths of t h e  tubes were: 13.3'cm, 

1 1 . 7  cm, and 1 2 . 2 , ~ ~  f o r  t e r r i t o r i e s  4 ,  7, and 1 0  respect ive ly .  

a A t  about r 1 m i s t ancb  from f i v e  of t h e  sample sites i n  

each of t h e  t h r e e  t e r r i t o r i e s  ur ied  an inver ted  c lay  pot Y 
( 5  c r  bottom d i a  er,  10 cr high), i n  a hole  20 CB deep t o  

sample a i r  i n  the  %. so  Tygon tubin1  led from ;he pit t o  t h e  
B, 

su r face  of t h e  ground: The device f o r  sampling s o i $  a i r  des- 

c r ibed  by Russell  and Appleyard (1915), had been construoted . 

but  was ineffect ive.  i n  t h e  s o i l s  i n  t h e  Lattt)! f i e l d .  Other 



methods o f  sampling s o i l  a i r  r a q u i r e  t h a t  a s o i l  sample be  

removed and the a i r  c o l l e c t e d  by .water displacement .  These 

were n o t  used because they  s e e m d  t o  ihtaroduce a l a r g e  s u p l i p g  

e r r o r  due t o  - t h e  handl ing  of . t h e  . s o i l .  

. . A i r  .apples were c o l l e c t e d  through t h e  t u b i n g  wi th  30 cc . /f . . 
p l a s t i c  d isposa&e s y r i n g e s  t h e  day fo l lowing  t h a  mo leh i l l  - 
counts'. . The too thp ick  was removed f io l  t h e  end of  t h e  t ub ing  / 

'-w 

and t h e  s y r i n g e  need le  (20 ga) i n s e r t e d .  A 20 cc sample o f  

k a i r  wa withdrawn and d i scarded  t o  c l d a r  t h e  tube .  A 5 cc  

sample o f  a i r  was t hen  withdrawn and d i sca rded  t o  c l e a r  t h e  
7- 

needle .  Then, a  30 c c  sample o f  a i r  was withdrawn and later  

used f o r  a n a l y s i s  as t h e  t unne l  o r  s o i l  a i r .  

The a i r  samples were brought back to t h e  l a b o m o r y  and 

t h e i r  carbon d iox ide  and oxygen con ten t s  determined wi th  a .  

S c i e n t i f i c  Research Ins t ruments  Co. Medspect 1 mtedical 'aass m 

spectrometer  t o  an accuracy o f  + 0.1%. A l l .  samples were c o l l e c -  

t e d  between 0750 and 1000 h r s ,  and were analyzed wi th in  4 h r s .  

Loss of  C o t  through t h e  p l a s t i c  i s  n o t  expected t o  occu r ' be fo re  - 

6 h r s  ( C o n r o l a z ~  1963) .? Losses ;h;ough' t h e  , rubber  s toppbrs  . # 

r- used t o  s e a l  t h e  need les  would be n e g l i g i b l e . '  
t 

/ 

d D. Tes t ing  t h e  e f f e c t s  ob n i t r o g e  fer t i l izer  on earthworms 

under l abo ra to ry  cond i t i ons  

Ten one-ga l lon  j a r s  were f i l l e d  wi th  a l t e r n a t e  l a y e r s  of 

whi te  q u a r t z  sand,  and p o t t i n g  s o i l  con ta in ing  dolomite .  The 



~ 3 1  
o f  tbe j a r s  (15 x 15 x 15 cn) w i t h  rounded 

edges .  A l a y e r  o 500 m 1  o f  sand  was p l a c e d  i n t o  t h e  bottom of s! 
each ,  fo l lowed by  DO m 1  o f  p o t t i n g  s o i l  which .as l i g h t l y  

4 

p r e s s e d  when i n  t h e  j a r .  These were fol lowed by l a y e r s  . o f  250 * 
m l  s and ,  -500 a1 p o i t i n g  s o i l ,  250 m l  s and ,  and a f i n a l  S O 0  a1 ,* , 

L 

o f  pottYng s o i l .  A l a y e r  of 500eml o f  .crumbled l e a f  l i t t e r  , 

c o l l e c t e d  i n  an a l d e r  - t h i c k e t  was t hen  added t o  each  j a r .  

F ive  o f  t h e  j a r s  w e i e  u s  a c o n t z o l .  For t h e  r e m a i n i n g  

f i v e  an ec(uiva1eht t r e a tmen t  kg N/ha (0.92 gm),of -. t h e  

Te r i co  f e r t i l i z e r  used i n  t h e  f i e l d  exper iment  was p l a c e d  u n i -  

formly' under t h e  l a y e r  o f  l i t t e r  i n  eacb j a r .  Each o f  t h e  10 

j a r s  was then  g iven  500 m 1  o f  wa t e r  poured 100 mf a t  a t i m e  
1 

o v e r  t h e  l i t t e r .  The j a r s  were l e f t  uncovered o v e r n i g h t  a t  . 
room teape- ra tu re .  I n  t h e  morning they  were s p r i n k l e d  l i g h t l y  

w i t h  wa te r  t o  moi;ten t h e  l i t t e r  (abou t  50 a1 a d d i t i o n a l  wa t e r  

p e r  j a r ) .  

Ea-rthworms were o b t a i n e d  from a l o c a l  s a l e s  merchant .  - 

They were a l l  r e l a t i v e l y  l a r g e  o f  t h e  genus Lumbricus, ma in ly ,  

i f  n o t  a l l ,  Lumbricus r u b e l l u s  from t h e i r  appearance .  They r 

were b m y g h t  t o  t h e  l a b ~ r a t o r y ,  i n d i v i d u a l l y  washed, d r i e d ,  ' .  

and weighed, and p l aced  i n t o  t h e  1 0  j a r s ,  s i x  t o  t h e  j a r .  The 

t ops  o f .  t h e  j a r s  were t h e n  covered w i th  a paper  towel  f i x e d  - 

with  a rubber  band. The j a r s  were wrapped i n  dark  p l a s t i c  

f-  and h e l d  a t  about  1 3 ' ~  f o r  39 days (29 September - 7 November, 

1977).  z I 

w 
On 7 November t h e  worms were removed from t h e  j a r s  and 



i n d i v i d u a l l y  washed, d r i e d ,  and weighed. S a q j l e s ,  o f  s o i l  were, 
' . 

c o l l e c t e d  f r o n  t h e  t h r e e  l a y e r s  o f  p o t t i n g  s o i l  ' in8  e a c h  j a r  
. ' .  

(some sand was now mixed i n  w i t h  t h e  s o i l ) ,  qnd,a l lowed t o  a i r  , 

d r y  f o r  1 week. The pH of t h e  s o i l  was t h e n  dgtermined i n  t h e  

same manner as t h e  f i e l d '  s d i l  samples , excep t*  t h a t  t h e  sdil  was 
. .. . . ,  , 

d 

n o t  ' .ground and s i e v e d  .. . . 

A 

  he' number of m o l e h i l l s ,  din-and co i n  t h e  t u n n e l s  an& 
2 * .  . 

s o i l ,  i l l ,  and s o i l  m o i s t u r e  f o r  t h e  t e r r i t o r t e s  4 ,  7 , -  -and 10, 
iL - 

a r e  .given i n  ~ ~ ~ e n d k e s  49-.5i r e s p e c t i v e l y .  I n  h o s t  c a s e s  it 

was h o t  p o s s i b l e  t o  sample t h e  t u n n e l  a i r  from a l l  10 t u b e s ,  

and t h e  s o i l  a i r  froni a l l  f i v e  t u d e s ,  because  some t u b e s  were . 

j u s u a l l y  p u l l e d  from t h e  ground by 1 v e s t o c k .  A s  a  r e s u l t ' t h e  

sample s i z e s  f o r  t h e s e  pa ramete r s  v a r i e d .  I n  each c a s e  when a  

t u b e  was p u l l e d  from t h e  g r o u n d ' i t  was s imply  r e p o s i t i o n e d  and 

l e f t  u n t i l  t h e  n e x t  sampl ing  p e r i o d .  The moles th8msel'ves r a r e l y  

p lugged t h e  t u b e s  w i t h  e a r t h .  

Table 2 2  shows t h e  pooled  n h b e r s  o f  f r e s h  m o l e h i l l s  f o u n d  
.- 

i n  t h e  c u n t r o l  g roups ,  and t h o s e  t r e a t e d  w i t h  70 kg N/ha and 

1 4 0  kg  N/ha a t  each  sampl ing  d a t e .  H i l l  koun t s  f o r  i n d i v i d u ,  
0 

p l o t s  a r e  i n  Appendix 52. I t  'can' b e  s e e n  f r o n  t h e s e  t o t a l s  t h a t  

t h e r e  were no r e d u c t i o n s  i n  t h e  number o f  m o l e h i l l s  a s  a  r e s u l t  

of  t h e  f e r t i l i z e r  t r e a t m e n t s .  There were.measurable (1-25 '. - 
L. ' 

ppm) amounts o f  n i t r 2 q n  i n  t h e  exper imenta l  ' p l o t s  a f t e r  ' t h e  



Table  22. ~ h d n m b e r  of m o l e h i l l s  i n  t h e  fire t a r r i t 6 s :  . . 
'\ 

( ~ o i a l s )  f o r  each treatmelit i n  t h e  f e r t i l i z e r  experiment.  

Counts werg made a t  approximately 2 -week i n t e r v a l s  dur ing  
.k 

t h e  .-er bf 1977. > 

* 2 
- * 

I 

Date 
T o t a l  number of h i l l s  i n  t r e a t e d  territories 

Cont ral 70 kgN/ha 140 kg N/ha 

4 May . 99 130 . 117 , 

1 June 
0 

-- 
20 June  

4 J u l y  
* 

18 J u l y  

P 1 August 

15 August 

29 August 

Fert i l izer  was apd l i ad  on t h e r e  dates (See T6bl. 2 1  ) . 
- <_c 



experkmnt (Appendix 53). . 

Fe c o t l a l a t i o u  obtainad b e h e e n  t h e  number o f  molehi l l s  

and the t-el r e d  s o i l  gsses  . and soi l  pH u d  misttare f o r  

t h e  t h r e e  t e r r i t o r i e s  combined *ere t h i s  information was a v a i l -  

a b l e  a r e  presented i n  Table 23. The s o i l  a i r  sirples f o r  terri- 
.I 

t o v  7 on 20 June were omit$ed f r o l  t h e  analyses  because only 

one sample was a v a i l a b l e  from that  t e r r i t o v  on t h a t  date. 

The samples f o r  Ot ,. C 0 2 ,  s o i l  moisture,  and pH, were averaged 

f o r  each t e r r i t o r y  on each date, and t h e s e  m a n s  w e r e  used i n  -' 

t h e  c o r r e l a t i o n  analyses  with t h e  number of moleh i l l s .  

, Because information was not  a v a i l a b l e  f o r  c e r t h i n  char-  

a c t e r s  on c e r t a i n  dates, severa l  coi-relation analyses  were 

performed .to provide t h e  u x i m m  sample size f o r  each ch r' r- 

a c t e r .  Only 23 complete saaples  f o r  a l l  characters ,  were a v a i l -  

a b l e  ( t h r e e  t e r r i t o r i e s  over e i g h t  dates with one omit ted be- 

cause only one sample was a v a i l a b l e ) .  There were 27 sarples 

a v a i l a b l e  f o r  t h e  tunnel  gases ,  s o i l  pH and moisture ( s o i l  a i r  

was only u p l e d  s t a r t i n g  with t h e  second s&le d a t e ) ;  and 

30 samples re a v a i l a b l e  f o r  s o i l  moisture and pH ( t h e  u s s  

s p e c t r o w t e r  h w broken a t  t h e  time of  t h e  l a s t  serple s o  t h e  

a i r  samples which had been c o l l e c t e d  could not  be analyzed).  \ 

The number of molehi l l s  was found t o  be h ighly  c o r r e l a t e d  with 
3 

t h e  pH of  t h e  s o i l  (p s 0 1 ,  and was a l s o  correJated with s o i l  
I 

- 

moisture (p -05) .  

e e  analyses  w e r e  a l s o  per for red  on t h e  indiv idual  terr i -  

t o r i e s .  The h h e r  of molehi l l s  was found t o  be s i g n i f i c a n t l y  



/ t - -  
Table  23. 'Correlations ob ta ined  among t h e  ntmber of m&leh i l l s ,  

O t ,  and C02 concentrations i n  the tunnels and so i l ,  and s o i l  

pH and mqis ture  i n  t h e  t h r e e  territories for  which t h e s e  pa ra -  
, < 

meters w e r e  r a s u r e d .  ~ a r p l e  s i z e s  are inc luded  

r ep re sen t ing  e i g h t  dates from each of two t e r r i t ~ r i e f ~ a n d  seven 

f o r  t h e  t h i r d  (n-23), a l l  threm territories for  n i n e  dates 

and a11 t h r e e  territories f o r  10 dates .(n=SO). 

( n '  

Charac te r  m o l e h i l l s  02 i n  b2 i n  0; i n  C02 i n  pH 
tunnels - tunne ls  s o i l  s o i l  

d L 

O2 i n  t unne l s  -0.25 
(27) , 

t. 
C02 i n  t unne l s  Q. 16 -0.92 

(27) ( 2  7) i 

.. . 
C02 i n  s o i l  0.12 -0.82 0.97 *. -0.97 

... 
(23) . (93) . (23) (23) 

i. .* 
0.40 

tt 
s q i l  mois ture  -0.84 0.87 .. -0.82 0.84 0.10 

(30) a 7 1  ' (27) (23) (23) (30). ' 



c o r r e l a t e d  wi th  s o i l  pH i n  t e r r i t o r y  7 (I-0.69*), and s o i l  

mois ture ;  i n  t e r r i t o r i e s -  4 ( ~ 0 . 6 5  ). and 10 ( ~ 0 . 6 4  ) (a-10). 
Y - 

In no i n s t a n c e  was ;he number of m o l e h i l l s  s i g n i f i c a n t l y  c o n e -  

l a t e d  with e i t h e r  C 0 2  o r  O2 i n  t h e  s o i l  o r  t unne l s .  r 
The p e r c e n t  of  O2 w a s  nega t ive ly  c o r r e l a t e d  w i t h  t h e  p e r -  

c e n t  o f  Cot i n  bgth  s o i l  and tunne l  samples,  and t h e  concen- 

t r a t i o n s  o f  t h i  gases  w i th in  t h e  t unne l s  ware p o s i t i v e l y  c o r r e -  t 
l a t e d  wi th  t h e  concen t r a t i ons  w i th in  t h e  s o i l .  

The h ighes t  l e v e l  o f  C02 found i n  any i n d i v i d u a l  t unne l  

sample was 5. 58, and t h e  lowest  O2 concen t r a t i on  was 14.38 
C 

( t h e s e  a r e  no t  i n  Appendices 49-51 because they  a r e  i n d i v i d u a l  

samples whereas t h o s e  i n  ' t h e  t a b l e s  are based on averages) .  

For t h e  s6il  samples 

t h e  lwest l e v e l  f o r  

i n d i c a t e d  t h a t  t h e r e  

concen t r a t i ons  among 

t h e  h ighes t  l e v e l  o f  C02 was 11.38 and 

0 was 8.38. An a n a l y s i s  o f  va r i ance  2 

were s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  gas  

t h e  t h r e e  t e r r i t o r i e s  on a l l  dates except  
L 

5 ,May. T e r r i t o r y  7 (70 kg N/ha) had s i g n i f i c a n t l y  t h e  h i g h e s t  
/* 

l e v e l  of  0 2 ,  and lowest C 0 2 ,  t r r i t o r y  4 ( con t ro l )  u s u a l l y  had \ 
t h e  lwest l e v e l  of  O2 and h i g h e s t  C 0 2  o f  t h e  t h r e e  t e r r i t o r i e s .  

Graphs i l l u s t r a t i n g  t h e  f l u c t u a t i o n s  i n  t h e  number o f  

m o l e h i l l s ,  p e r c e n t  O2 i n  t h e  t u n n e l s ,  and soil mois ture  i n  . ' 

t h e  d r e e  t e r r i t o r i e s  over  time a r e  p re sen ted  i n  Figure  5. The 

pH o f  t h e  s o i l  i s  no t  inc luded  because t h e  f l u c t u a t i o n s  were 

s l i g h t  ( th is .  d i d  n o t  p rec lude  a s i g n i f i c a n t  c o r r e l a t i o n  between 

t h e  number of  m o l e h i l l s  and s o i l  pH). There appeared t o  be 

s o r s  correspondence between* q p n r  af wl.3uilb rl t h e  
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Figure 5. Graphs showing the fluctuations in the number of 

molehills, 0 concentrations, and soil moisture 2 
over time in the three territories for which this 

information was available. The fluctugtions in the 

-number of molehills for the remaining territories 

were similar. The times of fertilizer applications 

are indicated by arrows. 
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occurr&$ce of  r a i n s .  

The l abo ra to ry  exper iment  w i th  ea r thwoms  s h o k d  t h a t  
, , 

t h o s e  i n  f e r t i l i z e d  s o i l  l o s t  weight ,  whi le  t h o s e  un t r ea t ed .  

were ga6&g, thus :  ' 

% Before 
NO. mean w t .  i$g 

A f t e r  . . 
NO.  mean w t .  ij 

b Experiment 31 3.58 + 0.38 ) p-O. 72 30 3.20 + 0.38 ) 
Control  29 3.68: 0.38) 29' 3.79 .; 0;35 ) 

p &  . O 1  
- .  

The pH o f  t h e  s o i l  i n - t h e  c o n t r o l  group a f t e r  t h e  e x p e r i -  

ment was 5.90 z.0.12 and i n  t h e  exper imental  group 5.61 + 0.10 - 
(based on t h r e e  samples p e r  j a r ,  f i v e  j a r s  i n  each group. The 

d i f f e r e n c e  between t h e  groups i s 6 - s i g n i f i c a n t  ( p ~ k  .01). The 
\ 

l o w e r + l a y e r s  i n  a l l  j a t s  had h igher  pH va lues  than  upper l ayers :  

Discass ion 
C 

The fe r t i l i zer  t rea tments  d i d  no t  appear t o  have any con- 

s i s t e n t  e f f e c t . o n  mole a c t i v i t y  i n  t he  exper imental  p l o t s .  

The f e r t i l i z e r  a l s o  had no measureable e f f e c t  o q t h e  concen- 

t r a t i o n s h o f  O2 and Cot i n  t h e  s o i l  o r  i n  t h e  t unne l s  o f  t h e  

moles, nor  on s o i l  pH. 



The number o f  m o l e h i l l s  i n  t h e  t h r e e  t e r r i t o r i e s  f o r  .which L 

t h e  env i ronmenta t .  pa ramete r s  were measured c . o r r e l a t e d  v e r y  

h i g h l y  ' w i t h  t h e  pH o f  t h e  s o i l  and w i t h  s o i l  m o i s t u r e . .  These 
d I 

r e s u l t s  are- c o n s i s t e n t  w i t h  p r e v i o u s  r e s u l t s  (Chap te r  2 )  where 
% 

both  t h e s e  c h a r a c t e r s  were c o r r e l a t e d  w i t h  t h e  a c t i v i t y  o f  

moles i n  10 . f i e l d s .  S o i l  pH v a r i e d  from 4.41-5.20.  S o i l  
\ 

m o i s t u r e  was more v a r i a b l e ,  11.90-48.985,  because  o f  a  long  

p e r i o d  of dry wea the r  d b r i n g  t h e  summer. The pH o f  t h e  s o i l  

i s  i m p o r t a n t  t o  earthworms ( S a t c h e l 1  1955) and t h e  number of  

m o l e h i l l s  c o u l d  b e  c o r r e l a t e d  w i t h  s o i l  pH because  o f  i t s  

e f f e c t  on a  m o l e ' s  food s u p p l y .  Earthworm samples were c o l l e c -  

t e d  o n l y  once b e f o r e  t h e  f e r t i l i z e r  t r e a t m e n t ,  and t w i c e  a f t e r -  

wards ( d a t a  n o t  p r e s e n t e d ) .  There d i d  n o t  a p p e a r  t o  b e  any 

r e l a t i o n s h i p  between t h e  a c t i v i t y  of moles and t h e  number o r  

weight  o f  earthworms,  p robab ly  due t o  t h e  s m a l l  sample s i z e s .  

The C 0 2  l e v e l s  n  t h e  mole t u n n e l s  ave raged  more t h a n  1 0  1: 
times t h a t  of  t h e  atmosphere,  and reached l e v e l s  200 times t h a t  

o f  t h e  atmosphere i n  i n d i v i d u a l  sac-les. Oxygen c o n c e n t r a t i o n s  
d 

were found t o  b e  i n v e r s e l y  c o r r e l a t e d ,  b u t  n o t  t o  t h e  same 

degree .  These h i g h  l e v e l s  o f  C$ and low l e v e l s  o f  O2 would 

normal ly  be e x a g g e r a t e d  f o r  moles i n  deeper  t u n n e l s  and f u r t h e r  

away from t h e  ' m o l e h i l l s  because  t h e r e  would be less a e r a t i o n .  

The O2 and C 0 2  c o n t e n t s  o f  mole t u n n e l s  a r e  i n t e r e s t i n g  

and i m p o r t a n t  because  t h e  mole has  a  h i g h  m e t a b o l i c  r a t e ,  d i g s  
/ 

underground,  and s t i l l  manages t o  b r e a t h e  w i t h o u t  s u r f a c i n g .  



The a c t u a l  l e v e l s  of these  g a s e s - i n  t h e  tunnels  has neverGbeen 7 

measured before ,  although Q u i l l h ~  e t  a 1  (1971) speculated t h a t  , 

moles 'may brea the  a i r  with assmuch as S t  Cot. I t  seems, how- 

ever  t h a t  the  l e v e l s  of  these  gases a r e  of g r e a t  importance t o  
% 

moles. This i s  evidsnced -in t h e i f  var ious adapt ions t o  l i v i n g  

i n  O2 d e f i c i e n t  a i r .  Korzujev and Koreckaja (1962) have re- 

ported t h a t  i n  comparison t o  o ther  mammals i t s  o m ,  k z e ,  t h e  

European mole has twice dm --srt blood, haemoglobin, and lungs. 

The se ro log ica l  composition of t h e  b l o m f  t h e  ~ u r o ~ & n  mole . 
i s  a l s o  d i f f e r e n t  from t h a t  o f  non- fosso~r ia l  mammals of s i m i l a r  

s i z e  (Dabrowski and Skoczen 1962, Quilliam p t  a 1  197l ) .  1 

I found t h a t  CO l e v e l s  i n  t h e  s o i l  a i r  a r e  about twice a s  2 
g rea t  a s  those within the  mole tunnels .  This i n d i c a t e s  how 

well  t h e  r o l e  runs a r e  ae ra ted ,  e i t h e r  by d i f f u s i o n  o r  by t h e  

movement of a i r  through molehi l l s  which i s  r e l a t e d  t o  t#e a i r  

movements (wind) above ground (01 z e w s k i  and Skoczen 1969) ,A 
both. The l e v e l s  i n  t h e  s o i l  and tunnel  samples a r e ,  howevqr, . 

almost p e r f e c t l y  c a r r e l a t e d .  Thus, although thb  runways a r e  

being aera ted  t h e  concentrat ioqs of O2 and C 0 2  a r e  s t i l l  i n -  
D 

f  luencdd by those i n  the  s o i l  a i r .  

The C 0 2  contents  o f t h e  a i r  of both t h e  s o i l  and tunnel  

increased with increas ing  s o i l  moisture. This r e l a t i o n s h i p  

is  probably due t o  t h e  s o i l  a i r  space. A s  s o i l  moisture i n -  

c reases  t h e  s o i l  a i r  spaces decrease and t h e r e  i s  less d i f fus ion  

of t h e  s o i l  gases i n t o  the atmosphere and v ice  versa .  A s  s o i l  

a i r  space increases  with decreasing s o i l  moisture t h e r e  is  an 



' a lmost  free exchange o f  g a s e s  and t h e i r  c o n c e n t r a t i o n s  approach j 

In  no i n s t a n c e  d i d  changes i n  t h e  C 0 2  o r  0 c o n c e n t r a t i o n s  2  1 .. 
4 

c o r r e l a t e  wi th  changes  i n  t h e  number o f  m o l e h i l l s  i n  any o f  .4 

5 

i 

t h e  t h r e e  t e r r i t o r i e s  obse rved .  T h i s  o c c u r r e d  i 

f e r t i l i z e r  had been a p p l i e d  t o  two o f  t h e  

f e r t i l i z e r  was a l s o  found t o  h a v e e o  e f f e c t  on t h e  l e v e l s  o f  

t h e  two g a s e s .  9 

I t  i s  a p p a r e n t  t h a t  t h e  e s t i m a t e  of Q u i l l i a m  e t  a 1  (1971) 

o f  c o n c e n t r a t i o n s  o f  up. t o  5 i  C02 jn  mole t u n n e l s  i s  t o o  low. 

The c o a s t  mole i s  l i v i n g  i n  h e l s  wi th  a s  much a s  5.5% C 0 2  

i n  t h e  v i c i n i t y  of  a  h i l l  where t h e  c o n c e n t r a t i o n  i s  e x p e c t e d  

t o  be much lower t h a n  a t  a  deeper  dep th  and away from a - h i l l .  

/\ Labora to ry  exper iments  i n v e s t i g a t i n g  t h e  e f f e c t s  o f  h i g h  carbon . '  

LP 
d i o x i d e  l e v e l s  on t h e  metabolism o f  t h e  C a l i f o r n i a  mole (Scapa-* * 

nus - l a t i m a n u s )  a r e  c u r r e n t l y  be ing  conducted by John Nogue, 

Department o f  Physio logy,  S a n J r a n c i s c o  S t a t e  U n i v e r s i t y ,  San 

F r a n c i s c o ,  C a l i f o r n i a .  The r e s u l t s  of  h i s  expeqiments  may h e l p  

answer q u e s t i o n s  concern ing  any p o s s i b l e  e f f e c t s  o f  h igh  

carbon d i o x i d e  l e v e l s  on mole a c t i v i t y .  

1i i s  a p p a r e n t  from t h e  r e s u l t s  o f  o t h e r  r e s e a r c h e r s  t h a t  
# 

moles a r e  well adap ted  t o  l i v i n g  i n  t h e  t y p e  o f  atmosphere found 

i n  t h e i f  t u n n e l s .  These a d a p t a t i o n s  i n c l u d e  i n c r e a s e d  b lood and 

haemdg 1 obin  '- weigh t ,  and ; e ro log ica l  f a c t o r s .  

The r e s u l t s  o f  t h e  exper iments  conducted on earthworms i n  

t h e  labora to l ry  conf i rm one t h e o r e t i c a l  ef-t o f  t h e  n i t r o g e n  

f e r t i l i z e r  on a mole ' s  food supp ly .  The pH o f  t h e  s o i l  dropped 



as a result of the fertilizer application, and the weights of 

the earthwo 'decreased because they were sensitive to 

acidic condition6. 

The effects of fertilizers on soil fauna have been consid- 
* 

ered by many researchers and their results are reviewed by 

MarshallJ)977). The general ccmclusion of their work is that 

any non-acidifying forms of nitrogen fertilizer tend to in- 

crease earthworm populations, but the acidifying forms decrease ?- 

earthworm populations. Anhydrous ammoniq is lethal when earth- 

worms come into direct contact. 

s ow ever, the high lbvels of C 0 2  and low levels of Ot found ,-  

+ 

in the mole tunnels in this study, and the fact that moles are 

known to be livi-ng in these tunnels, indicates that the coast 

mole possesses at least some adaptations similar to those fgund 

in the European mole. 

The field experiment in this study did not support Ennik's 4 
(1967) hypothesis that nitrogen fertilizer reduced numbers of 

molehills. Neither of the fertilizer treatments had signifi- 

- cantly fewer, molehills than the controls. 
Ennik's study also in itself, did not appear to support 

his original hypothesis tor the following reasons: 

1) He had no pro-treatment counts of the molehills so 

he had no measure of the usual distribution of mole- 

hills. 

2) His cut plots were only (he size of his 

grazed plots. The treat cut plots may 
s b 



t h e r e f o r e  have i n t e r f e r e d  w i t h  each  o t h e r  ( c u t  p l o t s  

were 8 n wide;  European moles )rqllj move o v e r  a n  

a r e a  abou t  35 m l o n g ) .  

H e  o n l y  had two r e p l i c a t e s  o f  each c o n d i t i o n  and'  

t r e a t m e n t .  

An a n a l y s i s  o f  v a r i a n c e  t e s t i n g  f o r  d i f f e r e n c e s  among 

h i s  combined r e p l i c a t e s  and'comparing t h e  number o f  

m o l e h i l l s  i n  t h e  p l o t s  o v e r  a  4 . y e a r  p e r i o d  showed t h a t  

a l though  t h e  t r e n d  was a p p a r e n t l y  s t r i k i n g ,  i t  was n o t  
K 

s i g n i f i c a n t  (F-2.10; p=0.25) .  Ennik h i m s e l f  used  a  r ange-  

t es t  on t h e  means; t h e s e  a r e  my r e s u l t s  from t h e  a n a l y s i s  

o f  h i s  d a t a .  

However, a s  mentioned p r e v i o u s l y  it i s  p o s s i b l e  t h a t  n i t r o g e n  

f e r g i l i z e r  c a n ,  under  c e r t a i n  c i r c u m s t a n c e s ,  c o n t r o l  m o l e h i l l s  

by reduc ing  t h e  we igh t s  o f  earthworms. Although E n n i k ' s  s t u d y  

was i n c o n c l u s i v e  and h i s  r e s u l t s  n o n - s i g n i f i c a n t  (by my a n a l y s i s ) ,  

it  i s  p o s s i b l e  t h a t  t h e  f e r t i l i z e r  he used  was s u c c e s s f u l  i n  

r educ ing  t h e  pH o f  h i s  s t u d y  p l o t s ,  which r e s u l t e d  i n  t h e  de -  

s i r e d  t r e n d .  Ennik d i d  sample t h e  earthworms i n  h i s  p l o t s  and 

d i d  n o t  h ind  any d i f  s , _ b u t  he used  pota-ssium permanganate 

a s  the,  e x t r a c t i n g  s o l u t i o n  which i s  n i t  t h e  b e s t  o f  p rocedures .  ' 

(Raw 1 9 5 9 ) .  4 

The a b i l i t y  o f  a n  a c i d i f y i n g  f e r t i l i z e r  t o  r educe  t h e  pH 

o f  t h e  s o i l  depends on s e v e ~ f a c t o r s .  The n a t u r e  .of t h e  

s o i l  i s  i m p o r t a n t .  The composi t ion  o f  t h e  s o i l  c o l l o i d s ,  t h e  

c o n c e n t r a t i o n  of  t h e  c a t i o n s  o t h e r  t h a n  hydrogen,  t h e  b a s e  
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' 

s a t b r a t i o n  and t h e  r a t i o s  o f  t h e  var ious c a t i o n s  a l l  i n t e r a c t  

i n  determinink whether hydrogen ions w i l l  b r c o w  a t tached t o  

t h e  s o i l  c o l l o i d s  and thus  reduce s o i l  pH. Weather i s  a l s o  

important.  A high r a i n f a l l  w i l l  tend t o  leach c a t i o n s  from t h e  

s o i l  leaving many binding si tes on t h e  s o i l  c o l l o i d s  f r e e  f o r  

t h e  hydrogen ions t o  a t t a c h  themselves (Buckam and Brady 1969). 

These f a c t o r s  could have been more favourable f o r  a  reduct ion 

i n  s o i l  pH i n  Ennikts  s tudy than i n  mine and couldDhave r e s u l t e d  
b .  

i n  a  reduct ion i n  t h e  number of molehi l ls  a f t e r  app l i ca t ion  of . 

b ni t rogen f e r t i l i z e r .  P 
Ennik appl ied limestone along with t h e  ammonium n i t r a t e  

i n  h i s  experiment - limestone increases  t h e  pH of  t h e  s o i l ,  

but  i t s  a b i l i t y  t o  do so  depends on t h e  f o r r  w e d  and t h e  . 
nature  of i t s  app l i ca t ion .  I f  it is f i n e l y  &round (e .g.  

lime (Ca C03)), it w i l l  increase  t h e  pH of t h e  s o i l .  
- 

I f  it i s  not it e n t e r s  t h e  growid very slowly because 

It depends on eros ion  of t h e  mineral .  Ennik d w s  not  r e n t i o n  

t h e  f o t r  he u s e d .  Also, when limestone is appl ied  t o  a  f i e l d  

a s  a  top dressing a s  i n  Ennikts  exper iaents  (as  opposed t o  

being dug into '  t h e  ground), it m y  not reduce s o i l  pH f o r  sev- 

e r a l  years  (Bucban and Brady 1969). Therefore,  it seems un- 

l i k e l y  t h a t  the  limestone used by Ennik would counteract  any 

reduct ion i n  s o i l  pH caused by t h e  f e r t i l i z e r .  In  conclusion, 

Ennik ts  observat ion can be summarized as.: 

n i t rogen f e r t i l i z e r  ,->reduced molehi l l  numbers 

The mechanism which I  formulated f o r  t h i s  e f f e c t  i s :  



? 
% i t r o g e n  f e r t i l i z e r  +reduced pH --rreduced,mean worm 

weight -reduced number of  molehill 's 

My experiment showed s tudy p l o t s :  

n i t r o g e n  
/' 

My labora to ry  exper imenta l  r e s u l t s  were: 
5 

\ 
\ 

n i t r o g e n  f e r t i l i z e r  -reduced pH -reduced m%n'- 

weight 

And t h e  f i n a l  model which I have formulated t o  exp la in  why 

f e r t i l i z e r  can c o n t r o l  mo leh i l l  numbers ,under a p p r o p r i a t e  s o i l  

cond i t i ons  i s  a s  fo l lows:  

a c i d i f y i n g  f e r t i l i z e r  -reduced pH --reduced worm 

\ weight -+reduced m o l e h i l l  numbers 

I e s t a b l i s h e d  c o r r e l a t i o n s  between m o l e h i l l s  numbers wi th  worm 

weight i n  Chapter  2 .  There i s  a  good b i o l o g i c a l  reason f o r  

sucpec t ing  t h i s  r e l a t i o n s h i p  t o  be causa l :  earthworms a r e  t h e  

c h i e f  food source  of both t h e  European and c o a s t  moles and 

determine t h e  amount of  energy a v a i l a b l e  f o r  d igg ing .  

This model can be t e s t e d  by using a c i d i f y i n g  agen t s  o t h e r  

than ammonium n i t r a t e ,  ureau,  o r  o t h e r  n i t r o g e n  f e r t i l i z e r s ,  

and see i f  t h e s e  .;educe mplehi1,l duabers . A complementary > 
s tudy  monitoring t h e  e f f e c t s  of d i f f e r e n t -  weather cond i t i o+s ,  

/ 
e s p e c i a l l y  r a i n f a l l  on t h e  a c t i o n  o f  t h e s e  agents  would l l s o  

/ 

be d e s i r a b l e .  I f  p o s s i b l e ,  earthworm samples should a l s o  be 

c o l l e c t e d  i n  t h e  f i e l d  by sampling from p l o t s  o t h e r  than those  , 
& i n  which m o l e h i l l  counts a r e  taken.  The scope of such a  s tudy  

i s  l a r g e  b u t ,  i f  w e a t h e ~ c o n d i t i o n s  a r e  s u i t a b l e ,  funds a r e  



a v a i l a b l e  f o r  l a r g e  amounts of  f e r t i l i z e r ,  and 'several  people 

a r e  used t o  c o l i e c t  t h e  necessary da ta ,  it u y  be done w i t h i n '  

1 year .  

Conclusions . , 

r 

~ i t r o ~ e k  f e r t i l i z e r  may be used t o  con t ro l  molehi l l  

numbers under c e r t a i n  s o i l  and weather condi t ions .  I f  it, o r  

sohe o the r  ac id i fy ing  agent success fu l ly  reduces s o i l  pH, 
,- 

I 

molehi l l  numb3r.s ray  be reduced+d.&rectly by a  reduct ion i n  

earthworm numbers and weights. 



' Chapter 5 General Discuss ion 

The numbers of  r o l e h ~ l l s  on p l o t s  wf th in  f i e l d s  were found 

t o  be  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  s o i l  parameters  o f  bulk 

d e n s i t y ,  a i r  space ,  and 'wate r  con ten t .  Moles pushed u p . w r e  

h i l l s ,  where s o i l s  were 3 i g  w e t ,  and wi th  reduced a i r  space.  

P l o t s  wi th  m o l e h i l l s  con ta ined  more ea r thworm and  had worms- 

o f  g r e a t e r  mean weight than  p l o t s  wi th  no m o l e h i l l s  i n  t h e  same 

f i e l d s .  When one f i e l d  (Hat t )  wi th  many m o l e h i l l s  was compared 

wi th  a n e a ~ b y  c o n t r o l  wi th  few m o l e h i l l s ,  the mean w o n  weight 

and t o t a l  weight o f  worrs p e r  p l o t  were s 'qgni f ican t ly  heav ie r  

i n  t h e  former. In  a second p a i r  of  f i e l d s  t h e  mean worm weight 

i n  t h e  Judd f i e l d  was s i g n i f i c a n t l y  h e a v i e r  than  i n  i t s  c o n t r o l .  

The and b i o t i c  enkironments t hus  appa ren t ly  i n L  

f luence  where a mole w i l l  d i g .  The r e l a t i v e  importance of  t h e  

, p h y s i c a l  and b i o t i c  components c w l d  n o t  be demonstrated i n  

t h i s  s tudy because t h e  major b i o t i c  component, earthworms, l i v e  

i n  t h e ' s o i l  and fur thermore,  could themselves be in f luenced  by 

t h e  digging a c t i v i t y  o f  roles. 

The h a b i t a t  d i f f e r e n c e s  between a r e a s  wi th  and without  , 

r o l e s  can be expla ined  i n  p a r t  by t h e  r e s i s t a n c e  of  t h e  s o i l  

t o  d igg ing .  Heavier  and d r i e r  s o i l s  a r e  r o t e  d i f f i c u l t  t o  

p e q e t r a t e  than l i g h t e r  and moister s o i l s .  Moles may be d igg- ,  

i n g  i n  a r e a s  where it is e a s i e r  f o r  them to d i g .  This seems 

reasonable  a s  t h e  mole i s  a r e l a t i v e l y  small mammal with  a 



high r e t a b o l i c ' r a t e .  Digging and removing e a r t h  from t h e  

tunne l  system is  assumed t o  r e q u i r e  a g r e a t  d e a l  o f  energy.  

Digging i n  hard dry s o i l s  could be d i f f i c u l t  and thus  ener- 

g e t i c a l l y  unecononical f o r  a rale t o  occupy such a r e a s  p e r -  

manently. t \ 

I f  t h e  p h y s i c a l  h a b i t a t  is merely a c o v a r i a b l e  of  t h e  e a r t h -  

worm supply I conclude t h a t  rales d i g  most i n  a r e a s  where food 

i s  more a v a i l a b l e .  This  ag rees  wi th  conc lus ions  o f  p rev ious  re- 

sea rche r s .  Milaer and B a l l  '(1970) found t h a t  moles p r e f e r r e d  
w 

mineral  r i c h ,  f r e e l y  d ra ined ,  brown o r  brown podzo l i c  s o i l s  

t h a t  a r e  g r e a t e r  t han  1 f o o t  i n  depth and wi th  a pH g r e a t e r  

than 4 . 0 .  They p o s t u l a t e d  t h a t  t h e s e  f a c t o r s  were a l l  necessary 

f o r  a good earthworm popula t ion ,  (a l though they  may no t  su rv ive  

i n  a p H  a s  low a s  4.0), and t h a t  t h e  digging a c t i v i t y  of moles 

was only  a f f e c t e d  by t h e  s t o n i n e s s  o f  t h e  s o i l .  

Fynmilayo (1977) and Glendenning (1959) bo th  conc1ude.d 

t h a t  t h e  d e n s i t y  o f  r o l e s  i nc reased  only wi th  an i n c r e a s e  i n  

t h e i r  a v a i l a b l e  food supply.  Funmilayo s t a t e s :  " . . . it i s  ' 

t h e  s o i l  type  and s o i l  cond i t i ons  t h a t  d i r e c t l y  determine t h e  

' s p e c i e s  d i s t r i b u t i o n  and abundance of earthworms and i n d i r e c t l y  

t h e  d i s t r i b u t i o n  and abundance of molesw. 

Fupmilayo (1977) a l s o  -made t h e  observa t ion  t h a t  i n  two 

s tudy a r e a s  ' A *  and 'B* : "The number of mo leh i l l s  p e r  h e c t a r e  

was 1455 i n  A and 292 i n  B or 131.1 ha and 43.6 ha p e r  mole i n  
\ 

A and B r e s p e c t i v e l y  which i n d i c a t e d  t h a t  rare r a l e h i l l s  were 

uade i n  deep heavy s o i l s  wi th  many earthworms than i n  shal low 



l i g h t  s o i l s  w i th  a few ear thworrs" .  The r e s u l t s  o f  my s tudy  

ag ree  wi th  Funmilayo's obse rva t ion  t h a t  more r o l e h i l l s ' a c c u r  
'> - 

i n  a r e a s  where t h e  earthworm supply is  g r e a t e r .  However, i n  

my s tudy ,  and t h a t  of  Ar l ton  (1936),  m o r e m o l e h i l l s  were found e 

i n  l i g h t e r  s o i l s  than i n  heav ie r .  This c o n t r a d i c t s  t h e . o b s e r -  
C/ 

va t ions  o f  Funmilayo and of  Skoczen (1958) who found most 

h i l l s  i n  heav ie r  s o i l s .  I t  should be noted t h a t  n e i t h e r  

\ 
i l a y o  o r  Skoczen ~ reasu red  s o i l  bulk d e n s i t y  s o  t h a t  t h e i r  

f t h e  term "heavy" m y  b e  i naccu ra t e .  

The phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  h a b i t a t  may i n f l u e n c e  

t h e  number of m o l e h i l l s  independently o f  t h e  food supply.  
i 

~ a r d y '  ( 1 9 4 5 )  p o i n t s  ou t  f o r  examp t h a t  t h e  h a b i t a t  o f  an 4 
animal- no t  only  provides  food,  but  s h e l t e r .  Moles 

depend on t h e i r  t unne l  systems f o r  - it i s  where they 

l i v e .  The s p e c i e s  thus  has c e r t a i n  h a b i t a t  requirements  which 

go beyond t h e  p rov i s ion  of a food supply.  

Perhaps t h e  bes t  evidence t h a t  t h e  h a b i t a t  i n f l u e n c e s  

d i r e c t l y  t h e  digging a c t i v i t y  o f  mole- seen i n  t h e  c o r f e l a -  

t i o n  ana lyses  o f  Chapter 2 .  The number of m o l e h i l l s  was found 

t o  be s t r o n g l y  c o r r e l a t e d  wi th  t h e  t o t a l  weight o f  woms,  

nega t ive lv  with t h e  bulk d e n s i t y  o f  t h e  s o i l  and wate? c o n t e n t ,  

and f u r t h e r  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  mean wsight  o f  

worms and s o i l  mois ture .  I f  t h e  phys i ca l  components o f  t h e  

h a b i t a t  were in f luenc ing  t h e  number of  m o l e h i l l s  through 
I 

t h e i r  e f f e c t s  on earthworms, it would be  expected t h a t  t h e  

mean and t o t a l  weights of  earthworms would show t h e  same r e l a -  



t i o n s h i p  t o  p h y s i c a l  h a b i t a t  components a s  d i d  t h e  number of  

m o l e h i l l s .  None o f  t h e s e  s i m i l a r i t i e s  - W U  found (Table  l ) ,  

The t o t a l  weight of  woms showed no s i g n i f i c a n t  c o r r e l a t i o n  

wi th  any phys i ca l  h a b i t a t  parameters .  Mean worn weight was 

found t o  be p o s i t i v e l y  c o r r e l a t e d  wi th  t h e  bulk d e n s i t y  o f  

t h e  s o i l .  This c o r r e l a t i o n  would have-be-egative i f  t h e  

p h y s i w  h a b i t a t  was e x e r t i n g  t h e  same i n f l u e n c e  on eardworms-  

a s  on m o l e h i l l s .  I 
This i s  no t  t o  imply t h a t  t h e  physical ,  components 'of  s o i l  

do no t  e f f e c t  earthwor&. The r e l a t i o n s h i p s  of  earthworms , 

with t h e  phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  s o i l  a r e  w e l l  e s t a -  

b l i s h e d  (Sa tche l1  1955, Edwards and Lofty 1972). In  my s tudy ,  

however, c o r r e l a t i o n s  between ear thwom measurements and s o i l  

c h a r a c t e r i s t i c s  were low and gene ra l ly  no t  s i g n i f i c a n t .  8 *  
The mul t ip l e  r e g r e s s i o n  a n a l y s i s  of  t h e  v a r i a t i o n  ,between 

p l o t s  i n d i c a t e s  t h a t  t h e  ear thwom and phys i ca l  h a b i t a t  p a r a -  

meters measured expla ined  onlv,35% of  t h e  v a r i a b i l i t y  i n  t h e  

number o f  m o l e h i l l s .  I  cannot account f o r  t h i s  r e s u l t  i n  view 

of  t h e  s i g n i f i c a n t  c o r r e l a t i o n  and F - t e s t  r e s u l t s  ob ta ined  
i 

from o t h e r  ana lyses .  C o r r e l a t i o n s  a r e  no proof of  c a u s a l i t y ,  

Huuever, i f  t h e r e  i s  a  s t r o n g  c o r r e l a t i o n  between two v a r i a b l e s  

and t h e r e  a r e  good b i o l o g i c a l  reasons  f a r  s u s p e c t i n g  a  causa l  

r e l a t i o n s h i p ,  t h e  c o r r e l a t i o n  *analyses  can s t r o n g l y  sugges t  

b i o l o g i c a l  r e l a t i o n s h i p s .  The F - t e s t  r e s u l t s  a r e  i n  ag ree -  

ment wi th  those  of  t h e  c o r r e l a t i o n  ana lyses .  The on ly  apparen t  

d i f f e r e n c e  between t h e  p l o t s  used t o  make t h e  comparisons were . A 

the 

e  o r  absence of  ro l&h i l l s .  Therefore ,  I conclude 

L 



t h a t  those v a r i a b l e s  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  be- 

tween t h e  groups a r e  of  importance i n  determining t h e  pre-  

sence o r  absence o f  A l e h i l l s .  

The conclusion of t h e  regress ion  akalys!s would be t h a t ,  

although severa l  o f  t h e  f a c t o r s  were found t o  be s igni ' f icant  
- 

t o  moleh i l l s ,  t h e r e  may be o t h e r  unreasured f a c t o r s  important 

i n ,  t h e  determixiation of  t h e i r  numbers. These may includlb su r  r -  - 

f ace  vegeta t ion ,  .the sex and age of indiv idual  roles respon- 

s i b l e  f o r  t h e  molehi l l s  and whether o r  no t  t h e  molehi l l s  a r e  on 
. -_ 

newly formed o r  long es tab l i shed  t e r r i t o r i e s ,  There may a l s o  . 

be 'degrees of synergism and/or antagonism between t h e  f a c t o r s  

measured, o r  between f a c t o r s  measured and unreasured, which 

would b e - o f  importance. 

I a r  unable t~ specula te  on how much of t h e  v a r i a b i l i t y  

i n  the number of molehi l l  counts i s  accounted f o r  by t h e  

- d i f f e r e n t  indiv idual  parameters t h a t  I measured. The mul t ip le  
C 

k- 

regress ion  a n a l y s i s  on t h e  r e s u l t s  of t h e  p resen t  h a b i t a t  

se1,ection study r a y  b e  misleading because of  t h e  apparent 

i n t e r a c t i o n s  of t h e  va r i ab les  themselves and poss ib le  synergy. 

Therefore,  it cannot be concluded from t h e  low c o e f f i c i e n t  of 

d i  f f e r s n t i a t i o n  t q h e  cha rac te r s  I measured were of l i t t l e  

importance t o  moles. The F-test r e s u l t s  showed t h a t  t h e  bulk 

dens i ty  of the  s o i l  was r e l a t e d  t o  t h e  number,of molehi l l s .  

However, i n  the  n i t rogen f e r t i l i z e r  study (Chapter 6)  I 

t h e  number of r o l e h i l l s  wi th in  t h e  same terri- 

tin as  d id  changes , in  s o i l  pH and mois'e 



, 

al though t h e  bu lk  d e n s i 6  o f  e s o i l  d i d  n o t  a l t e r .  This  

type  o f  i n t e r a c t i o n  i n c r e a s e s  t h e  v a r i a b i l i t y  o f  ry h a b i t a t  
A 

measurements b u t  a t  t h e  same t i re  decreases  t h e  t o t a l  c o e f f i -  

c i e n t  of  d i f f e r e n t i a t i o n  f o r  t h e  da ta .  S i r r i l a r l y ,  t h e  mean 
^ 

weight o f  t h e  worms was found t o  i n c r e a s e  w i th  i n c r e a s i n g  s o i l  

bulk d e n s i t y ,  and t h e  %umber of mo leh i l l s  i n c r e a s e d  wi th  i n -  

i n c r e a s i n g  mean weight o f  t h e  woms. However, t h e  number o f  r o l e -  

h i l l s  decreased wi th  i n c r e a s i n g  s o i l  bulk d e n s i t y .  Although, 

t h e s e  r e l a t i o n s h i p s  can be de t ec t ed  by u n i v a r i a t e  methods o f  

da t a  a n a l y s i s  they  confuse a  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  when 

t h e  number o f  m o l e h i l l s  i s  t h e  dependent v a r i a b l e .  

I conclude t h a t  t h e  bulk dens i ty  of  t h e  s o i l ,  s o i l  mois- 

t u r e ,  water  c o n t e n t ,  and mean and t o t a l  worn weights  a r e  o f  

importance i n  i n f luenc ing  t h e  presence o r  absence o f  m o l e h i l l s  

i n  an a r e a ,  and a long  wi th  s o i l  pH, t h e  number of  m o l e h i l l s  

produced. 
A 

I t  was a  p r i o r i  unc l ea r  a s  t o  whether moles d i g  more i~ - ' 4 
s u i t a b l e  o r  & s u i t a b l e  h a b i t a t s .  In  my s tudy  r o l e s  were found t o  

4 4 d i g  more i n  a r e a s  where t h e r e  was more food than  i n  a r e a s  where 

t h e r e  was less food and where it was Sasier f o r  them t o  d ig .  

These c h a r a c t e r i s t i c s  seem b i o l o g i c a l l y  favourab le  t o  moles s o .  

I conclude t h a t  they d i g  most i n  a  s u i t a b l e  h a b i t a t .  
T- - 

This conclusion impl ies  e t  moles d i g  more i f  they have 

&re energy a v a i l a b l e  t o  do so, than  i+f they have less and/or  it 

does q o t  r e q u i r e  much energy t o  d ig .  Because m o l e h i l l s  a r e  pushed 

up dur ing  t h e  c o n s t r q c t i o n  of  t h e  deeper t unne l s  c h a r a c t e r i s t i c  

o f  p e r -  



manent . t e r r i t o r i e s  (Godfrey and Crowfoot l96O),  it can  b e  con- 
_.* 

c l u d e d  t h a t  moles o n l y  e s t a b l i s h  t e r r i t o r i e s  where t h e r e  i s  a  

good food supp ly  and 'where  c o n s t r u c t i n g .  t h e  t u n n e l  sys tem does 

n o t  r e q u i r e  l a r g e  amounts o f  ene rgy .  

Th i s  d e d u c t i o n  i s  c o n s i s t e n t  wi th  G o d f r e y t s .  (1955) f i n d -  

i n g s  on h a b i t a t  d i f f e r e n c e s  i n  t h e  t y p e s  o f  t u n n e l s  c a n s t r u c -  

t e d .  She f o m d  t h a t  European moles i n  r e c e n t l y  ploughed f i e l d s  

(where t h e r e  a r e  low numbers o f  earthworms) cons ( tuc ted  long 

s h a l l o w  t u n n e l s  which were s h o r t l y  abandoned. 4 
There seem, t h e r e f o r e ,  t o  be two h u n t i n g  s t r a t e g i e s  used 

by moles. I f  t h e r e  i s  an  abundance of earthworms t h e  mole 

w i l l  c o n s t r u c t  a  permanent " p i t  t r a p "  sys tem.  Because. t h e r e  
Y 

/ 
a r e  many way t h e  chances t h a t  they  w i l l  e n t e r  t h e  t u n n e l s  

I a r e  g r e a t e r  t h a n  o t h e r w i s e  and a  p i t  t r a p  sys tem i s  e f f e c t i v e .  
i 

I f ,  however, t h e r e  a r e  few earthworms a  p i t  t r a p  sys tem would 
\ 

n o t  be expectod t o  be  e f f e c t i v e  and moles must d i g  a f t e r  t h e  
. 

worms and c o n s t r u c t  s h a l l o w  h u n t i n g  t u n n e l s  which a r e  n o t  p e r -  

manent and must be  c o n s t a n t l y  c o n s t r u c t e d  anew. Moles can  o n l y  
'C 

u s e  t h i s  l a t t e r  s t r a t e g y  i f  they  o b t a i n  more energy  from t h e i r  

food supp ly  than  i s  r e q u i r e d  t o  c o n s t a n t l y  c o n s t r u c t  new t u n n e l s .  

Thus,  i f  t h e r e  a r e  few earthworms and t h e  s o i l  i s  h a r d  t h e  

mole would p robab ly  l o s e  more energy d i g g i n g  t h a n  i t  o b t a i n s  

from i t s  food s u p p l y ,  and i t  i s  i n  such a r e a s  where moles a r e  

a b s e n t .  

S o i l s  may b e  d i f f i c u l t  t o  d i g  a t  one time o f  t h e  y e a r  and 



rr 

no t  a t  o t h e r s ,  and s o i l s  which have few earthworms a t  

times o f  t h e  yea r  may have a  g r e a t e r  supply a t  o t h e r  

Th i s .  nay occur due t o  t h e  a f f e c t  of seasona l  changes i n  s o i l  

mois ture .  Dry s o i l s  a r e  more d i f f i c u l t  t o  d i g  i n  and con ta in  
4 

fewer e a r t h w o d s d  than  wet s o i l s .  In  t he  B.C.  Lower Mainland 

t h e  s o i l  i s  d r i e r  i n  the.summer than  i n  w i n t e r  (Appendices 15,  

16,  40-491, and I found moles en t e red  a r e a s  i n  w i n t e r  t h a t  

were unoccupied dur ing  t h e  summer (Glendenning (1959) obser -  

4 ved t h a t  moles emigrated from c u l t i v a t e d  f i e l d s  t o  p a s t u r e s  

i n  w i n t e r ) .  I  was a l s o  a b l e  t o  measure an i n c r e a s e  i n  t h e  

number o f  m o l e h i l l s  pushed up dur ing  w i n t e r ,  a s  Glendenning 

(1959) s t a t e d  was t h e  ca se .  An i n c r e a s e  i n  s o i l  mois ture  

dur ing  win te r  may e x p l a i n  why t h e  bulk d e n s i t y  o f  t h e  s o i l  

was no t  s i g n i f i c a n t l y  r e l a t e d  t o  t h e  number o f  m o l e h i l l s  i n  

w in t e r  whereas it was a t  o t h e r  times of t h e  y e a r .  

I f  moles e n t e r  a  new a r e a  i n  w in t e r  t hey  may be a b l e  t o  
/i 

c o n s t r u c t  enough tunne l s  f o r  t h e  whole y e a r  by t h e  t ime t h e  

s o i l  begins t o  d ry .  I f  t h e  tunne l  system only  r e q u i r e s  mini-  

mal r e p a i r  dur ing  t h e  summer, t h e  moles may be a b l e  t o  l i v e  

i n  a r e a s  where t h e  earthworm supply i s  l e s s  a b h d a n t  a t  t h a t  

time. Othe rwi se ,  they would expend more energy d igg ing  (due 

t o  t h e  dry s o i l )  than  they  would g e t  from t h e i r  food supply.  

However, t he  food supply nay become s o  low i n  summer t h a t  t h e  

moles would be unable t o  s u s t a i n  themselves i n  t h e  a r e a s  they  

had invaded dur ing t h e  w i n t e r ,  i n  which case they must s t i l l  

l eave  t h e  a r ea  and resume a  nomadic t ype  of e x i s t e n c e .  



- 
I t  i s  s u r p r i s i n g  t h a t *  t h e  -atmosphere, i n  male t u n n e l s  is  s o  

low i n  O2 and high i n  C 0 2 .  The. C 0 2  l e v e l s  found i n  t h e  t unne l s  

were h ighe r  t h a h  expec ted ,  and above t h e  extreme p r e d i c t e d  by 

Qui l l i am e t  -- a l .  (1971). Moles a r e  well adapted t o b l i v i n g  i n  

such an environment and. t h e i r  d igging a c t i v i t y  ,did n o t  appear  

t o  be l i m i t e d  b p  it (Chapter 4 ) .  Carbon d iox ide  l e v e l s  may 
i 

i n c r e a s e  i n  t h e  t u n n e l s i n  w i n t e r ,  bu t  I found t h a t  mole a c t i v i t y  I 
i nc reased  i n  w i n t e r  and t h e r e f o r e  CO would n o t  appear  t o  l i m i t  2 

d i g  'ng a t  t h i s  t i m e  e i t h e r .  7 Methods t o  c o n t r o l ~ o l e s  have been given cons ide rab le  { . 
n t i o n  by r e s e a r c h e r s  (Chapter 4 ) .  No completely succes s -  

k 
f u l  and economic method f o r  reducing t h e  numb'er of  r o l e s  o r  

m o l e h i l l s  has been found. The mole i s  d i f f i c u l t  t o  c o n t r o l  
4 
i 
<. 

because it l j v e s  under a c rop  which t h e  farmer wants t o  p r o t e c t ,  45 

and it l i v e s  i n  t h e  s o i r  i n  which t h e  crop grows. In t rodus ing  
\ 

preda to r s  is  no t  p o s s i b l e  because t h e  mole has few n a t u r a l  I S  

p r eda to r s  except  f o r  owls which feed  upon young moles dur ing 

d i s p e r s a l .  The c o n t r o l  o f  t h e  mole must t h e r e f o r e  be accom- 

p l i s h e d  by a l t e r k n g  i t s  environment,  and i n  doing s o  t h e  crop 

may be a f f e c t e d .  Moles u s u a l l y  do n o t  accep t  poisoned b a i t s  

and s e t t i n g  t r a p s  f o r  them is  uneconomical on a  l a r g e  s c a l e .  

The most e f f e c t i v e  means of c o n t r o l  i s  t o  k i l l  t h e  earthworms, 

t h e i r  major food source .  This procedure ,  however, i s  d e t r i -  

mental t o  t h e  crop because of t he  e f f e c t s  o f  earthworms on 

s o i l  f e r t i l i t y  (Evans 1948) . 



Mechanical r e p e l l e n t s  may e v e n t u a l l y  be u s e f u l  i n  con? 

t r o l l i n g  moles b u t  they  have on ly  r e c e n t l y  been p u t  on t h e  

, market .  The i r  e f f i c a c y  i n  reduc ing  mole p o p u l a t i o n s  h& n o t  
- 

y e t  been demonst ra ted:  - 
h e  method which appears  t o  be t h e  most promis ing 

i s  t h e  u s e  o f  chemical  f e r t i l i z e r s  (Ennik 1967) ,  o r  o t h e r  s o i l  

$ a c i d i f y i n g  a g e n t  . There i s  some ev idence  t h a t  t h e s e  a g e n t s  

reduce  t h e  number of  m o l e h i l l s  i n  t r e a t e d  a r e a s ,  and t h e y  p r o -  

bab ly  produce t h i s  r e s u l t  by k i l l i n g ,  o r  a t  l e a s t  , r educ ing  t h e  
- 

weights  o f , .  earthworms. The 'advantage  o f  app ly ing  f e r t i l i z e r  

i s  t h a t  it t h e o r e t i c a l l y  shou ld  n o t  i n d i s c r i m i n a n t l y  , wipe o u t  

t h e  s o i l  f auna ,  b u t  should  on ly  r educe  earthworm p o p u ~ a t i o n s ,  

[ and s h o u l d  be advantageous t o  t h e  c rop .  Because t h i s  method 
w 

appears  t o  depend on a r e d u c t i o n  i n  s o i l  pH, o n l y . a c i d i f y i n g  

f e r t i l i z e r s  would be e f f e c t i v e  i n  mole c o n t r o l .  

The d i sadvan tages  o f  u s i n g  f e r t i l i z e r s  a r e  t h a t  they  
r 

depend on t h e  s p e c i f i c  p r o p e r t i e s  o f  the .  s o i l s  t o  which they  

a r e  a p p l i e d  f o r  t h e i r  a b i l i t y  t o  reduce  s o i l  pH, and a s  may be 

appa ren t  from my s t u d y ,  t h e i r  e f f e c t  i s  a l s o  dependent  on t h e  

weather .  The l a t t e r  may be i n d i r e c t l y  r e l a t e d  t o  t h e  ba se  
t 

s a t u r a t i o n  o f  t h e  s o i l .  

I n  my expe r imen t a l  s t u d y  t h e  a p p l i c a t i o n  o f  f e r t i l i z e r  

d i d  n o t  r e s u l t  i n  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  r e d u c t i o n  i n  mole 

a c t i v i t y  a s  measured by m o l e h i l l  numbers. Close examinat ion 

o f  t h e  d a t a  i n  Ennik ' s  (1967) paper  showed t h a t  h i s  r e s u l t s  

may a l s o  be n o n - s i g n i f i c a n t  s t a t i s t i c a l l y .  However, t h e  a c i d i -  

f y i n g  e f f e c t  o f  f e r t i l i z a t i o n  and t h e  e f f e c t  o f  t h i s  on e a r t h -  



0 

worms i n  t h e  s o i l  has been demns t r a ( ed  i n  th f i e l d  for a m o n -  

ium s u l f a t e  (e .g .  J e f f e r s o n  1955, Rodale 1948). I was a b l e  t o  
1 

dewonstra te  i n  t h e  l abo ra to ry  t h a t  t h e  sane e f f e c t s  were p ro -  
i 

duced by amnoniur n i t r a  and ammonia ( a s  u rea )  a t  a c o n o n t r a -  Y * t i o n  of 140 kg N/ha, o n e , o f  t h e  $ r e a t r e n t s  used by Ennik (1967). 

I t  would t h e r e f o r e  seem p o s s i b l e  t h a t ,  g iven t h e  c o r r e c t  

weather and s o i l  condi t$ons ,  a p p l i c a t i o n  o f  f e r t i l i z e r  could 

r e s u l t  i n  a s u f f i c i e n t  e f f e c t - o n  earthworm popu la t ions  t o  re- 

duce mole a c t i v i t y .  * 

The h a b i t a t  p r e fe rences  of  t h e  c o a s t  r o l e  were s t u d i e d  by 

e s t a b l i s h i n g  a r t i f i c i a l  sampling g r i d s  i n  a r e a s  where mles 

were found t o  be  digging.  P l o t s  on those  g r i d s  were then  used < f o r  enumerating t h e  r o l e h i l l s ,  sampling earthworms and s o i l ,  

- -  and a s  u n i t s  of  comparison. This  procedure  was found t o  be  

successf+rl i n  e s t a b l i s h i n g  r e l a t i o n s h i p s  between . t he  n lnbe r  o f  

h i l l s  wi th  t h e  h a b i t a t .  This technique does n o t  t a k e  i n t o  con- 

s i d e r a t i o n  t h e  n a t u r a l  d i s t r i b u t i o n  o f  m o l e h i l l s  in- t h e  f i e l d s .  

A . d iv i s ion  between s tudy  p l o t s  nay f a l l  i n  t h e  middle o f  a 

c e n t e r  o f  h igh mole a c t i v i t y  and thereby  d i v i d e  t h i  c e n t e r  

i n t o  two p a r t s  o f  lesser a c t i v i t y .  7 
\ '  

The', des ign of  t h e  s tudy  may be improved i n  c e r t a i n  ways. 
\ 

F i r s t ,  t a l i n g  t h e  d i s t r i b u t i o n  of  t h e  m o l e h i l l s  i n  t h e  f i e l d  

i n t o  condidera t ion  whi le  s e t t i n g  up the  s tudy  p l o t s  may r e s u l t  
,' 

i n  e s t a b l i s h i n g  more a c c u r a t e  r e l a t i o n s h i p s  between t h e  number 

o f  m o l e h i l l s  and h a b i t a t .  The problem wi th  t h i s  t echnique ,  

however, i s  t h a t  it w i l l  r e q u i r e  t h a t  t h e  p lo t s ,  be  of unequal 



1- 
A second p o s s i b l e  imprevement t o  t h e  des ign  used i n  my 

s tudy  would be t o  count  t h e  number of  m o l e h i l l s  and salnple t h e  " 3 
earthworms and s o i l  a t  more f r equen t  i n t e r v a l s  over  a  l a r g e  

number o f  f i e l d s .  This was done t o  some e x t e n t  w i t h i n  t h e  same 
'3 

f i e l d  i n  t h r e e  mole t e r r i t o r i e s  dur ing  t h e  s p e r  o f  1 9 7 7 .  This 

approach may be more u s e f u l  i n  monitoring t h e  r e l a t i o n s h i p s  

between the  number of m o l e h i l l s  and changes i n  such v a r i a b l e s  

a s  s o i l  a i r  space ,  s o i l  mois ture  (weight of  wate r /d ry  weight 

' of  s o i l )  and t h e  earthworm popula t ion  which can change f a i r l y  

qu ick ly .  This technique e s t a b l i s h e d  r e l a t i o n s h i p s  between t h e  

number o f  m o l e h i l l s  and s o i l  mois ture  and pH (Chapter  4 ) .  The 

sampling of t h e  earthworms nay prove t o  be a  problem because of  
d 

, k 

d e s t r u c t i o n  t o  t h e  popula t ions  by applying l a r g e  amounts d4 

formal in  e x t t a c t i n g  s o l u t i o n  t o  t h e  s o i l .  Nevertheless-,  - t h i s  

technique may s t i l l  be of some use.  - 1 
An i n v e s t i g a t i o n  i n t o  t h e  e f f e c t s  of  t h e  sex  and egg ,of 

moles and of  new t e r r i t o r i e s  on t h e  number of m o l e h i l l s  p ro -  

duced i n  a  t e r r i t o r y  would seem t o  be a  p r o f i t a b l e  l i n e  of 

r e sea rch  and would n i c e l y  complement t h e  p r e s e n t  s tudy .  This 

would involve count ing t h e  number of mo leh i l l s  i n  s e v e r a l  t e r r i -  
/ 

t o r i e s  p e r i o d i c a l l y  u n t i l  a  t r e n d  i s  e s t a b l i s h e d ,  and then cap- 

t u r i n g  t h e  i n d i v i d u a l s  and determining t h e i r  s ex  and age. 

Studying new t e r r i t o r i e s  may be less ' p r o f i t a b l e .  I t  would 

i n v o w  monitoring 
2 

( u n t i l  t h e s e a s o n a l  
\ < 

t h e  a c t i v i t y  of  moles wi th in  s e v e r a l  f i e l d s  

d i s t r i b u t i o n  p a t t e r n  o f  m o l e h i l l s  is  e s t a b -  
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l h h e d ,  and t h e n  f o l l o w i n g  t h e  p r o g r e s s  o f  

h (most l i k e l y  t o  appear  d u r i n g  d i s p e r s a l  o r  i n t e r )  which may 

become e s t a b l i s h e d .  

I d e a l l y  it would a l s o  b e  o f  i n t e r e s t  t o  p u r s u e  t h e  d i s -  

t i n c t i o n  between earthworms and t h e  h a b i t a t  i n  t h e i r  e f f e c t s  

on t h e  number o f  m o l e h i l l s  i n  a n  a r e a .  I f e e l  t h a t  t h i s  i s  

d e f i n i t e l y  t h e  key q u e s t i o n  which has  a r i s e n  from t h i s  t h e s i s .  

U n f o r t u n a t e l y  it w i l l  be  ex t remely  d i f f i c u l t  t o  answer a n d .  
/ .r\ 1 

t h e r e  i s  no immediate s /o lu t ion .  v 



<' 
1. The m l a t i o n s h i p  of t h e  number o f  r a l a h i l l s  to t h e  food 

supply and phys ica l  h a b i t a t  o f  moles ms i n r e s t i g a t e d W  10 

f i e l d s  i n  t h e  B. C,  h w e r  b i n l a n d .  Moles wera found t o  d ig  
i 

r o q t  i n  a m a s  of l i g h t e r ,  rore mist soi ls  with a g r e a t e r  mean 

weight of e e h w o m s .  Moles a l s o  shbwed t h e  s u s  relationsh'kp i 

t o  their food supply and h a b i t a t  i n  teru of  t h e  number 0 f . A  

h i l l s  pushad up with 'the a d d i t i o n  t h a t  they 8 1 ~ 0  pruhed up more 

h i l l s  uhare t h e  t o t 8 1  weight of t h e  earthworms and t h a . s o i 1  

pH were g m a t e r .  

2 .  The n labar  of  r a l e h i l l s  pushed up w u .  s i g n i f i c m t l y  1 
c o r r e l a t e d  with t h e  bulk dens i ty  of t h e  s o i l  i n  sunor, ! 

autumn, and sp r ing ,  and with s o i l  a i r  space i n  spr ing .  The 

number of r o l e h i l l s  was n o t  s i g n i f i c a n t l y  c o r r e l a t e d  with any 

oS .the h a b i t a t  p a r u e t o r s  measured i n  winter .  

3. An a t m t  t o  mdnce t h e  number of molehi l l s  through t h e  

use of n i t rogen f e r t i l i z e r  as done f o r  t h e  European role by 

Ennik C1967) f a i l a d .  In  t h e  l a b o r a t o ~ y  it was determined t h a t  

the f e r t i l i z e r  does s i g n i f i c a n t l y  mduce s o i l  pH and t h e  w i g h t  

of a a ~ t h w o r u ,  and t h a t  it could reduce t h e  n-er of  r o l e h i l l s  
\ 

thrdogh t h i s  r e l a t i o n s h i p .  The f i e l d  experiment u y  h a m  

f a i l e d  b e u u s a  of weather condi t ions and/or s o i t  cha rac f r r i s -  
2 

t i c s .  

4 .  T ~ O  co content  of  tha  a ~ s p h e r a  i n  -la tmnais u s  
2 

f m d  t o  be as  h i g h p  5.51, m d  t h e  O2 cancont ra t ion  as lor 

1 J 



# 

as 4 3 .  There was no rasot.bl~ relationship be- the 

concentrations of thesa gases and the ntmber of molehills pro- 

duced in a tarritory. 

- 



APPENDICES 

APPENDIX 1 .  The number o f  m o l e h i l l s  i n  the,100 s tudy p l o p '  . 

(10xlOm) o f .  t h e  Keur f i e l d  on 1  June, 1976. P l o t s  f o r  w i c h  t 
earthworm and s o i l  samples were c o l l e c t e d  a r e  o u t l i n e d .  

'\> 

\ 

P l o t  1 2 3 ' 4  5 6 7 8 9 10 



q APPEWIX 2.  The number of rolehills in the 100 study pl0t-s 

(10xlOl) of the Laity field on 2 June, 1976. Plots for which 
\ 

earthworm and soil samples were collected are outlined. 

, -  

Plot & 2 3 4 S 6 7 8 9 10 



APPENDIX 3 .  The number of molehills i n  the 100 study plots 
P 

(l0xldr) of the Robertson f i e l d - o n  8 June, 1976. Plots for 

which earthworm and s o i l  samples were collected are outlined. 

C 
Plot 1 2 3 4 5 6 " 7 8 9 10 



4 
~ P P m m  4. The number of ralehills in the 100 study plots 

4 

(10xlOm) of the Judd field on 4 June, 1976. Plots for which + 
-0 t4 

earthworm and soil samples were collected are outlined., 

Plot 1 . 2 3 4 5 6 7 8 9 10 



APPEND= 5 .  The number o f  molehills i n  the 70 study p lo t s  

(10xlOm) of the Gadicke f i e l d  on 11 June, 1976. Plots  for  

which earthworm and s o i l  samples were col lected are outlined. 

Plot 1 2 3 4 5 6 7 8 9 10 



- 
/ 

-7 
. APPENDIX 6. The number of molehills in the 64 study plots 

4 ', 
I (10x10~) of the Campbell field on 9 June,? 1976. Plots for 

which earthworm and #oil samples were collected are outlined. 

I 

Plot 1 2 3 4 5 6 7 8 



/ 
I 

APfE*m 7 .  The number of molehills in the 84 s udy plots t 
(10x101) of the Perkin field on 11 June, 1976. Plots for 

which earthworm and soil samples were collected are outlined. 

Plot 1 2 S 4 5 6 7 



(10x10.) of the nc~onnell field on 12 June, 1976. Plots for 

which earthworm and soil samples were collected are outlined. 

- -  - -  - - 

Plot 1 2 - 4  5 6 7 8 9 10 



APPENDIX 9 .  The n h b e r  o f  molehi l l s  i n  the 10.0 study p l o t s  

(10xlOm) of  the Brink f i e l d  on 13 June, 1976. P lo t s  for  which 

earthworm and s o i l  samples were c o l l e c t e d  are out l ined.  
\ 

Plot  1 2 3 4 5 6 7 '  8 9 '. 10 



APPENDIX 10. The number of molehills in the 100 study plots . 

(10x10~) of the Hatt field on 13 June, 1976. Plots for which 
a 

earthworm and soil samples were collected are outlined. 

? 

Plot 1 2 3 4 5 6 7 .  8 9 10 
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APPE~DIX 29. The age d i s t r i b u t i o n  and r ec ru i tmen t  o f  a 

popula t ion  of c o a s t  moles 

When t h e  l e v e l  o f  mole a c t i v i t y  i s  c o q  '1 e d  t o  phys i ca l  

and b i o l o g i c a l  h a b i t a t  components it is a s s  d  t h a t  t h e r e  

a r e  always s u f f i c i e n t  i n d i v i d u a l s  t o  popula t h e  a r e a s  con- ? 
s i d e r e d .  The purpose of t h i s  s tudy was t o  determine t h e  I 

Xf mole popula t ions  l e v e l  of rec ru i tment  of new i n d i v i d u a l s  i 

i n  t h e  l a t t e r  h a l f  of 1976 and t h e  beginning of  1977 by inves-  

t i g a t i n g  t h e  r ep roduc t ive  r a t e ,  t h e  popula t ion  age s t r u c t u r e ,  

and by observing t h e  reoccupat ion of vacated a r e a s .  Measure- 

ments of sex  r a t i o  and body weights were a l s o  ob ta ined .  
1. 

/' 

Methods 

Moles were t rapped  us ing  t h e  Engl ish  s c i s s o r  t r a p  on a  

farm near  A1dergrove;B.C. Trapping was begun on a  1 . 2  ha 

p a s t u r e  on 10  J u l y  1976, and was extended i n t o  an a d j a c e n t  

3.2 ha p a s t u r e  on M December, 1976. A l l  t r a p p i n g  ended on 

& S  February, 1977. / 

The fol lowing numbers of  days and t r a p  n i g h t s  were 
a d 

spen t  c o l l e c t i n g  moles: 



Month Trap days Trap n i g h t s  No. s f  moles 
cau~ht 

J u l y  

August 

September 

October 

December 
- 

January  

February 

T o t a l  

The number o f  t r a p s  set v a r i e d  from 8 - 2 5 ,  and t h e y  were l e f t  

f o r  2 - 5  days-%% a time. 

The u t e r i  wore removed from females  and f i x e d  and c l e a r e d  

a f t e r  t h e  method o f  O r s i n i  (1962).  They were examined under  

a d i s s e c t i n g  microscope f o r  p l a c e n t a l  s c a r s .  Ovar ies  were 

p re se rved  i n  aqueous Bouins s o l u t i o n .  They were s e c t i o n e d  

a t  7 mu and s t a i n e d  w i t h  e o s i n  and haema They were 

t h e n  examined f o r  co rpo ra  a l b i c a n t i a  a s  

v ious  pregnancy.  

he s t a n d a r d  p rocedure  f o r  de te rmin ing  t h e  age  o f  r o l e s  

t o  examine t h e i r  t e e t h  f o r  p r o g r e s s i v e  s t a g e s  o f  

wear (Deparra 1963) .  Keys f o r  ag ing  t h e  European mole (e .g .  

Mellanby 1971) a r e  a v a i l a b l e  bu t  a r e  o f  l i t t l e  u s e  i n  ag ing  

t h e  c o a s t  role a s  i t s  d e n t i t i o n  i s  markedly d i f f e r e n t .  Glen- 



denning (1959) aged 940 c o a s t  moles u s ing  s k i n  t e x t u r e  and 

weight  bu t  he does n o t  c l e a r l y  s t a t e  h i s  method no r  does he g i v e  

any c r i t g r i a .  I dev i sed  my own key based on t o o t h  wear ( d e n t i -  

t i o n  formula i s :  I 3 /3 ,  C 1 / 1 ,  PM4/4, M3/3), which i S  a s  fo l lows :  
J 

Class  Est imated I d e n t i f i c a t i o n  o f  t e e t h  
age 

8 

I 

A. 0 - 1  y r s  no n o t i c e a b l e  wear 
. . 

B 1- 2 n o t i c e a b l e  wear on t h e  f o u r t h ,  pr 'emblar,  ' 
1 s t  and 2nd mola r s ;  some wear 'on 2nd . + 

5 ' , 

and 3rd premolars  
P 

* .  
e x t e n s i v e  webr on 4 th  p remola r ,  1st 

and 2nd mola r s ;  2nd and 3rd  premolars  

wonn t o  f l e s h  1 

same a s  p r ev ious  w i th  t h e f a d d i t i o n  

t h a t  can ines  and 2nd and 3 rd  i n c i s o r s  

a r e  a l s o  worn t o  . f l e s h  . . 

The keys f o r  t h e  European mole ex tend  t o  an a g e  o f  6 

y e a r s .  There appeared t o  be only  four  d i s c r e t e  c a t e g o r i e s  o f  - 

t o o t h  wear f o r  t h e  c o a s t  mole. The c a t e g o r i e s  o f  t o o t h  wear 

cou ld  r e f l e c t  h a k t a  d i f f e r e n c e s  ( ~ e ~ & a  1954) ,  s o  t h e  ages  a should  be  regarded  s e s t i m a t e s  o n l y .  ' Four r e p r e s e n t a t i v e  

s k u l l s  i l l u s t r a t i n g  t h e  f o u r  c a t e g o r i e s  of  t o o t h  wear a r e  

shown i n  Figure  6 .  . t 



LEAF 149 OMITTED IN RAGE NUMBERING b" 



Figure 6 .  Photograph o f  four  mole s k u l l s  showing t h e  four. 

c a t e g o r i e s  o f  t o o t h  wear used t o  a s s i g n  a g e .  





Resul t s  

A schematic map o f  t h e  s tudy a r e a  showing t h e  r e l a t i v e  

p o s i t i o n s - o f  t h e  i n d i v i d u a l s  caught a long wi th  major l and-  

marks i s  p re sen ted  i n  Figure 7 .  ~ a b l b  24  shows t h e  d a t e s  on 

w h i d .  the  i n d i v i d u a l s  were caught ,  t h e i r  s e x ,  weight ,  and 
C 

es t ima ted  age. 

A t o t a l  of  25 moles were caught .  Two were cap tured  a l i v e  ' ' 

' and subsequent ly  escaped s o  t h e r e  is  no data f o r  them. Of t h e  

remaining 23, 13 'were  males and 1 0  were females .  The average 

weight f o r  males was 65.32 + - 2.54 (95% confidence i n t e r v a l )  

gm (Range 63.86 - 77.38 gn) and f o r  t h e  females 57.22 + - 2.54 

gm (Range 54.50 - 59.90 gm) f o r  a corbined average weight of  

65.3 + 3.46 gm. - . 
Dens i t i e s  were computed f o r  2 4  i n d i v i d u a l s .  F i f t e e n  of 

t h e  moles were caught i n  t h e  1 . 2  ha p l o t ,  and n ine  on t h e  3.2 ' 

- .  

ha p l o t .  The sma l l e r  p l o t  thus  had a d,ensity o f  12.5 r o l e s / h a  
.- 

( 5 j a c )  , and t h e  . la .rger 2.8 moles/ha (1.12/ac) . The o v e r a l l  

d e n s i t y  f o r  t h e  two p l o t s  corbined was 5.45 moles/ha (2 .18fac) .  

I e s t i q t e d  t h a t  were 4 uncaught -lets i n  t h e  3.2,ha 
I 

p l o t  which would t h e  densi t ;  estimate on t h a t  p l o t  t o  

3.25 moles/ha (1.  and the  combined estjmate t o  6.36 

i rpoles/ha (2.54/ac 
\ 

+ 3 
-i 

f 
The smaller p t was completely t rapped  o u t  by 26 Octo- 

I 
1 b e r ,  1976. A l l  bu one i n d i v i d u a l  had been caught by 2 1  

4 
I September, 1976. No new i p d i v i d u a l s  were caught o r  seen t o  

'i, e n t e r  t he  a r e a  a f t e r  t h a t  However, dur ing  the t r app ing  
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Figure 7 .  Schematic m a p  o f  the  farm near Aldergrove, B . C . ,  
i ' 

I 

used i n  the  recruitment s tudy.  The p o s i t i o n s  and 

sexes  o f  the  individua'ls  captured are  marked ( iden-  

t i f i c a t i o n  numbers of  females are c i r c l e d ) ,  a s  w e l l  

as  the est imated p o s i t i o n s  o f  uncaught moles.  





, 

'. 
Table 24. The r o l e s  caught i n  the study. 

Ident i f i ca t ion  Date caught Sex WeigM (gm) E s t i m t e d  
(, age (yrs)  



o f  t h e  s m a l l e r  p l o t . t h e r e  were two i n s t a n c e s  when new n o l e s  

e n t e r e d  t h e  s t udy  a r e a .  ~ d l e  A - 4  was a c t i v e  i n  d'n a r e a  which 
L 

p r e v i o u s l y  had no a c t i v i t y .  I t  was caugh t  a lmos t  irrmedi&ely 
a 

a f t e r  it  e n t e r e d  t h e  a r e a .  Mole A-6  e n t e r e d  t h e  t e r r i t o r y '  

v aca t ed  when mole A - 2  was cap tu r ed .  I t  was a c t i v e  i n  t h e  

same runways and was caugh t  on ly  2 m from where A - 2  was t r a p -  

ped. A p o s s i b l e  t h i r d  i n s t a n c e  occur red  w i th  n o l e s  A - 1 2  and 

- 1  Both were caught  w i t h i n  2 m o f  each o t h e r  on t h e  same 

even ing ;  both  cou ld  n o t  be occupying t h e  same t e r r i t o r y  s o  one 

was probably  an i n t r u d e r .  The new moles e n t e r e d  t h e  s t udy  a r e a  

from t h e  pe r i phe ry  o f  t h e  f i e l d  from a  l a r g e  g r a s s y  d i t c h .  

The ' ages  o f  t h e  23' individuals caught  were e s t i m a t e d  t o  

be a s  f o l l ows :  4 - 1 y e a r ,  1 2  - 2 y e a r s ,  6 - 3 y e a r s ,  and 
\ 

1 - 4 y e a r s .  Males were on t h e  average  s l i g h t l y  o l d e r  t h a n  . 

f e q l e s  . 
No p l a c e n t a l  s c a r s  were v i s i b l e  i n  any o f  t h e  10 u t e r i  

examined. The u t e r i  from t h e  'two females caugh t  i n  February t 

. . 

were g r e a t l y  e n l a r g e d  and a  peared  t o  be i n  r e p r o d u c t i v e  condi  - B -  
t i o n .  Examination o r  t h e  o v a r i e s  . i n d i c a t e d  t h a t  l e  A - 4  had P - 

. b t e d  b u t  was i n a c t i v e  a t  - t h e  tik o f  c a p t u r e ,  A - l l ' w a s  j u v e n i l e  

and had no t  b r ed ,  and A-4 and A-15 were e n t e r i n g  o e s t r u s .  The 

b r eed ing  c o n d i t i o n s  o f  t h e  o v a r i e s  of t h e  remainihg i n d b i d u a l s  

cou ld  n o t  b e  determined.  

Discuss ion  . 

The d i f f s r e n c e  i n  t h e  'densities o f  t h e  two p l o t s  s ~ d i e d  ' 

' . 



i 
nay be due t o  d i f f e r e n c e s  i n  h a b i t a t .  The smaller p l o t  con- 

t a i n s  a  b a r n  which a t t r a c t s  c a t t l e .  The c a t t l e  were i n v a r i a b l y  

on t h e  s m a l l e r  p l o t  and s t a y e d  away from t h e  l a r g e r  even though 

they  had u n r e s t r i c t e d  a c c e s s .  The s m a l l e r  p l o t  t h u s  r e c e i v e d  

l a r g e r  amounts o f  manure. T h i s  i n  t u r n  c o u l d  s u p p o r t  a  l a r g e r  

earthworm p o p u l a t i o n ,  and t h e r e f o r e  s h o u l d  b e  a b l e  t o  s u p p o r t  

more moles.  Pederson (1963) m a i n t a i n s  t h a t  manured p l o t s  can  

s u p p o r t  h i g h e r  d e n s i t i e s  o f  Townsend mole p o p u l a t i o n s  t h a n  un- 

manured p l o t s .  

The h i g h e r  d e n s i t y  i n  t h e  s m a l l e r  p l o t  c o u l d  a l s o  b e  due 
P 

t o  r e c r u i t m e n t . .  Glendenning (1959) mentions t h a t  t h e  d e n s i t y  'i 
I I 

o f  t h e  c o a s t  mole v a r i e s  from 10.2/ha t o  0.072/ha;  He found 

t h a t  t h e  d e n s i t i e s  of  m o l e s m r r e l a t e d  h i g h l y  w i t h  t h e  numbers 

o f  earthworms i n  t h e  f i e l d s .  H i s  h i g h e s t  d e n s i t y  is  s t i l l  below ., 
t h a t  o b t i i n e d  f a r  t h i s  s t u d y ,  perhaps  because  my s m d y  a r e a  con-  

t a i n e d  more earthworms t an  t h e  f i e l d s  h e  sampled. I f ,  how- i 
e v e r ,  t h e  two moles which appeared  t o  inva'de t h e  s t i idy a r e a  

a r e .  excluded from t h e  e s t i m a t e , '  it now becomes 10.8  moles/ha,  

which approximates  t h e  maximum d e n s i t y  quo ted  by Glendenning 



" 
Glendenning (1959) mentions t h a t  74 mature (over 1 yea r  

o f  age)  .sale c o a s t  moles t rapped  over 10 y e a r s  (November- 

A p r i l )  weighed 74.3 ' +  5.6 gm (64-91 gm) ,and 30 mature females 

weighed 69.8 + - 4.1 gm (61-79 g a ) .  He f u r t h e r  mentions t h a t  

from May-September 1934, 52 a d u l t  and y e a r l i n g  males weighed - 
63.2 + - 8.0igm (42-77 gm), and 53 a d u l t  and y e a r l i n g  females 

weighed 58.1 + - 6.6 gn (40-80 gm). He a l s o  states t h a t  t h e  

average weights f o r  w in t e r  (Noveaber-May) were c o n s t a n t  and 

t h a t  t h e  weight records  i n d i c a t e d  t h a t  moles o f  a l l  ages  had 

an abundant food supply dur ing  Tntdr There does no t  appear t o  be an p a t t e r n  i n  t h e  d i s t r i b u -  

t i o n  of  males and females i n  t h e  rtudyCp1,ots (F igure  7 ) .  1; 

t h e  smal le r  p lo t  t h e  2 sexes- appear t o  be randomly d i s t r i b u t e d .  
\ 

In  t h e  l a r g e r  p l o t  t h e  f ema le s , a rb  l o c a l i z e d  i n  t h e  e a s t e r n  . / 
h a l f  a n d . t h e  males in. t h e  western  h a l f ,  bu t  s e v e r a l  moles re- 

I 

\ ./ 

m e n e d  uncaught so any conclusion would be t e n t a t i v e .  Simi- 
2' 

l a r l y ,  theke d i d  n o t  appear t o  be any p a t t e r n  , . i n  t h e  d i s t r i b u t i o n  

o f  t h e  age c l a s s e s  i n  t h e  s tudy  ' p lo t s .  
/ 



Glendenning (1959) found t h a t  . 4 5 3  o f  t h e  c o a s t  moles 

which he t r a p p e d  from November-April were a d u l t s  ovp'r 1 y e a r  

o l d ,  and 65 were a d u l t s  o v e r  3 y e a r s  o l d  (based  on s k i n  t e x -  

t u r e  and w e i g h t ) .  The reaai;ing 55% o f  t h e  i n d i v i d h s  were 
V 

l e s s  t h a n  1 y e a r  o l d .  I n  my s t u d y  most o f  k h e  c o a s t  moles were 
I 

e s t i m a t e d  t o  be  2. y e a r s  o l d .  I  f e e l  t h a t  t h i s  d i s c r e p a n c y  may 

i n d i c a t e  t h a t  any d i s t i n c t i o n  between t h e  f i r s t  two age  c l a s s e s  

was i n a c c u r a t e ,  and i n  a c t u a l  f a c t  16 o f  t h e  '23 i n d i v i d u a l s  i n  

my s t u d y  were 1 y e a r  o l d ,  6 - 2 y e a r s ,  and 1 - 3 y e a r s .  

- I t  appears  from ,previous  work done on t h e  c o a s t  and Euro-  

' C  

I pean moles,  t h a t  r e c r u i t m e n t  i s  p robab ly  f a i r l y  h i g h  i n  moles.  

Perhaps t h e  b e s t  ev idence  f o r  t h i s  i s  p r e s e n t e d  by Glendenning 

(1959)  where he  g i v e s  t h e  y e a r l y  number o f  moles he t r a p p e d  i n  

some f i e l d s .  The moles were p e r s i s t e n t l y  s u c c e s s f u l  i n  r e i n v a d -  

i n g  h i s  t r a p p e d - o u t  f i e l d s  f o r  t h e  f i r s , t  . - s e v e r a l  y e a r s  whereupon 

a f t e r  con t inuous  t r a p p i n g  t h e i r  numbefs s t a r t e d  t o  d e c l i n e .  

Furthermore,*even though t h e  a k u l  ages  o f  t h e  moles 1 

t r a p p e d  i n  my s t u d y  c o u l d  n o t  be de te rmined ,  t h e r e  were a t  

l e a s t  f o u r  moles t r a p p e d  a t  Aldergrove i n  1976-77 which showed 

no n o t i c e a b l e  t o o t h  r e a r ,  which'would i n d i c a t e  t h a t  t h e s e  moles 



were less t h a n  1 y e a r  o l d  and t h a t  some r e c r u i t m e n t  had o c c u r r e d  

i n  t h a t  a r e a  i n  1976. 

F u r t h e r  e v i d e n c e  f o r  r e c r u i t m e n t  i s  t h a t  I caugh t  two moles 

w i t h i n  2 m o f  e a c h  o t h e r ,  one i n  an a r e a  where t h e  p r e v i o u s  

occupant  had been removed a month e a r l i e r .  I n  t h e  i n  t a n c e  \ 
where t h e  r e s i d e n t  ( e s t i m a t e d  age 1 - 2  y r s )  was removed was T 
r e p l a c e d  by an  i n d i v i d u a l  o f  t h e  same a g e .  I n  t h e  i n s t a d c e  

where two moles were caugh t  w i t h i n  2 m o f  e a c h  o t h e r  on t h e  sameu 

even ing ,  one of  t h e  moles was e s t i m a t e d  t o  be  1 - 2  y r s  o f  a g e ,  

and t h e  o t h e r  0 - 1  y r s .  One mole e n t e r e d  t h e  s t u d y  a r e a  -pro-  
.- . - ducing new h i l l s  a f t e r  t h e  t r a p p i n g  program: had begun .  The 

u-2 e s t i m a t e d  age o f  t h i s  i n d i v i d u a l  was ~ - l \ , ~ r s .  I f  t h e  e s t i m a t e d ' -  

ages  a r e  c o r r e c t  it would a p p e a r ,  t h e n ,  tjkat th.&'inunlgrant 

p o p u l a t i o n  does n o t  c o n s i s t  s o l e l y  . o f  y e a r  i n d i v i d u a l s .  
\ 

The most d i r e c t . v a y  o f  proving r e c r u i t l b n t  would have . 
been t o  f i n d  p l a c e n t a l  s c a r s  i n  t h e  u t e r i  o f  t h e  females  .. 

' U n f o r t u n a t e l k  no p l a c e n t a l  s c a r s  were found i n  any o f  t h e  1 0  

u t e r i  examined, p robab ly  because  most o f  thsa -wo , t ld  have had ' 

t h e i r  young by t h e  end o f  A p r i l  and - t h e  , p l a c e p t a l  s c a - i s  may , 
. .. 

. ' .  

have h e a l e d  by . J u l y  when t r a p p i n g  was beg,un. Two females  and2 '  . -  .- . 
two ma1-e~ caugh t  i n  February o f  1977 a l l  had e n l a r g e d  g ~ n a d s ,  

a .-7 - * h 



- .  

indicat ing that  a t  l e a s t  the . A  for  bredinfiwar pre- 

s ent ,  The coast  mole i s  known- t o  b r e ~ d  a t  t h i s  t i m e  (Glen- 



APPENDIX 3 0 .  ,Movements and d i e l  g c t i v i t y  o f  t h e  c o a s t  mole 

\. 
. , Lit t le  i s  known o f  t h e  k d m e n t s  and d i e 1  a c t i v i t y  o f  , ' x  

. d 

t h e  c o a s t  mole. The purpose  o f .  t h i s  s e c t i o n  of  t h e  s t u d y  was- 

t o  de te rmine  t h e  p a t t e r n  o f  movements, home range  a r e a ,  and 4 

a c t i v i t y  o f  a ve ry  l i m i t e d  number o f  c o a s t  moles.  T h i s  i n f o r -  

mation was t o  b e  compared w i t h  d a t a  f o r  t h e  European (Godfrey 
' . 

1955) and  E a s t e r n  (Harvey 1976) moles t o  de te rmine  i f  r e a s o n -  
>' 

a b l e  e x t r a p o l a t i o n s  ,cou,ld bez made .about t h e  d i s p e r s a l  c a p a -  

b i l i t i e s  o f  t h e  c o a s t  mole. 6- 

Methods ., . . 

The c a p t u r e  o f  l i v e  c o a s t  moles proved t o  be  d i f f i c u l t  

, and time consuming. A l i v e  mole t r a p  (Moore 1944) i s  d e s -  

c r i b e d  b u t  a f t e r  2  months o f  d a i l y  t e s t i n g  i t  was found t o  

be  u n s u i t a b l e  f o r  c o a s t  moles (moles e n t e r e d - - t h e  t r a p  b u t  d i d  

n o t  r e l e a s e  t h e  t r i p  mechanism). 

A f t e r  9 f i e l d  &iys a . i i v e  mole was c a p t u r e d  i n  t h e  L a i t y  y ,  
f i e l d  a t  Maple Ridge on 8 November, 1976. The mole m - s  cap-  - . 

9 % ~ .  

t u r e d  by moni to r ing  t h d  f i e l d  f o r  moles push ing  up h i l l s  and , 

t h e n  t r y i n g  t~ f l i p  \he mole o u t  o f  t h e  g r w n d  w i t h  a s h o d .  ' 

- The l i v e  mole o f  Uknown s e x  was brought  back t o  the' l a b -  

o r a t o r y  and k e p t  o y e r n i g h t .  I n  t h e  morning i t a w a s  a n a e s t h e -  '. 

t i r e d  , i i t h  e t h e r '  and a coppe t  band (3x12 nun; ;t-2-), w i t h  *20 ._ 
m i c r o c u r i e s  o f  I r  1 9 2  s o l d e r e d  t o  i t  was at tacheid tq t h e  l e f t . .  

I 

0 
hind l e g .  A t a i l  band such a s  was used f o r  t h e  European msle - 

/ I 



jGodf r ey  195s) was i n a p p r o p r i a t e  because $he ta"i1 - i f  t h b c b a s t  
- . .  

mole t i p e r s  from the  body t o  t h e  t i p ;  i n  t h e  European a o l e '  ; 7 ,  

, . 
\ , the re  i s  a  c c m r t t i c t i o n  a t  t h e  bas. o f  t h e  t a i l  which . 

, , t h e  band from s l i p p i n g .  I r  192 "as p r e f e r r 9 d  over  t h e  Ca 60 
P 

used by 'p rev ious  r e s e a r c h e r s  because a f  A t s  s h o r t  h a l f - l i f e  - 1 
* ?' 

(152 days ) ,  and becausm it is b i o l o g i c a l l y  i n e r t .  The r o l e  - ' , 

was then  immediately t a b n  t o  i t s  p o i n t  of  .capt&re i+d re- 
. . 

lbased  i n t o  i t s  runway. I . 
The mole was followed us ing  a  Technical  ~ s s o c i a t e s  PUG1 

s c i n t i l l a t i o n  coun te r .  An iod ide  c r y s t a l  probe was m8qnted 
I a 

a t  t h e  end of  a  3 m boom t o  mainta in  a  d i s t a n c e  from the mold. . 
dur ing  observa t ion  t o  reduce d i s tu rbance .  

1 
The p o s i t i o n  of  t h e  mole was p e r i o d i c a l l y  marked wi th  a  

, - - small f l a g  wi th  t h e  ' t i m e  of  day recorded on it. I f  the mole - ' ' 

\ 

spen t  more than  1 min in  any pos ik iod  t h e  d u r a t i o n  o f  t h i s  , ,  . 
I 

pause was noted.  A t  t h e  end of  each \ $ b p r v a t i o n  day t h e  p o s i -  
I' 

t i o n s  of  t h e  mo1. and t h e  t i n e s  wete marked on a map o f  t h e  

s tudy  ayea.  . 

I t  i s  d i f f i c u l t  t o  d e t e r m i n e t h e  n a t u r e o f  a m o l e o s  a c t i v i t y .  
. i 7 

' 

The mole was bssumed t o  be as lee$  when it ;was a t  i t s  hest ( a  

s i t e  r epea t ed ly  used by t h e  1010 fo,r 31e.p) , . and r e m i n e &  motion- 
! 

less f o r  a t  l e a s t  s e v e r a l  min. Becaustb t h e  , .  mole is m d q r g r o i d  
*- 

and .the s c i n t i l l a t i o n  coun te r  i s  n b t  s e n ~ i t i v e  enodgh t o  &tact 
'. $4 :"d. 

.minor mo&ents it i s  u s u a l l y  ibos ; ib le '*o  d e t e r n i n e  -if- th i  ' 'v 1 

' L i  

P * 

.ole i s  feed ing ,  s l e e p i n g  away ftom t h e  n e s t ,  d igg ing ,  groom- * 

id d 

ing,etc:As a  t e s u l t i h e  d a t a r u e  ca tdgor ized  o fho f o l l a i n g  I - 



* 
a c t i v i t i e s :  . 

1. r o v i n g  - i f  t h e  mole d i d .  n o t  remain i n  one  p o s i t i o n  f o r  - 
more t h a n  1 mini 

7 . s t a t i o n a r y  - i f  it .,remained w i t h i n  m o n i t o r i n g  d i s t a n c e  

o f  t h e  p r o b e  ( r a d i u s  o f  a b a u t  15 c r )  w h i l e  it r e s t e d  on t h e  

ground f o r  more t h a n  1 r i n ,  

3. d igg ing  - when t h e  mole was a c t u a l l y  push ing  up e a r t h ;  

t h i s  was n o t  r ecorded  when t h e  mole was h e a r d  t o  be  d i g g i n g  r 

b u t  d i d  n o t  b r i n g  up soil, 

4 .  r e s t i n g  - t h e  p e r i o d  immediately a f t e r  d i g g i n g  when t h e  

ro le  was observed t o  r o v e  abou t  30 cm from t h e  new round and 

s t a y  i n  one p o s i t i o n  f o r  s e v e r a l  r i n ,  

5 .  a s l e e p  - when t h e  mole was m o t i o n l e s s  a t  t h e  n e s t  s i t e  

f o r  more than  s e v e r a l  min, and,  

6 .  awake - a l l  t i res when t h e  mole was n o t  a t  t h e  n e s t .  

The n e s t  s i t e  was d e f i n e d  a s  t h e  p l a c e  where t h e  mole re- 
I 

t u r n e d  t o  s l e e p .  I t  ;as a  d e f i n i t e  ' s p o t  in,. t h e  territ* 

and was t h e  o n l y  p l a c e  where t h e  mole s l e p t .  The term ' n e s t !  

was used by p r e v i o u s  r e s e a r c h e r s  t o ' d e s c r i b e  t h e  p l a c e  where 

moles s l e e p .  - . 
A s$cond l i v e  role was caught  a t  t h e  L a i t y  farm i n  

J a n u a r y ,  1977 a f f h r  1 4  f i e l d  days .  I t  w a s  tagged and r e l e a s e d  

i n  t h e  same manner a s  d e s c r i b e d  p r e v i o u s l y  e x c e p t  t h a t  it was 

n o t  k e p t  i n  t h e  l a b o r a t o r y  o v e r n i g h t .  However, t h e  r o l e  
r 

appeared  i l l  a f t e r  t h e  a n a e s t h e t i c ,  and when r e l e a s e d  i n t o  

t&l wher$&was c a u g h t  it & e a t e d l y  c a r e  above -ground, 



wheezing and s n o r t i n g .  A f t e r  s t a y i n g  wi th  t h e  mole f o r  2 

h r s  i n  t he  f i e l d ,  c ? n t i n u a l l y  r e in t roduc ing  it i n t o  i t s  

t u n n e l ,  I l e f t  t h e  mole f o r  2 days and when I r e t u r n e d  I 

was unable  t o  l o c a t e  t h e  mole aga in .  Ten days were subse-  

h q u e n i l y  spen t  s ea rch ing  f o r  t h e  r o l e  wi th  a  s c i n t i l l a t i o n  

coun te r  over  a  5-ha a r e a  i n  d e t a i l ,  and c u r s o r i l l y  over  about 

a  20 ha a r e a ,  wi th  no succes s .  t 

Two o t h e r  moles were un fo r tuna t e ly  k i l l e d  whi le  I t r i e d  
r 

t o  remove them from t h e  ground. 

Resu l t s  

A map showing t h e  home range of t h e  r o l e  which was 

s u c c e s s f u l l y  followed i s  shown i n  Figure 8 ,  and t h e  a c t i v i t y  

pe r iods  a r e  shorn i n  Table 2 5 .  U n t i l  t h e  beginningbof Decem- 

be r  t h e  role conf ined i t s  r o v e r e n t s  t o  an a r e a  of  approxi -  

mately 39x22 m.  During December new a c t i v i t y  was observed 

o u t s i d e  of t h i s  range and on 31 January t h e  f l agged  a r e a  was 

39x39 r (maximum d iame te r s ) .  Once t h e  movements of  t h e  r o l e  

were known t h e  l o c a t i o n  of  t h e  runways appeared t o  be w e l l  

de f ined  by t h e  h i l l s  on t h e  s u r f a c e .  However, wi thout  know- 

ing  t h e  mvements it w6uld)rave been impossible  t o  loca-te t h e  
/' 

runways from t h e  h i l l s  Wcause  it is  o therwise  d i f f i c u l t  t o  

t e l l  which hi-11s a r e  in te rconnec ted  by a  runway. 

The mole spen t  -st of  i t s  a c t i v e  pe r iods  i n  t h o  a r u  of  t h e  

* .  / n e s t .  The longer  fo rays  t o  t h e  per imeters  of  i t s  home. range 

were in f r equen t .  The r o l e  d i d  have a  nest it r e tu rned  t o  - 
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F i g u r e  8 .  Map o f  t h e  t e r r i t o r y  o f  t h e  mole f o l l o w e d .  The 

p o s i t i o n  o f  t h e  n e s t  i s  marked w i t h  an  ' x '  . Dots  

. ,  i n d i c a t e  p l a c e s  where t h e  m o l e ' s  p o s i t i o n  was re-  

c o r d e d  and  u s u a l l y  c o r r e s p o n d e d  w i t h ~ m o l e h i l l s  . 
Lines  c o n n e c t i n g  t h e  p o s i t i o n s  o f  t h e  mole a r e  

e s t i m a t e d  p o s i t i o n s  o f  t h e  mole t u n n e l s .  I n  a  

few i n s t a n c e s  t h e  p o s i t i o n s  o f  t h e  t u n n e l s  c o u l d  

n o t  be d e t e r m i n e d .  

(4 





,a 

Table 25 .  Maximum d i s t a n c e s  t r a v e l l e d  by t h e  mole w i t h i n  i t s  . .,$ 

t e r r i t o r y  dur ing t h e  pe r iods  it was followed. Observation . 
, 

began a t  t he  e a r l i e s t  times recorded on 'each date and t h e  

l a t e s t  times were when obse rva t ion  ended. 
I 

T i m e  - a c t i v e  Maximum* :~axibum* Time a s l e e p  
Date (olaps8d-time w'ihdth (r) l eng th  (r) (@18ps@d!tbmo 

(mins) i n  b racke ts ) t rave l led  t r a v e l l e d  (rias) i n  b racke t s )  I 

10  Nov. 

1 2  Nov. 

1 2  Nov. 

16 Nov. 

18 Nov. 

19 Nov. 

23 Nov. 

23 Nov. 

25 Nov. 

25 Nov. 

26 Nav. 
26 Nov. 

30 Nov. 

9  Dec. 
9  Dec. 

2 2  Dec. 

31 Jan .  
- -- 

* a f t e r  Godfrey and Crowfoot (1960) 



- 

f o r  s l e e p i n g ,  and t h i s  was l o c a t e d  i n ,  bne c o r n e r  o f  t h e  te r r i -  

t o r y  (F igure  8 ) .  

The d a i l y  d i s t a n c e s  t r a v e l l e d  by t h e  mole a r e  r e co rded .  

i n  Table 25. The days o f  23, 2 5 ,  and 26 November c o n t a i n  
. - 

in fo rmat ion  f o r  what appear  t o  be complete p e r i o d s  o f  a c t i g i t y  

' ( t he  mole was s l e e p i n g  a t  t h e  n e s t  s i t e  b e f o r e  and a f t e r  t h e s e  
4 

p e r i o d s ) .  I t  can be seen  from t h e  moveaents on t h e s e  dayS t h a t  
/- 

t h e  mole d i d  n o t  v i s i t  i t s  comp.lete home range ( t e r r i t o r y ? )  \ 

dur ing  one a c t i v i t y  p e r i o d ,  a l t hough  i t  may do ' so  w i t h i n  a  2 4  
% 

h r  pe r i od  ( t h i s  was n o t  de te rmined) .  
t 

A t ' t h e  beg inn ing  of  an obse rva t i on  p e r i o d  t h e  mole was 
4 

l o c a t e d  immediately i f  i t  was a t  i t s  n e s t .  Up t o  

r e q u i r e d  t o  l o c a t e ,  t h e  mole i f  i t  was a c t i v e  when 
c 

began., The mole d i d  no t  seem t o  be a c t i v e  du r ing  

p a r t  o f  t h e  day. For any given time t h e  mole may 

1 If was 

o b s e r v a t i o n  

any s p e c i f i c  

have be+n 

a c t i v e  1 day and a s l e e n h e  n e x t .  A c t i v i t y  amongst moles 
8 

w i t h i n  t h e  f i e l d  was n o t  synchronous because o t h e r  moles were 

o b 6 r v e d  t o  b e  d igg ing  wh i l e  t h e  mole I  was moni to r ing  was 

, a s l e e p .  

The mole moved on ly  f o r  f i o r t  p e r i o d s  of  t ime , , spend ing  

a  g r e a t  dea l  o f  i t s  time s t a t i o n a r y .  Table  26 summarizes t h e  

amount o f  time s p e n t  by t h e  mole a t  va r i ous  a c t i v i t i e s .  I t  

took t h e  mole an  average  of 30 min t o  c o n s t r u c t  a  h i l l ,  

and i t  r e s t e d  abou t  1 5  min immediately a f t e r w a r d s .  I t  

s p e n t  a l i t t l e  more t h a n  4 h r  awake, and probably  s l e e p s  a  
* 

l i t t l e  l e s s  than  4 h r  (only  one complete o b s e r y a t i o n  



Table 2 6 .  Amount of tire spent by the mole a t  various 

a c t i v i t i e s  ( o n l y  complete periods o f  'as leep'  and 
'awake' which were observmd are recdraed). 

5 t 
0 

-Category Observations Total'+ Mean Maximum Minimum 
n (r in)  -' 

I 

moving 34 339 9.97 

66 '. 
. , 

stat ionary 1124 1 7 . 0 8  

digging 

res t ing  

as leep  

awake 



p e r i s '  f o r  t h e  l a t t e r  was a v a i l a b l e ) .  . J 

\ 

around t h e .  ba se ,  of a  h i l l .  

it was d tgg ing  it 
/ .  

/ A h a t  t h e f e  were s e v e r  f b l i n d  tunne l s  r a d i a t i n g  outwaid around 
' /  

\ 
t h e  base  of  t h e  h i l l .  The mole would sea rch  t h e s e  t unne l s .  

s 

and o e c a s i o n a l l y ,  a f t e r  a  b r i e f  s t a t i o n a r y  p e r i o d  where I 

presumed it was f eed ing ,  it would l e t  o u t  s e v e r a l  h igh p i t c h e d  
.- 
squeaks and s n i f f  s o  loudly  t h a t  I cou ld  h e a r  i t  through t h e  

ground. 

Discussion 

The home ranges  of moles a r e  d i scussed  i n  terms of maxi- 
t 

mum l eng ths  and bread ths  of  movements (Godfrey and Crowfoot 

1960). From 10 November t o  2 2  December 1976 t h e  mole s t ayed  

wi th in  an a r ea  approximately 39x22 m. By 31 January 1977 

t h e  home range had extended t o  39x39 m .  There a r e  s e v e r a l  l 

p o s s i b l e  explana t ions  f o r  t h i s  i nc rease  i n  movement. The most 

obvious i s  t h a t  t h e  a c t u a l  home range was n o t  a c c u r a t e l y  

L s u r e d  i n  j u s t  1 monthvs observa t ion .  Second, t h e  i n d i v i -  
, 

dua l  may have been a  male. Male c o a s t  moles- may ex tend  t h e i r  

ranges dur ing t h e  breeding season i n  s e a k h  o,f females 

(Glendenning 1959) a s  does t h e  European mole (Larkin 1948). 

Thi rd ,  t h e r e  was a  mole a c t i v e  prev ious ly  i n  t h e  a r e a  i n t o  

which the  mole being t racked  en t e red  i n  January,  bu t  t h i s  p r e -  

vious r e s i d e n t  was k i l l e d  i n  December when I a t tempted t o  

remove i t  from t h e  ground with  a  shovel .  The mole being 



t r a c k e d  may have been moving i n t o  a vaca t ed  t e r r i t o r ) r .  I t  i s  

n o t  p o s s i b l e  t o  d i s t i n g u i s h  between t h e s e  p o s s i b l e  exp l ana -  

t i o n s ,  bue a n  impor tan t  o b s e r v a t i o n  i s  t h a t  t h e  h o l e  be ing  , 5 

t r a c k e d  was capab l e  of moving d i s t a n c e s  o f  39x39 m.  
1 
i4 

3 
.5 

The ome range  measurements f o r  t h e  European mole a r e  i 
i 

;onparable t o  t h o s e  o f  t h e  c o a s t  mole i n  t h i s  s t u d y ,  La rk iq  i 

*,/* 
(1948) found t h a t  male European moles had home ranges  abou t  I 

i 
4 7  m l ong ,  and females  about  30 m.  Godfrey (1957) found t h a t  h 
female European moles had home ranges* 3 7  m long.  Lark in  (1948) 

was e s t i m a t i n g  home rang'es 'by h i l l  p a t t e r n s  and t r a p p i n g , '  I 
Godfrey was u s ing  t h e  r a d i o a c t i v e  i s o t o p e  t e chn ique .  - 

Glendenning's(l959) o b s e r v a t i o n s  on t h e  a c t i v i t y  p a t t e r n  

o f  t h e  c o a s t  mole a r e  markedly d i f f e r e n t  from t h e  r e s u l t s  o f  

my s t udy .  . From h i s  work on caged moles he  conc ludes  t h a t  t h e  

c o a s t .  mole must a lmos t  con t i nuous ly  be s e a r c h i n g  f o r  food.* 

He mentions t h a t  h i s  caged a n i m a l s ' r a r e l y  remained s t i l l  o r  

a s l e e p  f o r  more t n 30 min a t  a time, and t h a t  a mole must 8 

.. 
on t h e  ayerage  a worm every  10 min.or  s t a r v e .  H e  e x t r a -  

-. - 
palates. t h a t  t h i s  s i t u a t i o n  i s  t r u e  unber . r i a tu ra l  c o n d i t i ~ n s  - 
because  t h e  c o a s t  mole has bfen observed d igg ing  a t  a l l  h r s  o f  

r' 
t h e  day and n i g h t .  

The ~ u r o p e a n  mole has  an a c t i v i t y  rhythm c o n s i s t i n g  o f  

approximate ly  4% h r  o f  a c t i v i t y  a l t e r n a t e d  w i t h  abou t  3 % - h r  

o f  s l e e p  (Godfrey 1955) a t  a n e s t ,  Only t h r e e  complete p e r i o d s  

(from t h e  t i m e  t h e  mole was fo l lowed a f t e r  i t  had been a s l e e p  

. . a t  t h e  n e s t  u n t i l  it r e t u r n e d  t o  t h e  n e s t  t o  s l e e p  a g a i n ) ,  of 

. a c t i v i t y  were observed f o r  t h e  . c o a s t  mole i n  my s t udy  b u t  i t s  
$ B 



\ 

mean d u r a t i o n  of  ' a c t i v i t y  was 5 h r ,  roughly t h a t  of  t h e  Euro- 

pean mole. Only one complete pe r iod  o f  s l e e p  was observed 

which was for-3  h r  and 59 .in, aga in  roughly t h a t  o f  t h e  

European mole. 

Within any one d ,  e r i o d  of a c t i v i t y  t h e  coas t .mole  d i d  no t  , 
8 

t r a v e l  throughout i t s  complete home range.  This  was a l s o  : 

observed f o r  t h e  European mole (Godfrey 1955) and t h e  e a s t e r n  

mole (Harvey 1976). 
c fi t ' 

This coas>~nole  spent .  an average of  30 b i n  a t  t h e  base 
0 

of  a  h i l l  p&ing up e a r t h .  This t i n e  could be cons iderab ly  
. . 

s h o r t e r  ( 5  min) , and i n  1 ins t ance  it was longer  (1% h r )  . 
A f t e r  working on a h i l l  t h e  r o l e  wou ld - inva r i ab ly  t a k e  a  b r i e f . , ,  

r e s t  averaging 17 min. 

> Even though only one c o a s t  mole was cons idered  i n  t h e  p r e -  

s e n t  s tudy  c e r t a i n  in fe renees  can be made about  t h e  d i s p e r s a l  

c a p a b i l i t i e s  of t h e  s p e c i e s .  C l e a r l y ,  t h e  i n d i v i d u a l  s t u d i e d  

i s  very s i m i l a r  i n  i t s  a c t i v i t y  and movements t o  o t h e r  s p e c i e s  

s t u d i e d  more i n t d v e l y .  A mole appears  t o  i n h a b i t  a  ter?i- 

Sory about 4 0  m long,  may t r a v e r s e  a r e a s  t h r e e  times t h a t  l eng th  * .  
i f  i t  is  a -ma le  dur ing t h e  breeding season ,  and could even po- 

s s i b l y  t r a v e l  d i s t a n c e s  of up t o  perhaps 800 rn i f  it i s  young 

and d i spe r s ing  i f  i t s  movements.are s i m i l a r  t o  t h o s e  o f  t h e  

Townsend mole (Giger 1973). . 

I t  seems reasonable ,  t h e r e f o r e ,  t o  conclude t h a t  c o a s t  

moles i n  a  f i e l d  a r e  a t  l e a s t  capable'  of  d i s p e r s i n g  through- 

ou t  t he  s tudy  a r e a s  I  considered i n  previous  chap te r s  (100 x 

100  n ) ,  and t h a t  moles M e d i a t e l y  o u t s i d e  o f  t h i s  a r e a  pro-  
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APPENDIX 31. The number of r o l e h i l l s  i n  the study plots 

( l o x l b )  of the  ~ e u r  f i e l d  i n  autumn ,(23/9/16). 
; 5 - - .  . 
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APPENDIX 3 2 .  The nuber  of molehil ls  in  the study p lo t s  

(10x10 r) of the Keur field i n  winter (17/1/77). 

Plot 1 2 3 4 5 6 7 8 9 10 



APPENDIX 33. T)re number of r o l e h i d l s  i n  the  study pl 'ots  

(IOxlQ r) of the  Keur f i e l d  i n  spring (30/3/77). 1) 

Plot ' 1' 2 3 4 5 6 7 8 -2 10 



Plot 1 2 3 4 5 ' 6 7 8 9 10 

1 0 4 3 2 6 2 5 11 7 15 



APPENDIX 35. The number of  molehi l l s  i n  the study p l o t s  
4 

(10x10 a) of the Laity field in  winter (l9/1/77) ; 

C 
Plot  1 2 3 4 5 6 7 8 9 10 



* APPENDIX 36. The nuuber o f  m o l e h i l l s  i n  the  study p l o t s  

(10x10 n) o f  the  Laity  f i e l d  i n  spring (6/4/77) .- 

Plot 1 2 3 4 5 6 7 8 9 10 



a 
APPENDIX 3 7 .  The number of  molehi l l s  i n  -the study p l o t s  

# 

. (10x10 a) of  the Robertson f i e l d  in autumn' (24/9/76) .  

Plot  1 2 3 4 5 6 7 8 9 ' 10 



. -. ;. . . . . .< 

1 .  

178 

3 
. - 

APPENDIX 38. The number o f ,  moleh i l l s  i n  the study p l o t s  . , 

(10x10 m) of  the Robertson f i e l d  i n  winter (26/1/77)-. 

Plot 



L 

APPENDIX.39 :  The numbqr of m o l e h i l l s  i n  the  study p l o t s .  

' (10x10 m) of  the  Robertson f i e l d  i n  spring ( 4 / 4 / 7 7 ) .  

Plot 1 2 3 4 . 5  6- 7 8 9 10 

. 1  0 0 0 0 0 0 0 0 0 1 
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APPENDIX 53. Mean n i t r a t e  and amnonia content  

3 t e r r i t o r  e s  o f  the  f e r t i l i z e r  experiment. The second appl ica?  

t i o n  o f  f e r t i l i z e r  was appl ied  11 July a f t e r  t h e  s o i l  samplp  

were c o l l e c t e d  on that  da te .  

contro l  70 kg N/ha 140 kg N/ha 
Date/ (Territory 4) (Territory 10) (Territory 7) 
Treatment NO3 NH4 NH4 NH4 . 



, BIBLIOGRAPHY 

Abaturov,  B .  C .  1972. The r o l e  o f -  burroirrnb)animals i n  t h e  . 
t r a n s f e r  of  m i n e r a l  s u b s t a n c e s  i n  t h e  s o i l .  Pedob io log ica  

A r l t o n ,  A .  V .  1936. An e c o l o g i c a l  s t u d y  o f  t h e  mole. J .  

Mammal. 17:349-371.  

Buckman, H.0. and N .  C .  Brady. 1969. The n a t u r e  and p r o -  

p e r t i e s  o f  s o i l s .  C o l l i e r  MacMillan Ltd .  London. 7 t h  

e d .  653  pp .  

\ 

Cameron, T .  W .  M .  and I .  W .  P a r n e l l .  1933. The incaernal 

p a r a s i t e s  o f  l a n d  an imals  i n  S c o t l a n d .  Proc .  Royal .  

P h y s i o l .  Soc.  2 2  (# ) :133-154 .  

Conso laz io ,  C .  F .  1963. Physiological~measurements o f  

m e t a b o l i c  f u n c t i o n s  i n  man. McGraw H i l l .  N e w  York. 



Cowan, I. McT. 1942. Food habits of the barn od in B. C. 

Murrelet 23(2) :49-53. 

Cowan, I. McT. and C. J. Guiget. 1956. The mammals'of 

British Columbia. B. C. Prov. Mus. Bull. 111. 414 pp. 

1. Dabrowski, Z. and S. Skoczen. 1962. Paper electrophoresis 

.of the mole (Talpa europaea L.). Acta Biol. Cracov., 
# 

S. Zool. 5:207-214. 

Demela, J. 1950. Is the mole in meadows useful or harmful? 

Vestnik Ceskoslov. Acad. Zem. 24(1):134-136. 

d 

~ e ~ a r m a ,  N. K. 1963. Methods for estimating the size of 

mole populations. in: Game animal resources in the 

U. S. S. R. and estimating their population density.. 

pp. 196-208. 

Edwrds, C. A .  and J. R. Lotty. 1972. Biology of Earthworms. 

Chapmah and Hall, London. 283 pp. 

Ennik, G. C. 1965. The influence of management and nitrogen 

application on the botanical composition of grassland. 

Neth. J. Agr. Sci. 15:221-228. 

Ennik, G. C. 1967. Mole activity in relation to pasture 



e 

management and nitrogen fertilization. Neth. J. Agr. 
1 

, 

Sci. IS(#) :221-228. 

Evans, A. C. 1948. Studies in the relationship between 

earthworms and soil fertility. I. Some effects of 

earthworms on soil structure. Ann. Appl. Biol. 35:l-13. 

Evans, A. C. and W. J. McL. Guild. 1947. Studies in the 

relationship' between earthworms and soil fertility. 

11. Biological studies in the field. Ann. Appl. Biol. 
w 

34: 307- 330. 

Fain, A .  1969. Morphology and developmental cycle of 

\ Glycephagidae commensal with the mole Talp europaea 

(Sarcoptiformes) . Acarologia ll(4) : 750-795. 

Frankland, H. M. T. 1959. The incidence and distribution 

in Britain of the trematodes of T. - europaea. Parasitol- 

ogy 49 (+) : 132. ., 
J 1 

Fuller, H. S. 1942. Notes on the cotlection of Siphonoptera, 

mainly from Pennsylvania. Ent. News 53(5):136-139. 



Funmilayo, 0. 1977. D i s t r i b u t i o n  and abundance o f  moles 
.x 

(Talpa  europaea  L . )  i n  r e l a t i o n  t o  p h y s i c a l  h a b i t a t  and 

food supp ly .  Oecologia 30 :277-283. 

Furmaga, S. 1958. Endoparas i t e s  of  T .  - europaea ,  of t h e  

r eg ion  o f  ~ u b l i n .  i n :  Congress of  t h e  P o l i s h  P a r a s i t o l o -  

g i c a l  S o c i e t y  of Lub l in .  

Furmaga, S. 1959. I n t e r n a l  p a r a s i t e s  o f  t h e  mole (T. - -. europaea)  

i n  t h e  Lubl in  environment.  Acta.  P a r a s i t o l .  Po lon i ca .  

* .. 
~ i ~ e r , . k .  D. 1965. Su r f ace  a c t i v i t y  of moles a s  i n d i c a t e d  by' 

remains i n  ba rn  owl p e l l e t s .  Murre le t  46 (3) : 32 - 36. 

' . -  & 
Giger ,  R .  D .  1973. '  Movements and homing i n  Townsend's ;lib* 

4 

nea r  Ti l lamook,  Oregon. J .  Mammal. 54(#) :648-659.  L 

v 

Glendenning, R .  1959. Biology and c o n t r o l  Y of  t h e  c o a s t  mole, 

Scapanus o r a r i u s ,  i n  B r i t i s h  Columbia. Can. J .  h i m .  

S c i .  3 9 ( l )  :34-44. 

0 

Godfrey, 6 .  K .  1955. A f i e l d  s t udy  of t h e  a c t i v i t y  o f  t h e  

mole, 7. europaea .  Ecology 36(4):678-685.  



Godfrey, G .  K .  1957. Observa t ions  on t h e  movements o f  moles 

IT.  europaea)  , a f t e r  weaning. Proc .  2001. Soc . Lond. - 

Godfrey,  G .  K .  and P .  Crowfoot. 1960. The l i f e  of  t h e  mole. 

Museum P r e s s .  London. 143 pp. 

I 

Hardy, R .  1945. The influe- o f  t ypes  o f  o i l  on l o c a l  I' 
d i s t r i b u t i o n  o f  some sma l l  mammals i n  sou thwes t6 rn  Utah. 

Ecol .  Monog. 15:71-108.  
F 

H a r r i s ,  V .  T. 1952. An exper imenta l  s t udy  \ h a b i t a t  s e l e c -  

t i o n  by p r a i r i e  a n  f o r e s t  r a c e s  o f  t h e  d e e r  mouse, 

Peromyscus m n i c u l a t u s .  Univ. Mich. Lab. Vert. B i o l .  

5 6 : l - 5 3 .  

Harvey, M .  J .  1976. Home r ange ,  movements, and d i e 1  a c t i v i t y  

of  t h e  e a s t e m  mole, Scalopus a q u a t i c u s .  A m e r .  Midl,. - 
Nat, 95:436-445. 

0 

C 

J e f f e r s o n ,  P. 1955. Studies- ,on  t h e  earthworms o f  t u r f .  
s.- 

, A .  The earthworms of  exper imenta l  t u r f  p l o t s .  J .  S p o r t s  

Turf Research I n s t .  9 :6-27.  

J n r i k ,  M .  1968. F l ea s  o f  t h e  mole T. europaea  i n  Czechosolo-  - 

vak ia  (Aphan ip te ra ) .  Acta Entomol. Bohemoslov. 65(1) :67-  
-1 

t -  75. * 



i K I o p f e r , ' P .  H.  and J .  P. Hailman. 1965. H a b i t a t  l e c t i o n  

r - i n  b i r d s .  I n :  lehrman e t  a l .  Advances i n  t h e  s t u d y  o f  -- 
behav iour  1:279-303.  Academic P r e s s ,  N . Y .  

,* 
'Krozu jev ,  P .  A .  and T. I .  Koreckaja .  1962. ~ k o - f i z j o l o g i -  

c e s k i j e  o s o b e n n o s t i  k r o v i  zemeroek i K r o t o r .  T r .  I n s t .  

Morfol .  Ziv. i m .  A .  N .  Severcova 41:129-136. 

Kuhn, L .  W .  1970. Mole C o n t r o l .  i n :  Proceedings  4 t h  
I 

v e r t e b r a t e  P e s t  Conference.  e d i t e d  by R .  H .  Dana. West 7 

Sacramento,  C a l i f ,  pp. 71-76. 

Kuhn, L .  W . ,  Wick, W .  Q .  and R .  J .  Pederson.  1966. Breeding 

n e s t s  of  Townsend's mole i n  Oregon. J .  Mammal. 4 7 ( 2 ) :  

L a c k , % .  1933. H a b i t a t  s e l e c t i o n  i n  b i r d s ,  J .  Anin. E c o l .  

2:239-262. 

L a r k i n ,  P .  A .  1948. The eco logy  o f  mole (Talpa  e u r o p a y  L . )  4 

p o p u l a t i o n s .  (Unpublished) P h i l .  D.  T h e s i s .  Bod le ian  
\ 

L i b r a r y ,  Oxford. 

- .  
Laverack,  M, S. 1961. T a c t i l e  and chemical  p e r c e p t i o n  i n  

earthworms. 11. Responses t o  a c i d  pH s o l u t i o n s .  Comp. 

Biochem. P h y s i o l .  2:22-34.  



McMullan, E. E. 1971. Methods of Analysis .  P a r t  1. S o i l s .  

Biochemistry Laboratory Se rv i ce  Can. Fo res t ry  s e r v i c e  
- - 

Bul l .  IBC-X-5-0. V i c t o r i a ,  B.C.  

McMullan, E .  E, 1972. Methods of  Analys i s .  P a r t  2 .  Soi1.s. 
C 

Biochemistry L a b o r a t o n  Serv ice .  Can. Fo res t ry  Servi .ce 

Bul l .  IBC-X-67. v i c t o r i a ,  B .  C.  

/ .  

Marshall ' ,  V .  G .  1 9 7 7 .  E f f e c t s  of  manures and f e r t i l i z e r s  on 

s o i l  fauna:  X review. Commonwealth A g r i c u l t u r a l  Bureaux . 

Spec ia l  P u b l i c a t i o n  f 3 .  ,Fainham Royal, England. 

/ 

Meadows, P: S.  and J .  I .  Campbell. 1972. Habit- s e l e c t i o n  

, and animal d i s t r i b u t i o n  i n  t h e  s e a :  .The evo lu t ion  qf a- 

concept.  Proc.  Royal Soc. Edin. B .  73:145-157. 
C 

Mellanby, K .  1967. Food and a c t i v i t y  i n  t h e  mole, T .  europaea.  - 
Nature 2 1 5  (5106) : 1128-1130. 

Mellanby, K .  1971;' The Mole. ~ i l l i a m  C o l l i n s  Sons and Co., 

Ltd. Toronto. 



Milner, C. and D. F. Ball. 1970. Factors effecting the 

distribution of the mole (Talpa europaea) in Snowdonia 

(North Wales). J. 2001. l62(l) :61-69. 

\ 

Moore, A.W. 1933. Food habits of Townsend and coast moles. 

J. Mammal. 14:36-40. 

Moore, A.W. 1940. A live mole trap. J. Mammal. 21:223-225. 

Olszewski, J. L. and S. Skoczen. 1965. Thepring of burrows 

of the mole, T. - europaea. Acta Theriol. 10(10/17):181-193. 

Orsini, M. W. 1962. Technique of preparation, study, and , 

\ photography of benzyl benzoate cleared material for embryo- 

logical studies. J. Reprod. Fert. 3(2): 283-287. 

Pederson, R. J. 1963. The life history and ecology of the 

Townsend's mole, Scapanus townsendii (Bachman), in Tilla- 

mook County, Oregon. .(Unpublished) M. Sc. Thesis. Oregon 

State Univ., Corvallis. 

Pruitt, W .  0. 1953. An analysis of some physical factors 

affecting the local distribution of the short-tail shrew 

in the northern part of the lower peninsula of Michigan. 

Misc. Pu'l. Mus. 2001. Univ. Mich. 79:l-39. 
C 



Qui l l i am ,  T .  A . ,  C l a rke ,  J .  A .  and A .  J .  S a l i s b u r y .  1971. 

The e c o l o g i c a l  s i g n i f i c a n c e  of  c e r t a i n  new hemato log ica l  

f i n d i n g s  i n  t h e  mole and t h e  hedgehog. Comp. Biochem. 

Phys io l .  A .  Comp. F h p i o l .  40(14):89-102.  

Raw, F .  1959. Es t ima t i ng  ear thworm.popu1at ions  by u s i n g  

fo rmal in .  Natuee 184:1661-1662. 

Reed, C .  A .  and T .  Riney. 1943. Swimming, f e e d i n g ,  and 

locomotion o f  c a p t i v e  moles. A m e r .  Midl .  Nat.  3 0 ( 3 ) :  

390-391. 

Rodale,  R .  1948. Do chemical  f e r t i l i z e r s  k i l l  earthworms? 

Organic Gardening 1 2 : 1 2 - 1 7 .  

Rudge, J .  1963. A s tudy  o f  mole t r a p p i n g .  Proc .  Zool.  

Soc. Lond. 140(2) :330-334.  - 
R u s s e l l ,  E .  J .  and A .  Appleyard. 1915. The atmosphere o f  

t h e  s o i l :  I t s  composi t ion  and causes  o f  v a r i a t i o n .  J .  

Agr. S c i .  7 : l - 4 8 .  

S a t c h e l l ,  J .  E .  1955. Some.aspects  of earthworm ecology.  

i n :  S o i l  Zoology, e d i t e d  by D .  K .  M c E .  Kevan, London. 
1, 

But te rwor ths .  pp. 180-201. 



S h i l o v a ,  S .  A . ,  Denisova, A.  V . ,  Dwi t r i ev ,  G .  A . ,  Voronova, 

L .  D .  and M .  N .  B a r d i e r .  1971. E f f e c t  o f  same i n s e c -  
* 

t i c i d e s  upon t h e  common mole. Zool. Zh. SO(6) :886-892. 

Skoczen, S. 1958. Tunnel d igg ing  by t h e  mole (T. eu ropaea ) .  

Acta T h e r i o l .  2(11) :235-249. ; 

Southern ,  H .  N .  1954. Tawny owls and t h e i r  p r e y .  I b i s  

Svedson, J .  A .  1955. Earthworm p o p u l a t i o n  s t u d i e s :  A com- 

p a r i s o n  o f  sampling methods. Nature 175:864. 

% 

Walker,  E .  P .  1964. Mammals of  t h e  world.  Vol. I .  John 

Hopkins P r e s s ,  Bal t imore .  

. \ 
Wecker, S .  C .  1963. The r o l e  o f  expe r i ence  i n  h a b i t a t  s e l e c - ,  

d 
t i o n  by t h e  p r a i r i e  d e e r  mouse, Peromyscus manicu la tus  

B a i r d i i .  Ecol .  Monog. 33:307-325. 

Wick, W .  Q .  1961. Mole c o n t r o l  t a k e s  some doing.  Oregon 

Farmer 8 4 ( l 2 )  : 5-6 .  

Wilde, S .  A .  1958. F o r e s t  S o i l s .  Ronald P r e s s  Co., N e w  York. 

537 pp. 



, . 
Wilde, S. A. and G. K. Voigt 1955. Analysis of soils and 

plants for foresters and horticulturalists . J. W .  Edwards, 

Publisher, Inc., Ann Arbor, Michigan, 117 pp. 




