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This  s t u d y  measured t h e  impact of a  c h e m o s t e r i l a n t  on t h e  popula t ion  

dynamics and s o c i a l  behavior  of Richardson's  ground s q u i r r e l s ,  and a t tempted 

t o  g a i n  i n s i g h t  i n t o  g e n e r a l  popu la t ion  c o n t r o l .  

P l o t s  were e s t a b l i s h e d  i n  1972 i n  Southern A l b e r t a  and d i f f e r e n t  

p r o p o r t i o n s  of i n d i v i d u a l s  i n  two popula t ions  were force-fed w i t h  mes t rano l .  

S q u i r r e l s  were l ive - t rapped ,  ear- tagged,  dye-marked, weighed and r e l e a s e d .  

Data on s e a s o n a l  p a t t e r n  of a c t i v i t y ,  p o p u l a t i o n  dynamics and s o c i a l  

i f i te rsc t inns  .rere rece rded  t h r e ~ g h e n t  t he  s ~ m m e r ~  cf 1971 s ~ d  19?3, szd 5.2 

A p r i l  1974. 

l l e s t r a n o l  s t e r i l i z e d  females i n  t h e  year  of t r ea tment  and 

in f luenced  t h e  o n s e t  of a d u l t  h i b e r n a t i o n .  Trea ted  females immerged sooner 

than b reed ing  females .  Onset of h i b e r n a t i o n  f o r  i n d i v i d u a l  s q u i r r e l s  was 

i n f l u e n c e d  by p o p u l a t i o n  d e n s i t y  and was r e l a t e d  t o  b reed ing  s t a t u s ,  age ,  

sex ,  i n i t i a l  body weight a t  emergence, and subsequent  r a t e  of f a t  

accumulation.  

N a t a l i t y  was g r e a t l y  reduced by t h e  t r ea tment .  I n  1972, a  reduced 

b i r t h  r a t e  on t h e  t r e a t e d  p l o t s  r e s u l t e d  i n  an i n c r e a s e d  immigration of 

non- t reated a d u l t s  and j u v e n i l e s .  Moreover, a d u l t s  and j u v e n i l e s  on t h e s e  

p l o t s  were more s u c c e s s f u l  i n  e s t a b l i s h i n g  res idency  than were s q u i r r e l s  on 

t h e  c o n t r o l  p l o t .  I n  t h e  f a l l  of 1972, t h e  t r e a t e d  p l o t s  had j u v e n i l e  

popula t ions  t h a t  were comparable t o  t h a t  of t h e  c o n t r o l  p l o t .  I n  1973, both  

a d u l t  and j u v e n i l e  popula t ions  i n c r e a s e d  on t h e  c o n t r o l  p l o t .  The two 

t r e a t e d  p l o t s  e i t h e r  maintained o r  saw a  s l i g h t  d e c r e a s e  of t h e i r  a d u l t  

popu la t ions ;  both  p l o t s  f a i l e d  t o  produce s i z a b l e  j u v e n i l e  c o h o r t s .  I n  

A p r i l  1974, t h e  t r e a t e d  p l o t s  had a d u l t  popu la t ions  of 45% and 30% of t h e  

numbers f i r s t  observed on t h e s e  p l o t s  i n  A p r i l  1972; t h e  c o n t r o l  p l o t  was 

l e f t  wi th  75% of i t s  1972 popula t ion .  

Cohesive behavior  among a d u l t s  was r a r e  and occured on ly  between 

neighbours and r e l a t e d  s q u i r r e l s .  Adult-young cohes ive  i n t e r a c t i o n s  were a s  

f r e q u e n t  on t h e  t r e a t e d  p l o t s  a s  on t h e  non- t reated p l o t s .  However, 85% of 

adult-young i n t e r a c t i o n s  were observed between mother and o f f s p r i n g  on t h e  
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c o n t r o l  p l o t s ,  whi le  43% of such i n t e r a c t i o n s  occured between j u v e n i l e s  and 

non-related a d u l t s  on t h e  t r e a t e d  p l o t s .  Cohesive behav ior  among j u v e n i l e s  

could  n o t  b e  r e l a t e d  t o  t r ea tment .  More cohes ive  i n t e r a c t i o n s  were observed 

among l i t t e r m a t e s  than between non-re la ted j u v e n i l e s .  
-7 

Agonis t i c  behavior  was f r e q u e n t  among a d u l t s .  I n  a  year  of 'poor' 

v e g e t a t i o n  c o n d i t i o n s ,  d i f f e r e n c e s  i n  a d u l t  a g o n i s t i c  behav ior  were r e l a t e d  

t o  t r ea tment  and t o  popula t ion  d e n s i t y .  The t rea tment  reduced t h e  l e v e l s  of 

aggress ion  of t h e  t r e a t e d  s q u i r r e l s ,  whi le  h i g h e r  popula t ion  d e n s i t i e s  were 

r e l a t e d  t o  a  h i g h e r  frequency of a g o n i s t i c  behav ior  among breeding a d u l t s .  

XT- -..-L J a C C - - - - - - -  --..lJ L- ----.---A 4 -  CI .ye.-- rrF 'hattar' fcC?d ~ ~ ~ n l v -  
r ~ v  o u c r t  U I L L C ; L C ; L I ~ F ; ~  LVUIU UC; LYGUUULLU ALL u J U U L  u- w - - - - . -  r r - J  - 

The s i z e  of c o r e  a r e a s  was t h e  shme f o r  t r e a t e d  and non- t reated 

s q u i r r e l s ,  bu t  over lap  was g r e a t e r  on t h e  t r e a t e d  p l o t s .  Core a r e a s  were 

l a r g e r  on p l o t s  wi th  low numbers of s q u i r r e l s  than on p l o t s  wi th  h igh  

numbers. Changes i n  c l i m a t i c  and v e g e t a t i o n  c o n d i t i o n s  modified t h e  c o r e  

a r e a s '  d i s t r i b u t i o n  and o v e r l a p ,  b u t  d i d  n o t  s i g n i f i c a n t l y  a l t e r  t h e i r  s i z e .  

Levels  of adult-young a g o n i s t i c  i n t e r a c t i o n s  d i d  n o t  d i f f e r  between 

t r e a t e d  and non- t reated p l o t s ,  a l though  t r e a t e d  a d u l t s  n e v e r  behaved 

a g g r e s s i v e l y  towards j u v e n i l e s .  On non-treated p l o t s ,  adult-young 

aggress ion  i n c r e a s e d  wi th  r i s i n g  d e n s i t i e s .  Such a  r e l a t i o n s h i p  was p a r t l y  

shown on t h e  t r e a t e d  p l o t s .  

I n  1972 no r e l a t i o n s h i p  could be  e s t a b l i s h e d  between l e v e l s  of 

j u v e n i l e  (young-young) a g o n i s t i c  behav ior ,  j u v e n i l e  d e n s i t i e s  and t h e  

t r ea tment  given.  However, l i t t e r m a t e s  were l e s s  a g g r e s s i v e  t o  one ano ther  

than they were t o  non-re la ted j u v e n i l e s .  I n  1973, a  d r a s t i c  d e c l i n e  of t h e  

j u v e n i l e  numbers born  on t h e  t r e a t e d  p l o t s  showed t h a t  below a  c e r t a i n  

d e n s i t y ,  j u v e n i l e s  c e a s e  t o  i n t e r a c t  a g o n i s t i c a l l y  t o  one a n o t h e r .  A h igher  

j u v e n i l e  d e n s i t y  on t h e  c o n t r o l  p l o t  i n  1973 was c h a r a c t e r i z e d  by a  h igher  

frequency of a g o n i s t i c  i n t e r a c t i o n s  among l i t t e r m a t e s .  

S t e r i l i z a t i o n  changed t h e  b reed ing  s t a t u s  of t r e a t e d  s q u i r r e l s  and 

modified a d u l t  and j u v e n i l e  d e n s i t i e s .  Within l i m i t s ,  l e v e l s  of a g o n i s t i c  

behav ior ,  s p a t i a l  and temporal  d i s t r i b u t i o n  of t h e  s q u i r r e l s  changed i n  

response t o  p o p u l a t i o n  d e n s i t y  i n c r e a s e s  o r  d e c r e a s e s  which were r e l a t e d  t o  

t h e  t r ea tment  o r  t o  n a t u r a l  causes.  
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INTRODUCTION 

For many y e a r s ,  a  con t roversy  h a s  raged a s  t o  whether animal 

popula t ions  a r e  r e g u l a t e d  by e x t r i n s i c  f a c t o r s  such a s  weather (Andrewartha 

and Bi rch ,  1954),  p a r a s i t i s m ,  p r e d a t i o n ,  d i s e a s e ,  food s h o r t a g e  (Nicholson,  

19331, o r  a  combination of a l l  environmental  f a c t o r s  (Thompson, 1956).  

A i r e r n a r i v e i y  i iz  has been suggested chat popuiacions  r e g u i a r e  cnemseives 

through i n t r i n s i c  f a c t o r s  such a s  s o c i a l  behav ior ,  o r  through p h y s i o l o g i c a l  

and g e n e t i c  changes which cause  a  popula t ion  t o  a d j u s t  i t s  d e n s i t y  t o  

prevailing'environmental c o n d i t i o n s  (Wynne-Edwards, 1959 and 1962; C h r i s t i a n  

and Davis,  1964; C h i t t y ,  1967). Some evidence h a s  been ga thered  on b o t h  

s i d e s  of t h i s  argument, i . e .  environmental  c o n t r o l  of p o p u l a t i o n s  ve rsus  

s e l f - r e g u l a t i o n ,  b u t  a t  t h e  p r e s e n t  t ime ,  n e i t h e r  theory  can b e  d i smissed ,  

n o r  can t h e  p o s s i b i l i t y  t h a t  a  combination of b o t h  t y p e s  of f a c t o r s  may b e  

r e g u l a t i n g  animal popula t ions .  

Much work h a s  been done on t h e  behav ior  and popula t ion  b io logy  of t h e  

genus Spermophilus,  a  group of ground-dwelling s c i u r i d s  (MacClintock, 1970) ,  

and d i f f e r e n t  mechanisms of p o p u l a t i o n  c o n t r o l  were shown o r  hypothesized t o  

b e  a t  work i n  t h e  d i f f e r e n t  s p e c i e s .  McCarley (1966) sugges ted  t h a t  

d i s p e r s a l  of t h e  j u v e n i l e s  was t h e  most impor tan t  r e g u l a t o r y  f a c t o r  i n  

popula t ions  of t h e  t h i r t e e n - l i n e d  ground s q u i r r e l  (S_. t r i d e c e m l i n e a t u s ) .  

S i m i l a r l y ,  density-dependent d i s p e r s a l  of t h e  j u v e n i l e s ,  and t o  a  l e s s e r  

degree  density-dependent p r e d a t i o n  by badgers ,  c o n t r o l  popu la t ions  of Uinta  

ground s q u i r r e l s  (S_. armatus) (Balph, 1970; S lade ,  1971; S l a d e  and Balph, 

1974). I n  t h e  same s p e c i e s ,  Burns (1968) demonstrated t h a t  a g o n i s t i c  

behavior  was an impor tan t  means of popula t ion  r e g u l a t i o n ,  e s p e c i a l l y  f o r  

j u v e n i l e s  b u t  a l s o  f o r  a d u l t  and y e a r l i n g  s q u i r r e l s .  I n  t h e  a r t i c  ground 

s q u i r r e l  (5. undula tus )  , t e r r i t o r i a l i t y  and t h e  a v a i l a b i l i t y  of s u i t a b l e  

h i b e r n a t i o n  burrows may l i m i t  t h e  popula t ions  ( C a r l ,  1971).  Overwinter 

m o r t a l i t y  was thought  t o  be t h e  main c o n t r o l l i n g  f a c t o r  i n  popula t ions  of 

Frank l in ' s  ground s q u i r r e l s  (S. f r a n k l i n i i )  ( I v e r s o n  and Turner ,  1972). 

F i t c h  (1948) b e l i e v e d  t h a t  p r e d a t i o n ,  food supply and weather c o n t r o l l e d  

popula t ions  of t h e  C a l i f o r n i a  ground s q u i r r e l  (3. b e e c h e v i ) .  I n  t h e  



round- ta i led  ground s q u i r r e l  (& t e r e t i c a u d u s ) ,  d i s p e r s a l  of a d u l t s  and 

j u v e n i l e s  was c o r r e l a t e d  w i t h  o n s e t  of t e r r i t o r i a l  behav ior ,  b u t  b e h a v i o r a l  

f a c t o r s  were n o t  s u f f i c i e n t  t o  l i m i t  s q u i r r e l  d e n s i t y  when food was abundant 

and p r e d a t i o n  r a t e  was low (Dunford, 1977a).  

A number of popula t ion  s t u d i e s  have been made of t h e  Richardson's  

ground s q u i r r e l ,  Spermophilus r i c h a r d s o n i i  r i c h a r d s o n i i  (Sabine,  18221, and 

n o t  a l l  a g r e e  a s  t o  t h e  c o n t r o l  mechanisms a t  work i n  t h i s  s p e c i e s .  Yeaton 

(1969 and 1972) and Wehrell (1973) assumed t h a t  j u v e n i l e  d i s p e r s a l  was a 

major c o n t r i b u t i n g  f a c t o r  i n  p o ~ u l a t i o n  r e d u c t i o n ,  a 1  thoueh juvenile 

d i s p e r s a l  and s o c i a l  a g g r e s s i o n  d id  n o t  seem t o  b e  r e l a t e d  (Yeaton, 1972). 

Overwinter m o r t a l i t y  w a s  thought t o  be fundamental  t o  popula t ion  r e g u l a t i o n  

by Cla rk  (1970) and D.R. Michener (1972) ,  w i t h  d i s p e r s a l  and p r e d a t i o n  

(Clark ,  1970) being of l e s s e r  importance.  Michener (1972) p o s t u l a t e d  t h a t  

overwinter  m o r t a l i t y  was determined by weather and by t h e  v a r i e t y  of 

h i b e r n a t i o n  burrows be ing  used such t h a t  i n  a mild  w i n t e r ,  g r e a t e r  numbers 

of ground s q u i r r e l s  i n  marginal  h a b i t a t s  s u r v i v e .  Michener ( 1 9 7 3 ~ )  

dismissed i n t r a s p e c i f i c  f i g h t i n g  a s  a p o s s i b l e  cause  of m o r t a l i t y  i n  

Richardson's ground s q u i r r e l s .  F i n a l l y ,  Dorrance (1974) a f t e r  4 y e a r s  of 

f i e l d  work on c o n t r o l  and exper imental  popu la t ions  of Richardson's  ground 

s q u i r r e l s  showed t h a t  t h e  annuai numbers of a d u i t s  were p r i m a r i i y  determined 

by j u v e n i l e  m o r t a l i t y  between b i r t h  and emergence from t h e  mate rna l  burrow, 

and by overwinter  m o r t a l i t y ;  both  of t h e s e  f a c t o r s  were u l t i m a t e l y  

determined by t h e  q u a l i t y  of v e g e t a t i o n ,  which i n  t u r n  was dependent on 

weather.  He considered t h a t  p r e d a t i o n  and d i s p e r s a l  were of minor 

imp0 r t ance .  

These p rev ious  s t u d i e s  have suggested t h a t  j u v e n i l e  d i s p e r s a l ,  

overwinter  m o r t a l i t y ,  a v a i l a b i l i t y  of h i b e r n a t i n g  o r  b reed ing  burrows a s  

determined by a g g r e s s i v e  behav ior  o r  weather ,  weather  i t s e l f  and i t s  

i n f l u e n c e  on food suppply and m o r t a l i t y ,  and f i n a l l y  p r e d a t i o n  a r e  p o s s i b l e  

mechanisms of c o n t r o l  i n  popula t ions  of Spermophilus. I n  some c a s e s ,  one o r  

more f a c t o r s  a r e  regarded a s  p r i m o r d i a l  by one r e s e a r c h e r ,  b u t  a r e  dismissed 

by ano ther ,  and t h i s  sometimes w i t h i n  t h e  same s p e c i e s .  I n  Richardson's  

ground s q u i r r e l ,  j u v e n i l e  d i s p e r s a l  and m o r t a l i t y ,  overwin te r  m o r t a l i t y  and 

weather a r e  t h e  f a c t o r s  mentioned by many r e s e a r c h e r s  a s  being t h e  most 

impo r t a n t  . 



For  many y e a r s ,  e c o l o g i c a l  s t u d i e s  were most ly  d e s c r i p t i v e  and when 

r e l a t i o n s h i p s  were e s t a b l i s h e d ,  they could  n o t  b e  suppor ted  wi th  

q u a n t i t a t i v e  d a t a .  However new approaches  a r e  now be ing  exp lored ,  one be ing  

t h e  exper imental  m o d i f i c a t i o n  of p o p u l a t i o n s  a s  advocated by Krebs (1978).  

By a l t e r i n g  one f a c t o r  i n  a  g iven popula t ion ,  i t  i s  l i k e l y  t h a t  o t h e r s  w i l l  

be modified.  By measuring such changes,  cause  and e f f e c t  r e l a t i o n s h i p s  may 

b e  e s t a b l i s h e d .  Such m o d i f i c a t i o n s  a r e  commonly done by government agenc ies  

and o t h e r s  when a t t empt ing  t o  c o n t r o l  urban o r  a g r i c u l t u r a l  p e s t s .  Since  

t h e  l a t e  1960's, b i o l o g i c a l  c o n t r o l  invo lv ing  t h e  d i s r u p t i o n  of a  b i o l o g i c a l  

p rocess  r a t h e r  than t h e  u s e  of 'convent ional '  t echn iques ,  h a s  been advocated 

a s  a  s a f e  and e f f e c t i v e  way of c o n t r o l l i n g  v e r t e b r a t e  p e s t s  (Howard, 1967). 

Following t h i s  r a t i o n a l e ,  t h e  A l b e r t a  Department of A g r i c u l t u r e  

i n i t i a t e d  f i e l d  r e s e a r c h  p r o j e c t s  t o  a s s e s s  t h e  impact of c h e m o s t e r i l a n t s  on 

popula t ions  of Richardson's  ground s q u i r r e l s  (Biggs,  1970; Yaremko, 1972; 

Goulet  and S a d l e i r ,  1974). T h i s  s p e c i e s  is  considered t o  b e  an a g r i c u l t u r a l  

nuisance i n  A l b e r t a  (Brown and Roy, 1943). A  c h e m o s t e r i l a n t  i s  def ined  a s  

be ing  'a chemical  t h a t  can cause  permanent o r  temporary s t e r i l i t y  i n  e i t h e r  

o r  b o t h  sexes  o r ,  through some o t h e r  p h y s i o l o g i c a l  a s p e c t ,  reduce t h e  number 

of o f f s p r i n g  o r  a l t e r  t h e  f e c u n d i t y  of t h e  o f f s p r i n g  produced' (Marsh and 

Bowsrd, 1 9 7 0 ) .  B i ~ l ~ g i c a l  c o n t r o l  implies t h e  d l s r u p ~ i o n  of a b i o l o g i c a l  

p r o c e s s ,  i n  t h i s  c a s e  t h e  d i s r u p t i o n  of b reed ing  by a  chemos te r i l an t .  

Harper (1969) and B a l s e r  (1964) reviewed chemos te r i l an t s  i n  c u r r e n t  u s e  and 

considered t h e i r  advantages  and d i sadvan tages  i n  regard  t o  c o n t r o l  of 

v e r t e b r a t e  p e s t s .  Mestranol was shown t o  e f f i c i e n t l y  reduce f e c u n d i t y  i n  

r a t s  and v o l e s  (Howard and Marsh, 1969; Marsh and Howard, 1969; Storm and 

Sanderson, 1970). By app ly ing  t h i s  c h e m o s t e r i l a n t  t o  popula t ions  of 

Richardson's  ground s q u i r r e l s ,  i t  was hoped t o  de te rmine  i f  mes t rano l  could  

s u c c e s s f u l l y  reduce  s q u i r r e l  popu la t ions .  

The p r e s e n t  s t u d y  used t h e  same means and had t h e  same g o a l ,  b u t  a l s o  

a t tempted t o  d i s c o v e r  t h e  e c o l o g i c a l  i m p l i c a t i o n s  of such a  t r ea tment .  Most 

impor tan t ly ,  i t  was hoped t h a t  mechanisms of popula t ion  r e g u l a t i o n  would be  

revea led ,  e s p e c i a l l y  w i t h  regard  t o  t h e  s o c i a l  behavior  of t h e s e  

popula t ions .  Based on t h e  in format ion  a l r e a d y  ga thered  by o t h e r  

r e s e a r c h e r s ,  and on t h e  d a t a  accumulated dur ing  t h e  p r e s e n t  s t u d y ,  I w i l l  

a t t empt  t o  determine t h e  f a c t o r s  a f f e c t i n g  t h e  p o p u l a t i o n  l e v e l s  of t h e  



Richardson 's  ground s q u i r r e l ,  and t o  a s c e r t a i n  t h e  r o l e  p layed  b y  a g g r e s s i v e  

b e h a v i o r  i n  t h e  r e g u l a t i o n  of t h e s e  p o p u l a t i o n s .  F i r s t ,  t h e  e f f e c t i v e n e s s  

of mes t rano l  a s  a  c h e m o s t e r i l a n t  w i l l  be  examined ( P a r t  I ) ,  and i t s  

i n f l u e n c e  on t h e  l o c a l  annua l  c y c l e  of t h e  s p e c i e s  w i l l  b e  determined ( P a r t  

11). But most i m p o r t a n t l y ,  t h e  impact  of  t h e  t r e a t m e n t  on t h e  p o p u l a t i o n  

dynamics ( P a r t  111)  and on t h e  s o c i a l  behav io r  ( P a r t  IV) of t h e  t r e a t e d  

p o p u l a t i o n s  w i l l  be  a s s e s s e d .  A g e n e r a l  d i s c u s s i o n  w i l l  a t t e m p t  t o  l i n k  a l l  

t h e s e  a s p e c t s  and t o  r e l a t e  t h e  r e s u l t i n g  c o n c l u s i o n s  t o  c u r r e n t  t h e o r y  of 

animal  p o p u l a t i o n  r e g u l a t i o n .  



THE STUDY AREA 

A. General  d e s c r i p t i o n  

A s t u d y  a r e a  i n  t h e  v i c i n i t y  of Youngstown, A l b e r t a  (51C32' N ,  1lY' 

13' W) was chosen because  Richardson's  ground s q u i r r e l s  were p l e n t i f u l  i n  

t h e  a r e a .  Colonies  abound i n  t h i s  semi-arid s h o r t  g r a s s  p r a i r i e  which i s  

c h a r a c t e r i z e d  by few p o p l a r  groves ,  numerous s loughs  and an  undula t ing  

topography. Twenty p e r c e n t  of t h e  s o l o n e t z i c  s o i l s  a r e  p o t e n t i a l l y  a r a b l e  

whi le  t h e  remaining land i s  used a s  p a s t u r e  f o r  c a t t l e  (Government and 

U n i v e r s i t y  of A l b e r t a ,  1969). Ground s q u i r r e l s  a r e  found mainly a long - 
r i d g e s  and k n o l l s  where t h e  s o i l  i s  dry and v e g e t a t i o n  s h o r t .  -- __ - - .."- - 

Very l i t t l e  of t h e  o r i g i n a l  n a t i v e  v e g e t a t i o n  remains und is tu rbed .  

Most d r y  l a n d s  were c u l t i v a t e d  d u r i n g  t h e  e a r l y  1900's and were s u b j e c t e d  t o  

s o i l  d r i f t  and wind e r o s i o n  dur ing  t h e  drought  of t h e  t h i r t i e s  (Bi rd ,  1961).  

Consequently t h e  p a s t u r e  v e g e t a t i o n  i s  now a  m i x t u r e  of weeds (Frankton and 

Mulligan,  1955) and n a t i v e ,  and in t roduced  p l a n t s  (Moss, 1955).  Grasses  

(Best  e t  a l . ,  1971) such a s  wheat g r a s s  ( A g r o s t i s  s p . ) ,  porcupine g r a s s  

(w sp.) and b l u e  g rana  (Boutzloua s p . )  a r e  don inac t .  The weeds and 

n a t i v e  p l a n t s  a r e  widely d i s t r i b u t e d  whi le  sh rubs ,  such a s  t h e  wi ld  r o s e  

(Rosa sp.) o r  snowberry (Symphoricarpos o c c i d e n t a l i s ) ,  and t r e e s  such a s  

willows o r  p o p l a r s  a r e  l e s s  common and s p o r a d i c a l l y  d i s t r i b u t e d  (App. 1) .  

I n  s p i t e  of i t s  d e s o l a t e  a s p e c t ,  t h e  a r e a  abounds i n  w i l d l i f e .  J a c k  

r a b b i t s  (bepus townsendi i  campanius),  pronghorn a n t e l o p e  (Ant i locaora  

americana) and mule deer  (Odocoileus hemionus) a r e  commonly seen  i n  p a s t u r e s  

while numerous s h o r e  b i r d s  and ducks r e s i d e  i n  t h e  s loughs .  A number of 

p o t e n t i a l  p r e d a t o r  s p e c i e s  of ground s q u i r r e l s  a r e  p r e s e n t ,  such a s  coyotes  

(Canis l a t r a n s ) ,  badgers (Taxidea t a x u s ) ,  l o n g - t a i l e d  wease l s  (Mustela 

f r e n a t a  lonaicauda)  (Banf ie ld ,  1974) and hawks - Buteo jamaoansis,  & 
p a i n s o n i  and B. r e g a l i s  (Godfrey , 1967).  



B. P l o t  d e s c r i p t i o n  

I n  March 1972, t h r e e  o b s e r v a t i o n  p l o t s  were e s t a b l i s h e d  i n  s e p a r a t e  

p a s t u r e s  where g r a z i n g  p r e s s u r e  from c a t t l e  was roughly t h e  same. I n  each 

p l o t  ground s q u i r r e l  popu la t ions  were h i g h e r  than i n  t h e  surrounding 

pas tu re .  The p l o t s  were l o c a t e d  a t  l e a s t  h a l f  a  m i l e  a p a r t  t o  reduce t h e  

p r o b a b i l i t y  of s q u i r r e l  movement from one p l o t  t o  a n o t h e r .  S o i l s  and 

v e g e t a t i o n  were s i m i l a r  i n  a l l  p l o t s ,  except  t h a t  snowberry was n e g l i g i b l e  

i n  p l o t  1 and abundant i n  p l o t  3  (Fig .  1 ) .  The a r e a  of s h o r t  g r a s s  

components were roughly e q u i v a l e n t  i n  a l l  p l o t s  and p l o t s  were l o c a t e d  so  a s  

t o  i n c l u d e  a  maximal number of occupied burrows. P l o t  1 was s q u a r e  and 

measured 0.65 h e c t a r e ,  whi le  p l o t s  2 and 3 were r e c t a n g u l a r  and measured 

0.69 and 0.81 h e c t a r e  r e s p e c t i v e l y  (Fig .  1 ) .  Each of t h e s e  p l o t s  was 

surrounded by a  l a r g e r  4-hectare  p l o t  (lA, 2A, 3A) i n  which s q u i r r e l  d e n s i t y  

was determined by t r a p p i n 3  (Fig.  1 ) .  

A f t e r  t h e  p l o t s  were e s t a b l i s h e d  and o b s e r v a t i o n s  s t a r t e d ,  c e r t a i n  

d i f f e r e n c e s  became apparen t .  P l o t  1 was a  w i n t e r  f eed ing  ground f o r  c a t t l e ;  

s e e d s  were l e f t  i n  t h e  s p r i n g  a f t e r  snowmelt p rov id ing  an  e a r l y  s o u r c e  of 

food f o r  emerging s q u i r r e l s .  P l o t  2  w a s  surrounded by lower l and  where t a l l  

g r a s s e s  were growing (Fig .  1 ) .  T h i s  lower a r e a  was n o t  s u i t a b l e  f o r  

burrowing, as it was too  w e t  and o f f e r e d  poor p r o t e c t i o n  froru p r e d a t o r s  f o r  

q u i r r e l  v i s i b i l i t y  was reduced by t h e  t a l l  v e g e t a t i o n .  However, i t  was an 

important  source  of food and n e s t i n g  m a t e r i a l  d u r i n g  t h e  summer. Well 

beaten pa ths  l e d  from t h e  colony t o  t h i s  a r e a .  

Three  1-acre p l o t s  (0.40 h a ) ,  p l o t s  4, 5  and 6 ,  were e s t a b l i s h e d  

dur ing t h e  l a t e r  p a r t  of May 1973. P l o t s  4  and 5  were v e g e t a t i v e l y  v e r y  

s i m i l a r  t o  t h e  c o n t r o l  p l o t  ( i l l ) ,  w h i l e  p l o t  6 resembled p l o t  3  i n  

c o n t a i n i n g  snowberry bush. P l o t s  4, 5 and 6 were l o c a t e d  i n  a r e a s  of h igh  

s q u i r r e l  d e n s i t i e s  i n  r e l a t i o n  t o  t h e  surrounding ground b u t  were n o t  such 

w e l l  de f ined  c o l o n i e s  a s  p l o t s  1, 2  and 3. Burrows were l e s s  numerous i n  

p l o t s  4,  5 and 6 than i n  p l o t s  1, 2 and 3, and were surrounded by s m a l l e r  

mounds. A continuum of low d e n s i t y  popula t ions  were observed around p l o t s  4  

and 5 whereas p l o t  6  w a s  more i s o l a t e d .  T h i s  l a t t e r  p l o t  was jo ined on two 

s i d e s  by c u l t i v a t e d  f i e l d s  which were devoid of ground s q u i r r e l  popu la t ions .  



r e  1 Locat ion of  t h e  six p l o t s  used dur ing  a 

Richardson's  ground s q u i r r e l  s t u d y  made 

between March 1972 and A p r i l  1974 n e a r  

Youngstown, A l b e r t a .  





MATERIALS XETHODS 

A. Trapping and marking 

I n  March and A p r i l  1972, t h e  t h r e e  4.0-hectare p l o t s  surrounding 

p l o t s  1, 2  and 3  were  i n t e n s i v e l y  t rapped t o  e s t i m a t e  t h e  d e n s i t y  of 

s q u i r r e l s  i n  t h e s e  a r e a s .  From March t o  September 1972 and 1973, and i n  

A p r i l  1974, a l l  ground s q u i r r e l s  observed w i t h i n  t h e  t h r e e  c e n t r a l  p l o t s ,  o r  

c l o s e  t o  t h e i r  boundar ies ,  were cap tured  wi th  a  ny lon  noose o r  a  N a t i o n a l  

Live Trap (P.O. Box 3Q2, R.R. 1, Tomahawk, Wisc.). Each s q u i r r e l  was 

weighed ( t o  5 g) and i t s  s e x  determined. S igns  of pregnancy o r  l a c t a t i o n  

were recorded f o r  females ;  swol len n i p p l e s  i n d i c a t e d  a  s t a t e  of advanced 

pregnancy o r  l a c t a t i o n .  For  males,  t h e  degree  of enlargement of t e s t e s  and 

colour  of t h e  scrotum were noted;  i n j u r i e s  and s c a r s  were a l s o  recorded.  

A l l  s q u i r r e l s  were i n d i v i d u a l l y  i d e n t i f i e d  w i t h  a numbered e a r  t a g  and a  

permanent b l a c k  f u r  dye (Nyanza Inc . ,  Lawrence, Wass.) . I f  i t  became 

necessa ry ,  s q u i r r e l s  were r e c a p t u r e d  f o r  marking so  t h a t  t h e i r  i n d i v i d u a l  

dye p a t t e r n s  were always recognizab le .  Trapping was avoided a t  t h e  t i m e  of 

p a r t u r i t i o n .  S q u i r r e l s  remained i n  t h e  t r a p s  u s u a l l y  f o r  l e s s  than  10 

minutes and were p u t  i n  t h e  shade a s  soon a s  caught .  A l l  s q u i r r e l s  were 

r e l e a s e d  Eear t h e  b u r r w  where they  were f i r s t  c a ~ g h t  immwdiately a f t e r  

marking. There  were no d e a t h s  caused by t rapp ing .  S i m i l a r l y ,  a l l  s q u i r r e l s  

p r e s e n t  w i t h i n  o r  n e a r  t h e  boundar ies  of p l o t s  4, 5 and 6 were cap tured  

dur ing t h e  l a t e r  p a r t  of May 1973, and were weighed, sexed,  ear-tagged and 

dye-marked. 

Three age c l a s s e s  were recognized:  1. j u v e n i l e s ,  aged l e s s  than  12 

months, 2. y e a r l i n g s ,  aged from 12 t o  24 months, and 3. o l d e r  a d u l t s ,  

which were 2 4  months and o l d e r  o r  were n o t  marked when f i r s t  cap tu red .  

S q u i r r e l s  f i r s t  t rapped i n  A p r i l  1972, and non-marked s q u i r r e l s  t r apped  i n  

A p r i l  1973 and 1974 were a l l  c l a s s i f i e d  a s  a d u l t s  a l though  some could have 

been y e a r l i n g s .  It was n o t  p o s s i b l e  t o  d i s t i n g u i s h  t h e  y e a r l i n g  from t h e  

o l d e r  s q u i r r e l s  by e i t h e r  t h e  body weight o r  f u r  c o l o u r .  S q u i r r e l s  born  i n  

t h e  p l o t s  i n  1972 and 1973 were e a s i l y  i d e n t i f i e d  by t h e i r  s m a l l  s i z e  and 

weight and by a  d i f f e r e n t  f u r  co lour .  They were c l a s s i f i e d  a s  j u v e n i l e  from 

t h e  t ime of t h e i r  b i r t h  u n t i l  they  were 12 months o l d .  



Numbers were given t o  t h e  d i f f e r e n t  groups of ground s q u i r r e l s  

t rapped between 1972 and 1974 f o r  ease  of r e f e r e n c e  when d i s c u s s i n g  age 

composit ion o r  annual  s u r v i v a l .  The fo l lowing  age c l a s s e s  were de f ined :  

1. a d u l t s  of unknown age,  i . e .  1 year+, f i r s t  t r apped  i n  1972. la r e f e r s  

t o  some of t h e s e  a d u l t s  t h a t  were t r apped  i n  A p r i l  1972 

2. j u v e n i l e s  born dur ing  t h e  summer of 1972 

3. a d u l t s  of unknown age,  i . e .  1 year+, f i r s t  t r apped  i n  1973. 3a r e f e r s  

t o  t h o s e  t rapped i n  A p r i l  1973 

4. j u v e n i l e s  born dur ing t h e  summer of 1973 

5. a d u l t s  of unknown a g e ,  i . e .  1 year+, f i r s t  t r apped  i n  1974. 5a r e f e r s  

more s p e c i f i c a l l y  t o  those  t rapped i n  A p r i l  1974 

B. Mestranol t r ea tment  

S q u i r r e l  popu la t ions  were t r e a t e d  wi th  mes t rano l  i n  e a r l y  A p r i l  1972 

and 1973. The drug was g e n e r a l l y  g iven  b e f o r e  b reed ing ,  o r  a t  l e a s t  i n  

e a r l y  pregnancy. Each t r e a t e d  s q u i r r e l  w a s  force-fed a 1 mg dose of 

mestranol  (Sigma Chemical Co., 3500 De K a b l s t ,  S t .  Lou is ,  M i s s .  63118) 

d i s so lved  i n  1 m l  of peanut o i l .  S q u i r r e l s  were kep t  under o b s e r v a t i o n  i n  

t h e  shade f o r  about 15 minutes  a f t e r  they were t r e a t e d  and none were 

observed t o  r e g u r g i t a t e .  

I n  an a t t empt  t o  l i m i t  i n g r e s s  i n t o  t h e  p l o t s  by j u v e n i l e s  o r  a d u l t s  

from nearby o u t s i d e  a r e a s ,  mes t rano l  b a i t s  ( 1  mg of mes t rano l  d i s s o l v e d  i n  1 

m l  of peanut o i l  and mixed w i t h  5 g of r o l l e d  o a t s )  were d i s t r i b u t e d  a t  t h e  

en t rances  of burrows w i t h i n  a 300-foot d i s t a n c e  from t h e  boundar ies  of p l o t  

2 i n  1973. In  a s i m i l a r  a t t empt  t o  reduce immigration,  force-feeding was 

used around p l o t  3 i n  A p r i l  1972. However, t h i s  was ve ry  time-consuming 

s i n c e  a l l  s q u i r r e l s  had t o  b e  captured.  The r a t i o n a l e  f o r  t h i s  procedure  

was t h a t  i f  neighbouring females were s t e r i l i z e d ,  fewer j u v e n i l e s  would be  

born and thus  be a v a i l a b l e  t o  move i n t o  t h e  p l o t s .  

Three p r e v i o u s l y  u n t r e a t e d  s q u i r r e l s  were admin i s te red  t h e  drug on 

p l o t  2 i n  May 1973 t o  de te rmine  t h e  e f f e c t  of mes t rano l  on l a c t a t i n g  females 

and t h e i r  o f f s p r i n g .  Three  j u v e n i l e s  were a l s o  f e d  t h e  drug i n  June.  

F i n a l l y ,  e leven  a d u l t s  were t r apped ,  marked and force-fed wi th  mes t rano l  ( 1  

mg) i n  a r e a s  w e l l  away from t h e  p l o t s .  S ix  of t h e s e  s q u i r r e l s  and 15 

non-treated a d u l t s  were l a t e r  k i l l e d  and t h e i r  gonads were preserved i n  10% 



f o r m a l i n  f o r  h i s t o l o g i c a l  a n a l y s i s .  

P l o t  1 was kep t  a s  a  c o n t r o l  s i n c e  no s q u i r r e l s  were t r e a t e d  i n  1972 

o r  1973 (Table 1) .  Each y e a r ,  roughly h a l f  of t h e  females  were t r e a t e d  on 

p l o t  2, whi le  n e a r l y  a l l  females were t r e a t e d  on p l o t s  3  i n  1972 b u t  none 

were i n  1973. Th is  d i f f e r e n c e  i n  t h e  t r e a t m e n t s  was e s t a b l i s h e d  t o  compare 

t r e a t e d  and non- t reated popula t ions  and t o  a s s e s s  t h e  s u c c e s s  of a  2-year 

50% t rea tment  t o  c o n t r o l  s q u i r r e l  popu la t ions  i n  comparison t o  a  1-year 100% 

treatment .  Also t h e  p resence  of two equa l  s i z e  groups of t r e a t e d  and 

non-treated s q u i r r e l s  i n  a  same popula t ion  permi t t ed  d e t e r m i n a t i o n  of 

p o s s i b l e  impacts of t h e  t r ea tment  on t h e s e  s q u i r r e l s ,  r e g a r d l e s s  of any 

o t h e r  environmental  f a c t o r s .  Supposedly a l l  e x t e r n a l  f a c t o r s  were t h e  same 

f o r  a l l  s q u i r r e l s  belonging t o  t h a t  popu la t ion .  

Tab le  1. Mestranol  t r ea tment  g iven i n  A p r i l  1972 and 1973: 
pe rcen tage  of t h e  female  p o p u l a t i o n  t r e a t e d  wi th  1 mg 
of mes t rano l .  

Plot ! Plot 2  Plot 3 
( c o n t r o l )  

A p r i l  1972 0 % 53% 
n=18 n=15 

A p r i l  1973 0 % 5 6% 
n=33 n=16 

n: t o t a l  number of females  p r e s e n t  i n  p l o t  i n  A p r i l  *: an  a t t empt  was made a t  t r e a t i n g  a l l  s q u i r r e l s  i n  t h i s  p l o t ,  
b u t  2  females  escaped c a p t u r e  u n t i l  i t  was t o o  l a t e  t o  t r e a t  
them. 



C . Behaviora l  obse rva t ions  

P l o t s  1, 2  and 3  were subdivided i n t o  a  g r i d  of 10 m x  10 m q u a d r a t e s  

marked wi th  numbered s t i c k s .  Observat ions  were made trom 16-foot h i g h  

towers us ing  b i n o c u l a r s  (8x32 L e i t z )  o r  a  t e l e s c o p e  (Bushne l l ,  15x).  

Behavioral  obse rva t ions  were made from A p r i l  2 1  t o  August 12 i n  1972 (156 

45-minute p e r i o d s ) ,  and from A p r i l  16 t o  August 28 i n  1973 (78 45-minute 

pe r iods )  on p l o t s  1, 2  and 3, and a l s o  between June 2  and August 28, 1973 

(64 45-minute p e r i o d s )  on p l o t s  4, 5  and 6  (App. 2 ) .  The t h r e e  

0.40-hectare p l o t s  (4 ,5 ,  6 )  were n o t  subdivided.  I n  t h e s e  p l o t s ,  s q u i r r e l s  

were i n d i v i d u a l l y  i d e n t i f i e d  a t  each o b s e r v a t i o n  per iod  and t h e i r  l o c a t i o n  

recorded a s  being i n  one q u a r t e r  of t h e  p l o t ,  e.g. S.W. c o r n e r ,  and i n  

r e l a t i o n  t o  landmarks such a s  bushes ,  mounds, e t c .  Observat ions  on p l o t s  4, 

5  and 6  were made from t h e  roof of a pick-up t r u c k .  An equa l  amount of t i m e  

was s p e n t  obse rv ing  animals  on a l l  p l o t s  and t h e  45-minute o b s e r v a t i o n  u n i t s  

were r o t a t e d  throughout t h e  day between 8  A.M. and 6  P.M. (App. 2 ) .  

Midday hours  were avoided when t h e  t empera tu re  was h i g h e r  than 8 0 ' ~  i n  a  

nearby Stevenson s c r e e n  because  ground s q u i r r e l  a c t i v i t y  was reduced a t  such 

t imes.  

I n  1972 and 1973, i n  each of p l o t s  1, 2, and 3, a l l  v i s i b l y  a c t i v e  

s q u i r r e l s  were noted a t  15-minute i n t e r v a l s  d u r i ~ g  45- minute c b s e r v a t i o b  

per iods .  The p o s i t i o n  of each a c t i v e  s q u i r r e l  was p l o t t e d  on a  gr idded map 

of t h e  s i t e .  Three pe r imete r  l i n e s  were drawn by eye t o  enc lose  t h e  minimal 

a r e a  t h a t  encompassed 50%, 752, and 95-100% of a l l  a c t i v i t y  s i t e s  of each 

s q u i r r e l .  The a r e a  c o n t a i n i n g  50% of t h e  a c t i v i t y  s i t e s  of one s q u i r r e l  i s  

c a l l e d  t h e  ' c o r e  a r e a '  of t h a t  s q u i r r e l  (Michener, 1979) ,  and t h e  a r e a  

con ta in ing  95-100% of s i t e s  i s  c a l l e d  t h e  'home range' .  The home burrow was 

always included i n  t h e  c o r e  a r e a .  

Not a l l  of t h e  a r e a s  between outermost  a c t i v i t y  s i t e s  were 

n e c e s s a r i l y  p a r t  of t h e  home range.  S q u i r r e l s  f r e q u e n t l y  used narrow 

c o r r i d o r s  between a r e a s  t o  c i r c u l a t e  through t h e  colony t o  a  dug-out o r  t o  a  

source  of n e s t i n g  m a t e r i a l .  Up t o  5% of observed a c t i v i t y  s i t e s  ( t h o s e  30 m 

Qr more from t h e  75% e n c l o s u r e  l i n e )  were judged t o  f a l l  o u t s i d e  t h e  

a c t i v i t y  range of t h e  r e s i d e n t  animal ,  and were excluded from t h e  es t imated  

home range.  A minimal a r e a  e n c l o s i n g  50%, 75% o r  95-100% of t h e  p o i n t s  was 

chosen h e r e  each t ime r a t h e r  than t h e  t y p i c a l  polygonal  home range.  It was 



shown by Recht (1977) i n  a  r a d i o t e l e m e t r y  s t u d y  of t h e  Mohave ground 

s q u i r r e l  t h a t  t h e  home range c o n s i s t e d  of an a r t e r i a l  network of pathways. 

The fo l lowing  s o c i a l  i n t e r a c t i o n s  were recorded d u r i n g  t h e  p r e s e n t  

study: 

Cohesive I n t e r a c t i o n s  

NOSE-TO-NOSE, NOSE-TO-BODY, NOSE-TO-ANUS: a l l  forms of r e c o g n i t i v e  

behavior  where one animal touches a n o t h e r  (Michener , 1972; Wehrel l ,  

1973, Yeaton, 1969). These i n t e r a c t i o n s  were recorded a s  being cohes ive  

when they  were n o t  followed by o t h e r  i n t e r a c t i o n s ,  e i t h e r  cohes ive  o r  

a g o n i s t i c .  

KISS: nose-to-nose c o n t a c t  wi th  one o r  b o t h  animal ' s  mouths open 

(Quanstrom, 1968; Sheppard and Yoshida, 1971; Wehrel l  1973; Yeaton 

1969). T h i s  i n t e r a c t i o n  was mostly observed between l i t t e r m a t e s  o r  

between mother and young. 

SOCIAL GROOMING: one animal qrooming a n o t h e r ,  o r  b o t h  an imals  grooming 

each o t h e r  (Michener, 1972; Quanstrom, 1968; Sheppard and Yoshida, 1971; 

Wehrel l ,  1973; Yeaton, 1969). 

PLAY: t h i s  c o n s i s t e d  mostly of p l a y - f i g h t  and play-chase behav ior  and 

was d e s c r i b e d  i n  d e t a i l  by Quanstrom (1968) and Yeaton (1969) .  During 

t h i s  s t l ~ d y ,  this ty-0 Y - ef behzv ie r  W ~ S  ebserved most ly  between 

l i t t e r m a t e s  . 
Ground s q u i r r e l s ,  l i k e  many o t h e r  an imals ,  ma in ta in  a c e r t a i n  

d i s t a n c e  between themselves and o t h e r s .  When ano ther  s q u i r r e l  e n t e r s  t h i s  

space,  o r  i n d i v i d u a l  d i s t a n c e  (Rediger ,  1950) ,  they  r e a c t  by a t t a c k i n g  

o r  r e t r e a t i n g .  However, c e r t a i n  c l a s s e s  of s q u i r r e l s ,  (most ly  l i t t e r m a t e s ,  

mother and young o r  neighbouring a d u l t s )  were observed w i t h i n  t h i s  

i n d i v i d u a l  d i s t a n c e  and d i d  n o t  r e a c t  e i t h e r  c o h e s i v e l y  o r  adverse ly  t o  each 

o t h e r .  Th i s  d i s t a n c e  v a r i e d  dur ing  t h e  season  a s  t h e  f requency of a g o n i s t i c  

behav ior  changed f o r  a d u l t  and j u v e n i l e  s , q u i r r e l s .  S q u i r r e l s  were s a i d  t o  

b e  i n  a  p o s i t i v e  a s s o c i a t i o n  when they were observed t o  be  p e a c e f u l l y  

P r e s e n t  w i t h i n  a  d i s t a n c e  t h a t  e l i c i t e d  aggress ion  between o t h e r  s q u i r r e l s  

a t  t h a t  same t ime of  t h e  season.  
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Agonis t i c  I n t e r a c t i o n s  

AVOIDANCE, MUTUAL AVOIDANCE: one animal approaches a n o t h e r  b u t  s t o p s  

b e f o r e  c o n t a c t .  The h a i r  on t h e  t a i l  i s  e r e c t e d  and one o r  b o t h  animals  

withdraw (Sheppard and Yoshida, 1971; Wehrel l ,  1973). 

THREAT: u s u a l l y  d i r e c t e d  towards an approaching animal.  May b e  

r e c i p r o c a l .  The back is  s l i g h t l y  arched,  t h e  t a i l  f l u f f e d  o u t  and h e l d  

s t i f f l y  behind o r  a t  a  s l i g h t  upward a n g l e ;  t h e  head o r  sometimes 

p o s t e r i o r  a r e  d i r e c t e d  towards t h e  approaching animal ,  one forepaw h e l d  

r i g i d  and d i r e c t e d  ahead. The a n a l  p a p p i l l a e  a r e  f r e q u e n t l y  extruded 

(Michener, 1972.; Sheppard and Yoshida, 1971; Wehrel l ,  1973; Yeaton, 

1969) 

FACE-OFF: r e c i p r o c a l  t h r e a t  between two animals  w i t h  b o t h  remaining on 

one s p o t  o r  c i r c l i n g  i n  t h e  d i r e c t i o n  they  a r e  f a c i n g  (Quanstrom, 1968). 

cHASE/ESCAPF: chasing occurs  e i t h e r  fo l lowing  a  t h r e a t  o r  o t h e r  

a g o n i s t i c  i n t e r a c t i o n s  when one animal a t t a c k s  an i n t r u d e r  which then  

runs  away. A chase  v a r i e s  from a  few f e e t  t o  o v e r  100 f e e t  and can be  

followed by o t h e r  a g o n i s t i c  i n t e r a c t i o n s  i f  t h e  c h a s e r  o v e r t a k e s  t h e  

animal chased,  o r  ends when t h e  dominant animal s t o p s  chas ing  (Michener, 

1972; Quanstrom, 1968; Wehrel l ,  1973; Yeaton, 1969). Reversa l  was 

common d u r i n g  a chase. 

FIGHT: whi le  f i g h t i n g ,  t h e  two animals  l o c k  t o g e t h e r ,  r o l l  over  and 

over  and b i t e  each o t h e r  (Michener, 1972; Sheppard and Yoshida, 1971; 

Wehrel l ,  1973; Yeaton, 1969). Two i n t e n s i t i e s  of f i g h t i n g  were 

recognized d u r i n g  t h e  p r e s e n t  s tudy.  The " f i g h t  sec" l a s t s  r r o n  1 t o  3  

seconds  a s  one of t h e  s q u i r r e l s  immediately f l e e s ;  t h e  " f i g h t W l a s t s  much 

longer  a s  bo th  an imals  p a r t i c i p a t e  a c t i v e l y  and r e p e a t e d l y  jump a t  each 

o t h e r .  S e r i o u s  wounds were seen on a d u l t  males i n  e a r l y  s p r i n g  a s  a  

r e s u l t  of t h i s  l a t t e r  type of f i g h t i n g .  

BITE: R e  Michener (1972) d e s c r i b e s  t h i s  t y p e  of a g o n i s t i c  

i n t e r a c t i o n  a s  be ing  a  r a r e  c o n t a c t  where one s q u i r r e l  qu ick ly  b i t e s  t h e  

o t h e r  wfthout  any subsequent  a g o n i s t i c  c o n t a c t .  Th i s  i n t e r a c t i o n  was 

n o t  unusual d u r i n g  t h e  p r e s e n t  s t u d y  and occurred when an a d u l t  female  

sought t o  p reven t  a  j u v e n i l e  from e n t e r i n g  h e r  c o r e  a r e a .  



A l l  s o c i a l  i n t e r a c t i o n s  s e e n  dur ing  each 45-minute o b s e r v a t i o n  per iod  

were recorded a s  t o  t h e i r  n a t u r e ,  outcome, l o c a t i o n  w i t h i n  t h e  p l o t ,  and t h e  

i n t e r a c t i n g  s q u i r r e l s  were i d e n t i f i e d  whenever p o s s i b l e .  I n t e r a c t i o n s  were 

seen t o  occur  s i n g l y  o r  most o f t e n  i n  combination w i t h  o t h e r s .  I n d i v i d u a l  

i n t e r a c t i o n s  o r  a  sequence of i n t e r a c t i o n s  were i n d e n t i f i e d  a s  such and 

counted a s  'one' f o r  q u a n t i f i c a t i o n  purposes.  I f  a  r e v e r s a l  occurred dur ing  

an i n t e r a c t i o n ,  i e .  s q u i r r e l  A f i r s t  chases  s q u i r r e l  B and then  is  chased 

by s q u i r r e l  B ,  t h e  i n t e r a c t i o n s  were counted a s  'two'. The i n t e r a c t i o n  r a t e  

was s t a n d a r d i s e d  a s  t o  d e n s i t y  and t ime i n  t h e  fo l lowing  manner: 1. The 

whole pe r iod  of s t u d y  w a s  d iv ided  f o r  each y e a r  i n t o  10-day p e r i o d s ,  

numbered from 0  t o  13 s t a r t i n g  A p r i l  1 0  (App. 2 ) .  2. The t o t a l  number of 

cohesive  and a g o n i s t i c  i n t e r a c t i o n s  observed were summed s e p a r a t e l y  f o r  each 

10-day per iod (App. 3 and 4 ) ,  and were d iv ided  by t h e  number of 45-minute 

observa t ion  per iods  made dur ing  a  g i v e n  10-day span (App. 2 ) .  3. The 

maximum number of d i f f e r e n t  s q u i r r e l s  observed w i t h i n  a  p l o t  was counted f o r  

a l l  45-minute p e r i o d s  and averaged f o r  each 10-day per iod  (App. 5 ) .  4. 

For a given 10-day p e r i o d ,  t h e  average number of cohes ive  o r  a g o n i s t i c  a c t s  

p e r  45-minute p e r i o d  was d iv ided  by t h e  corresponding average number of 

s q u i r r e l s  t h e n  a c t i v e  i n  t h e  p l o t .  5. T h i s  number of cohes ive  o r  a g o n i s t i c  

a c t s  p e r  s q u i r r e l ,  p e r  45-minute pe r iod  w a s  then  m u l t i p l i e d  by In0 f c r  every 

10-day p e r i o d .  Such f i s u r e s  could  thus be used t o  compare p l o t s ,  y e a r s  and 

groups of s q u i r r e l s ,  and t o  f o l l o w  changes i n  t h e  l e v e l s  of s o c i a l  behav ior  

throughout d i f f e r e n t  seasons  and years .  An example c a l c u l a t i o n  is  given i n  

Appendix 6. 

F i n a l l y ,  s k y  cover ,  wind speed and t h e  occur rence  of p r e c i p i t a t i o n  

were recorded f o r  each o b s e r v a t i o n  per iod .  The p resence  and i d e n t i t y  of 

p r e d a t o r s  w i t h i n  o r  n e a r  t h e  p l o t s  were a l s o  noted d u r i n g  o b s e r v a t i o n s .  

P reda to rs  such a s  wease l s  were t rapped and removed from t h e  p l o t s  whenever 

they were observed.  

I n  t h e  e n t i r e  s e c t i o n  on b e h a v i o r ,  t h e  fo l lowing  a b b r e v i a t i o n s  w i l l  

d e s i g n a t e  t h e  d i f f e r e n t  s q u i r r e l  groups: A: non-t reated a d u l t  s q u i r r e l s ,  

M: mes t rano l - t rea ted  a d u l t  s q u i r r e l s ,  Y: j u v e n i l e  s q u i r r e l s  l e s s  than  one 

Year of age.  The Y c l a s s  i n c l u d e s  Yborn, which a r e  j u v e n i l e s  born w i t h i n  

t h e  p l o t s  boundar ies  and Yout, which a r e  j u v e n i l e s  born o u t s i d e  t h e  p l o t  

boundar ies .  I n t e r a c t i o n s  among t h e  d i f f e r e n t  groups of s q u i r r e l s  w i l l  be 



recorded accord ing ly .  AA i n d i c a t e s  i n t e r a c t i o n s  between non- t reated a d u l t  

s q u i r r e l s .  AM and MA i n t e r a c t i o n s  were observed between non- t reated and 

t r e a t e d  s q u i r r e l s ,  t h e  f i r s t  l e t t e r  i n d i c a t i n g  which t y p e  of s q u i r r e l  i s  

dominant, i .e.  won t h e  i n t e r a c t i o n .  PZM i d e n t i f i e s  t h e  i n t e r a c t i o n s  which 

occurred between two mes t rano l - t rea ted  a d u l t  s q u i r r e l s .  AY s p e c i f i e s  

i n t e r a c t i o n s  observed between non-treated a d u l t  s q u i r r e l s  and j u v e n i l e s  t h a t  

were n o t  t h e i r  o f f s p r i n g .  AownY i n d i c a t e s  a c t s  between an  a d u l t  female  and 

h e r  o f f s p r i n g .  S i m i l a r l y ,  MY, W and L i t t .  i n d i c a t e  i n t e r a c t i o n s  between 

mes t rano l - t rea ted  a d u l t  s q u i r r e l s  and j u v e n i l e s ,  between j u v e n i l e s  t h a t  were 

n o t  known t o  be  r e l a t e d ,  and between j u v e n i l e s  t h a t  belonged t o  t h e  same 

l i t t e r .  

D. Other  procedures  

P l a n t s  found w i t h i n  t h e  p l o t  boundar ies  a s  w e l l  a s  p l a n t s  n o t  p r e s e n t  

on t h e  p l o t s  b u t  o the rwise  c h a r a c t e r i s t i c  of t h e  a r e a  were c o l l e c t e d  f o r  

i d e n t i f i c a t i o n .  The r e s u l t i n g  p l a n t  l i s t  i s  by no means e x h a u s t i v e  bu t  

r e p r e s e n t s  t h e  dominant s p e c i e s  found i n  t h e  a r e a  (App. 1 ) .  

Weather was recorded dur ing  t h e  p e r i o d s  March t o  September 1972 and 

1973; r a i n  and snow f a l l s  were noted a s  w e l l  a s  wind v e l o c i t y  ( p e r s o n a l  

s c a l e )  and maximum-minimum temperature  (Stevenson s c r e e n ) .  Cloud cover  was 

a l s o  noted (App. 2 ) .  

S t a t i s t i c a l  t e s t s  used a r e  t h e  Student ' s  T - t e s t ,  used most ly  t o  

compare weights ;  t h e  Mann-'Whitney ranking t e s t  used t o  compare b e h a v i o r a l  

d a t a ,  and t h e  chi-square  t e s t  (wi th  Yates c o r r e c t i o n )  used f o r  popula t ion  

dynamics d a t a  (Cla rke ,  1969; Zar ,  1974). Whenever a  s t a t i s t i c a l  t e s t  i s  

used t o  compare d a t a  v a l u e s ,  t h e  t e s t  name i s  s p e c i f i e d  and t h e  l e v e l  of 

s i g n i f i c a n c e  is  i n d i c a t e d .  N.S. means t h a t  l e v e l  of s i g n i f i c a n c e  i s  n o t  

reached - h e r e  95% o r  p < 0.05. S.95, S.97.5, S.99, e t c .  i n d i c a t e  t h e  

l e v e l  of s i g n i f i c a n c e  of a  g iven comparison. When a  'zero '  va lue  is  

encountered f o r  a  chi-square  t e s t ,  t h e  zero  is rep laced  by "1" f o r  

c a l c u l a t i o n  purposes ,  s o  a s  t o  always minimize t h e  d i f f e r e n c e  observed 

between two p r o p o r t i o n s .  The Mann-Whitney and t h e  ch i - square  t e s t s  which 

a r e  b o t h  non-parametric t e s t s  were chosen t o  a n a l y z e  most of t h e  r e s u l t s  a s  

they make no assumptions  about t h e  d i s t r i b u t i o n  of t h e  popula t ions  sampled. 



RESULTS PART I. EFFECTIVENESS OF YESTRANOL AS A CHMOSTERILANT 

A. On r e c r u i t m e n t  

I n  e a r l y  A p r i l  1972, 20 a d u l t  f ema les  on  p l o t s  2 and 3 were  g i v e n  1 

mg of  m e s t r a n o l ;  15 of t h e s e  f e m a l e s  remained i n  May of which two were  

l a c t a t i n g  (App. 7 ) .  One of  t h e s e  l a t t e r  f ema les  succeeded  i n  r a i s i n g  a 

s i n g l e  j u v e n i l e .  The normal mean l i t t e r  s i z e  of  t h e  s p e c i e s  i s  6.92k0.18 

(S.E.) i n  Saskatchewan (Sheppard ,  1972) and f rom 3.7 t o  6.3 j u v e n i l e s  emerge 

f o r  each  f ema le  i n  c e n t r a l  A l b e r t a  (Dorrance ,  1974).  T h r e e  a d d i t i o n a l  

females  c a p t u r e d  o u t s i d e  t h e  p l o t s  and s i m i l a r l y  t r e a t e d  i n  A p r i l  1972 a l s o  

f a i l e d  t o  r ep roduce .  A l l  9 f e m a l e s  t r e a t e d  on p l o t  2 i n  A p r i l  1973 d i d  n o t  

reproduce .  Of a t o t a l  of 27 a d u l t  f ema les  t r e a t e d  i n  e a r l y  A p r i l  1972 and 

1973 and s t i l l  p r e s e n t  a t  t h e  t i m e  o f  p a r t u r i t i o n ,  o n l y  o n e  succeeded  i n  

r a i s i n g  a much r educed  l i t t e r .  

S i x  o f  t h e  20 f e m a l e s  t r e a t e d  on p l o t s  2 and 3 i n  A p r i l  1972 were  

r e c a p t u r e d  i n  1973; a l l  were p a l p a b l y  p r e g n a n t  (App. 7 ) .  Two were  t r e a t e d  

a g a i n  w i t h  m e s t r a n o l ,  o n e  i n  e a r l y  A p r i l ,  t h e  o t h e r  i n  e a r l y  May when 

l a c t a t i n g ;  no young were  observed  above  ground w i t h  e i t h e r  female .  The f o u r  

remaiJling f ema les  a l l  l a c t z t e d  i n  e z r l y  Kay b u t  m l y  t w c  cf t h e s e  were  

observed  s u b s e q u e n t l y  w i t h  l i t t e r s  o f  2 and 1 j u v e n i l e s  (App. 7 ) .  

A d d i t i o n a l  s q u i r r e l s  were  g i v e n  m e s t r a n o l  i n  e a r l y  May 1973. On p l o t  

2, t h r e e  l a c t a t i n g ,  p r e v i o u s l y  u n t r e a t e d  f e m a l e s  were  g i v e n  4 mg of  

m e s t r a n o l  ( two 2 mg d o s e s ,  two days  a p a r t ) .  Only one  was l a t e r  obse rved  

w i t h  a s i n g l e  young. These  p r o c e d u r e s  were  des igned  t o  d e t e r m i n e  t h e  e f f e c t  

of m e s t r a n o l  on s u c k l i n g  ground s q u i r r e l s ,  a s  i t  was known i n  v o l e s  t h a t  

m e s t r a n o l  can b e  t r a n s m i t t e d  th rough  t h e  mother ' s  m i l k  (Rude1 and K i n c l ,  

1966).  However most  j u v e n i l e s  d i e d  and t h e  o n l y  j u v e n i l e  s u r v i v i n g ,  a s  w e l l  

a s  3 o t h e r  j u v e n i l e s  fo rce - f ed  w i t h  1 mg of  m e s t r a n o l  i n  J u n e  1973, were  n o t  

r e c a p t u r e d  i n  1974. 

Although many f e m a l e s  were s t i l l  p r e s e n t  i n  Yay i n  t h e  a r e a s  

su r round ing  p l o t  3-1972 and p l o t  2-1973, v e r y  f ew j u v e n i l e s  were  obse rved .  

T h i s  i s  assumed t o  b e  a  consequence o f  t h e  A p r i l  m e s t r a n o l  t r e a t m e n t s  g i v e n  

around t h e s e  two p l o t s  ( fo rce - f eed ing  around p l o t  3, r o l l e d  o a t  b a i t s  a round 

p l o t  21, a s  some o f  t h e  f e m a l e s  most l i k e l y  n e v e r  gave  b i r t h  a f t e r  b e i n g  



force-fed wi th  mes t rano l  o r  t ak ing  t h e  b a i t .  However, no a c c u r a t e  

measurement o f  t h e  e f f e c t  of t h e  t r e a t m e n t s  was ob ta ined  f o r  t h e s e  

popula t ions .  

B. H i s t o l o g i c a l  evidence 

Three females t r e a t e d  i n  e a r l y  A p r i l  1972 were cap tured  and k i l l e d  1 

t o  3 weeks fo l lowing  t h e  t r ea tment .  None was l a c t a t i n g  and h i s t o l o g i c a l  

p r e p a r a t i o n  of t h e i r  r e p r o d u c t i v e  t r a c t s  showed t h a t  two females had a l l  

embryos resorb ing  whi le  t h e  o t h e r  had n e c r o t i c  p l a c e n t a e  and dead embryos i n  

u te ro .  Ten non- t reated females were k i l l e d  a t  t h e  same t ime; a l l  had v i a b l e  

embryos. A s i n g l e  female  t r e a t e d  w i t h  mes t rano l  i n  A p r i l  1972 t h a t  d i d  no t  

reproduce t h a t  year  was found t o  b e  p regnan t  wi th  5 v i a b l e  embryos t h e  

fol lowing year.  

Mestranol  d id  n o t  seem t o  a f f e c t  a d u l t  males ;  h i s t o l o g i c a l  s e c t i o n s  

of t e s t i s  d i d  n o t  show any d i f f e r e n c e  between t r e a t e d  (n=2) and non- t reated 

( ~ 5 )  males. However, t h e  sample s i z e  was very  small and a more e x t e n s i v e  

c o l l e c t i o n  of gonads from t r e a t e d  males might show some e f f e c t .  A l l  males 

recap tured  i n  e a r l y  May had regressed  t e s t e s  whether o r  n o t  t h e y  had been 

t r e a t e d  i n  e a r l y  A p r i l .  

C. Summary 

Mestranol w a s  e f f e c t i v e  i n  t emporar i ly  s t e r i l i z i n g  a lmost  a l l  females 

(96%) t r e a t e d  i n  e a r l y  Apr i l .  The 1 mg t rea tment  g iven i n  A p r i l  1972 

s t e r i l i z e d  a d u l t  females  f o r  one b reed ing  season ,  and may have been t h e  

cause  of t h e  l o s s  o f ,  o r  r educ t ion  i n ,  l i t t e r  s i z e  f o r  t h e  year  fo l lowing  

t h e  t r ea tment .  However, t h i s  secondary e f f e c t  can n o t  be  d e f i n i t e l y  

a t t r i b u t e d  t o  t h e  mestranol  t rea tment .  Mestranol d i d  n o t  seem t o  a f f e c t  

l a c t a t i n g  females when given i n  a 4 mg dose b u t  p o s s i b l y  provoked t h e  dea th  

of most j u v e n i l e s  s u c k l i n g  t h e s e  females .  No e f f e c t  of mes t rano l  (1 mg) 

could be shown f o r  a d u l t  males.  



RESULTS PART ANNUAL CYCLE 

Captures  and r e c a p t u r e s  of 406 d i f f e r e n t  s q u i r r e l s  a s  w e l l  a s  

v i s u a l  obse rva t ions  on t h e  s t u d y  a r e a  dur ing  t h e  pe r iod  March 1972 

t o  A p r i l  1974 permi t  a d e s c r i p t i o n  of t h e  annual cycle .  The t iming of some 

events  was determined d i r e c t l y  through v i s u a l  obse rva t ions  o r  t r a p p i n g ,  

whi le  f o r  o t h e r  e v e n t s ,  t iming was determined through bo th  of t h e s e  means 

and through c a l c u l a t i o n s  based on o t h e r  r e s e a r c h e r s '  f inn ings .  Only 

observed even t s  a r e  p resen ted  i n  Table  2. 

A. Emergence of j u v e n i l e s ,  p a r t u r i t i o n ,  b reed ing  and emergence from 

h i b e r n a t i o n .  

The f i r s t  e v e n t  i n  t h e  annual c y c l e  t h a t  was observed a c c u r a t e l y  and 

f o r  which mean d a t e s  could  be e s t a b l i s h e d  was t h e  emergence of t h e  j u v e n i l e s  

from the  mate rna l  burrow. A l l  young s q u i r r e l s  emerged between Yay 8 and 

June 5 i n  1972, and between May 11 and May 21 i n  1973; t h e  average d a t e s  of 

emergence f o r  j u v e n i l e s  were May 20 (n=22) (median is  May 19) and May 17 

(n=14) (median i s  May 17) i n  1972 and 1973 r e s p e c t i v e l y  (Table  2) .  

Young s q u i r r e l s  remain i n  t h e  a a t e r n a l  burrow f o r  about  a  month 

before  they are f i r s t  observed above ground (Quanstrom, 1968; Michener , 
1977). T h i s  was cor robora ted  by my own observa t ions :  a  l i t t e r  of j u v e n i l e s  

was observed t o  emerge from t h e  maternal  burrow 26 days a f t e r  t h e i r  mother 

was f i r s t  seen  w i t h  en la rged  mammae i n d i c a t i n g  t h a t  p a r t u r i t i o n  occurred 

approximately a  month p rev ious ly .  Most young were born around t h e  t h i r d  

week of A p r i l  i n  1972 and 1973. Trapping was avoided dur ing  t h i s  pe r iod .  

P a r t u r i e n t  o r  c l o s e  t o  p a r t u r i t i o n  female t h i r t e e n - l i n e d  ground s q u i r r e l s  

change burrows o r  move t h e i r  l i t t e r  i f  cap tu red  a t  t h a t  t ime (McCarley, 

1966). 

Richardson's  ground s q u i r r e l s  a r e  n o t  commonly observed t o  breed 

above ground (Quanstrom, 1968) ,  and no c o p u l a t i o n  was e v e r  observed dur ing  

t h i s  s tudy.  A few females  cap tured  i n  e a r l y  A p r i l  had swol len vu lvae  b u t  no 

a c c u r a t e  de te rmina t ion  of t h e  mean d a t e  of b reed ing  was ob ta ined  from t h e  

smal l  number observed.  Denniston (1957) es t imated  g e s t a t i o n  t o  b e  17 days ,  

based on an observed copu la t ion  of a  cap tured  f e n a l e  and h e r  subsequent 

p a r t u r i t i o n .  A s d e l l  (1964) ,  based on Howell's (1938) f i n d i n g s  f o r  c a p t i v e  
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s q u i r r e l s ,  e s t imated  g e s t a t i o n  t o  be  28 t o  32 days.  N e l l i s  (1969) and 

~ h e p p a r d  (1972),  t a k i n g  A s d e l l  (1964) a s  t h e i r  source ,  used a  28-day 

g e s t a t i o n  per iod.  Michener (1977) es t imated  t h e  g e s t a t i o n  per iod  t o  b e  24 

days;  h e r  e s t i m a t e  seems t o  be  t h e  most a c c u r a t e  s i n c e  i t  was based both  on 

f i e l d  and l a b o r a t o r y  o b s e r v a t i o n s .  I f  b reed ing  occurred 24 days p r i o r  t o  

p a r t u r i t i o n ,  i t  must fo l low t h a t  on average ,  b reed ing  occurred around March 

27 i n  1972 and March 24 i n  1973. 

By t h e  t ime f i e l d  work commenced around t h e  middle of March each 

year ,  a  few s q u i r r e l s  had a l r e a d y  emerged from h i b e r n a t i o n ,  and by t h e  end 

of March most were a c t i v e  above ground. A l l  were t rapped and marked by t h e  

f i r s t  week of A p r i l .  Breeding occurs  w i t h i n  one o r  two weeks a f t e r  

emergence from h i b e r n a t i o n  (Yeaton, 1972; Dorrance, 1974), o r  based on 

observed d a t e s  of emergence and subsequent p a r t u r i t i o n ,  on ly  2 days a f t e r  

emergence (Michener, 1977). Mean d a t e s  of emergence can thus  be 

approximated a s  be ing  March 11-25 i n  1972, and March 8-22 i n  1973. 

I n  1972 and 1973, j u v e n i l e s  emerged s i g n i f i c a n t l y  e a r l i e r  on p l o t  1 

than on p l o t  2  (Mann-Whitney, S.95) and p l o t  3  (Mann-Whitney, S.95), w h i l e  

t h e r e  w a s  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  two l a t t e r  p l o t s  

(Mann-Whitney, N.S.). I n  t h e  Richardson's  ground s q u i r r e l ,  d a t e  of b reed ing  

was shown t o  be  r e l a t e d  t o  body weight ;  heavy females  breed e a r l i e r  than 

smal le r  females (Dorrance,  1974). Such seems t o  b e  t h e  c a s e  h e r e  a s  w e l l .  

I n  A p r i l  each y e a r ,  a d u l t  females  from p l o t  1 were s i g n i f i c a n t l y  h e a v i e r  

(16-18%) than females  from p l o t  2  ( t - t e s t ,  S.99.9) and p l o t  3  ( t - t e s t ,  

S.99.9); t h e s e  two l a t t e r  groups d i d  n o t  d i f f e r  s i g n i f i c a n t l y  i n  weight 

( t - t e s t ,  N.S.) (App. 8A). 

B e  Onset of h i b e r n a t i o n  

Adul ts  and j u v e n i l e s ,  males and females ,  do n o t  go i n t o  h i b e r n a t i o n  

a t  t h e  same t ime. Observat ion of i n d i v i d u a l  a d u l t  males above ground ceased 

on t h e  average d a t e s  of June 14, 1972 (n=11) and June 7, 1973 (n=6).  

S i m i l a r l y ,  non-breeding a d u l t  females  disappeared around June 10 (n=14) and 

June 4  ( ~ 2 0 )  i n  1972 and 1973, preceding t h e  males by a  few days (Table  

2) + Breeding females  , i .e. those  observed l a c t a t i n g  o r  seen w i t h  

j u v e n i l e s ,  remained above ground as l a t e  a s  June 28, 1972 (n=20) and June 

16, 1973 (n=19).  These f i g u r e s  a r e  t h e  mean of a l l  i n d i v i d u a l  obse rva t ions  



f o r  each p l o t  a s  p resen ted  i n  Table  2 .  It i s  n o t i c e a b l e  t h a t  i n  1973, each 

group of a d u l t s  went i n t o  h i b e r n a t i o n  sooner than i t  d i d  i n  1972 ( t - t e s t ,  

s. 95) 

What could be  t h e  o n s e t  of h i b e r n a t i o n  f o r  j u v e n i l e  females  was 

observed i n  1972. I n  each p l o t ,  j u v e n i l e  females  'd isappeared '  from t h e  

p l o t s  where they  had wel l -es tab l i shed  homes between J u l y  14 and August 6  

(Table 2).  A t  t h a t  t i m e ,  popu la t ions  were s t a b l e ;  a l l  j u v e n i l e  males and 

t h e  few remaining j u v e n i l e  females  were s t i l l  a c t i v e  and had e s t a b l i s h e d  

home burrows when f i e l d  work was t e rmina ted  on August 12, 1972. The f a c t  

t h a t  many of t h e s e  j u v e n i l e  females  were t r apped  t h e  fo l lowing  s p r i n g  

i n d i c a t e s  t h a t  e i t h e r  they had d i s p e r s e d  nearby and came back t o  t h e  p l o t s  

i n  t h e  s p r i n g ,  o r  most l i k e l y ,  t h e y  had h i b e r n a t e d  e a r l y  w i t h i n  t h e  p l o t s  

themselves.  Dorrance (1974) observed t h a t  i n  c e n t r a l  A l b e r t a ,  j u v e n i l e  

females immerge i n  l a t e  August and e a r l y  September, w h i l e  j u v e n i l e  males 

h i b e r n a t e  a f t e r  September 1. I n  1973, a l l  j u v e n i l e s  e s t a b l i s h e d  i n  t h e  

p l o t s  were s t i l l  a c t i v e  on August 28 a t  which t ime  f i e l d  work was 

terminated.  Nine males and 6 females were then p r e s e n t  on p l o t  1. I n  t h e  

Youngstwon a r e a ,  j u v e n i l e s  a r e  s t i l l  a c t i v e  above ground w e l l  i n t o  September 

and even i n t o  October,  a t  which t i m e  however, t h e  popula t ion  i s  composed 

mostly of j u v e n i l e  males (Mohl, 1974). Thus i n  1972 and 1973, t h e  o n s e t  of 

h i b e r n a t i o n  occur red  i n  t h e  fo l lowing  chrono log ica l  order :  1. non-breeding 

a d u l t  f emales ,  2. a d u l t  males ,  3. a d u l t  b reed ing  females ,  4. j u v e n i l e  

females , 5. j u v e n i l e  males . 
It is  worthwhile t o  q u a n t i f y  t h e  annual span of a c t i v e  time spen t  by 

each c l a s s  of s q u i r r e l  between emergence and o n s e t  of h i b e r n a t i o n .  Th is  

per iod can b e  compared wi th  t h e  metabol ic  requirements  of each c l a s s .  For 

example, a b reed ing  female  h a s  h igher  metabo l ic  demands than  a  male o r  a  

non-breeding female ( S a d l e i r ,  1969); s i m i l a r l y  an a d u l t  s q u i r r e l  needs l e s s  

t ime t o  accumulate r e s e r v e s  necessa ry  f o r  h i b e r n a t i o n  than a  j u v e n i l e  

s q u i r r e l  t h a t  must a l s o  undergo body growth. No i n d i v i d u a l  d a t e s  of a d u l t  

emergence a r e  known s i n c e  many s q u i r r e l s  had a l r e a d y  emerged when f i e l d  work 

s t a r t e d  i n  March; however, t r a p p i n g  r e c o r d s  i n d i c a t e d  t h a t  a l l  a d u l t s  had 

emerged by A p r i l  1. The a c t i v e  time span s p e n t  above ground by i n d i v i d u a l  

a d u l t  s q u i r r e l s  between A p r i l  1 and t h e  l a s t  d a t e  t h e y  were observed may b e  

an adequate  measurement of t h e  t i m e  necessa ry  f o r  each c l a s s  of a d u l t  



s q u i r r e l  t o  p r e p a r e  f o r  h i b e r n a t i o n .  S i m i l a r l y ,  t h i s  pe r iod  of t ime f o r  

j u v e n i l e s  i s  t h e  t ime e lapsed  between t h e i r  b i r t h  and t h e  l a s t  d a t e  they  

were seen above ground. The d a t e  of b i r t h  i s  ob ta ined  by s u b t r a c t i n g  30 

days from observed d a t e s  of emergence of j u v e n i l e s .  So f o r  a l l  a d u l t  and 

j u v e n i l e  s q u i r r e l s  f o r  which t h e s e  d a t e s  were observed,  t h e  span of t i m e  

s p e n t  between emergence o r  b i r t h  and l a s t  appearance above ground were 

c a l c u l a t e d  and a r e  p resen ted  i n  Table  3. 

The o r d e r  i n  which s q u i r r e l s  went i n t o  h i b e r n a t i o n  (Table  2) was t h e  

same a s  t h e  ranking of t h e  number of days they were a c t i v e  between A p r i l  1 

o r  b i r t h  and onse t  of h i b e r n a t i o n  (Table  3 ) ;  t h e  s q u i r r e l s  a c t i v e  f o r  t h e  

l e a s t  number of days went i n t o  h i b e r n a t i o n  f i r s t .  However, s t a t i s t i c a l  

a n a l y s i s  shows t h a t  t h e r e  i s  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  a c t i v e  

pe r iods  s p e n t  by a d u l t  males and non-breeding a d u l t  females  ( t - t e s t ,  N.S.). 

Clark (1970),  Yeaton (1972) and Dorrance (1974) observed t h a t  a d u l t  males 

emerged a t  l e a s t  one o r  two weeks b e f o r e  a d u l t  females ;  t h i s  was n o t  taken 

i n t o  account i n  us ing  A p r i l  1 a s  t h e  i n i t i a l  d a t e  of a c t i v i t y  above ground. 

This  cou ld  mean t h a t  non-breeding females do i n  f a c t  spend l e s s  t i m e  above 

ground than a d u l t  males.  Breeding females spend a  l o n g e r  t ime above ground 

(between 12 t o  18 days) t h a n  b o t h  a d u l t  males ( t - t e s t ,  S.99) and 

non-breeding a d u l t  females  ( t - t e s t ;  S.99.9) (Table 3) .  This was also 

observed by Michener (1978).  F i n a l l y ,  j u v e n i l e s  spend more t ime above 

ground than any o t h e r  age  c l a s s  (Table 3 ) .  

A r e l a t i o n s h i p  seems t o  e x i s t  h e r e  between t h e  p e r i o d s  of a c t i v i t y  

s p e n t  above ground by d i f f e r e n t  groups of s q u i r r e l s  and t h e i r  r e s p e c t i v e  

metabol ic  requirements .  Th i s  is  e s p e c i a l l y  obvious w i t h i n  t h e  groups of 

a d u l t  s q u i r r e l s .  I n  e f f e c t ,  t h e  a d u l t s  w i t h  t h e  l e a s t  energy demands, i . e .  

t r e a t e d  non-breeding females and a d u l t  males ,  were t h e  f i r s t  t o  r e t u r n  i n t o  

h i b e r n a t i o n ,  w h i l e  b reed ing  females were t h e  l a s t  t o  do so .  Such a  

phenomenon should be  i l l u s t r a t e d  by weight d i f f e r e n c e s  i n  t h e s e  groups of 

s q u i r r e l s .  Repeated weighing of i n d i v i d u a l s  from e a r l y  A p r i l  1972 u n t i l  

t h e i r  r e t u r n  i n t o  h i b e r n a t i o n  revea led  t h a t  dur ing t h e  pe r iod  A p r i l  t o  May 

1972, breeding females  inc reased  t h e i r  body weight by 12% w h i l e  a d u l t  males 

and non-breeding a d u l t  females  showed s i g n i f i c a n t l y  h igher  i n c r e a s e s  of 28% 

(Chi-square, S.95) and 40% (Chi-square, 5.99.9) (App. 8 B ) .  There  w a s  no 

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  weight i n c r e a s e s  of t r e a t e d  and non- t reated 



Table 3. Est imates  of mean numbers o f  a c t i v e  days f o r  a d u l t  
s u i r r e l s  between f i r s t  o b s e r v a t i o n  and r e t u r n  i n t o  
h P b e p a t i o n ,  and f o r -  j w e n i l e s  between b i r t h  and onse t  
o r  n m e r n a t l o n ,  I n  p l o t s  1, 2 and 3 during t h e  summers 
1972 and 1973. 

NON-BREED I N G  
ADULT FEMALES 

ADULT MALES 

BREEDING 
ADULT FEMALES 

JUVENILE FEMALES 101t 13 * a minimum of 
( 1  8 )  131 days 

(12)** 

JUVENILE MALES a rninixogj=: of a mi i l imu i i i  of 
113 days 131 days 
(31)** (14)** 

( ) : sample s i z e ;  * : minimum f i g u r e  s i n c e  n o t  a l l  j u v e n i l e  
E m a l e s  had one i n t o  h i b e r n a t i o n  when f i e l d  work was terminated;  

: t h e s e  f w e n i l e s  were s t i l l  a c t i v e  when o b s e r v a t i o n s  were 
ceased on August 12, 1972 and Au u s t  28, 1973. These a r e  the  
minimum number of days between e E e i r  presumed d a t e  of b i r t h  and 
c e s s a t i o n  of obse rva t ions .  



males (Chi-square, N.S.), o r  between males and non-breeding a d u l t  females  

(Chi-square, N.S.). A s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n  e x i s t s  between body 

weight and l i p i d  l e v e l s  i n  t h e  Richardson's  ground s q u i r r e l  (Zegers e t  a l . ,  

1977) and i t  was shown t h a t  onse t  of h i b e r n a t i o n  i s  p a r t l y  determined by 

i n i t i a l  body weight and by t h e  r a t e  of weight i n c r e a s e  (Tubbs, 1977; 

Michener, 1978). Th i s  seems t o  b e  t h e  c a s e  h e r e  a s  w e l l .  

Adult males,  non-breeding and breeding females  were a c t i v e  f o r  

averages  of 75, 71 and 89 days dur ing t h e  1972 season  (Table  3 ) ,  which g i v e s  

an average of 8 0 3 2  (S.D.) days (n=45).  I n  1973, t h e  same groups of a d u l t  

s q u i r r e l s  r e s p e c t i v e l y  s p e n t  68, 65 and 77 days above ground (Table  3 ) ,  f o r  

an average of 70214 (S.D.) days (n=45).  For each group of s q u i r r e l s ,  and 

f o r  a l l  s q u i r r e l s  combined, t h e  average per iod  of a c t i v i t y  was s i g n i f i c a n t l y  

s h o r t e r  i n  1973 t h a n  i n  1972 ( t - t e s t ,  S.99.9). 

S ince  no a c c u r a t e  d a t e s  were ob ta ined  f o r  t h e  i n d i v i d u a l  t ime of 

s q u i r r e l  emergence, i t  i s  n o t  known i f  such a d i f f e r e n c e  i s  s i g n i f i c a n t .  

However, I b e l i e v e  t h a t  t h e  s h o r t e r  a c t i v i t y  pe r iod  observed i n  1973 was due 

t o  changes i n  weather.  Thus a s h o r t  summary of p e r t i n e n t  c l i m a t i c  

cond i t ions  w i l l  be  g iven  below. F a c t o r s  of p r e d a t i o n  w i l l  a l s o  b e  

considered.  

C. Weather and p r e d a t i o n  

I n  1972 and 1973, monthly temperatures  ( a s  recorded by a government 

weather s t a t i o n  35 m i l e s  d i s t a n t )  averaged 5oaT! d u r i n g  t h e  months of March 

t o  June. During t h e  same months, t o t a l  p r e c i p i t a t i o n  w a s  6.53 inches  i n  

1972 and 9.42 inches  i n  1973 (Alber ta  Environment, 1972 and 1973).  However 

weather can vary  w i t h i n  on ly  a few mi les  on t h e  p r a i r i e s ,  and i t  was my 

impression t h a t  more r a i n  f e l l  i n  t h e  Youngstown a r e a  i n  1973. Th is  

impress ion was cor robora ted  by flr. J. Schmidt, a farmer  l i v i n g  4 m i l e s  

n o r t h  of my s t u d y  a r e a  who kep t  a r e c o r d  of r a i n f a l l .  M r .  Schmidt informed 
I 

me t h a t  from h i s  measurements t h a t  y e a r ,  13 t o  15 inches  of r a i n  had f a l l e n  

between s p r i n g  thaw and August 7, 1973. From h i s  r e c o r d s ,  4 inches  had 

f a l l e n  dur ing  t h e  same per iod i n  1972. I recorded t h e  occur rence  of r a i n  

dur ing t h e  s t u d y  p e r i o d  and noted t h a t  i n  1972, r a i n  f e l l  on 26% of t h e  days 

when o b s e r v a t i o n s  were made, whereas i n  1973 i t  r a i n e d  on 33% of t h e  

observa t ion  days (from App. 2 ) .  



Spring was c o l d e r  i n  1974 t h a n  it was i n  1972 and 1973. 
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Be tween 

October 1973 and May 1974, 8.06 inches  of ra in l snow f e l l  whereas only  5.34 

inches  f e l l  dur ing  t h e  same per iod i n  1972-1973 (Alber ta  Environment, 1972, 

1973 and 1974). Moreover, average temperature  from January t o  t h e  end of 

A p r i l  1974 was c o l d e r  (9.7'F) than  dur ing  t h e  same months i n  1973 ( 1 8 ' ~ ) .  

Vegeta t ion growth was n o t  q u a n t i f i e d  but  I n o t i c e d  t h a t  i n  1973, a s  a  

r e s u l t  of t h e  e x t r a  r a i n ,  v e g e t a t i o n  of t h e  surrounding a r e a  was much 

greener  than t h a t  observed i n  1972. Two f i g u r e s  a r e  p resen ted  h e r e  t o  

i l l u s t r a t e  t h i s  phenomenon. F i g u r e  2A shows p l o t  1  and was t aken  on J u l y  1, 

1972; F i g u r e  2B shows t h i s  same p l o t  and was t aken  on J u l y  10,  1973. 

Vegeta t ion was green on b o t h  y e a r s  b u t  i t  can b e  seen  q u i t e  r e a d i l y  t h a t  

v e g e t a t i o n  was much t a l l e r  and l u s h e r  i n  1973. 

A b e t t e r  c o n d i t i o n  of t h e  v e g e t a t i o n ,  and thus  of t h e  food supply f o r  

h e r b i v o r e s ,  i s  u s u a l l y  r e f l e c t e d  i n  t h e  animal popula t ions .  Seventy-three 

pe rcen t  of t h e  Richardson's  ground s q u i r r e l  d i e t  i s  conposed of green p l a n t s  

(Clark ,  l97O), t h u s  a  change i n  v e g e t a t i o n  i s  l i k e l y  t o  i n f l u e n c e  i t s  

popula t ion .  Such changes were observed i n  roden t  p o p u l a t i o n s  i n h a b i t i n g  

d e s e r t  environment (Whitford,  1976) a s  most r e s i d e n t  s p e c i e s ,  one of them a 

ground s q u i r r e l ,  responded t o  f l u c t u a t i o n s  i n  r a i n f a l l .  Droughts brought  

r e d u c t i o n s  i n  d e n s i t y ,  whereas favourab le  r a i n f a l l  and v e g e t a t i o n  p roduc t ion  

were c h a r a c t e r i z e d  by p o p u l a t i o n  r e c o v e r i e s .  I n  p o p u l a t i o n s  of round- ta i l ed  

ground s q u i r r e l s  s t u d i e d  i n  Arizona,  d a t a  accumulated d u r i n g  a  16-year 

period showed t h a t  l i t t e r  s i z e  (measured by t h e  number of embryos) w a s  

c o r r e l a t e d  t o  r a i n f a l l ,  a s  t h e  l a t t e r  a f f e c t e d  t h e  p roduc t ion  of s p r i n g  

annuals  on which t h e  s q u i r r e l s  f eed  (Reynolds and Turkowski, 1972).  I n  

c e n t r a l  A l b e r t a ,  Dorrance (1974) could n o t  show a  d i r e c t  r e l a t i o n s h i p  

between popula t ions  of Richardson's  ground s q u i r r e l  and t h e  biomass of t h e  

v e g e t a t i o n  p r e s e n t .  On t h e  o t h e r  hand, he e s t a b l i s h e d  a  c o r r e l a t i o n  between 

t h e  biomass of v e g e t a t i o n  and female weight.  S ince  h e a v i e r  females have a  

l a r g e r  nunber of embryos (Dorrance,  1974), i t  is  l i k e l y  t h a t  i n  t h i s  s p e c i e s  

a l s o ,  and i n  v e g e t a t i o n  c o n d i t i o n s  more s i m i l a r  t o  those  observed i n  my 

s tudy  a r e a ,  food supply i . e .  v e g e t a t i o n  a s  a f f e c t e d  by r a i n f a l l ,  should be 

r e f l e c t e d  i n  t h e  s q u i r r e l  popu la t ions .  Such was t h e  c a s e  a s  w i l l  be  shown 

i n  t h e  popula t ion  dynamics s e c t i o n .  



F i g u r e  2A. Vege ta t ion  on p l o t  1; J u l y  1, 1972 

F i g u r e  2B. Vege ta t ion  on p l o t  1 ;  J u l y  10, 1973 





The b e t t e r  c o n d i t i o n s  found i n  1973 can a l s o  have an  impact on t h e  

p r e d a t o r  popula t ions .  It was shown by P i t e l k a  e t  a l .  (195 5) t h a t  t h e  

numbers and reproduc t ion  of snowy owls and o t h e r  lemming-eating p r e d a t o r s  

va ry  g r e a t l y  between y e a r s  according t o  t h e  number of lemmings a v a i l a b l e .  

The number of p r e d a t o r s  was observed each y e a r  dur ing  a  s p e c i f i c a l l y  

measured per iod of t ime. Th is  and o t h e r  o b s e r v a t i o n s  made dur ing  1972 and 

1973 a r e  used t o  demonstra te  d i f f e r e n t  p r e d a t o r y  p r e s s u r e  t h a t  may have been 

exper ienced by t h e  s q u i r r e l  popu la t ions .  

More p r e d a t o r s  were observed per  o b s e r v a t i o n  per iod on t h e  p l o t s  i n  

1973 t h a n  in 1972. Averages of 0.19 hawks, 0.01 weasels  and 0.01 badgers 

were observed f o r  each 45-minute o b s e r v a t i o n  per iod i n  1972; averages  of 

0.35 hawks, 0.04 wease l s  and 0.06 badgers were seen dur ing  1973 (Table 4 ) .  

These s p e c i e s  a r e  known p r e d a t o r s  of t h e  Richardson's  ground s q u i r r e l .  I n  

c e n t r a l  A l b e r t a ,  32% of t h e  t o t a l  biomass of p rey  t aken  by r e d - t a i l e d  hawk 

is  composed of t h i s  ground s q u i r r e l  s p e c i e s  ( L u t t i c h  e t  a l . ,  1970),  and t h e  

long- ta i l ed  weasel  can b e  an important  p r e d a t o r ,  t a k i n g  j u v e n i l e s  weighing 

up t o  400 grams (Dorrance,  1974). Hawks and badgers  a r e  cons idered  t o  b e  

main p r e d a t o r s  i n  Saskatchewan (Michener, 1968). Forty-one p e r c e n t  of 92 

t e r r e s t r i a l  p r e d a t o r  f e c e s  conta ined Richardson's  ground s q u i r r e l  remains i n  

a  s t u d y  made by Sheppard and Swanson (1975). 

O v e r a l l ,  0.22 such p r e d a t o r s  were observed i n  an average o b s e r v a t i o n  

per iod i n  1972, whi le  twice  a s  many (0.45) were observed i n  1973 (Table 4; 

Chi-square, S.99.9). Moreover, on ly  one weasel  was removed i n  p l o t  1-1972 

i n  o r d e r  t o  p r o t e c t  t h e  ground s q u i r r e l s  whereas 15 wease l s  were removed 

f r o m t h i s  same p l o t  dur ing  t h e  same per iod i n  1973. Cont ro l  of p r e d a t o r s  

such a s  wease l s  was more thorough on t h e  c o n t r o l  p l o t  (81) than  it was on 

the o t h e r  two p l o t s .  P l o t  1 was on ly  a  few hundred f e e t  from t h e  t r a i l e r  

where I w a s  l i v i n g  i n  t h e  f i e l d .  Thus t h e  p resence  of any p r e d a t o r  was 

d e t e c t e d  much more e a s i l y ,  p a r t i c u l a r l y  d u r i n g  t h e  day. By c o n t r a s t ,  

o p p u r t u n i t i e s  t o  o b s e r v e  p r e d a t o r s  on p l o t s  2  and 3  were l e s s ,  a s  p r e d a t o r s  

were seen on ly  d u r i n g  t h e  hours  of t h e  day t h a t  were used t o  make b e h a v i o r a l  

obse rva t ions  o r  t o  t r a p  t h e  s q u i r r e l s  i n  t h e s e  p l o t s .  

As a  r e s u l t  of more r a i n  i n  1973 t h a n  i n  1972, v e g e t a t i o n  was nuch 

l u s h e r  i n  1973. P r e d a t o r s  were more numerous, and a s  w i l l  be  shown i n  t h e  

populat ion dynamics s e c t i o n ,  g e n e r a l l y  more j u v e n i l e  ground s q u i r r e l s  were 



T a b l e  4. E s t i m a t i o n  o f  p r e d a t o r  abundance on  p l o t s  1, 2 and 3 d u r i n g  
o b s e r v a t i o n  p e r i o d s  i n  1972 and 1973. 

PLOTS 
ALL 

3 PLOTS 1 1  
ALL 

3 PLOTS 

NUMBERS OF 
ANE4AL.S SEEN 

hawks 1 
w e a s e l s  2 
b a d g e r s  3 

T o t a l  

NUMBER OF OBSER- 
VATION PERIODS 54 5 1 50 156 

NUMBER OF ANIMALS - 
PER OBSERVATION 
PERIOD 

hawks 
w e a s e l s  
b a d g e r s  

T o t a l  

1. Buteo s w a i n s o n i i ,  & r e e a l i s ,  2. Mus te l a  f r e n a t a  l o n g i c a u d a ,  3. Tax idea  
t x s  



born i n  1973. Also,  I b e l i e v e  t h a t  t h e  b e t t e r  v e g e t a t i o n  observed i n  1973 

may have c o n t r i b u t e d  t o  t h e  s h o r t e r  a c t i v i t y  pe r iod  of t h e  a d u l t  ground 

s q u i r r e l s  t h a t  yea r ,  a s  observed between A p r i l  1 and t h e i r  i n d i v i d u a l  r e t u r n  

i n t o  h i b e r n a t i o n .  

D. Summary 

I n  t h e  Youngstown a r e a ,  o b s e r v a t i o n s  i n  t h i s  s tudy  and f i n d i n g s  of 

o t h e r  r e s e a r c h e r s  i n d i c a t e d  t h a t  most ground s q u i r r e l s  emerge dur ing  t h e  

l a t t e r  p a r t  o f  March and t h a t  by t h e  beg inn ing  of A p r i l ,  most have bred.  

P a r t u r i t i o n  occurred around t h e  t h i r d  week of A p r i l  and j u v e n i l e s  emerged 

from e a r l y  May u n t i l  e a r l y  June,  w i t h  peak of emergence o c c u r r i n g  around t h e  

t h i r d  week of May. 

Onset of h i b e r n a t i o n  followed a  c h r o n o l o g i c a l  o r d e r  t h a t  was a ,  

f u n c t i o n  of t h e  age,  s e x  and r e p r o d u c t i v e  c o n d i t i o n  of i n d i v i d u a l  s q u i r r e l s .  

Non-breeding females ,  most ly  mes t rano l  t r e a t e d  females ,  were t h e  f i r s t  t o  

r e t u r n  t o  h i b e r n a t i o n  i n  e a r l y  June,  fo l lowed c l o s e l y  by a d u l t  males.  

Breeding females s p e n t  s i g n i f i c a n t l y  more t ime above ground and on t h e  

average d i d  n o t  r e t u r n  i n t o  h i b e r n a t i o n  u n t i l  l a t e  i n  June.  J u v e n i l e s  were 

s t i l l  a c t i v e  a f t e r  September 12 but  t h e r e  was evidence t h a t  some j u v e n i l e  

females e n t e r e d  h i b e r n a t i o n  i n  August. A l l  s q u i r r e l s ,  a d u l t  o r  j u v e n i l e s ,  

remain f o r  many months i n  h i b e r n a t i o n  and do n o t  emerge u n t i l  t h e  fo l lowing  

March. The annual  cy'cle is i l l u s t r a t e d  i n  F i g u r e  3. 

The t i n e  s p e n t  between emergence o r  b i r t h  and o n s e t  of h i b e r n a t i o n  

seemed r e l a t e d  t o  t h e  d i f f e r e n t  metabol ic  demands made on d i f f e r e n t  

c a t e g o r i e s  of s q u i r r e l s .  S q u i r r e l s  t h a t  had g r e a t e r  metabol ic  demands, such 

a s  breeding females ,  s p e n t  more t ime above ground. The per iod of a d u l t  

a c t i v i t y  between emergence and r e t u r n  i n t o  h i b e r n a t i o n  was a l s o  a f f e c t e d  by 

t h e  v e g e t a t i o n  c o n d i t i o n s  of t h e  a rea .  I n  1973, more r a i n  r e s u l t e d  i n  a  

lusher  v e g e t a t i o n  and i n  an e a r l i e r  r e t u r n  i n t o  h i b e r n a t i o n  f o r  a d u l t  

s q u i r r e l s .  S q u i r r e l  p r e d a t o r s  were more abundant i n  1973. 



F i g u r e  3 .  Annual  c y c l e  o f  t h e  R icha rdson ' s  ground s q u i r r e l  

i n  t h e  Youngstovm area, A l b e r t a .  R e l a t i v e  

changes  i n  numbers i.s i n d i c a t e d  by t h e  w i d t h  

of t h e  marked b l o c k s .  



RESULTS PART I I1 POPULATION DYNAMIC S 

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

The p o p u l a t i o n  numbers of a  colony a r e  a l t e r e d  by n a t a l i t y  and 

m o r t a l i t y ,  and by i n g r e s s  and e g r e s s .  I n  Richardson's  ground s q u i r r e l ,  such 

movements seem t o  b e  c l o s e l y  r e l a t e d  t o  t h e  s o c i a l  behavior  of t h e  s q u i r r e l s  

i n h a b i t i n g  t h e  colony. Adult males a r e  t h e  f i r s t  s q u i r r e l s  t o  emerge i n  

s p r i n g  and t h e i r  hone ranges  encompass many female burrows (Yeaton, 1972). 

A f t e r  b reed ing ,  females  e s t a b l i s h  t e r r i t o r i e s  (Yeaton, 1972) and many 

s q u i r r e l s  a r e  expe l led  from t h e  colony. Res iden t  males a r e  excluded from 

most females '  t e r r i t o r i e s  by mid-April (Yeaton, 1972). The a d u l t  popu la t ion  

remains more o r  l e s s  s t a b l e  i n  numbers f r o n  t h i s  t ime u n t i l  a d u l t  males and 

females r e t u r n  i n t o  h i b e r n a t i o n .  The numbers i n  t h e  colony a r e  mainta ined 

by j u v e n i l e s  emerging f r o n  t h e  mate rna l  burrows dur ing  May and June. 

However, only  a  few of t h e s e  a r e  l e f t  wi th  home burrows a t  t h e  end of t h e  

summer and a  few, mos t ly  females ,  h i b e r n a t e  w i t h i n  t h e  home a r e a  (Michener 

and Michener, 1973). 

B. Popula t ion  1972 

1. Adult popu la t ion :  A p r i l  1972 

a .  D e n s i t i e s  

I n  A p r i l  1972, t h e  t h r e e  4-hectare  p l o t  a r e a s  surrounding p l o t s  1, 2  

and 3  (Fig .  1 )  were i n t e n s i v e l y  l ive - t rapped  t o  y i e l d  r e s p e c t i v e l y  42, 41 

and 36 s q u i r r e l s ;  a l l  t h r e e  a r e a s  had roughly e q u i v a l e n t  p o p u l a t i o n s ,  i . e .  

10, 10 and 9  s q u i r r e l s  p e r  h e c t a r e  (Table  5 ) .  However, t h e  s q u i r r e l s  were 

n o t  u n i f o m l y  d i s t r i b u t e d  w i t h i n  each 4-hectare a r e a  so  t h a t  d e n s i t i e s  were 

d i f f e r e n t  w i t h i n  t h e  boundar ies  of p l o t s  1, 2 and 3. Twenty-four s q u i r r e l s  

were t rapped i n  p l o t  1, whi le  20 and 10 were cap tured  i n  p l o t s  2  and 3 

(Table 5; F ig .  4 ) .  The corresponding d e n s i t i e s  were of 37, 29 and 12 

s q u i r r e l s  p e r  h e c t a r e  i n  p l o t s  1, 2  and 3  r e s p e c t i v e l y  (Table  5 ) .  A s  p l o t s  

1 and 2  had much h igher  d e n s i t i e s  than t h e i r  surrounding 4-hectare  p l o t s  1A 

and 2A, i t  seems t h a t  these  p l o t s  were more ' d e s i r a b l e '  h a b i t a t s  t o r  t h e  

ground s q u i r r e l s  t h a n  p l o t  3. In  t h i s  l a t t e r  p l o t ,  d e n s i t y  was more 



Tab le  5. Numbers, d e n s i t i e s  and s e x  r a t i o  o f  a d u l t  ground s q u i r r e l s  r e s e n t  
on p l o t s  lA, 2A, 3A, 1, 2 and 3 between A p r i l  1972 and ~ ~ r i !  1974. 

TIME OF OBSERVATION NUMBERS DENSITY SEX RATIO 
OBSERVED s q u i r r e l s / h e c t a r e  number of f emales /male  

AND 

PLOTS PLOTS PLOTS 
PLOTS TRAPPED (1 M2 #3 I I1 X2 1 3  f 2  # 3 

-- - 

APRIL 1972 
P l o t s  lA, 2A, 3A 42 41 36 10.4 10.1 8.9 1 2.0 4.1 2.0 
P l o t s  1, 2,  3 24 20  1 0  36.9 29.0 12.3 3.0 3.0 9.0 

MAY 1972.  P l o t s  1 , 2 , 3  
T o t a l  p o p u l a t i o n  21 26 10 32 .3  37.7 12 .3  1 2.0 3.3 9.0 
r e s i d e n t  p o p u l a t i o n  1 0  2 1  10 15.4 30.4 12.3 4.0 6.0 9.0 

APRIL 1973 
n o t s  1 ,  2 ,  3 

MAY 1973. P l o t s  1 , 2 , 3  
t o t a l  p o p u l a t i o n  26 2 3  1 4  40.0 33.3 17.3 25.0 2.8 3.7 
r e s i d e n t  p o p u l a t i o n  14  1 6  10 21.6 23.2 12 .3  No male 4 .3  4.0 

APRIL 1974 
P l o t s  1, 24, 3 

- - 

16 9 3 27.7 13.0 3.7 1 5.0 8.0 No male  
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Figure  4, Numbers of Richardson's ground s q u i r r e l s  p re sen t  

i n  p l o t s  1, 2 and 3 between April .  1972 and 1974 

a d u l t  s q u i r r e l s  i n i t i a l l y  t rapped  i n  1972 

0 a d u l t  s q u i r r e l s  i n i t i a l l y  t rapped  i n  1973 

m a d u l t  s q u i r r e l s  i n i t i a l l y  t rapped  i n  1974 

a j u v e n i l e  s q u i r r e l s  i n i t i a l l y  t rapped  i n  1972 

R j u v e n i l e  s q u i r r e l s  i n i t i a l l y  t rapped  i n  1973 

number of c i r c l e s  denotes  t h e  number of s q u i r r e l s  
i n  each category which were treated with mestranol 

i n  A p r i l  1972 

number of squares  denotes  t h e  number of s q u i r r e l s  
i n  each ca tegory  which were t r e a t e d  wi th  mestranol  
i n  A p r i l  1973 

number of c r o s s e s  denotes  t h e  number of s q u i r r e l s  
x which moved i n t o  t h e  p l o t s  between A p r i l  and 

September each y e a r  

I V :  A p r i l  V: May V I :  June V I I :  Ju ly  V I I I :  August 
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comparable t o  t h a t  of t h e  4-hectare  a r e a  surrounding i t ,  (12 v e r s u s  9 )  

(Table  5 )  . 
b. Sex r a t i o .  Age d i s t r i b u t i o n .  

The s e x  r a t i o  i n  A p r i l  showed a  dominance of females ,  e s p e c i a l l y  i n  

p l o t  3  where only one male was t rapped w i t h  9  females ;  i n  p l o t s  1 and 2, 

t h r e e  f e n a l e s  were found f o r  every male (Table  5 ) .  The p r o p o r t i o n s  of males 

i n  t h e  t h r e e  popula t ions  d id  n o t  d i f f e r  s i g n i f i c a n t l y  a s  males r e p r e s e n t e d  

25%, 25% and 10% of t h e  A p r i l  popu la t ions  i n  p l o t s  1, 2  and 3  r e s p e c t i v e l y  

(Chi-square, N.S.). Such d i s p r o p o r t i o n a t e  s e x  r a t i o  i n  favour  of a d u l t  

females  a r e  common i n  popula t ions  of Richardson's  ground s q u i r r e l s  ( N e l l i s ,  

1969; Yeaton, 1969; D.R. Michener, 1972; Sheppard, 1972; Dorrance, 1974). 

A l l  s q u i r r e l s  t r apped  i n  A p r i l  1972 were c l a s s i f i e d  a s  ' adu l t s '  

a l though i t  i s  v e r y  l i k e l y  t h a t  some of them were y e a r l i n g s ;  t h e i r  age c l a s s  

was given a s  "1 y e a r  +" s i n c e  they  had a t  l e a s t  undergone one season of 

h i b e r n a t i o n .  

c  . Mes t r a n o l  t r ea tment  

I n  p l o t  2, 8 of t h e  15 females cap tured  p r e v i o u s l y  w i t h i n  t h e  p l o t  

boundar ies  were r e c a p t u r e d  on A p r i l  10 f o r  mes t rano l  t r ea tment ;  f o u r  of t h e  

5  males p r e s e n t  a t  t h a t  t i m e  were a l s o  t r e a t e d  (Table  6 ,  A ) .  I n  p l o t  3, I 

at tempted on A p r i l  1 2  t o  r e c a p t u r e  t h e  9  females  p r e s e n t :  however only  7  

were t r e a t e d  s i n c e  two females avoided r e c a p t u r e  u n t i l  e a r l y  May a t  which 

t ime i t  was judged t o  be  too l a t e  f o r  t r ea tment  a s  they were a l r e a d y  

l a c t a t i n g .  No s q u i r r e l  was t r e a t e d  i n  p l o t  1 (Table  6,A). 

2. Adult populat ion:  May 1972 

During May, s q u i r r e l s  c o n s i s t e n t l y  occupied a  g iven  a r e a  w i t h i n  t h e  

p l o t s  and were a g o n i s t i c  t o  neighbours and t r e s p a s s e r s  i f  t h e s e  came c l o s e  

t o  t h e i r  home burrow. Those s q u i r r e l s  s t i l l  r e t a i n i n g  a  hone burrow w i t h i n  

t h e  p l o t  boundar ies  by t h e  end of May o r  having bred i n  t h e  p l o t  ( females  

only)  were cons idered  a s  " res iden t s1 ' .  Some of t h e  t r e s p a s s e r s  were 

s q u i r r e l s  p r e v i o u s l y  t rapped w i t h i n  t h e  p l o t  boundar ies  i n  e a r l y  A p r i l  t h a t  

d i d  n o t  succeed i n  main ta in ing  a  home burrow on t h e  p l o t ;  some had a  home 

a r e a  a d j a c e n t  t o  t h e  p l o t  and were seen  q u i t e  f r e q u e n t l y  i n  t h e  p l o t s .  

Other t r e s p a s s e r s  were never  t rapped u n t i l  May and t h e r e f o r e  must have come 

from o u t s i d e  the  4-hectare  a r e a s  t rapped i n  e a r l y  A p r i l  ( i t  i s  assumed t h a t  
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a l l  s q u i r r e l s  p r e s e n t  i n  t h e  4 -hec ta re  a r e a s  were t r apped  i n  A p r i l ) .  They 

were p r e s e n t  q u i t e  o f t e n  i n  t h e  p l o t s  d u r i n g  c e r t a i n  p e r i o d s  and accounted 

f o r  many i n t e r a c t i o n s  w i t h  t h e  r e s i d e n t  s q u i r r e l s ;  t h e y  were d e s i g n a t e d  a s  

s q u i r r e l s  t r y i n g  t o  "move in".  Some of t h e s e  succeeded i n  e s t a b l i s h i n g  home 

burrows w i t h i n  t h e  p l o t  boundar i e s  and were c o n s i d e r e d  a s  "immigrants". 

F i n a l l y  t r a n s i e n t  s q u i r r e l s  'were observed on ly  once  o r  twice  going through 

t h e  p l o t s ;  most were never  c a p t u r e d  and t h e y  a r e  n o t  c o n s i d e r e d  i n  t h e  s t u d y  

of p o p u l a t i o n s  dynamics. 

The e s t a b l i s h m e n t  of  home a r e a s  r e s u l t e d  i n  c o n s i d e r a b l e  changes i n  

t h e  p o p u l a t i o n s  o v e r  t h e  summer. These changes w i l l  b e  d e s c r i b e d  h e r e  and 

r e l a t e d  t o  t h e  d i f f e r e n t  m e s t r a n o l  t r e a t e m e n t s  g i v e n  t o  t h e  p o p u l a t i o n s .  

a .  D e n s i t i e s  

When compared t o  t h e  A p r i l  p o p u l a t i o n ,  t o t a l  numbers of  s q u i r r e l s  

t r a p p e d  o r  observed i n  May w i t h i n  t h e  p l o t s '  boundar i e s  had d e c r e a s e d  i n  

p l o t  1 (-13%),  i n c r e a s e d  i n  p l o t  2  (+30%),  and remained t h e  same i n  p l o t  3  

(Table  6; F ig .  4 ) .  These changes were due t o  immigra t ion  and e m i g r a t i o n  

a n d / o r  m o r t a l i t y ,  because  by May a l l  s q u i r r e l s  had emerged from h i b e r n a t i o n  

and none had r e t u r n e d  (Fig .  3 ) .  

S i x  s q u i r r e l s  d i s a p p e a r e d  between A p r i l  and May on b o t h  p l o t s  1 and 

2, r educ ing  t h e  t o t a l  p o p u l a t i o n s  on t h e s e  p l o t s  by 22% and 19% 

r e s p e c t i v e l y .  ' S i m i l a r l y  one  male s q u i r r e l  d i s a p p e a r e d  from p l o t  3, s o  t h a t  

e m i g r a t i o n / m o r t a l i t y  accounted f o r  9% of t h e  l o s s e s  from t h i s  p l o t  (Tab le  

6 ) .  There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  e m i g r a t i o n  between any of t h e  

t h r e e  p l o t s  (Chi-square,  N.S.), a l t h o u g h  more s q u i r r e l s  moved ou t  o r  d i e d  on 

t h e  h i g h  d e n s i t y  p l o t s  i . e .  1 and 2. 

Immigration d i d  n o t  occur  t o  a l l  p l o t s .  One male s q u i r r e l  moved on to  

p l o t  3, r e p l a c i n g  t h e  one t h a t  d i s a p p e a r e d ,  t h u s  l e a v i n g  t h e q o p u l a t i o n  

unchanged (Tab le  6 ) .  Three  s q u i r r e l s  moved on to  p l o t  1 w h i l e  a s  many a s  12 

d i d  s o  on p l o t  2 (Tab le  6, B2); however w h i l e  none succeeded i n  e s t a b l i s h i n g  

a  home burrow i n  p l o t  1, a s  many a s  10 remained a s  r e s i d e n t s  i n  p l o t  2 

(Table  6, B21). Correspondingly;  immigra t ion  r e p r e s e n t e d  0%,  31% and 9 %  of 

t h e  t o t a l  p o p u l a t i o n s  t r apped  on p l o t s  1, 2 . a n d  3  r e s p e c t i v e l y  (Tab le  6 ) .  

Immigration o n t o  p l o t  3  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from t h a t  observed i n  

p l o t s  1 (Chi-square,  N.S.) and 2 (Chi-square,  N.S.), w h i l e  p l o t  2  had 

s i g n i f i c a n t l y  more immigrants than  p l o t  1 (Chi-square ,  S. 99.9). The l a c k  of 



d i f f e r e n c e  observed between p l o t s  2 and 3 was probably  due t o  t h e  smal l  

number of s q u i r r e l s  involved i n  p l o t  3, i . e .  on ly  1 immigrant s q u i r r e l .  

b. Residency 

The p r o p o r t i o n  of s q u i r r e l s  t h a t  e s t a b l i s h e d  themselves a s  r e s i d e n t  

was l a r g e r  i n  t h e  t r e a t e d  p l o t s  and may b e  r e l a t e d  t o  t h e  mes t rano l  

t rea tment .  Forty-two p e r c e n t ,  55% and 90% of t h e  s q u i r r e l s  f i r s t  t r apped  i n  

p l o t s  1, 2  and 3  i n  e a r l y  A p r i l  remained r e s i d e n t  i n  May (Table  6 ) .  

S i g n i f i c a n t l y  more of them remained on p l o t  3  t h a n  on t h e  c o n t r o l  p l o t  1 

( C h i - s q ~ a r e ~ S . 9 5 ) .  P l o t s  1 and 2  d id  n o t  d i f f e r  s i g n i f i c a n t l y  (Chi-square,  

N.S.) and t h e r e  w a s  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  two t r e a t e d  p l o t s  

(Chi-square, N.S.). T h i s  seems t o  i n d i c a t e  t h a t  lower popula t ion  d e n s i t y  

and d e s i r a b i l i t y  on p l o t  3 was more s i g n i f i c a n t  than t h e  mes t rano l  e f f e c t s  

i n  a f f e c t i n g  t h e  s q u i r r e l s '  success  t o  e s t a b l i s h  res idency .  

P r o p o r t i o n a l l y  more of t h e  s q u i r r e l s  which moved i n  dur ing  May o r  

l a t e  A p r i l  e s t a b l i s h e d  res idency  i n  t h e  t r e a t e d  p l o t s  t h a n  i n  t h e  

non-treated one. While none of t h e  3 s q u i r r e l s  a t t empt ing  t o  move on to  p l o t  

1 succeeded, 83% (10 ou t  of 12) and 100% (1 ou t  of 1 )  of t h e  immigrating 

s q u i r r e l s  became r e s i d e n t  on p l o t s  2  and 3  (Table  6 ) .  There  was a  

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  c o n t r o l  p l o t  and p l o t  2  

( C h i - s q ~ a r e ~ S . 9 9 . 9 ) ~  whi le  t h e  s m a l l  number of s q u i r r e l s  concerned i n  p l o t  3  

d id  n o t  a l low d e t e c t i o n  of any s i g n i f i c a n t  d i f f e r e n c e  between t h i s  p l o t  and 

p l o t s  1 and 2. 

O v e r a l l ,  66% and 91% of a l l  s q u i r r e l s  were r e s i d e n t  on p l o t s  2  and 3, 

whi le  only 37% were r e s i d e n t  on t h e  c o n t r o l  p l o t  (Tab le  6 ) .  The c o n t r o l  

p l o t  d i f f e r e d  s i g n i f i c a n t l y  from p l o t  2  (Chi-square, S.99) and from p l o t  3  

(Chi-square,S.99.9). There  was no d i f f e r e n c e  between t h e  most t r e a t e d  p l o t  

(#3)  and t h e  l e a s t  t r e a t e d  one ( # 2 ) .  

c.  Mestranol  t r ea tment  and i t s  e f f e c t  on res idency  s t a t u s  

I n  p l o t  2, 10 of t h e  12 s q u i r r e l s  (83%) t r e a t e d  i n  e a r l y  A p r i l  were 

s t i l l  p r e s e n t  i n  May and 9  of t h e s e  (75%) were r e s i d e n t s ;  i n  c o n t r a s t ,  only  

4 of t h e  8  non- t reated s q u i r r e l s  (50%) cap tured  i n  e a r l y  A p r i l  su rv ived  t o  

May and only two of t h e s e  (25%) were r e s i d e n t s  (Table  6 ) .  Not on ly  were 

t h e r e  more t r e a t e d  than non- t reated s q u i r r e l s  l e f t  i n  May (Chi-square,  

S.95), b u t  a l s o  p r o p o r t i o n a l l y  more of them were r e s i d e n t s  (Chi-square,  

S.99.9). Comparisons were made on p l o t  2  a s  i t  was on ly  on t h i s  p l o t  t h a t  



t h e  environmental  c o n d i t i o n s  were t h e  same f o r  s i z a b l e  groups of t r e a t e d  and 

non-treated s q u i r r e l s ;  v e g e t a t i o n  o r  o t h e r  f a c t o r s  could  be d i f f e r e n t  i n  

o t h e r  p l o t s  and a f f e c t  s u r v i v a l .  A s  such ,  comparisons between t r e a t e d  

s q u i r r e l s  from one p l o t ,  and non- t reated s q u i r r e l s  from ano ther  were 

precluded. Any d i f f e r e n c e  observed on p l o t  2  between t r e a t e d  and 

non- t reated s q u i r r e l s  was l i k e l y  t o  b e  a  r e s u l t  of t h e  mes t rano l  t r ea tment .  

I n  p l o t  2, t h e  lower r a t e  of r e s i d e n c y  of non- t reated s q u i r r e l s  a s  

compared t o  t r e a t e d  s q u i r r e l s ,  was compensated by many non- t reated s q u i r r e l s  

moving i n t o  t h e  p l o t  and e s t a b l i s h i n g  home burrows. A s  a  r e s u l t ,  t h e  May 

r e s i d e n t  p o p u l a t i o n  was composed of 3  t r e a t e d  s q u i r r e l s  and 12 non- t reated 

ones (Table  6 ) .  I n  t o t a l ,  9 of t h e  t r e a t e d  s q u i r r e l s  became r e s i d e n t s  

(75%);  12 of t h e  20 non-treated s q u i r r e l s  (60%) p r e s e n t  i n  A p r i l  and moving 

i n  l a t e r  a l s o  became r e s i d e n t s  (Table  6 ) .  When t h e s e  immigrant non- t reated 

s q u i r r e l s  a r e  t aken  i n t o  account ,  no s i g n i f i c a n t  d i f f e r e n c e  can b e  shown 

between t r e a t e d  versus  non- t reated s q u i r r e l s  i n  regard  t o  e s t a b l i s h i n g  

res idency.  

I n  p l o t  2, t r e a t e d  s q u i r r e l s  were more s u c c e s s f u l  i n  e s t a b l i s h i n g  

res idency between A p r i l  and May than  t h e  o r i g i n a l  cohor t  of non- t reated 

s q u i r r e l s .  Thus dur ing  A p r i l ,  t h e  p r o p o r t i o n  of t r e a t e d  s q u i r r e l s  i n  t h e  

popula t ion  i n c r e a s e d  a s  more of t h e  a m - t r e a t e d  animals  d i sapqeared  from t h e  

p l o t .  However, i n  l a t e  A p r i l ,  immigrants (and t h e r e f o r e  non- t reated 

i n d i v i d u a l s )  moved i n t o  t h e  p l o t ,  s o  t h a t  t h e  p r o p o r t i o n  of r e s i d e n t  t r e a t e d  

s q u i r r e l s  i n  t h e  popula t ion  dec l ined  and a g a i n  was comparable t o  t h a t  of 

non- t r e a t e d  

d. Sex r a t i o  

Sex r a t i o  changed s l i g h t l y  between A p r i l  and May a s  c o r e  a r e a s  were 

e s t a b l i s h e d .  As popu la t ions  were i n c r e a s e d  o r  reduced, d i f f e r e n t  

p ropor t ions  of males and females moved i n  o r  o u t .  I n  May, 2.0, 3.3 and 9.0 

females  were p r e s e n t  f o r  every male on p l o t s  1, 2 and 3.  Res iden t  

popula t ion  s e x  r a t i o s  were more f a v o r a b l e  t o  females  g e n e r a l l y  be ing  of 4.0, 

6.0 and 9.0 females  f o r  every male i n  p l o t s  1, 2 and 3 r e s p e c t i v e l y  (Table  

5 ) .  Of t h e  popula t ions  p r e s e n t  then,  p r o p o r t i o n a l l y  more females  than males 

e s t a b l i s h e d  r e s i d e n c y ,  a t  l e a s t  i n  p l o t s  1 and 2; however, chi -square  

comparisons between t h e  t o t a l  popu la t ion  and t h e  Xay r e s i d e n t  p o p u l a t i o n  s e x  

r a t i o  f a i l e d  t o  show any s i g n i f i c a n t  d i f f e r e n c e s .  Moreover, t h e  s e x  r a t i o  



i n  May was t h e  same a s  i t  was i n  A p r i l ,  a l though  females may have been more 

s u c c e s s f u l  than males i n  e s t a b l i s h i n g  res idency .  I n  f a c t ,  i t  was observed 

by Dorrance (1974) ,  t h a t  i n  popula t ions  of Richardson's  ground s q u i r r e l s ,  

s e x  r a t i o  i s  more unbalanced i n  May than  i n  A p r i l ,  and t h i s  i n  f a v o r  of 

females.  

3. Adult  populat ion:  June-July 1972 

Onset of h i b e r n a t i o n  i n  1972 was f i r s t  observed on p l o t  3  (June 11, 

n=12) ,  then  on p l o t  1 (June 13, n=12) and l a s t  on p l o t  2  (June 22, n=21) 

(Table 2 ) .  Mann-Whitney ranking t e s t s  showed t h a t  t r e a t e d  females ( June  10, 

n = l l )  and a d u l t  males ( June  14, n = l l )  went i n t o  h i b e r n a t i o n  e a r l i e r  than 

non-treated females  ( June  28, n=20). Adult  males from p l o t  2  h i b e r n a t e d  

l a t e r  (June 21, n=3) t h a n  males from p l o t  1 (June 11, n=5; Mann-Whitney, 

S.95) and p l o t  3  (June 12, n=3). S i m i l a r l y ,  non- t reated females from p l o t  2  

( J u l y  2, n=10) h i b e r n a t e d  l a t e r  than non-treated females from p l o t  1 (June 

15, n=7; Mann-TJhitney, S.99.9) and p l o t  3  (June 18, n=3; Mann-Whitney, S. 

95).  T h i s  l a t e  o n s e t  of h i b e r n a t i o n  on p l o t  2  may b e  r e l a t e d  t o  t h e  f a c t  

t h a t  p l o t  2  h a s  a  much denser  r e s i d e n t  p o p u l a t i o n  than p l o t s  1 and 3  (Table  

5 )  i n  1972. The s o c i a l  " s t r e s s "  induced by h i g h e r  s q u i r r e l  numbers may 

p o s s i b l y  d e l a y  f a t  accumulat ion on o n s e t  of h i b e r n a t i o n .  

4. J u v e n i l e  p o p u l a t i o n  1972 

Most l i t t e r s  observed i n  1972 emerged from t h e  mate rna l  burrow d u r i n g  

t h e  l a t t e r  p a r t  o f  May (Table  2 ) .  J u v e n i l e  emergence was w e l l  synchronized 

i n s i d e  each p l o t .  A l l  j u v e n i l e s  emerged w i t h i n  approximately  a  two-week 

per iod on a l l  p l o t s :  p l o t  1 (May 8-22), p l o t  2  (May 18-June 5 )  and p l o t  3  

(May 18-June 2) (Table  2 ) .  However, t h e  average d a t e  of emergence was 

e a r l i e r  on p l o t  1 (May 14, n=10) a s  l i t t e r s  emerged about  11 days b e f o r e  

l i t t e r s  from p l o t  2  (May 25, n=10) and p l o t  3 (May 25, n=2) (Mann-Whitney, 

S.99) A s  a  r e s u l t  of t h e s e  emergence p a t t e r n s ,  t h e  numbers of j u v e n i l e s  

p r e s e n t  on t h e  t h r e e  p l o t s  a t  one t ime were n o t  comparable. Thus t h e i r  

numbers a r e  b e s t  compared i n  r e l a t i o n  t o  t h e  number of weeks e lapsed  s i n c e  

t h e  mean j u v e n i l e  emergence d a t e  f o r  each g iven  p l o t .  
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a .  N a t a l i t y  

The e i g h t  r e s i d e n t  females  i n  p l o t  1 a l l  reproduced and 55 j u v e n i l e s  

were observed emerging a t  t h e i r  burrows (Table  7 ) .  That  a l l  females  should 

reproduce seems normal i n  popula t ions  of Richardson's  ground s q u i r r e l s .  

D.R. Michener (1972) ,  Sheppard (1972) and Dorrance (1974) r e p o r t e d  t h a t  

from 92% t o  100% of a l l  female ground s q u i r r e l s  were l a c t a t i n g  i n  t h e i r  

s tudy  popula t ions .  

I n  p l o t  2, none of t h e  e i g h t  mestranol  t r e a t e d  females  r e s i d e n t  i n  

May gave b i r t h ;  t h e  remaining 10 non- t reated females ,  a l s o  r e s i d e n t  i n  t h i s  

p l o t ,  a l l  reproduced and 41 j u v e n i l e s  were cap tured  a t  t h e i r  home burrows 

(Table  7 ) .  I n  p l o t  3, 9 females were r e s i d e n t  i n  May of which 7 were 

t r e a t e d ;  one of t h e  l a t t e r  was s e e n  w i t h  a s i n g l e  young, whi le  t h e  2 

non-treated females  produced 5 more j u v e n i l e s  (Table  7 ) .  Sex r a t i o  of new 

born was roughly 1:l on a l l  p l o t s  (Table  7,  B). 

It i s  obvious t h a t  a s  more females were t r e a t e d  i n  a g iven  p l o t ,  

fewer j u v e n i l e s  were born s i n c e  fewer r e s i d e n t  females  b o r e  l i t t e r s .  The 

e f f e c t  was d i r e c t l y  r e l a t e d  t o  t h e  degree  of mes t rano l  t r ea tment ,  being 

g r e a t e s t  on p l o t  3 (Table  7, D). A f u r t h e r  r e d u c t i o n  i n  t h e  number of 

j u v e n i l e s  born was due t o  t h e  s m a l l e r  emerging l i t t e r  s i z e  on t h e  t r e a t e d  

p l o t s  (Table  7, C). I n  p l o t  3, l i t t e r  s i z e  was b i a s e d  a s  t h e  l i t t e r  of a 

s i n g l e  j u v e n i l e  produced by a t r e a t e d  female was t aken  i n t o  account ;  s t i l l  

t h e  2 non-treated females were seen w i t h  only  5 j u v e n i l e s ,  r e s u l t i n g  i n  an 

average l i t t e r  s i z e  of 2.5 emerging j u v e n i l e s  pe r  p a r t u r i e n t  female.  The 

f a c t  t h a t  females from p l o t s  2 and 3 had s m a l l e r  l i t t e r s  than females from 

p l o t  1 may depend on females from t h e s e  p l o t s  having l i g h t e r  body weights  

than females from p l o t  1 (App. 8A), r a t h e r  than being a r e s u l t  of t h e  

mestranol  t rea tment .  I n  some s p e c i e s ,  s m a l l e r  females g ive  b i r t h  t o  s m a l l e r  

l i t t e r s ,  which i s  p o s s i b l y  r e l a t e d  t o  t h e  reduced a v a i l a b i l i t y  of u t e r i n e  

space ( S a d l e i r ,  1969, p.202).  

The r e p r o d u c t i v e  output  of t h e  t r e a t e d  p l o t s  was thus  g r e a t l y  

reduced. The numbers of j u v e n i l e s  born on p l o t s  2 and 3 were only  1/3  and 

1/10 of t h a t  observed on t h e  c o n t r o l  p l o t  (Tab le  7 ,  D) , when a l l  r e s i d e n t  
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b. Popula t ion  f l u c t u a t i o n s  

The number of j u v e n i l e s  p r e s e n t  i n  a  g iven p l o t  was i n i t i a l l y  a  

r e s u l t  of n a t a l i t y .  The maximum number of young born on each p l o t  was 

observed about a  week a f t e r  f i r s t  j u v e n i l e  emergence. A f t e r  t h a t  t ime, 

j u v e n i l e  p o p u l a t i o n s  dec l ined  s t e a d i l y  a s  a  r e s u l t  of d i s p e r s a l  and /or  

m o r t a l i t y .  T h i s  d e c l i n e  was somewhat compensated f o r  by t h e  immigration of 

j u v e n i l e s  from o u t s i d e  t h e  p l o t s .  

M o r t a l i t y  and emigra t ion  cannot  b e  d i s t i n g u i s h e d  from one ano ther  i n  

t h i s  s tudy.  Some j u v e n i l e s  were observed a s  f a r  a s  h a l f  a  m i l e  from t h e i r  

home burrows. Others  were found dead w i t h i n  t h e  p l o t  boundar ies ,  k i l l e d  by 

a  badger o r  a  hawk. Also a  number of v e r y  young j u v e n i l e s ,  which hadn ' t  

emerged from t h e  mate rna l  burrow, were thought  t o  have d i e d  a s  a  r e s u l t  of 

t o r r e n t i a l  r a i n  i n  e a r l y  June 1973. It i s  n o t  known what p r o p o r t i o n  of 

j u v e n i l e s  d i e d  o r  j u s t  moved out .  M o r t a l i t y  and emigra t ion  w i l l  b e  t r e a t e d  

a s  one h e r e ,  and any r e f e r e n c e  t o  "emigration" w i l l  a u t o m a t i c a l l y  mean 

"and/or mor ta l i ty" .  

Many f o r e i g n  j u v e n i l e s  moved i n t o  t h e  p l o t s  and were observed t o  

i n t e r a c t  w i t h  r e s i d e n t  s q u i r r e l s .  Only those  e s t a b l i s h i n g  home burrows 

w i t h i n  t h e  p l o t  boundar ies  a r e  considered a s  immigrants. J u v e n i l e s  born 

from r e s i d e n t  females  a r e  des igna ted  a s  "born juven i les" .  

D e n s i t i e s  of 85, 59 and 7  j u v e n i l e s  p e r  h e c t a r e  were born on p l o t s  1, 

2 and 3 r e s p e c t i v e l y  (Table 7 ) .  From t h e i r  maximum numbers of 55, 41 and 6  

born j u v e n i l e s ,  born popula t ions  dropped s t e a d i l y .  J u v e n i l e  immigration 

a l l e v i a t e d  t h e  d e c l i n e  i n  p l o t  1 and 2, and a c t u a l l y  inc reased  t h e  j u v e n i l e  

populat ion p r e s e n t  i n  p l o t  3 (Fig.  5 ;  F ig .  6 ) .  

Dec l ine  of born  j u v e n i l e  p o p u l a t i o n s  followed t h e  same p a t t e r n  i n  a l l  

p l o t s  (Fig.  6 ) .  The b i g g e s t  drop i n  numbers occur red  dur ing  t h e  f i r s t  f o u r  

weeks fo l lowing  emergence. There was no d i f f e r e n c e  i n  s u r v i v a l  p a t t e r n s  

between p l o t s  1 and 2. S u r v i v a l  on p l o t  3 w a s  h i g h e r  (50%) than on p l o t  1 

(21%; Chi-square,  S. 99.5) and on p l o t  2  (29%; Chi-square,  S. 97.5) (Fig.  6 ) .  

NO r e l a t i o n s h i p  could  be shown between born j u v e n i l e s '  emigra t ion  and /or  

m o r t a l i t y  and t h e  mestranol  t r ea tment ,  bu t  t h e  lowest  d i s p e r s a l  was seen on 

t h e  l e a s t  dense p l o t .  P l o t s  1 and 2, having h i g h e r  d e n s i t i e s ,  had a  h igher  

j u v e n i l e  d i s p e r s a l .  



Figure 5. Numbers of juvenile squirrels born on the 

plots and of immigrant juveniles on plots 

1, 2 and 3 in 1972 and 1973. 
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Figure 6. Proportions of juvenile squirrels born on 

the plots and of immigrant juveniles on plots 

1, 2 and 3 in 1972 and 1973. 
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The on of j u v e n i l e  immigration occu r r e d  much e a r l i e r  on t h e  

t r e a t e d  p l o t s  than on t h e  c o n t r o l  p l o t .  J u v e n i l e  immigrants moved i n t o  

p l o t s  2 and 3 only 4  and 2  weeks a f t e r  mean j u v e n i l e  emergence, w h i l e  they 

were n o t  observed u n t i l  10 weeks a f t e r  such emergence i n  p l o t  1 (Fig .  5 ) .  

The numbers of j u v e n i l e  immigrants were roughly t h e  same i n  a l l  

p l o t s ,  ( i . e .  4,  4  and 6 ) ,  b u t  t h e  p r o p o r t i o n s  of t h e  t o t a l  j u v e n i l e  

popula t ions  they r e p r e s e n t e d  on each p l o t  were q u i t e  d i f f e r e n t  (Fig.  6 ) .  Of 

t o t a l s  of 59, 45 and 12 i n d i v i d u a l  j u v e n i l e s  t rapped on p l o t s  1, 2  and 3 

during t h e  summer 1972, 7%, 9% and 60% were immigrants (from Table  7 ) .  

There  were p r o p o r t i o n a l l y  more immigrants on p l o t  3 than  on p l o t  1 

(Chi-square, S.99.9) and p l o t  2  (Chi-square, S.99). The two l a t t e r  p l o t s  

d i d  n o t  d i f f e r  s i g n i f i c a n t l y  (Chi-square, N. S . ) . 
However some d i f f e r e n c e  i n  j u v e n i l e  immigration was shown between 

p l o t  1 and p l o t  2  when numbers of j u v e n i l e s  p r e s e n t  a t  a  g iven  t ime were 

considered.  For example, 4  weeks a f t e r  t h e i r  r e s p e c t i v e  mean d a t e s  of 

emergence, a  g r e a t e r  p o r t i o n  of t h e  p l o t  2  j u v e n i l e  popula t ion  (17%) was 

composed of immigrants a s  compared t o  t h a t  observed on p l o t  1 (0%) 

(Chi-square, S.97.5). T h i s  s i t u a t i o n  remained unchanged a f t e r  8 weeks (17% 

versus  0%; Chi-square,  S.97.5). However a f t e r  12 weeks on p l o t  1, and a f t e r  

11 weeks on p l o t s  2 and 3, 25%, 14% and 57% of t h e  j u v e n i l e  popula t ions  were 

composed of immigrants (Fig .  6 ) .  A t  t h a t  t ime, j u v e n i l e  females  and 

e s p e c i a l l y  those  i n  p l o t  1 (Table  2  ) were a l r e a d y  going i n t o  h i b e r n a t i o n .  

Immigration i n c r e a s e d  on p l o t  1, and a t  t h a t  t ime, p l o t  3 had a  g r e a t e r  

p ropor t ion  o f  immigrants than t h e  c o n t r o l  p l o t  (Chi-square,  S.99). Overa l l ,  

j u v e n i l e s  immigrated q u i t e  f r e e l y  i n t o  t h e  t r e a t e d  p l o t s  dur ing  t h e  whole 

summer whi le  on t h e  c o n t r o l  p l o t ,  t h e y  d i d  s o  on ly  a t  t h e  end of t h e  summer 

when h i b e r n a t i o n  of j u v e n i l e s  had s t a r t e d .  

The c o h o r t s  of born  j u v e n i l e s  decreased s t e a d i l y  on a l l  p l o t s ,  b u t  t o  

a  l e s s e r  degree  on p l o t  3, t h e  l e a s t  dense p l o t .  Immigration compensated 

f o r  reduced n a t a l i t y  on p l o t s  2 and 3 a s  j u v e n i l e s  immigrated e a r l i e r  on to  

these  t r e a t e d  p l o t s  and formed l a r g e r  p ropor t ions  of t h e  j u v e n i l e  

popula t ions .  



5. Summary : a d u l t  an( 

ADULT POPULATION 

A p r i l  1972 

d j u v e n i l e  p o p u l a t i o n s  1972 

1. S q u i r r e l  d e n s i t y  averaged 37 and 29 s q u i r r e l s  pe r  h e c t a r e  on p l o t s  1 and 

2 and only  10 on p l o t  3. Thus p l o t s  1 and 2  were more p roduc t ive  o r  

d e s i r a b l e  than p l o t  3. 

2. Sex r a t i o  was t h e  same on a l l  p l o t s  and a l l  s q u i r r e l s  were cons idered  a s  

a d u l t s  . 
3. No s q u i r r e l  w a s  t r e a t e d  wi th  mes t rano l  on p l o t  1, whi le  60% and 80% of 

t h e  A p r i l  female  p o p u l a t i o n s  were t r e a t e d  on p l o t s  2  and 3.. 

May 19 72 

Numbers of s q u i r r e l s  were changed on t h e  p l o t s  p a r t l y  a s  a  r e s u l t  of 

d i f f e r e n t i a l  immigration.  The popula t ion  of t h e  c o n t r o l  p l o t  (111) was 

reduced by 13%, whi le  30% more s q u i r r e l s  were found on p l o t  2. Numbers 

d i d  n o t  change on p l o t  3. 

Emigrat ion cou ld  n o t  b e  shown t o  d i f f e r  s i g n i f i c a n t l y  between t h e  p l o t s ,  

b u t  more immigration occurred on to  p l o t  2 than  on to  p l o t  1, though b o t h  

had a  s i m i l a r  d e n s i t y  of s q u i r r e l s  i n  A p r i l .  Less immigration occurred 

onto  p l o t  3  than  on to  p l o t  2. 

Establ ishment  of t h e  home burrows also a f f e c t e d  the May popula t ions .  

Success of r e s i d e n c y  es tab l i shment  was d i f f e r e n t  on t h e  t h r e e  p l o t s .  

S q u i r r e l s  from a  low d e n s i t y ,  t r e a t e d  p l o t  (113) were more s u c c e s s f u l  i n  

main ta in ing  themselves a s  r e s i d e n t s  than  s q u i r r e l s  from h i g h e r  d e n s i t y  

p l o t s ,  t r e a t e d  ( # 2 ) ,  o r  n o t  t r e a t e d  ( i l l ) .  

Immigrant s q u i r r e l s  were more s u c c e s s f u l  i n  e s t a b l i s h i n g  res idency  i n  

t r e a t e d  p l o t s  (F2,3) than  i n  non- t reated p l o t s  (111). 

When a l l  s q u i r r e l s  t r apped  i n  A p r i l ,  p l u s  those  immigrating dur ing A p r i l  

and May were cons idered ,  l a r g e r  numbers of s q u i r r e l s  e s t a b l i s h e d  

themselves a s  r e s i d e n t s  on t r e a t e d  p l o t s  t h a n  on t h e  non- t reated p l o t .  

The es tab l i shment  of home burrows i n  t h e  p l o t s  seems t o  have g e n e r a l l y  

favoured females  i n  most p l o t s  b u t  no s t a t i s t i c a l  d i f f e r e n c e s  could  be 

shown between males and females.  A s  a  r e s u l t ,  t h e  s e x  r a t i o  i n  May was 

t h e  same a s  i n  A p r i l  and d i d  n o t  d i f f e r  between t h e  t r e a t e d  p l o t s  and 

t h e  c o n t r o l  p l o t .  



10. Mestranol t r e a t e d  s q u i r r e l s  were more s u c c e s s f u l  i n  main ta in ing  

themselves a s  r e s i d e n t s  than non- t reated s q u i r r e l s  from t h e  same p l o t  

(82) .  However, t h e i r  advantage was e l i m i n a t e d  a s  non- t reated s q u i r r e l s  

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

res idency .  

June 1972 

11. S q u i r r e l s  from a l l  p l o t s  were h i b e r n a t i n g  o r  p repar ing  t o  do so .  

Mestranol  t r e a t e d  females  d id  n o t  b reed  and h i b e r n a t e d  e a r l i e r  than 

b reed ing  females.  

12. Popula t ion  d e n s i t y  a f f e c t e d  s q u i r r e l s  and t h e  o n s e t  of h i b e r n a t i o n .  A 

h igh  popula t ion  d e n s i t y  a p p a r e n t l y  i n h i b i t e d  t h e  accumulation of f a t  and 

thus delayed onse t  of h i b e r n a t i o n .  A s  a  r e s u l t ,  breeding females  and 

a d u l t  males from p l o t  2, t h e  p l o t  w i t h  t h e  h i g h e s t  r e s i d e n t  d e n s i t y ,  

h i b e r n a t e d  l a t e r  than t h e i r  c o u n t e r p a r t s  from p l o t s  1 and 3. 

13. Heavier s q u i r r e l s  went i n t o  h i b e r n a t i o n  e a r l i e r  than l i g h t  body weight 

s q u i r r e l s  on p l o t s  of equa l  d e n s i t i e s .  

JUVENILE POPULATION 

14. N a t a l i t y  was d r a s t i c a l l y  reduced on t h e  t r e a t e d  p l o t s  a s  44% and 78% of 

t h e  r e s i d e n t  females  were s t e r i l i z e d  and d i d  n o t  produce young. Only 

2.4 and 0..7 j u v e n i l e s  were produced f o r  each r e s i d e n t  female  i n  t h e s e  

p l o t s ,  a s  opposed t o  a  h i g h e r  number of 6.9 j u v e n i l e s  i n  t h e  c o n t r o l  

p l o t .  

15. N a t a l i t y  w a s  a l s o  reduced on t h e  t r e a t e d  p l o t s  because  l i t t e r  s i z e  was 

smal le r  on t h e s e  p l o t s .  Females from p l o t s  2  (4.1 young per  reproducing 

female) and 3  (2.0)  had s n a l l e r  l i t t e r  s i z e s  than females from t h e  

c o n t r o l  p l o t  (6.9).  Females from p l o t s  2  and 3  a l s o  had s m a l l e r  body 

weights .  The f a c t  t h a t  t h e  s m a l l e s t  l i t t e r  s i z e  was observed on p l o t  3, 

t h e  most t r e a t e d  p l o t ,  may r e f l e c t  poorer  environmental  c o n d i t i o n s  

r a t h e r  than an  e f f e c t  of t h e  mes t rano l  t r ea tment .  

16. J u v e n i l e s  emerged e a r l i e r  on p l o t  1 than on p l o t s  2 and 3. Th is  seems 

t o  be  r e l a t e d  t o  t h e  f a c t  t h a t  b reed ing  females  on p l o t  1  were h e a v i e r  

than females from p l o t s  2 and 3. 

17. Popula t ions  of born  j u v e n i l e s  dec l ined  s i m i l a r l y  on a l l  p l o t s ,  b u t  

p r o p o r t i o n a l l y  reached lower l e v e l s  on p l o t s  1 and 2 than on p l o t  3. 



T h i s  i s  p o s s i b l y  a r e s u l t  of t h e  h i g h e r  j u v e n i l e  d e n s i t i e s  observed on 

p l o t s  1 and 2.  

18. Immigration o c c u r r e d  sooner  on t h e  t r e a t e d  p l o t s ,  and immigrants 

r e p r e s e n t e d  a  l a r g e r  p o r t i o n  of t h e  j u v e n i l e  p o p u l a t i o n s  on  t h e s e  p l o t s  

a s  compared t o  t h e  c o n t r o l  p l o t .  T h i s  was e s p e c i a l l y  s o  on p l o t  3,  t h e  

most t r e a t e d  and l e a s t  dense p l o t .  



C. Popula t ion  1973 

1. Adult popu la t ion :  A p r i l  1973 

a .  D e n s i t i e s  

I n  A p r i l  1973, 37, 24 and 20  s q u i r r e l s  were t rapped on p l o t s  1, 2 and 

3,  r e s u l t i n g  i n  d e n s i t i e s  of 57, 35 and 25 s q u i r r e l s  p e r  h e c t a r e  on t h e s e  

p l o t s  (Table  5 ) .  There  were inc reased  numbers on a l l  p l o t s  compared t o  

A p r i l  1972. I n  e f f e c t ,  1.5, 1.2 and 2 t imes  more s q u i r r e l s  were t r apped  on 

p l o t s  1, 2 and 3 r e s p e c t i v e l y  i n  A p r i l  1973 t h a n  i n  A p r i l  1972 (from Fig.  

4) 

These changes i n  popula t ion  d e n s i t i e s  t o  A p r i l  1973 seem t o  b e  

i n v e r s e l y  r e l a t e d  t o  t h e  r e s i d e n t  p o p u l a t i o n  d e n s i t i e s  observed on t h e  p l o t s  

i n  1972. The l e a s t  i n c r e a s e  was seen  on p l o t  2, a p l o t  where r e s i d e n t  

d e n s i t y  i n  1972 was g r e a t l y  i n c r e a s e d  a s  a r e s u l t  of t h e  mes t rano l  

t r ea tment .  The l a r g e s t  i n c r e a s e  was seen  on p l o t  3, t h e  l e a s t  dense p l o t  i n  

1972. While n o t  d i f f e r i n g  s i g n i f i c a n t l y  from t h e  i n c r e a s e  observed on t h e  

c o n t r o l  p l o t  ( # I ) ,  t h e  i n c r e a s e  on p l o t  3 was s i g n i f i c a n t l y  g r e a t e r  than 

observed on p l o t  2 (Chi-square, S.99.9). 

b .  Sex r a t i o  

The c o n t r o l  p l o t  ( # I )  had a s i g n i f i c a n t l y  s m a l l e r  p r o p o r t i o n  of a d u l t  

males than p l o t  2 (Chi-square, S.39.9) and p l o t  3 (Chi-square, S.99.5) i n  

A p r i l  1973. The s e x  r a t i o  had been t h e  same on a l l  p l o t s  i n  A p r i l  1972 

(Sec t ion  1 I I . B .  2 .b) .  

P r o p o r t i o n a l l y  more females  p e r  n a l e  (11 t o  1) were t rapped on p l o t  

1-1973 t h a n  i n  1972 (3 t o  1) (Table 5; Chi-square,  S.95). Th i s  change was 

due t o  an i n c r e a s e  of t h e  number of females and t o  a decrease  of t h e  number 

of males on p l o t  1 (Table  6 ) .  I n  c o n t r a s t ,  more males were found on p l o t s  2 

and 3 i n  A p r i l  1973 t h a n  in 1972 (Table 6 ) .  The l a r g e s t  i n c r e a s e  occurred 

on p l o t  3, t h e  most e x t e n s i v e l y  t r e a t e d  p l o t  i n  1972 (Table  1 ) .  When 

compared t o  1972, t h e  p r o p o r t i o n  of males was s i g n i f i c a n t l y  i n c r e a s e d  on 

p l o t  3-1973 (Chi-square,  S.99),  w h i l e  i t  remained t h e  same i n  p l o t  2 

(Chi-square, N.S.) . 
The changes i n  s e x  r a t i o  between A p r i l  1972 and A p r i l  1973 were thus  

r e l a t e d  t o  t h e  mes t rano l  t r ea tment  g iven i n  A p r i l  1972. The non-t reated 

p l o t  had a s i g n i f i c a n t  decrease  i n  i t s  male p o p u l a t i o n ,  whereas a 50% 



t r e a t e d  p l o t  kep t  t h e  same sex  r a t i o ,  and a n  80% t r e a t e d  p l o t  had a  

s i g n i f i c a n t  i n c r e a s e  i n  t h e  p r o p o r t i o n  of males.  The more i n t e n s i v e  t h e  

t reatment  i n  1972, t h e  l a r g e r  t h e  p r o p o r t i o n  of males r e s u l t e d .  I f  t h i s  

r e l a t i o n s h i p  i s  of any s i g n i f i c a n c e ,  i t  i n d i c a t e s  t h a t  a d u l t  males had 

b e t t e r  chances of main ta in ing  themselves around t r e a t e d  p l o t s  a s  opposed t o  

non-treated p l o t s .  

c .  Y e s t r a n o l  t r ea tment  and b reed ing  s t a t u s  

No t rea tment  was given t o  animals  on p l o t  1-1973 and t h i s  p l o t  a g a i n  

a c t e d  a s  t h e  c o n t r o l  p l o t .  I n  p l o t  2-1973, 1 3  s q u i r r e l s  p r e s e n t  i n  A p r i l  

were t r e a t e d ,  one of them having been a l r e a d y  t r e a t e d  i n  A p r i l  1972 (Fig .  

4; Tab le  6 ) .  Two of t h e  females t r e a t e d  i n  A p r i l  1972 were p r e s e n t  i n  A p r i l  

1973 b u t  were n o t  r e - t r e a t e d .  A t o t a l  of twenty-four s q u i r r e l s  were p r e s e n t  

on p l o t - 2  i n  A p r i l  1973 (Table 6 )  and f i f t e e n  of them were a f f e c t e d  by 

mestranol  i n  e i t h e r  1972 o r  1973. No s q u i r r e l s  were t r e a t e d  i n  p l o t  3-1973 

(Table I ) ,  and on ly  two females t r e a t e d  i n  A p r i l  1972 were p r e s e n t  i n  A p r i l  

1973 (F ig*  4 ) .  

d. Age d i s t r i b u t i o n  and popula t ion  composi t ion 

I n  A p r i l  1973, t h e  popula t ions  found on p l o t s  1, 2  and 3  were 

composed of t h r e e  groups of s q u i r r e l s :  1. a d u l t s  t rapped i n  1972 which 

survived t h e  w i n t e r ,  2. j u v e n i l e s  born i n  1972, now y e a r l i n g s ,  which 

over-i-iintered, aad 3 .  new s q u i r r e l s  not p r e v i o u s l y  t r apped ,  which were 

des igna ted  a s  a d u l t s  of unknown age (Table  8 ) .  These t h r e e  groups of 

s q u i r r e l s  were p r e s e n t  i n  d i f f e r e n t  p r o p o r t i o n s  on t h e  t h r e e  p l o t s .  

P r o p o r t i o n a l l y  more s u r v i v o r s ,  y e a r l i n g s  ( 2 )  and a d u l t s ( l ) ,  were found on 

p l o t  1 - 62% (Chi-square,  5.95) and p l o t  2  - 74% (Chi-square,  S.99.9) than  

on p l o t  3  - 40% (Table  9 ) .  A s  a  r e s u l t ,  t h e  group of new s q u i r r e l s  (3)  was 

g r e a t e r  on p l o t  3 (60%) than  on p l o t  1 (38%) (Chi-square, S.95).  On p l o t  2 ,  

25% of t h e  A p r i l  s q u i r r e l s  were new a r r i v a l s  b u t  t h e i r  p r o p o r t i o n  was n o t  

s i g n i f i c a n t l y  l e s s  than  on p l o t  3  (Table  9; Chi-square,  V.S.). 

The lower number of s u r v i v o r s  on p l o t  3-1973 could have r e s u l t e d  from 

a  d i f f e r e n t i a l  annual  s u r v i v a l .  Annual s u r v i v a l  was c a l c u l a t e d  f o r  each 

group of s q u i r r e l s .  Comparisons were made between p l o t s  and between groups 

t o  determine t h e  r o l e  of f a c t o r s  such a s  t r e a t m e n t ,  r e s i d e n c y ,  s e x ,  and p l o t  

on annual  s u r v i v a l .  
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Table 9. P ropor t ions  o f  t h e  1972 1973 and 1974 A p r i l  popu la t ions  
represen ted  by a d u l t  an3 j u v e n i l e  s u r v i v o r s  and by new a d u l t  
s q u i r r e l s  ( n o t  p r e v i o u s l y  t r apped)  on p l o t s  1, 2  and 3. 

APRIL 1972 

l a .  a d u l t s  f i r s t  tra ped in  Apr. 1972 100% (24) 
(age unknown, e year+) 

APRIL 1973 

1. a d u l t s  f i r s t  t rapped i n  1972 24% (9)  
(2 years+)  

2. j u v e n i l e s  born  i n  1972 
(1 y e a r )  

3a. a d u l t s  f i r s t  t r a  ped i n  Apr. 1973 38% (14) 
(age unknown, ! y e a r t )  

-- 

APRIL 1974 

- - - -  - --- - - -- - 

Cuii6hiS OF SQUIERELS ( ' ~ g e  c l a s s  no.) PERCENTAGE OF THE APRIL POPULATION 
REPRESENTED BY A GIVEN COHORT 

l . ,  2. and 3. a d u l t s  s u r v i v i n g  from 61% (11) 
1972 and 1973 (2, 2+, 3+ y e a r s )  

TRAPPED I N  APRIL EACH YEAR PLOT 1 
-4 

- 

4. j u v e n i l e s  born  i n  1973 
(1 y e a r )  

5a. a d u l t s  f i r s t  t r a  ped i n  Apr. 1974 17% (3)  
(age unknown, ! year+) 

PLOT 2 
- 

- 

( ) : numbers of s q u i r r e l s  belonging t o  a  g iven  age  c l a s s  (from Table 9 ) .  

PLOT 3 I - 
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The annual  s u r v i v a l  r a t e s  of a l l  a d u l t  and j u v e n i l e  s q u i r r e l s  were 

0.27, 0.25 and 0.35 on p l o t s  1, 2 and 3  r e s p e c t i v e l y  (from Table  10) ;  no 

s t a t i s t i c a l  d i f f e r e n c e s  were found by ch i - square  t e s t s .  No d i f f e r e n c e  could  

b e  shown i n  t h e  s u r v i v a l  of a d u l t s  and j u v e n i l e s  when comparisons were made 

f o r  each group between t h e  p l o t s .  O v e r a l l ,  a d u l t  and j u v e n i l e  s u r v i v a l  were 

t h e  same on t h e  t r e a t e d  p l o t s  a s  on t h e  c o n t r o l  p l o t  dur ing  t h e  1972-1973 

w i n t e r .  

Trea ted  s q u i r r e l s  from p l o t s  2  and 3  had a  combined s u r v i v a l  r a t e  of 

0.35, w h i l e  non-treated s q u i r r e l s ,  which d i d  n o t  d i f f e r  s i g n i f i c a n t l y ,  had a  

i i r v i v n l  o f  0 . 1 2  ( T a h l e  10; C h i - n q i i a t e ;  N.S.) . When ? l o t s  w e r e  c o n s i d e r e d  

i n d i v i d u a l l y  however, t r e a t e d  females (0.62) on p l o t  2  su rv ived  

s i g n i f i c a n t l y  b e t t e r  than non- t reated ones (0.23) (Table 10; Chi-square,  

S.97.5). On p l o t  3, no d i f f e r e n c e  cou ld  be shown between t h e s e  two groups. 

Res iden t  ( i . e .  those  s q u i r r e l s  having a  home burrow w i t h i n  t h e  

p l o t s '  boundar ies)  and non-res ident  ( i . e .  those  s q u i r r e l s  t r apped  w i t h i n  t h e  

p l o t s  i n  A p r i l  '1972 and 1973, b u t  which d i d  n o t  have a  home burrow w i t h i n  

t h e  p l o t s  boundar ies )  s q u i r r e l s  showed similar s u r v i v a l  r a t e s  on a l l  p l o t s  

(Chi-square t e s t s ) .  When p l o t  d a t a  were combined, no d i f f e r e n c e s  could  be 

shown between r e s i d e n t  (0.37) and non-res ident  (0.27) s u r v i v a l  (Table  10) .  

W h e n - a l l  p l o t s  were cons idered ,  a d u l t s  su rv ived  b e t t e r  (0.33) than  

j u v e n i l e s  (0.23) (Table 10; Chi-square,  S. 9 5 ) ,  a1  though t h i s  d i f f e r e n c e  cou ld  

no t  b e  shown i n  any i n d i v i d u a l  p l o t .  

Females su rv ived  b e t t e r  than males i n  b o t h  a d u l t  and j u v e n i l e  age 

c l a s s e s  of a l l  p l o t s  combined. Adult  females  had a  s u r v i v a l  r a t e  of 0.38 

whi le  a d u l t  males averaged only 0.17 (Chi-square, S.93.9). S t a t i s t i c a l  

d i f f e r e n c e s  between t h e  s u r v i v a l  of a d u l t  males and females could  n o t  be 

shown i n  t h e  s e p a r a t e  p l o t s .  J u v e n i l e  females had a  b e t t e r  s u r v i v a l  (0.39) 

than j u v e n i l e  males (0.07) when a l l  p l o t s  were t aken  i n t o  c o n s i d e r a t i o n  

(Chi-square; S.99.9). A d i f f e r e n c e  was shown between p l o t s  1 and 3, where 

j u v e n i l e  females  had s u r v i v a l  r a t e s  of 0.48 and 0.50 compared wi th  r a t e s  of 

0  (Chi-square, S.99.9) and 0  (Chi-square, S.95) f o r  j u v e n i l e  males ( s e e  

m a t e r i a l s  and methods s e c t i o n  f o r  Chi-square t e s t  procedure  when v a l u e  

equa l s  z e r o ) .  In p l o t  2, no d i f f e r e n c e  cou ld  be shown between t h e  s u r v i v a l  

of male (0.19) and female (0.25) j u v e n i l e s  (Chi-square,  N.S.). It i s  

p o s s i b l e  t h a t  t h e  s u r v i v a l  of j u v e n i l e  males was b e t t e r  on t h e  t r e a t e d  p l o t s  
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than on t h e  c o n t r o l .  On p l o t  2, a s u f f i c i e n t  number of j u v e n i l e  males i n  

1972 surv ived  t o  1973 and demonstrated t h e  advantage r e s u l t i n g  from t h e  

mestranol  t r ea tment ,  s i n c e  j u v e n i l e  males on t h a t  p l o t  (0.19) su rv ived  

b e t t e r  than j u v e n i l e  males on t h e  c o n t r o l  p l o t  (O)(Chi-square,  S.97.5). The 

number of j u v e n i l e s  on p l o t  3-1972 w a s  always very  low (Table  7 o r  Fig .  4) 

so t h a t  j u v e n i l e  males were n o t  p r e s e n t  i n  s u f f i c i e n t  numbers t o  show any 

e f f e c t  of t h e  1972 mestranol  t r ea tment .  

2. Adult  populat ion:  May 1973 

a .  D e n s i t i e s  

When compared t o  A p r i l  1973 p o p u l a t i o n s ,  t h e  t o t a l  numbers of a d u l t s  

i n  May had decreased  by a t h i r d  on p l o t s  1 and 3, t h e  non- t reated p l o t s ,  and 

did  n o t  a l t e r  on p l o t  2, a 50% t r e a t e d  p l o t  (Table  6; Fig .  4 ) .  The 

r e d u c t i o n s  i n  numbers on p l o t s  1 (Chi-square,  S.99.5) and 3 (Chi-square, 

S.99.9) between A p r i l  and May were s i g n i f i c a n t l y  g r e a t e r  than had been 

observed on t h e  same p l o t s  between A p r i l  and May i n  1972 (Table  6 ) .  Th i s  

may have r e s u l t e d  from t h e  h i g h e r  d e n s i t i e s  of s q u i r r e l s  observed on t h e s e  

p l o t s  i n  A p r i l  1973. I n  p l o t  1-1973, 56.9 s q u i r r e l s  p e r  h e c t a r e  were 

p r e s e n t  i n  A p r i l ,  a s  opposed t o  on ly  36.9 i n  1972 (Table  5 ) .  S i m i l a r l y  i n  

p l o t  3, 24.7 s q u i r r e l s  pe r  h e c t a r e  were p r e s e n t  i n  1973 versus  12.3 i n  1972. 

However, p l o t  2-1873 (34.8 s q u i r r e l s  pe r  h e c t a r e )  a i s o  had a h i g h e r  d e n s i t y  

than p l o t  2-1972 (29) .  The d i f f e r e n c e  between t h e  p l o t s  i s  thus  a g a i n  

a t t r i b u t e d  t o  t h e  t r ea tment .  S q u i r r e l  popu la t ion  decreased on non-treated 

p l o t s ,  whi le  it d i d  n o t  on a t r e a t e d  p l o t .  

P l o t  2-1973 d i f f e r e d  from p l o t  2-1972 i n  r e g a r d s  t o  immigration.  The 

i n c r e a s e  i n  popula t ion  t h a t  c h a r a c t e r i z e d  p l o t  2 between A p r i l  and May 1972 

did n o t  occur  i n  1973 (Table 6 ) .  There was e f f e c t i v e l y  no immigration on to  

t h e  p l o t s  i n  e a r l y  1973. L i t t l e  immigration had occurred i n t o  p l o t  1 and 

p l o t  3 i n  1972. However, immigration i n t o  p l o t  2 was s i g n i f i c a n t l y  h i g h e r  

in 1972; 31% of t h e  April-May 1972 p o p u l a t i o n  was composed of immigrants 

compared t o  3% i n  1973 (Table  6; Chi-square,  S.99.5). 

Immigration a n d / o r  m o r t a l i t y  w a s  s i m i l a r  on a l l  p l o t s  i n  1973 as 32%, 

21% and 30% of t h e  April-May popula t ions  of p l o t s  1, 2 and 3 were l o s t .  

However, when l o s s e s  were compared f o r  a g iven p l o t  between 1972 and 1973, 

d i f f e r e n c e s  emerged. Losses from p l o t s  1 and 2 were t h e  same i n  1972 and 



1973 (Chi-square, N.S.), whereas i t  was s i g n i f i c a n t l y  g r e a t e r  on p l o t  3-1973 

than  i t  was i n  1972. T h i r t y  p e r c e n t  and 9% of t h e  A p r i l  p o p u l a t i o n s  had 

disappeared from p l o t  3  by May i n  1973 and 1972 r e s p e c t i v e l y  (Table  6; 

Chi-square,  S.99.5). The decrease  i n  a d u l t  popu la t ion  could  p a r t l y  r e s u l t  

from i n c r e a s e d  p r e d a t i o n  p r e s s u r e  (Tab le  4 ) .  A t  l e a s t  two r e s i d e n t  females  

and one male were k i l l e d  by a  badger between A p r i l  22 and 25 on p l o t  3; no 

p r e d a t i o n  w a s  observed i n  1972. 

O v e r a l l ,  i n  1973, a s  a  r e s u l t  of immigration,  emigra t ion  and 

m o r t a l i t y ,  g o p u l a t i o n s  on t h e  non-treated p l o t s  (Wl,ii3) were reduced by a  

t h i r d  between A p r i l  and May, w h i l e  t h e  number of s q u i r r e l s  remained t h e  same 

on t h e  t r e a t e d  p l o t  (82) .  R e s u l t i n g  popula t ion  d e n s i t i e s  of 40.0, 33.3 and 

17.3 r e s i d e n t  a d u l t s  pe r  h e c t a r e  were observed on p l o t s  1, 2  and 3  dur ing 

t h e  month of May 1973 (Table 5 ) .  

b .  Residency 

The p r o p o r t i o n s  of s q u i r r e l s  i n  t h e  popula t ions  t h a t  e s t a b l i s h e d  

themselves a s  r e s i d e n t s  i n  1973 were approximately  t h e  same on a l l  p l o t s  

(Table  6; Chi-square, N.S.). T h i s  l a c k  of d i f f e r e n c e  occur red  d e s p i t e  t h e  

f a c t  t h a t  s q u i r r e l s  on p l o t  2 s u r v i v i n g  from A p r i l  1973 were more s u c c e s s f u l  

i n  main ta in ing  themselves on t h i s  p l o t  than s q u i r r e l s  from t h e  c o n t r o l  p l o t .  

Sixty-two p e r c e n t  of t h e  A p r i l  p o p u l a t i o n  on p l o t  2 was s t i l l  r e s i d e n t  i n  

May compared t o  38% of the p o p u l a t i o n  on p l o t  i (Table  6 ;  Chi-square,  

S.97.5). A h igh  s u r v i v a l  and res idency  r a t e  was a l s o  observed on p l o t  2 i n  

1972, probably  an e f f e c t  of mestranol  t r ea tment .  The res idency  r a t e  of p l o t  

3, a  t r e a t e d  p l o t  i n  1972, was h i g h e r  than t h e  c o n t r o l  p l o t  i n  1972. I n  

1973, p l o t  3  was n o t  t r e a t e d  and i t s  res idency  s u c c e s s  was t h e  same (50%) a s  

observed i n  t h e  c o n t r o l  p l o t  (37%) (Table 6; Chi-square,  N.S.). However, 3  

s q u i r r e l s  cons idered  a s  r e s i d e n t s  were k i l l e d  by a  badger a t  the  end of 

A p r i l  1973 on p l o t  3. If  t h e s e  s q u i r r e l s  were counted a s  r e s i d e n t s ,  65% of 

t h e  p l o t  3-1973 would have been r e s i d e n t  (Table  6 ) .  Th i s  was s i g n i f i c a n t l y  

g r e a t e r  than what was observed on t h e  c o n t r o l  p l o t  (37%) (Chi-square, 

S.97.5), b u t  d i d  n o t  d i f f e r  from p l o t  2. It i s  thus  p o s s i b l e  t h a t  

populat ion d e n s i t y ,  a s  w e l l  a s  t r e a t m e n t ,  may a f f e c t  t h e  s q u i r r e l s  

r es idency .  S q u i r r e l s  from t r e a t e d  o r  low d e n s i t y  p l o t s  may b e  more 

s u c c e s s f u l  i n  e s t a b l i s h i n g  res idency  than s q u i r r e l s  from h igh  d e n s i t y  o r  

non-treated p l o t s .  



Success i n  e s t a b l i s h i n g  res idency  was compared between y e a r s  f o r  each 

p l o t .  The p ropor t ions  of t h e  popula t ion  which e s t a b l i s h e d  t e r r i t o r i e s  on 

p l o t  1 were  t h e  same i n  1972 and 1973 (37%) d e s p i t e  an i n c r e a s e d  o v e r a l l  

d e n s i t y  i n  A p r i l  1973 (Table 5 ) .  The same occur red  i n  p l o t  2, i . e .  66% i n  

1972 and 55% i n  1973 (Chi-square, N.S.). On p l o t  3, a  lower p r o p o r t i o n  were 

r e s i d e n t s  i n  1973 t h a n  in  1972, i . e .  50% i n  1973 and 91% i n  1972 (Table  6; 

Chi-square, S.99.9). Note t h a t  p l o t  3  was n o t  t r e a t e d  i n  1973, i n  c o n t r a s t  

t o  1972 (Table 1 ) .  

Although t h e  p r o p o r t i o n  of s q u i r r e l s  which e s t a b l i s h e d  r e s i d e n c y  was 

s i m i l a r  i n  t h e  two y e a r s  on  p l o t  1, t h e  t o t a l  number p r e s e n t  i n  A p r i l  1973 

(37) was g r e a t e r  than i n  A p r i l  1972 (24) s o  t h a t  t h e  number of r e s i d e n t s  was 

g r e a t e r  i n  1973 (14 vs .  10) (Table 6 ) .  On p l o t  2, t h e  p r o p o r t i o n  of 

s q u i r r e l s  e s t a b l i s h i n g  res idency  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  between 

1972 and 1973, and t h e  same number of s q u i r r e l s  (26)  were a v a i l a b l e  i n  May 

each year  (Table  6 ) .  However t h e  l a r g e  immigration observed i n  1972 d i d  n o t  

take  p l a c e  i n  p l o t  2-1973 and t h e  number of r e s i d e n t s  i n  May was reduced,  

i .e.  16 r e s i d e n t s  i n  1973 versus  21 i n  1972 (Table  6 ) .  The p r o p o r t i o n  of 

s q u i r r e l s  remaining a s  r e s i d e n t s  on p l o t  3  was l e s s  i n  1973 t h a n  i n  1972. 

However, i n i t i a l  numbers of s q u i r r e l s  was g r e a t e r  i n  A p r i l  1973 t h a n  i n  

A p r i l  1972, i . e .  20 s q u i r r e l s  v e r s u s  10 (Table  6 ) .  A s  a  r e s u l t ,  a s  many 

s q u i r r e l s  (10) were l e f t  as  r e s i d e n t  on p l o t  3-1973 a s  on p l o t  3-1972 (Table  

6 )  f o r  a  r e s i d e n t  d e n s i t y  of 12.3 s q u i r r e l s  p e r  h e c t a r e  (Tab le  5 ) .  I f  t h e  3 

r e s i d e n t  s q u i r r e l s  t h a t  were k i l l e d  by a  badger a t  t h e  end of A p r i l  were 

t aken  i n t o  c o n s i d e r a t i o n ,  p l o t  3 would have had more r e s i d e n t s  i n  1973 (13) 

than i n  1972 (10) (Table 6 ) .  

In 1973, p l o t s  1 and 2 had t h e  same r e s i d e n t  d e n s i t i e s  which were 

bo th  h igher  than t h a t  observed on p l o t  3. Th i s  r e l a t i o n s h i p  between p l o t s  

was s i m i l a r  t o  t h e  one observed i n  1972. But t h e  s i t u a t i o n  had changed 

w i t h i n  some of t h e  p l o t s .  When compared t o  1972 p o p u l a t i o n s ,  r e s i d e n t  

d e n s i t i e s  had i n c r e a s e d  on p l o t  1, decreased  on p l o t  2 and remained t h e  same 

on p l o t  3  dur ing May 1973 (Table 5 ) .  

c .  Mestranol  t r ea tment  and i t s  i n f l u e n c e  on res idency  s t a t u s  

On p l o t  2-1973, t h i r t e e n  s q u i r r e l s  were t r e a t e d  i n  A p r i l  1973 and one 

male and seven females  remained a s  r e s i d e n t s  i n  May 1973 (Table  6 ) .  Two 

females t r e a t e d  i n  A p r i l  1972 surv ived  t o  A p r i l  1973 and became r e s i d e n t s  i n  



May 1973 (Fig.  4 ) .  Three of t h e  females  p r e s e n t  i n  A p r i l  1973 and n o t  

t r e a t e d  then  were given mestranol  i n  May 1973 when l a c t a t i n g .  O v e r a l l ,  12 

of t h e  13 r e s i d e n t  females  (92%) and one of t h e  t h r e e  r e s i d e n t  males on p l o t  

2-1973 were t r e a t e d  i n  1973 o r  i n  1972. T h i s  s i t u a t i o n  is  v e r y  s i m i l a r  t o  

t h e  one observed on p l o t  3  i n  1972, when 7  of t h e  9  r e s i d e n t  f emales ,  i . e .  

78% were t r e a t e d  (Table  6 ) .  D e t a i l s  on  t h e  outcome of b reed ing  f o r  a l l  

females w i l l  be g iven  i n  t h e  j u v e n i l e  p o p u l a t i o n  s e c t i o n  when d i s c u s s i n g  

n a t a l i t y  i n  1973. 

I n  1972, t r e a t e d  s q u i r r e l s  were more s u c c e s s f u l  than non- t reated 

s q u i r r e l s  i n  e s t a b l i s h i n g  res idency  ( S e c t i o n  I I I .B.2 .c) .  However i n  1973, 

t h e  group of non- t reated s q u i r r e l s  p r e s e n t  i n  p l o t  2  was so  s m a l l ,  t h a t  a  

d i f f e r e n c e  between t h e  t r e a t e d  and non- t reated s q u i r r e l s  cou ld  n o t  b e  shown. 

Of a  t o t a l  of 15 s q u i r r e l s  t r e a t e d  i n  A p r i l  1972 o r  1973, 11 (73%) 

e s t a b l i s h e d  res idency  i n  1973; e i g h t  s q u i r r e l s ,  non- t reated i n  A p r i l  1972 o r  

1973, were p r e s e n t  i n  A p r i l  1973 and 4  (50%) were l e f t  a s  r e s i d e n t s  i n  May 

1973. No s i g n i f i c a n t  d i f f e r e n c e  cou ld  be  shown between t h e  two groups' 

res idency s u c c e s s  r a t e  (Chi-square, N.S.). 

d. Sex r a t i o  

I n  May 1973, s e x  r a t i o  among t h e  r e s i d e n t  p o p u l a t i o n s  was of 4.3 

( ~ 1 6 )  and 3.7 (n=10) females  f o r  every male on p l o t s  2  and 3 r e s p e c t i v e l y  

and no maie was r e s i d e n t  on t h e  c o n t r o i  p l o t  (Table  5 ) .  No s i g n i f i c a n t  

d i f f e r e n c e  i n  s e x  r a t i o  could be shown between t h e  p l o t s  (Chi-square t e s t s ) .  

Between A p r i l  and May 1973, t h e  number of males was reduced on a l l  p l o t s  a s  

home a r e a s  were e s t a b l i s h e d .  Three ,  8 and 6  males were seen  on p l o t s  1, 2  

and 3  dur ing A p r i l  1973; 0 ,  3  and 2  males were l e f t  i n  May 1973 (Table  5 ) .  

Thus t h e  d i f f e r e n c e  i n  s e x  r a t i o  t h a t  e x i s t e d  between t h e  c o n t r o l  p l o t  and 

p l o t s  2  and 3  i n  A p r i l  1973 had d i sappeared  by May 1973 a f t e r  home burrows 

were e s t a b l i s h e d .  

3. Adult  populat ion:  June-July 1973 

By June  of 1973, few a d u l t  s q u i r r e l s  were l e f t  on t h e  t h r e e  p l o t s  

(Fig.  4 ) .  Adult s q u i r r e l s  had a l r e a d y  s t a r t e d  going i n t o  h i b e r n a t i o n  and 

many had succumbed t o  p r e d a t o r s .  A l l  a d u l t  s q u i r r e l s  had gone i n t o  

h i b e r n a t i o n  by J u l y  19 (Table 2 ) .  



The average d a t e s  of e n t r y  i n t o  h i b e r n a t i o n  were s i m i l a r  on a l l  p l o t s  

i n  1973: June 10 (n=22) on p l o t  1, June  8 (n=17) on p l o t  2  and June 10 

( n 4 )  on p l o t  3  (from Table 2) .  Trea ted  females  (65 days between A p r i l  1 

and h i b e r n a t i o n )  s p e n t  l e s s  t ime  above ground than b reed ing  females  (77)  

(Table  3; t - t e s t ,  S.95). Unlike 1972, males d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

from e i t h e r  group i n  1973 (Sec t ion  1.B). 

I n  19 73, a 1  though non-breeding females  s t i l l  went i n t o  h i b e r n a t i o n  

e a r l i e r  than b reed ing  females ,  t h e  d i f f e r e n c e  i n  t ime was l e s s .  I n  1972, 

non-breeding females went 18 days b e f o r e  b reed ing  females ;  i n  1973, t h i s  

d i f f e r e n c e  i n  t iming was 12 days (from Table  3 ) .  The o v e r a l l  r e t u r n  i n t o  

h i b e r n a t i o n  occur red  e a r l i e r  i n  1973 t h a n  i n  1972 (Sec t ion  1.B). These 

d i f f e r e n c e s  were observed f o r  a l l  c a t e g o r i e s  of s q u i r r e l s ,  b u t  t h e  e f f e c t  

was e s p e c i a l l y  marked i n  b reed ing  females  (Table  3 ) .  

Body weight a f f e c t e d  t h e  o n s e t  of h i b e r n a t i o n  i n  1972 wi th  h e a v i e r  

animals  going i n t o  h i b e r n a t i o n  f i r s t  ( S e c t i o n  1.B). In  1973, t h e  average 

body weight o f  s q u i r r e l s  on p l o t  2  (296.6 g ,  n=29) ( t - t e s t ,  S.99.9) and on 

p l o t  3  (282.7 g ,  n=26) ( t - t e s t ,  S.99.9) was s i g n i f i c a n t l y  l i g h t e r  than f o r  

animals  on p l o t  1 (334.9 g ,  11x39) (App. 8B). Thus i t  would have been 

expected t h a t  s q u i r r e l s  from p l o t s  2 and 3  would have gone i n t o  h i b e r n a t i o n  

l a t e r  than s q u i r r e l s  from p l o t  1. However t h e  n a j o r i t y  of s q u i r r e l s  on 

p l o t s  2  and 3 d id  n o t  b reed  iii 1973 (Table 7 ) ,  and were thiis a b l e  t o  

accumulate f a t  a t  a  f a s t e r  r a t e  t h a n  h e a v i e r  b u t  b reed ing  s q u i r r e l s  from t h e  

c o n t r o l  p l o t .  This  compensated f o r  t h e i r  s m a l l e r  i n i t i a l  body weight ,  and 

a s  a  r e s u l t ,  t ime  of immergence was t h e  same on a l l  p l o t s .  

4. J u v e n i l e  popula t ion  1973 

I n  1973, most l i t t e r s  emerged from t h e  mate rna l  burrow d u r i n g  t h e  

l a s t  h a l f  of May, averaging May 15 (11x9) on t h e  c o n t r o l  p l o t  ( # I ) ,  May 20 

(n=3) on p l o t  2  and May 21 (n=2) on p l o t  3  (Table  2 ) .  A s  i n  1972, j u v e n i l e s  

from t h e  c o n t r o l  p l o t  emer3ed sooner  than on  p l o t  2 (Mann-Whitney, S.97.5) 

o r  p l o t  3  (Mann-Whitney, S.99).  The numbers of j u v e n i l e s  w i l l  t h e r e f o r e  be  

compared on t h e  b a s i s  of weeks e l a p s e d  s i n c e  mean d a t e  of emergence on each 

p l o t ,  r a t h e r  than t o  t h e  a c t u a l  d a t e .  



a .  N a t a l i t y  

The 14 r e s i d e n t  females from p l o t  1 a l l  gave b i r t h  (Table  7 ) ,  b u t  one 

of them, though s h e  was seen t o  be  l a c t a t i n g ,  was never  observed wi th  young. 

Her o f f s p r i n g  p o s s i b l y  drowned d u r i n g  a t o r r e n t i a l  s torm a t  t h e  end of May. 

Seventy-one j u v e n i l e s  were t rapped on p l o t  1, g i v i n g  an average of 5.1 

j u v e n i l e s  pe r  p a r t u r i e n t  and r e s i d e n t  female  (Table  7 ) .  

On p l o t  2, s i x  of t h e  females  p r e s e n t  i n  May were n o t  t r e a t e d  w i t h  

mes t rano l  i n  A p r i l  1973; b u t ,  two of t h e s e  were t r e a t e d  i n  A p r i l  1972, and 

t h r e e  of t h e  f o u r  remaining were g iven  mes t rano l  when l a c t a t i n g  i n  May 1973. 

Only one of t h e  females  t r e a t e d  i n  1972 was seen  w i t h  j u v e n i l e s  ( 2 )  a l though  

bo th  females  were l a c t a t i n g .  One of t h e  females  t r e a t e d  i n  May was seen  

wi th  a s i n g l e  young, and t h e  one female t h a t  was never  t r e a t e d  had a l i t t e r  

of t h r e e .  Seven females t h a t  had been t r e a t e d  wi th  mes t rano l  i n  A p r i l  1973 

were r e s i d e n t  i n  May; none of them was seen  w i t h  young. Reduced n a t a l i t y  on 

p l o t  2-1973 can thus  be p a r t l y  a t t r i b u t e d  t o  t h e  mes t rano l  t r e a t m e n t s  g iven  

t o  animals  on t h i s  p l o t .  However, on ly  6 j u v e n i l e s  were born i n  p l o t  2 

(Table 7 ) ,  a l though  s i x  of t h e  females  reproduced. I b e l i e v e  t h a t  t h e  

t reatment  g iven  i n  May t o  l a c t a t i n g  females ,  a s  w e l l  a s  t h e  i n c r e a s e d  number 

of p r e d a t o r s  and t o r r e n t i a l  r a i n  observed i n  1973 were r e s p o n s i b l e  f o r  t h e  

death  in-burrow of most of t h e  j u v e n i l e s  born  t o  t h e s e  b r e e d i n g  females .  

C n  p l b t  3, 8 females were r e s i d e n t  i n  Kay i973 (Tabie 6 ) ;  none had 

been t r e a t e d  i n  A p r i l  1973, b u t  two had been i n  A p r i l  1972 (F ig .  4 ) .  Both 

of t h e  l a t t e r  females were l a c t a t i n g  i n  May of 1973 b u t  on ly  one was seen  

wi th  a s i n g l e  young (App. 7 ) .  Of t h e  s i x  females  remaining and never  

t r e a t e d  wi th  mes t rano l ,  t h r e e  were e i t h e r  pregnant  o r  l a c t a t i n g  when t rapped 

i n  May, b u t  only one had a s i n g l e  young above ground. Thus on p l o t  3, on ly  

two young were born  t o  8 r e s i d e n t  females  (Tab le  7 ) .  Th i s  low n a t a l i t y  

cannot  b e  a t t r i b u t e d  t o  mes t rano l  t r ea tment  o r  t o  an absence of males a s  s i x  

a d u l t  males were p r e s e n t  i n  A p r i l  1973 (Table 6 ) .  I t h i n k  t h a t  many l i t t e r s  

were born i n  t h e  burrows on p l o t  3 but  t h e s e  d i sappeared  a s  a r e s u l t  of bad 

c l i m a t i c  c o n d i t i o n s  and inc reased  pr  edati.on (Table  4) . T o r r e n t i a l  r a i n  f e l l  

on May 19 (App. 2 ) ,  b e f o r e  l i t t e r s  emerged on p l o t  3 (Table  2 ) .  Most 

l i t t e r s  on  p l o t  1 had a l r e a d y  emerged (Table  2 ) .  



I n  1973, more young were born on t h e  c o n t r o l  p l o t  than  i n  1972. Th is  

was due t o  t h e  p resence  of more r e s i d e n t  b reed ing  females a s  l i t t e r  s i z e  was 

s l i g h t l y  reduced (5.1 young per  female  i n  1973 v e r s u s  6.9 i n  1972) (Table  7 ) .  

On p l o t  2, n a t a l i t y  was g r e a t l y  reduced when compared t o  1972. Most females 

were s t e r i l i z e d  by mes t rano l ,  and those  t h a t  b red  had s m a l l e r  l i t t e r s  (2.0) 

i n  1973 t h a n  in  1972 (4.1) (Table 7 ) .  I n  p l o t  3, on ly  two young were 

observed a l though  8  females could have p o t e n t i a l l y  b red  on t h a t  p l o t .  Th i s  

low number of born  j u v e n i l e s  was thought t o  r e s u l t  p r i m a r i l y  from r a i n f a l l  

and i n c r e a s e d  p reda t ion .  

b  . Popula t ion  f l u c t u a t i o n s  

The numbers of j u v e n i l e s  i n i t i a l l y  observed on t h e  t h r e e  p l o t s  i n  

1973 r e s u l t e d  from n a t a l i t y ,  i.e. j u v e n i l e s  born w i t h i n  t h e  p l o t s '  

boundaries.  During t h e  summer, t h e  numbers of j u v e n i l e s  born on t h e  p l o t s  

s t e a d i l y  d e c l i n e d ,  and immigrant j u v e n i l e s  born e lsewhere  moved i n .  

I n  1973, t h e  d e c l i n e  of t h e  j u v e n i l e  p o p u l a t i o n  on p l o t  1 followed 

t h e  same p a t t e r n  noted i n  1972. Four,  8  and 12 weeks a f t e r  mean j u v e n i l e  

emergence, r e s p e c t i v e l y  66%, 38% and 23% of t h e  born j u v e n i l e s  were l e f t ;  i n  

t h i s  p l o t  i n  1972, 56% (Chi-square, N.S.), 47% (Chi-square, N.S.) and 22% 

(Chi-square, N.S.) were l e f t  a f t e r  t h e  same per iod  (Fig .  6 ) .  These 

percentages  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from those  observed i n  1973, i n  

s p i t e  of t h e  f a c t  t h a t  many inore j u v e n i l e s  were born on t h e  p l o t  i n  1973. 

The d e c l i n e  of t h e  born j u v e n i l e  p o p u l a t i o n  on p l o t  2  was ve ry  

d i f f e r e n t  from t h a t  seen  on t h e  c o n t r o l  p l o t ,  and was a l s o  d i f f e r e n t  from 

t h e  d e c l i n e  observed i n  p l o t  2  i n  1972. On p l o t  2  i n  1972, 61%, 46% and 29% 

of t h e  born  j u v e n i l e s  were l e f t  a f t e r  4 ,  8  and 12 weeks (Fig .  6 )  which d i d  

no t  d i f f e r  s i g n i f i c a n t l y  from t h e  1972 d e c l i n e  on t h e  c o n t r o l  p l o t .  I n  1973 

i n  c o n t r a s t ,  4  weeks a f t e r  mean j u v e n i l e  emergence, t h e r e  were on ly  17% of 

t h e  born  j u v e n i l e s  l e f t  on p l o t  2, a  p r o p o r t i o n  which d i f f e r s  s i g n i f i c a n t l y  

from t h e  66% of b o r n  j u v e n i l e s  l e f t  on p l o t  1 (Chi-square,  S.95). A f t e r  8 

weeks, 17% of t h e  born  s q u i r r e l s  were s t i l l  l e f t  i n  p l o t  2, which by then 

did  n o t  d i f f e r  s i g n i f i c a n t l y  from t h e  38% of born  j u v e n i l e s  observed i n  t h e  

c o n t r o l  p l o t  (F ig .  6; Chi-square,  N.S.). From then on,  p l o t  2  did  n o t  

d i f f e r  from p l o t  1 and a t  t h e  end of t h e  summer, i . e .  14 weeks a f t e r  mean 

j u v e n i l e  emergence i n  each p l o t ,  roughly t h e  same p r o p o r t i o n s  of born 

j u v e n i l e s  were l e f t ,  i . e .  23% i n  p l o t  1, and 17% i n  p l o t  2  (Fig .  6 ;  



Chi-square,  N.S.). O v e r a l l ,  p l o t  2  d i f f e r e d  from t h e  c o n t r o l  p l o t  i n  1973 

i n  t h a t  t h e  d e c l i n e  of born j u v e n i l e s  w a s  more r a p i d  and occurred e a r l i e r ;  

a t  t h e  end of t h e  summer bo th  p l o t s  had s i m i l a r  d e n s i t i e s  of b o r n  j u v e n i l e s  

s u r v i v i n g .  

P l o t  3  i n  1973 d i f f e r e d  d r a s t i c a l l y  from t h e  1973 c o n t r o l  p l o t  and 

from t h e  d e c l i n e  seen on p l o t  3-1972. The number of j u v e n i l e s  born on p l o t  

3-1972 dec l ined  i n  a  s i m i l a r  way t o  what was observed on t h e  c o n t r o l  p l o t  i n  

1972, a l though j u v e n i l e  d i s p e r s a l  was p r o p o r t i o n a l l y  reduced on p l o t  3  (Fig.  

6 ) .  In 1973, on ly  two j u v e n i l e s  were born and both  remained on p l o t  3  u n t i l  

t h e  end of t h e  season  (F ig .  5 ) .  These v e r y  s m a l l  numbers precluded 

s t a t i s t i c a l  comparison wi th  o t h e r  p l o t s  and y e a r s .  

I n  1973, 4 immigrant j u v e n i l e s  moved on to  p l o t  1 which was t h e  same 

number a s  observed i n  1972 (Table 7 ) ;  j u v e n i l e  immigration i n  b o t h  y e a r s  d i d  

no t  s t a r t  u n t i l  8  weeks a f t e r  mean j u v e n i l e  emergence when on ly  18% of t h e  

born j u v e n i l e  popula t ion  were s t i l l  p r e s e n t  (Fig .  6 ) .  In  p l o t s  2  and 3 ,  

j u v e n i l e  immigration s t a r t e d  very  much e a r l i e r  i n  b o t h  years .  The number of 

immigrants was n o t  much d i f f e r e n t  on  p l o t s - 2  and 3-1973 from 1972, i . e .  4 

on p l o t s  2 and 3  i n  1973, v e r s u s  4 and 6  i n  1972 (Table  7 ) .  Immigrant 

j u v e n i l e s  on  p l o t  2-1973 were 83% of t h e  t o t a l  j u v e n i l e  p o p u l a t i o n  12 weeks 

a f t e r  mean j u v e n i l e  emergence (F ig .  6 ) .  T h i s  was s i g n i f i c a n t l y  g r e a t e r  

(Chi-square, 5.99.9)  than  i n  1972 when a f te r  11 weeks, t h e y  r e p r e s e n t e d  only  

20%. In  p l o t  3-1973, immigrant j u v e n i l e s  were 67% of t h e  t o t a l  j u v e n i l e  

popula t ion  6  weeks a f t e r  mean j u v e n i l e  emergence b u t  t h i s  was n o t  

s i g n i f i c a n t l y  g r e a t e r  than seen i n  1972, when immigrant j u v e n i l e s  were 57% 

of t h e  t o t a l  j u v e n i l e  popula t ion  a f t e r  11 weeks, 

J u v e n i l e  immigration occurred much e a r l i e r  on to  p l o t s  2  and 3  i n  1973 

than on to  t h e  c o n t r o l  p l o t .  On t h e  l a t t e r  p l o t ,  immigrants never  

represen ted  t h e  l a r g e  p r o p o r t i o n s  of t h e  t o t a l  j u v e n i l e  p o p u l a t i o n s  a s  seen 

on p l o t s  2  and 3. The h igh  numbers of j u v e n i l e s  born w i t h i n  t h e  p l o t  

boundar ies  on p l o t  1 prevented immigration u n t i l  q u i t e  l a t e  i n  t h e  summer, 

when born j u v e n i l e s  were probably a l r e a d y  going i n t o  h i b e r n a t i o n .  



5. Summary: a d u l t  and j u v e n i l e  p o p u l a t i o n s  1973 

ADULT POPULATION 

A p r i l  1973 

The d e n s i t i e s  of s q u i r r e l s  on a l l  p l o t s  i n  A p r i l  1973 were h i g h e r  than  

i n  A p r i l  1972. The l a r g e s t  i n c r e a s e  was seen  on t h e  p l o t  having t h e  

lowest  r e s i d e n t  d e n s i t y  i n  1972 ( p l o t  3 ) ,  and t h e  s m a l l e s t  on t h e  p l o t  

having t h e  h i g h e s t  1972 r e s i d e n t  d e n s i t y  ( p l o t  2). 

The c o n t r o l  p l o t  (F1) had a s i g n i f i c a n t l y  lower p r o p o r t i o n  of males than  

p l o t s  2 and 3 which may have been r e l a t e d  t o  t h e  mes t rano l  t r ea tments  
g:-.cil ail f a t s  2 ; in :;-* " ---- 1-- -' 
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on a t r e a t e d  p l o t  than on a non- t reated p l o t .  

Grea te r  p r o p o r t i o n s  of t h e  A p r i l  p o p u l a t i o n s  were composed of overwin te r  

s u r v i v o r s  on  p l o t s  1 and 2 than on p l o t  3. New s q u i r r e l s  were 

r e l a t i v e l y  more numerous on p l o t  3 than on p l o t s  1 and 2. 

O v e r a l l ,  s u r v i v a l  of s q u i r r e l s  ( a d u l t s  and j u v e n i l e  combined) was t h e  

same on a l l  p l o t s  between A p r i l  1972 and 1973. S u r v i v a l  was t h e  same 

f o r  t r e a t e d  (0.35) and non-treated (0.32) s q u i r r e l s  when d a t a  from a l l  

p l o t s  was combined. However, w i t h i n  p l o t  2 ,  t r e a t e d  s q u i r r e l s  had a 

h i g h e r  s u r v i v a l  r a t e  (0.42) t h a n  non- t reated s q u i r r e l s  (0.20).  O v e r a l l ,  

non-res ident  s q u i r r e l s  (0.27) su rv ived  a s  w e l l  a s  r e s i d e n t  s q u i r r e l s  

(0.37).  

O v e r a l l ,  a d u l t s  (0.33) su rv ived  b e t t e r  than j u v e n i l e s  (0.23) b u t  a d u l t  

(0.38) and y e a r l i n g  (0.39) females  had t h e  same s u r v i v a l  r a t e .  The 

a d u l t - j u v e n i l e  d i f f e r e n c e  cou ld  p o s s i b l y  b e  a t t r i b u t e d  t o  a b e t t e r  

s u r v i v a l  of t h e  a d u l t  males (0.17) over  j u v e n i l e  males (0.07).  Females, 

b o t h  a d u l t  and y e a r l i n g ,  su rv ived  b e t t e r  than males.  

May 19 73 

6 .  Between A p r i l  and May 1973, p o p u l a t i o n  numbers were reduced by a t h i r d  

i n  t h e  two non- t reated p l o t s  (#1,3) due t o  emigra t ion  and m o r t a l i t y ,  

whi le  remaining much t h e  same on t h e  t r e a t e d  p l o t  (F2) .  

7.  The popula t ion  decrease  s e e n  between A p r i l  and May on p l o t s  1 and 3 i n  

1973 was s i g n i f i c a n t l y  g r e a t e r  than noted i n  1972 f o r  t h e  same p e r i o d .  

8. No change i n  numbers was seen  between A p r i l  and May on p l o t  2 i n  1973, 

whereas numbers had i n c r e a s e d  on t h i s  p l o t  i n  t h e  same per iod of 1972. 

Immigration was reduced on p l o t  2-1973 by comparison t o  1972. The 



d i s t r i b u t i o n  of b a i t s  around t h e  p l o t  i n  1973, a s  w e l l  a s  t h e  g e n e r a l  

improvement of v e g e t a t i o n  i n  t h e  a r e a s  surrounding t h e  p l o t ,  may b o t h  

account  f o r  t h i s  d e c l i n e  of a d u l t  immigration.  Immigration d i d  n o t  

occur on p l o t s  1 and 3, which d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from what was 

observed on t h e  p l o t s  i n  1972. 

9. Emigra t ion / rnor ta l i ty  over  t h e  pe r iod  A p r i l  t o  May was s i m i l a r  on a l l  

p l o t s  i n  1973, d e s p i t e  t h e i r  v a r i e d  popula t ion  d e n s i t i e s  and t rea tments .  

10. The p r o p o r t i o n s  of April-May p o p u l a t i o n s  e s t a b l i s h i n g  res idency  i n  May 

1973 were  t h e  same on a l l  p l o t s  d e s p i t e  d i f f e r e n c e s  i n  popula t ion  
.a . . - -*&a--  --.a - a  ---- 
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11. When s u c c e s s  i n  e s t a b l i s h i n g  r e s i d e n c y  was compared between 1972 and 

1973, no changes could  be shown on p l o t s  1 and 2 but  were demonstrated 

on p l o t  3. P l o t  2  was t r e a t e d  t o  a  g r e a t e r  e x t e n t  i n  1973 'but  reduced 

immigration prevented t h e  e s t a b l i s h m e n t  of more s q u i r r e l s .  P l o t  3  was 

t r e a t e d  i n  1972 b u t  n o t  1973; t h e  p r o p o r t i o n  of s q u i r r e l s  which 

e s t a b l i s h e d  res idency  w a s  s i g n i f i c a n t l y  reduced i n  1973. 

12. More s q u i r r e l s  became r e s i d e n t  on t h e  c o n t r o l  p l o t  i n  1973 t h a n  i n  1972, 

because more s q u i r r e l s  were p r e s e n t  i n  t h e  A p r i l  popu la t ions .  I n  p l o t  

2, reduced immigration o p p o r t u n i t i e s  r e s u l t e d  i n  a  s m a l l e r  number of 

s q u i r r e l s  e s t a b l i s h i n g  res idency  i n  1973. I n  p l o t  3 ,  a g r e a t e r  

m o r t a l i t y  i n  A p r i l  r e s u l t e d  i n  t h e  p l o t  having t h e  same number of 

r e s i d e n t s  a s  i n  1972, a l though i n i t i a l  popu la t ion  i n  A p r i l  1973 was much 

g r e a t e r .  

13. No d i f f e r e n c e  was observed i n  t h e  s u c c e s s  of home burrow es tab l i shment  

between t r e a t e d  and non- t reated s q u i r r e l s  on p l o t  2 i n  1973. 

June 1973 

14. Re turn  i n t o  h i b e r n a t i o n  occur red  a t  s i m i l a r  t imes  on a l l  p l o t s  i n  1973. 

Trea ted  females  s t i l l  went i n t o  h i b e r n a t i o n  sooner  than b reed ing  

females ,  and,  a s  was t h e  c a s e  i n  1972, b reed ing  s t a t u s  and body weight 

bo th  c o n t r i b u t e d  t o  t h e  de te rmina t ion  of average onse t  of h i b e r n a t i o n .  

15. Return i n t o  h i b e r n a t i o n  occurred e a r l i e r  i n  1973 t h a n  i n  1972 f o r  a l l  

groups of s q u i r r e l s ,  i . e .  breeding and non-breeding females and a d u l t  

males. 



JUVENILE POPULATION 

16. J u v e n i l e s  emerged e a r l i e r  on t h e  c o n t r o l  p l o t  than  on p l o t s  2  and 3  i n  

1973. 

17. J u v e n i l e s  were born i n  c o n s i d e r a b l e  numbers on t h e  c o n t r o l  p l o t  i n  1973, 

a l though  t h e  emergent l i t t e r  s i z e  was s l i g h t l y  s m a l l e r  (5 .1)  t h a n  i n  

1972 (6.9).  

18. N a t a l i t y  was reduced on p l o t  2  i n  1973, a  r e s u l t  of  e x t e n s i v e  m e s t r a n o l  

t r ea tment  and environmental  f a c t o r s .  Emerging l i t t e r  s i z e  was reduced 

b o t h  on p l o t s  2 (2.0 v e r s u s  4.1 i n  1972) and 3 (1.0 v e r s u s  2.0 i n  l972) ,  

m c s t  l i k e l y  2s 2 r e o c l t  cf bnd r.?e=ther 2nd jncrgpzed predgClnn jn l!??3= 

19. On t h e  c o n t r o l  p l o t ,  d e c l i n e  of born  j u v e n i l e  popula t ions  was t h e  same 

i n  1973 a s  i n  1972, and immigrant j u v e n i l e s  were n o t  a b l e  t o  move i n  

u n t i l  ve ry  l a t e  i n  t h e  season ;  a t  t h a t  t ime,  t h e y  only  r e p r e s e n t e d  smal l  

p r o p o r t i o n s  of t h e  t o t a l  j u v e n i l e  p o p u l a t i o n  p r e s e n t  on p l o t  1. 

20. In  p l o t s  2  and 3, numbers of born j u v e n i l e s  were ve ry  low and immigrant 

j u v e n i l e s  moved i n  ve ry  e a r l y  forming l a r g e  p r o p o r t i o n s  of t h e  t o t a l  

j u v e n i l e  popula t ions .  Th i s  s i t u a t i o n  was n o t  d i f f e r e n t  from what was 

seen i n  1972. But t h e  d e c l i n e  of b o r n  j u v e n i l e s  i n  t h e s e  p l o t s  followed 

a  p a t t e r n  d i f f e r e n t  from t h e  one observed i n  t h e  c o n t r o l  p l o t ,  

c o n t r a r y  t o  what was observed i n  1972. 

21. The p r o p o r t i o n  represen ted  by immigrant j u v e n i l e s  was g r e a t e r  on p l o t  2  

i n  1973 t h a n  i n  1972, whi le  i t  d i d  n o t  d i f f e r  on p l o t s  1 and 3  between 

t h e  two seasons .  



D .  Popula t ion  1974 

1. Adult  popu la t ion :  A p r i l  1974 

Spr ing i n  1974 was l a t e ;  t h e r e  was snow l e f t  on t h e  ground a s  l a t e  a s  

A p r i l  23, whi le  a l l  snow had gone by t h e  end of March i n  1972 and 1973. 

S q u i r r e l s  were t r apped  between A p r i l  18 and 25. Although a c t i v i t y  was 

reduced, a l l  s q u i r r e l s  were t rapped and marked a f t e r  a  few days and no new 

s q u i r r e l s  were observed.  I b e l i e v e  t h a t  a l l  s q u i r r e l s  had emerged and were 

p r e s e n t  i n  t h e  p l o t s  when t rapp ing  occurred s i n c e  t h i s  was done a  month 

a .  D e n s i t i e s  

I n  A p r i l  1974, 16,  9  and 3 s q u i r r e l s  were t rapped on p l o t s  1, 2 and 3  

giving d e n s i t i e s  of 28, 1 3  and 4 s q u i r r e l s  p e r  h e c t a r e  (Table  5 ) .  These 

numbers r e p r e s e n t  decreases  on a l l  p l o t s  when compared t o  t h e  numbers 

observed i n  A p r i l  1972 and 1973. Seventy-five p e r c e n t ,  45% and 30% of t h e  

a d u l t  d e n s i t i e s  observed i n  A p r i l  1972 were observed on p l o t s  1, 2  and 3 i n  

A p r i l  1974 (Fig .  4 ) .  The d e c l i n e  of d e n s i t y  observed on p l o t  2 

(Chi-square, S.99.5) and on p l o t  3 (Chi-square,  S.99.5) was s i g n i f i c a n t l y  

g r e a t e r  than t h e  d e c l i n e  seen on p l o t  1. The l a r g e s t  d e c r e a s e  i n  popula t ion  

d e n s i t y  occurred on t h e  p l o t s  t h a t  were p r e v i o u s l y  t r e a t e d .  The e f f e c t  was 

most dramat ic  i n  p l o t  3, where t h e  concept of a  'colony' could  n o t  be  

a p p l i e d  t o  t h e  t h r e e  s c a t t e r e d  s q u i r r e l s  l e f t  on t h i s  p l o t  i n  1974. 

The e x t e n t  of t h e  decrease  was r e l a t e d  t o  t h e  mes t rano l  t r ea tments  

g iven  b u t  a l s o  seems t o  be  r e l a t e d  t o  t h e  p rev ious  y e a r  popula t ion  

d e n s i t i e s .  When compared t o  t h e  1973 A p r i l  l e v e l s ,  49%, 37% and 15% of t h e  

popula t ion  numbers on  p l o t s  1, 2 and 3 were seen  i n  A p r i l  1974 (from Fig.  

4) .  The d e c r e a s e s  observed i n  p l o t s  1 and 2  were s i m i l a r  (Chi-square,  

NOS.); t h e s e  p l o t s  had t h e  same r e s i d e n t  d e n s i t i e s  i n  1973 (21.6 and 23.2 

s q u i r r e l s  p e r  h e c t a r e )  (Table 5 ) .  P l o t  3 had a  r e s i d e n t  d e n s i t y  of on ly  

12.3 s q u i r r e l s  p e r  h e c t a r e  i n  1973, and t h e  d e c r e a s e  i n  numbers on t h a t  p l o t  

was s i g n i f i c a n t l y  g r e a t e r  than t h e  d e c r e a s e s  observed on p l o t s  1 

(Chi-square, S.99) and p l o t  2 (Chi-square, S.99). The lowest  d e n s i t y  p l o t  

from 1973 was thus  c h a r a c t e r i z e d  by t h e  g r e a t e s t  dec rease  of t h e  A p r i l  1974 

popula t ion .  



Two y e a r s  a f t e r  t h e  f i r s t  t r ea tment  was given t o  animals  on p l o t s  2  

and 3, p o p u l a t i o n s  were reduced by h a l f  on p l o t  2  (approximately  50% 

t rea tment  each y e a r ,  i n i t i a l  h i g h  d e n s i t y ) ,  and by more than two t h i r d s  on 

p l o t  3  ( t r e a t e d  only  once a t  80% i n  1973, i n i t i a l  low d e n s i t y ) .  

b. Sex r a t i o  

I n  A p r i l  1974, t h e  s e x  r a t i o  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  between 

p l o t s  a s  3  males and 15 females  were t r apped  on p l o t  1, 1 male and 8 females  

on p l o t  2, and t h e  t h r e e  s q u l r r e l s  caught  i n  p l o t  3  were a l l  females  

(Chi-square t e s t s )  (Table  5 ) .  The s e x  r a t i o  observed on each p l o t  d i d  n o t  
>.fee-- - 2 - - 2 c . f - - - L l - -  ,z--- LL-L -L 2 -- LL--- ---- -.I-..- 3- & - - : - I  107'7 
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and 1973. 

c .  Age d i s t r i b u t i o n  and popula t ion  composi t ion 

I n  A p r i l  1974, t h e  p o p u l a t i o n s  p r e s e n t  on p l o t s  1, 2  and 3  were 

composed of t h r e e  groups: 1. a d u l t  s u r v i v o r s  t h a t  were f i r s t  t rapped a s  

a d u l t s  i n  1972 o r  1973 (age c l a s s e s  1 and 3 ) ,  o r  f i r s t  t rapped a s  j u v e n i l e s  

i n  1972 (age c l a s s  2 ) ,  2. j u v e n i l e s  born  i n  1973 (age c l a s s  4 ) ,  and 3. new 

s q u i r r e l s  never  t r apped  p rev ious ly ,  a l s o  cons idered  a s  a d u l t s  b u t  of unknown 

age (age c l a s s  5 )  (Table 8 ) .  The p r o p o r t i o n s  of a d u l t  s u r v i v o r s  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  between p l o t s  (Chi-square t e s t s )  (Table  9). Nei ther  

t h e  p r o p o r t i o n s  of j u v e n i l e s  born i n  1973 and s u r v i v i n g  t o  A p r i l  1974 n o r  

t h e  p r o p o r t i o n s  of newcomers were s i g n i f i c a n t l y  d i f f e r e n t  between p l o t s  

(Chi-square t e s t s ,  N.S.). It is  i n t e r e s t i n g  t o  no te  t h a t  no new s q u i r r e l s  

were found on p l o t  3  which i s  a s t o n i s h i n g  a s  only  3  a d u l t  s q u i r r e l s  were 

r e s i d e n t  t h e r e  i n  A p r i l  1974. 

The p ropor t ions  of t h e  d i f f e r e n t  c l a s s e s  of s q u i r r e l s  found on each 

p l o t  i n  A p r i l  1974 d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from those  observed i n  A p r i l  

1973 (Chi-square t e s t ,  N.S.), w i th  t h e  excep t ion  of p l o t  3. I n  p l o t  3-1974, 

t h e  p r o p o r t i o n  of new a d u l t s ,  i . e .  immigrants,  was reduced t o  ze ro ,  be ing  

s i g n i f i c a n t l y  s m a l l e r  than i n  1972 (60%) (Table  9;  Chi-square,  S. 99.9).  

Th i s  seems t o  i n d i c a t e  t h a t  the  s q u i r r e l  popu la t ion  surrounding t h i s  p l o t  

was no l o n g e r  a b l e  t o  r e p l e n i s h  t h e  d e p l e t e d  popula t ion  found on p l o t  3. 

i. Surv iva l  1972 t o  1974 

None of t h e  s q u i r r e l s  t rapped a s  a d u l t s  i n  1972 (age c l a s s  1 )  were 

l e f t  on p l o t  3  by A p r i l  1974, a l though two and f i v e  females  were l e f t  on 

p l o t  1 and p l o t  2  r e s p e c t i v e l y  (Fig .  4 ) .  I n t e r e s t i n g l y ,  a l l  5  females  on 



w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of non- t reated females  on p l o t  1. 

A few of t h e  j u v e n i l e s  born i n  1972 were l e f t  on p l o t s  1 and 3 i n  A p r i l  

1974, whi le  none survived on p l o t  2 (F ig .  4 ) .  T h e i r  s u r v i v a l  w a s  b e t t e r  on 

p l o t  1 than  on p l o t  2 (Chi-square, S.95). It i s  n o t  known i f  t h i s  f a c t  i s  

r e l a t e d  t o  t h e  mestranol  t rea tment  g iven  on p l o t  2. 

ii. Annual s u r v i v a l  1972-1973, compared t o  1973-1974 

A s  was t h e  c a s e  i n  A p r i l  1973, annual  s u r v i v a l  r a t e s  i n  A p r i l  1974 

were t h e  same on a l l  p l o t s ,  both  f o r  t h e  groups of a d u l t  and j u v e n i l e  
-- -. 

s q u i i r r l s  (irum Tabie  ii;  Chi-square c e s c s ,  N . S . ~ .  , lne s u r v i v a i  r a t e  on t h e  

1973 t r e a t e d  p l o t  ( # 2 )  was n o t  any d i f f e r e n t  from those  on t h e  non- t reated 

p l o t s  ( # 1 , 3 ) .  However, o v e r a l l ,  t h e  1973-1974 annual  s u r v i v a l  was lower 

than i t  w a s  i n  1972-1973, and t h i s  bo th  f o r  a d u l t s  (0.22 v e r s u s  0.33; 

Chi-square,  S.95) and j u v e n i l e  (0.08 v e r s u s  0.23; Chi-square,  S.99.9) groups 

of s q u i r r e l s  (Tables  10, 1 1 ) .  T h i s  could  be  r e l a t e d  t o  t h e  h a r s h e r  c l i m a t i c  

c o n d i t i o n s  observed dur ing  t h e  1973-1974 w i n t e r  and s p r i n g .  

It was shown t h a t  on p l o t  2 i n  A p r i l  1973, t r e a t e d  s q u i r r e l s  su rv ived  

b e t t e r  than non- t reated s q u i r r e l s  ( S e c t i o n  III .B.2.c).  However, s o  few 

ground s q u i r r e l s  were l e f t  unaf fec ted  by t h e  drug on p l o t  2-1973, t h a t  i t  

was imposs ib le  t o  check t h i s  r e l a t i o n s h i p  between A p r i l  1973 and 1974. 

Res iden t s  (0.35) su rv ived  b e t t e r  than non-res idents  (0.11) over  t h e  

1973-1974 w i n t e r  (Tab le  11; Chi-square,  S.99.5). T h i s  r e l a t i o n s h i p  could  

n o t  b e  shown i n  A p r i l  1973 (Sec t ion  1 I I .C . l .d ) .  I n t e r e s t i n g l y ,  i t  was t h e  

s q u i r r e l s  t h e  most f a m i l i a r  w i t h  t h e  p l o t ,  i . e .  t h e  r e s i d e n t s ,  t h a t  

survived b e s t  i n  t h e  h a r s h e r  c l i m a t i c  c o n d i t i o n s  of 1973-1974. 

A s  was t h e  c a s e  i n  A p r i l  1973, a d u l t s  (0.22) su rv ived  b e t t e r  than 

j u v e n i l e s  (0.08) (Table 11; Chi-square,  S.99.5) and females  (0.21) su rv ived  

b e t t e r  than males (O.Ol)(Table 11; Chi-square,  S.99.9). However t h e  h a r s h e r  

1973-1974 s u r v i v a l  c o n d i t i o n s  may have brought a d i f f e r e n c e .  While a d u l t  

and j u v e n i l e  females  had t h e  same s u r v i v a l  i n  1972-1973 ( S e c t i o n  I I I . C . l . d ) ,  

i n  A p r i l  1974, i t  was shown t h a t  a d u l t  females  su rv ived  b e t t e r  (0.28) than 

j u v e n i l e  females  (0.12) (Table 11; Chi-square,  S.97.5). Th i s  d i f f e r e n c e  was 

observed only on t h e  c o n t r o l  p l o t  ( # I )  and n o t  i n  t h e  two p r e v i o u s l y  t r e a t e d  

p l o t s  ( # 2 , 3 ) .  I n  t h e  two l a t t e r  p l o t s ,  d e n s i t i e s  were reduced by t h e  
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prev ious  t r ea tment  and e i t h e r ,  j u v e n i l e  females  had a s  many chances  of 

s u r v i v a l  a s  a d u l t  females ,  o r  e l s e  numbers were t o o  low t o  show such a  

d i f f e r e n c e .  

S u r v i v a l  of a d u l t s  was t h e  same on p l o t s  1 and 2 dur ing t h e  1972-1973 

and 1973-1974 w i n t e r s  (Tables  10, 11; Chi-square t e s t s ,  M.S.). These two 

p l o t s  b a s i c a l l y  rece ived  t h e  same t rea tment  o r  non-treatment i n  1972 and 

1973 (Table 1). However, p l o t  3  t h a t  was t r e a t e d  i n  1972 b u t  was n o t  i n  

1973, saw a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  s u r v i v a l  r a t e s  of i t s  a d u l t  

popu la t ion  - 0.45 from A p r i l  1972 t o  A p r i l  1973, v e r s u s  0.10 between A p r i l  
- --  -. - 

1973 and ~ p r l l .  i 9 T 4  (Tables iO, i i ;  Chi-square,  s . r r . 3 ) .  i n i s  seems LO 

suppor t  t h e  1972-1973 evidence t h a t  o v e r a l l ,  t r e a t e d  s q u i r r e l s  may have 

b e t t e r  s u r v i v a l  r a t e s  than non-treated s q u i r r e l s .  Th i s  could  be r e l a t e d  t o  

t h e  f a c t  t h a t  t r e a t e d  s q u i r r e l s  accumulate f a t  f a s t e r  than non- t reated 

s q u i r r e l s .  S q u i r r e l s  t h a t  a r e  h e a v i e r  i n  June  s u r v i v e  b e t t e r  than l i g h t e r  

s q u i r r e l s  (D.R. Michener, 1972). 

J u v e n i l e  s u r v i v a l  dropped d r a s t i c a l l y  i n  1974 on t h e  c o n t r o l  p l o t  

when compared t o  t h e  p rev ious  year ' s  s u r v i v a l  (Chi-square, S.99.9). T h i s  

was n o t  observed on p l o t s  2 and 3  (Chi-square t e s t s ,  N.S.). A s  a  r e s u l t  of 

t h e  low d e n s i t i e s  on p l o t s  2  and 3  i n  1973 (Table  7 ) ,  j u v e n i l e s  were 

p o s s i b l y  b e t t e r  prepared t o  f a c e  t h e  h a r s h  c o n d i t i o n s  of t h e  w i n t e r  and 

s p r i n g  of 1974 t h a n  j u v e n i l e s  from t h e  h i g h  d e n s i t y  popula t ion  on t h e  

c o n t r o l  p l o t  . 



2. Summary: Adult popu la t ion  1974 

ADULT POPULATION 

A p r i l  1974 

1. In A p r i l  1974, a d u l t  popu la t ions  were reduced on a l l  p l o t s  compared t o  

t h e  p o p u l a t i o n s  observed on t h e s e  same p l o t s  i n  A p r i l  1972. However, 

t h e  d e c r e a s e  was s i g n i f i c a n t l y  g r e a t e r  on t h e  two p l o t s  t h a t  were 

p r e v i o u s l y  t r e a t e d  wi th  mes t rano l .  The l a r g e s t  d e c r e a s e  was a l s o  

c h a r a c t e r i s t i c  of t h e  l e a s t  dense p l o t  ( # 3 ) .  Sex r a t i o  was t h e  same on 

a l l  p l o t s .  

2. The same propor t ions  of a a u i t  and j u v e n i i e  s u r v i v o r s ,  and of new 

s q u i r r e l s  were found on a l l  p l o t s .  

3. On p l o t  3-1974, t h e r e  was a s i g n i f i c a n t  decrease  i n  t h e  p r o p o r t i o n  of 

new a d u l t s  when compared t o  what was observed i n  A p r i l  1973. T h i s  tends  

t o  i n d i c a t e  t h a t  t h e  surrounding s q u i r r e l  popu la t ion  could  no l o n g e r  

compensate f o r  t h e  l o s s e s  exper ienced  by p l o t  3. 

4. F ive  (from 25) of t h e  1972 a d u l t  females  su rv ived  t o  A p r i l  1974 on p l o t  

2; a l l  of them were p r e v i o u s l y  t r e a t e d .  Only 2  (from 18) of t h e  1972 

non- t reated a d u l t  females  from p l o t  1 surv ived  t o  1974. No d i f f e r e n c e  

i n  s u r v i v a l  could be shown. 

5. Annual s u r v i v a l  f o r  a d u l t  and j u v e n i l e  s q u i r r e l s  was t h e  same on t h e  

t r e a t e d  and non- t reated p l o t s  between A p r i l  1973 and A p r i l  1974. 

6. On t h e  c o n t r o l  p l o t ,  s u r v i v a l  i n  1973-1974 was s i g n i f i c a n t l y  lower than 

i n  1972-1975. Res iden t  (0.35) and a d u l t  (0.22) s q u i r r e l s  seemed t o  

s u r v i v e  b e t t e r  t h e  h a r s h e r  c o n d i t i o n s  encountered d u r i n g  t h e  1974 w i n t e r  

than d i d  t h e  non-resident (0.11) and j u v e n i l e  (0.08) s q u i r r e l s .  

7. On p l o t  3, a d u l t  s u r v i v a l  was lower dur ing  1973-1974 t h a n  dur ing 

1972-1973, whereas i t  was s i m i l a r  on p l o t s  1 and 2  i n  b o t h  y e a r s .  No 

t reatment  was g iven  i n  p l o t  3  i n  1973 a s  opposed t o  a  78% t rea tment  i n  

1972. This c o u l d  i n d i c a t e  t h a t  t r e a t e d  s q u i r r e l s  su rv ived  b e t t e r  than 

non-treated s q u i r r e l s  on t h i s  p l o t .  

8. On low d e n s i t y  p l o t s ,  such a s  p l o t s  modif ied by mes t rano l  t r ea tment ,  

j u v e n i l e s  d id  no t  s u f f e r  a s  much from t h e  h a r s h e r  c o n d i t i o n s  a s  

j u v e n i l e s  from t h e  h i g h  d e n s i t y  c o n t r o l  p l o t ;  t h e i r  s u r v i v a l  remained 

t h e  same i n  1974 a s  i n  1973, whi le  i t  dropped on t h e  c o n t r o l  p l o t .  



E. Overview: a d u l t  and j u v e n i l e  p o p u l a t i o n s  1972-1974 

1 Popula t ions  1972 

The mestranol  t r ea tment  of 1972 preven ted  t h e  s u c c e s s f u l  b reed ing  of 

96% of a l l  t r e a t e d  females  ( S e c t i o n  1.A). The number of j u v e n i l e s  pe r  

r e s i d e n t  female  was lower on t h e  c o n t r o l  p l o t  (6 .9)  t h a n  on p l o t s  2  (2 .4)  

and 3 (0.7) r e s p e c t i v e l y  (Table  7 ) .  However, t h i s  r e d u c t i o n  i n  n a t a l i t y  was 

compensated f o r  i n  many ways b o t h  i n  t h e  a d u l t  and j u v e n i l e  popula t ions .  

Between A p r i l  and May, t h e  a d u l t  popu la t ion  p r e s e n t  on  t h e  c o n t r o l  

p i o ~  decreased ,  w'niie those  from t h e  t r e a t e d  p i v i s  e i i i i e r  irlcreasmd ( p l o ~  2; 

o r  remained s t a b l e  ( p l o t  3 ) .  Not o n l y  were more a d u l t  s q u i r r e l s  l e f t  i n  May 

on  t h e  t r e a t e d  p l o t s ,  b u t  p r o p o r t i o n a l l y  more e s t a b l i s h e d  t e r r i t o r i e s  w i t h i n  

t h e  p l o t s .  Moreover, more immigration occur red  on to  t h e  t r e a t e d  p l o t s  and 

immigrants,  most of them females ,  f u r t h e r  i n c r e a s e d  t h e  r e p r o d u c t i v e  

p o t e n t i a l  of t h e  p l o t s  r e c e i v i n g  them ( p l o t  2 only) .  However, non-breeding 

s q u i r r e l s ,  i . e .  t h o s e  s t e r i l i z e d  wi th  mes t rano l ,  were more s u c c e s s f u l  than 

non-treated s q u i r r e l s  i n  main ta in ing  themselves a s  r e s i d e n t  on a  p l o t  ( # 2 ) ,  

thus  occupying burrows t h a t  presumably cou ld  have been used by more b reed ing  

s q u i r r e l s .  Treated females r e t u r n e d  i n t o  h i b e r n a t i o n  e a r l i e r  than 

non-treated females  of s i m i l a r  body weight.  There fore ,  a d u l t  popu la t ions  on 

t h e  t r e a t e d  p l o t s  were reduced when j u v e n i l e s  were a t t empt ing  t o  e s t a b l i s h  a  

home burrow, which may c o n t r i b u t e  t o  t h e  h i g h e r  i n g r e s s  of j u v e n i l e s  on t h e  

t r e a t e d  p l o t s .  

I n  e f f e c t ,  immigration of j u v e n i l e s  occurred much e a r l i e r  on to  t h e  

t r e a t e d  p l o t s  and immigrants represen ted  l a r g e r  p o r t i o n s  of t h e  j u v e n i l e  

popula t ions  i n  t h e s e  p l o t s  f o r  most of t h e  summer when compared wi th  t h e  

c o n t r o l  p l o t .  On t h e  c o n t r o l ,  immigration occur red  only when r e s i d e n t  

j u v e n i l e s  were a l r e a d y  going i n t o  h i b e r n a t i o n .  Thus t h e  reduced n a t a l i t y  

produced by t h e  mes t rano l  t rea tment  was compensated f o r  w i t h i n  t h e  j u v e n i l e  

popula t ions  themselves. However, t h e  q u e s t i o n s  remains  a s  t o  whether o r  n o t  

t h e  compensation was adequate  t o  f u l l y  r e p l e n i s h  what would have been t h e  

normal p o p u l a t i o n s  of j u v e n i l e s  i n  t h e  t r e a t e d  p l o t s .  

It was shown t h a t  the  mestranol  t r ea tment  a f f e c t e d  t h e  number of 

s q u i r r e l s  e s t a b l i s h i n g  t e r r i t o r i e s  i n  t r e a t e d  p l o t s  and t h a t  i t  l i m i t e d  t h e  

number of females  breeding,  and p o s s i b l y  a f f e c t e d  t h e  l i t t e r  s i z e .  



Consequently,  i t  i s  imposs ib le  t o  e s t i m a t e  t h e  number of j u v e n i l e s  t h a t  

would have been born on p l o t s  2 and 3 i f  no t rea tment  had been given.  It is 

n o t  known how many females  would have been p r e s e n t  t o  breed o r  how many 

j u v e n i l e s  would have been born t o  them. Moreover, i t  i s  n o t  p o s s i b l e  t o  

determine how many of t h e s e  j u v e n i l e s  would have been l e f t  a t  t h e  end of t h e  

summer. 

Two numbers can b e  

mes t rano l  t r ea tment .  The 

t h e  p l o t s  i n  e a r l y  A p r i l ;  

t rea tment  and should g ive  

The second number w a s  t h e  

used t o  e s t i m a t e  a  p o s s i b l e  compensation f o r  t h e  

f i r s t  was t h e  number of a d u l t  s q u i r r e l s  p r e s e n t  i n  

t h e s e  numbers were n o t  a f f e c t e d  by t h e  mes t rano l  

a  measure of t h e  c a r r y i n g  c a p a c i t y  o t  each p l o t .  

popu la t ion  of j u v e n i l e s  l e f t  i n  t h e  p l o t s  8 weeks 

a f t e r  mean j u v e n i l e  emergence. Th is  number of j u v e n i l e s  was a  r e s u l t  of a l l  

compensation f a c t o r s  t h a t  could a c t  up t o  t h a t  p o i n t  i n  e i t h e r  t h e  a d u l t  o r  

j u v e n i l e  popula t ions .  I n  a d d i t i o n ,  a t  t h a t  time most of t h e  a d u l t s  had gone 

i n t o  h i b e r n a t i o n  (Table  2) s o  t h a t  any d i f f e r e n c e  i n  a d u l t  behav ior  o r  

numbers had no f u r t h e r  e f f e c t ;  j u v e n i l e  p o p u l a t i o n s  were then  a  f u n c t i o n  of 

t h e  j u v e n i l e s '  behavior  and numbers. Also no j u v e n i l e  had gone i n t o  

h i b e r n a t i o n  a t  t h i s  t ime (Table 2) ;  t h e  numbers of j u v e n i l e s  observed should 

b e  a  f u n c t i o n  of t h e i r  a b i l i t y  t o  compensate f o r  t r ea tment  and be l i m i t e d  

only by t h e  c a r r y i n g  c a p a c i t y  of t h e  p l o t s .  

Numbers of a d u l t s  p r e s e n t  i n  e a r l y  A p r i l  and numbers of j u v e n i l e s  

p r e s e n t  8 weeks a f t e r  mean j u v e n i l e  emergence a r e  g iven  i n  Table  12; a  r a t i o  

c a l c u l a t e d  between t h e s e  coun ts  and t h e  d e n s i t i e s  can b e  compared. The 

r a t i o  (B/A) was 1/1 i n  a l l  p l o t s  i n d i c a t i n g  t h a t  t h e r e  were a s  many 

j u v e n i l e s  i n  J u l y  a s  t h e r e  were a d u l t s  i n  A p r i l .  Th i s  would tend t o  

i n d i c a t e  t h a t  a t  bo th  t i m e s ,  t h e  number of s q u i r r e l s  p r e s e n t  w a s  a  f u n c t i o n  

of t h e  c a r r y i n g  c a p a c i t y  of each p l o t ,  o r  a t  l e a s t  of t h e  surrounding a r e a ,  

and t h a t  p o s s i b l y  a t  b o t h  t imes ,  an  e q u i l i b r i u m  was reached between t h e  

space m a i l a b l e  and t h e  number of s q u i r r e l s .  Th i s  r a t i o  was t h e  same f o r  

a l l  p l o t s  no twi ths tand ing  t h e  mes t rano l  t r ea tment  g iven i n  e a r l y  A p r i l ;  i t  

thus seems t h a t  t h e  popula t ions  on t h e  t r e a t e d  p l o t s ,  through t h e  means 

mentioned above,  had compensated f o r  t h e  r e d u c t i o n  of t h e  j u v e n i l e  

popula t ions  brought  about by t h e  t r ea tment .  Furthermore,  d e n s i t i e s  were 

q u i t e  s i m i l a r  a t  bo th  t h e s e  t imes (Table  1 2 ) .  



Table  12. Est imate  of c o m ~ e n s a t i o n  f o r  t h e  mes t rano l  t r ea tment  
a s  seen  i n  t h e  3 u v e n i l e  p o p u l a t i o n s  p r e s e n t  on p l o t s  2  
and 3  i n  1972. 

P l o t  1 P l o t  2  P l o t  3 

A. Number of a d u l t  s q u i r r e l s  2  4 2  0 10 
p r e s e n t  i n  Apr il 

Densi ty  ( x l h e c t a r e )  3  7  2  9  12 

B. Number of j u v e n i l e  s q u i r r e l s  
ieft 8 weeks a f c e r  mean 2 6 2 3 i 0 
j u v e n i l e  emer ence 

Densi ty  (*?hectare) 4 0 3 3 12 

C. Rat io  ( B / A )  1.1 1.1 1.0 

Compensation f o r  t h e  reduced n a t a l i t y  r e s u l t i n g  a f t e r  mes t rano l  

t rea tment  was thus  achieved on p l o t s  2  and 3 themselves.  However i t  should 

b e  remembered t h a t  by cho ice  each p l o t  was a  more d e s i r a b l e  s p o t  t h a n  t h e  

a r e a  surrounding i t ;  thus  s q u i r r e l s  a r e  n a t u r a l l y  drawn towards them and any 

dead or  emigra t ing  s q u i r r e l  should  be r e a d i l y  rep laced  from neighbouring 

popula t ions .  However, t h e  numbers of j u v e n i l e s  born i n  t h e  whole a r e a  was 

reduced when t rea tment  was given and over  a  p e r i o d  of t i m e  t h e s e  a r e a s  would 

have a  much lower number of p o t e n t i a l  immigrants compared t o  t h e  a r e a  

surrounding t h e  c o n t r o l  p l o t .  I n  e f f e c t ,  t h e  j u v e n i l e  p o p u l a t i o n  i s  t h e  

pool from which popula t ions  a r e  r e p l e n i s h e d  a s  m o r t a l i t y  t a k e s  i t s  s h a r e ;  i f  

t h i s  pool i s  reduced, t h e  a b i l t i y  of a  g iven  popula t ion  t o  cope wi th  

m o r t a l i t y  would u l t i m a t e l y  b e  l e ssened .  The t r e a t m e n t s  g iven  i n  t h e  

popula t ions  surrounding p l o t  3 i n  1972 and p l o t  2 i n  1973 no doubt a l s o  had 

t h e  e f f e c t  o f  f u r t h e r  reducing t h e  t o t a l  number of p o t e n t i a l  immigrants f o r  

these  p l o t s .  



I n  t h e  1973 t r e a t e d  p l o t ,  i . e .  p l o t  2, r es idency  success  was s t i l l  

h igher  f o r  t r e a t e d  s q u i r r e l s ,  h u t  a d u l t  immigration was much reduced and a s  

a  r e s u l t ,  t h e  number of non- t reated s q u i r r e l s  r e s i d e n t  t h a t  year  was much 

reduced a s  compared t o  1972. These few non- t reated s q u i r r e l s  a l l  b red ,  b u t  

t h e  emerging l i t t e r  s i z e  was reduced by p r e d a t i o n  and had weather.  Thus 

v e r y  few young emerged on p l o t  2  i n  1973. Immigrant j u v e n i l e s  were few 

a 1  though they r e p r e s e n t e d  l a r g e  p r o p o r t i o n s  of t h e  t o t a l  j u v e n i l e  

populat ion.  Adul t  and j u v e n i l e  immigration may have been l i m i t e d  i n  1973 

due co cne mescranoi t rea tment  g iven around p i o t  Z and a l s o  a s  a  r e s u i c  of 

t h e  improved v e g e t a t i o n  c o n d i t i o n s  c h a r a c t e r i z i n g  t h e  whole s t u d y  a r e a .  

Thus l e s s  s q u i r r e l s  were a v a i l a b l e  t o  move i n  i n  comparison t o  1972. I n  

August 1973, 8 weeks a f t e r  mean j u v e n i l e  emergence, on ly  5 j u v e n i l e s  were 

l e f t  on p l o t  2. 

I n  p l o t  3-1973, r es idency  success  and a d u l t  immigration were t h e  same 

a s  on t h e  c o n t r o l  p l o t  and t h e  same number of j u v e n i l e s  immigrated a s  i n  

1972 . However, t h e  popula t ion  of j u v e n i l e s  emerging on p l o t  3  was reduced 

d r a s t i c a l l y  , a r e s u l t  i t  was thought of p r e d a t i o n  and poor weather .  Only 5 

j u v e n i l e s  were l e f t  8 weeks a f t e r  mean j u v e n i l e  emergence i n  t h i s  p l o t .  I n  

c o n t r a s t ,  27 j u v e n i l e s  were l e f t  on t h e  c o n t r o l  p l o t  (Wl) a t  t h e  same t ime 

(Table  13) .  

The number of j u v e n i l e s  l e f t  i n  August 1973 cannot  b e  compared t o  t h e  

A p r i l  1973 a d u l t  popu la t ions  a s  I have shown t h a t  on p l o t s  2  and 3, such 

a d u l t s  had been a f f e c t e d  by t h e  p rev ious  y e a r  mes t rano l  t r ea tment .  Thus 

o v e r a l l ,  t h e  A p r i l  1972 a d u l t  popu la t ions  s t i l l  provide t h e  on ly  g u i d e l i n e  

f o r  comparison, s i n c e  they were unaf fec ted  by any t r e a t m e n t .  R a t i o s  were 

e s t a b l i s h e d  between t h e  number of a d u l t s  p r e s e n t  i n  t h e  A p r i l  1972 and 1973 

popula t ions  and t h e  number of j u v e n i l e s  l e f t  8 weeks a f t e r  mean j u v e n i l e  

emergence i n  1973. These a r e  shown i n  Table  13. 

When using t h e  A p r i l  1972 a d u l t  numbers ( A )  and comparing t h e  

r e s u l t i n g  juven i le -adu l t  r a t i o  (D) t o  t h a t  observed i n  1972 (Table 1 2 ) ,  i t  

can b e  s e e n  t h a t  on t h e  c o n t r o l  p l o t ,  t h e  same r a t i o  was observed each y e a r ,  

i - e .  1.1 (Tables  12 and 13) .  By c o n t r a s t  on p l o t  2, a  p l o t  twice  t r e a t e d  

(Table  l ) ,  t h e  r a t i o  w a s  on ly  0.25 i n  1973 w h i l e  i t  was t h e  same a s  i n  t h e  

c o n t r o l  p l o t  i n  1972 , i . e .  1.1 (Table  12) .  In  p l o t  3, a  p l o t  t r e a t e d  only 



Table  13. Es t imate  of c o m ~ e n s a t i o n  f o r  t h e  mes t rano l  t r ea tment  
a s  seen  i n  t h e  Suven i le  p o p u l a t i o n s  p r e s e n t  on p l o t s  2 
and 3 i n  1973. 

P l o t  1 P l o t  2 P l o t  3 

A. Number of a d u l t s  
r e s e n t  i n  24 2 0 10 

xpril 1972 

B. Number of a d u l t s  
p r e s e n t  i n  A p r i l  1973 3 7 24 2 0 

C .  Number of u v e n i l e s  
l e f t  8 wee kl s a f t e r  2 7 
mean d a t e  of juve- 
n i l e  emergence 

D. R a t i o  (C/A) 1.1 0.25 0.50 

E. Rat io  (C/B) 0.73 0.20 0.25 

once, juven i le -  a d u l t  r a t i o  was 0.50 i n  1973 a s  compared t o  a v a l u e  of 1.0 

i n  1972 (Tables  12 and 1 3 ) .  The r a t i o  (E) comparing t h e  1973 a d u l t  t o  

j u v e n i l e  p o p u l a t i o n s  a l s o  shows t h e  l a c k  of b reed ing  success  c h a r a c t e r i z i n g  

t h e  non-treated popula t ions .  While b o t h  p l o t s  2 and 3 had compensated f o r  

t h e i r  l o s s e s  i n  1972, such was n o t  t h e  c a s e  i n  1973. The g r e a t e s t  l o s s  

occurred i n  p l o t  2, where t h e  j u v e n i l e  p o p u l a t i o n  i n  1973 was on ly  a f i f t h  

of t h a t  observed i n  1972; on p l o t  3, t h e  j u v e n i l e  popula t ion  had been 

reduced t o  h a l f  t h e  numbers observed a t  t h e  same t ime i n  1972 (Tables 12 and 

13) .  

When t h e  p r o p o r t i o n s  of a d u l t s  ( A p r i l )  and j u v e n i l e s  (8  weeks a f t e r  

mean emergence) p r e s e n t  i n  1973 a r e  compared t o  what they were i n  1972 

(Tables 12 and l 3 ) ,  i t  i s  s e e n  t h a t  t h e  j u v e n i l e s  p r o p o r t i o n s  observed i n  

1973 were s i g n i f i c a n t l y  reduced i n  p l o t  2 (Chi-square,  S.99.9), w h i l e  they 

were t h e  same i n  p l o t s  1 and 3 each year  (Chi-square t e s t s ,  N.S.1. It can 

thus be concluded t h a t  p l o t  2 was n o t  conpensat ing anymore f o r  t h e  l o s s e s  

i n c u r r e d  i n  1972 and 1973 a s  a r e s u l t  of t h e  n a t u r a l  m o r t a l i t y  causes ,  bu t  

e s p e c i a l l l y  a s  a r e s u l t  of t h e  mes t rano l  t r ea tments  g iven.  The t r e a t m e n t s  

, 



had most l i k e l y  des t royed  t h e  s u r p l u s  t h a t  normal ly  a l lows a  p o p u l a t i o n  t o  

recover  from n a t u r a l  l o s s e s .  Th i s  i s  a l s o  probably  t h e  c a s e  i n  p l o t  3, 

a l though  t h e  l o s s e s  were n o t  a s  d r a s t i c .  It is  l i k e l y  t h a t  t h e  s m a l l  

numbers of s q u i r r e l s  involved i n  t h a t  p l o t  precluded t h e  demonstra t ion of 

any s t a t i s t i c a l  d i f f e r e n c e s .  

3. Popula t ions  1972-1974 

Within each y e a r ,  compensatory mechanisms were a t  work t o  a l l e v i a t e  

t h e  r e d u c t i o n s  produced i n  t h e  p l o t s  by n a t u r a l  m o r t a l i t y  f a c t o r s ,  a s  w e l l  

oc by the  ~ e o t r n n 5 l  t r ee t zez te  gi72z. The 23z t r31  p c p d c t i ~ z  zcc=cd t 3  -- 
f l u c t u a t e  a s  a  f u n c t i o n  of t h e  food supply a v a i l a b l e  as  determined by 

weather,  and o t h e r  m o r t a l i t y  f a c t o r s  such a s  p r e d a t i o n .  P l o t s  2  and 3, 

which were t r e a t e d  once o r  twice,  were a l s o  submi t t ed  t o  t h e s e  n a t u r a l  

l o s s e s  b u t  a l s o  had a  reduc t ion  of t h e i r  popu la t ions  a s  a  r e s u l t  of t h e  

mes t rano l  t r ea tments  g iven.  It is p o s t u l a t e d  t h a t  t h e  f l u c t u a t i o n s  observed 

on t h e  c o n t r o l  p l o t  a r e  w i t h i n  t h e  bounds imposed by t h e  n a t u r a l  environment 

and t h a t  s u r p l u s  s q u i r r e l s  were always a v a i l a b l e  t o  a l l o w  a  maximal 

u t i l i z a t i o n  of t h e  h a b i t a t .  A s  a  r e s u l t ,  more a d u l t s  than needed were 

p r e s e n t  every  s p r i n g  so  t h a t  a l l  home a r e a s  a l lowed by t h e  c u r r e n t  food 

supply cou ld  be  f i l l e d .  Many more j u v e n i l e s  than needed t o  u s e  t h e  

a v a i l a b l e  space  o r  food were born  each y e a r  t o  compensate f o r  normal and 

p o s s i b l y  g r e a t e r  than normal m o r t a l i t y  dur ing t h e  sumner ( p r e d a t i o n ,  r a i n )  

o r  w i n t e r  ( h a r s h  w i n t e r ) .  In  p l o t s  2 and 3, l o s s e s  r e s u l t i n g  from t h e  

mestranol  t r e a t m e n t s  were compensated f o r  1. by g r e a t e r  a d u l t  and j u v e n i l e  

immigration,  2. by lowered a d u l t  and j u v e n i l e  d i s p e r s a l  and 3. by improved 

a d u l t  and j u v e n i l e  s u r v i v a l .  I f e e l  however t h a t  the  a b i l i t y  of t h e s e  p l o t s  

t o  compensate f o r  n a t u r a l  and imposed l o s s e s  was e f f e c t i v e l y  des t royed .  A s  

a  r e s u l t ,  p l o t s  2 and 3 were no l o n g e r  a b l e  t o  s u s t a i n  t h e  l o s s e s  i n c u r r e d  

through p r e d a t i o n ,  overwin te r  m o r t a l i t y ,  d i s p e r s a l ,  e t c .  and t h e i r  numbers 

consequent ly  d e c l i n e d .  It is  proposed t o  summarize h e r e  t h e  popula t ion  

f l u c t u a t i o n s  exper ienced by t h e  t h r e e  p l o t s  between A p r i l  1972 and 1974, 

us ing  t h e  A p r i l  1972 a d u l t  popu la t ions  a s  a  b a s e l i n e .  Only a t  t h a t  time 

were a l l  popu la t ions  unaf fec ted  by mes t rano l  t r ea tment .  These f l u c t u a t i o n s  

a r e  summarized i n  Table  14. 



Table  14. F l u c t u a t i o n s  of t h e  a d u l t  and j u v e n i l e  o u l a t i o n s  
found on p l o t s  1, 2 and 3 during 1972, 7973 and 1974. 
'Ihe a d u l t  o u l a t i o n s  o f  A p r i l  1972 a r e  used a s  a 
b a s e l i n e  (?08%) f o r  comparisons. 

P l o t  1 P l o t  2 P l o t  3 

A r i l  1972 
*cohort 

r e s i d e n t s  

3. j u v e n i l e  cohor t  

M l e  cohor t  

e t  r e s i d e n t s  

7. j u v e n i l e  cohor t  

w i l e  cohor t  

A r i l  1974 
*cohort 

* : number of j u v e n i l e s  l e f t  i n  each p l o t  8 weeks a f t e r  mean 
d a t e  o f  j u v e n i l e  emergence , ( ) : number of s q u i r r e l s  involved.  



It i s  assumed t h a t  a  b a s i c  number of 100 s q u i r r e l s  were p r e s e n t  i n  

each p l o t  i n  A p r i l  1972 ( 1 ) .  I n  May 1972, s u r p l u s e s  were reduced s h a r p l y  on 

t h e  c o n t r o l  p l o t  a s  home a r e a s  were e s t a b l i s h e d  i n  response t o  t h e  h a b i t a t  

c o n d i t i o n s  p r e v a i l i n g  then ( 2 ) .  In t h e  t r e a t e d  p l o t s ,  t h e  numbers of 

s q u i r r e l s  were n o t  reduced i n  such a  manner; a l l  t h e  s q u i r r e l s  p r e s e n t  i n  

A p r i l  and s t i l l  a l i v e  i n  May, e s t a b l i s h e d  home a r e a s  a s  d id  l a r g e  numbers of 

immigrant a d u l t s  ( 2 ) .  Th i s  was s e e n  as t h e  f i r s t  compensation o f f e r e d  by 

these  p o p u l a t i o n s  t o  t h e  t r e a t m e n t s  g iven.  I n  May, t h e  c o n t r o l  p l o t  

produced a  l a r g e  j u v e n i l e  cohor t .  P l o t  2, t r e a t e d  a t  50% b u t  having a l r e a d y  

popula t ion ,  succeeded i n  producing a  j u v e n i l e  c o h o r t  e q u i v a l e n t  t o  t h e  one 

seen on t h e  c o n t r o l  p l o t  ( 3 ) .  P l o t  3, having rece ived  a  more i n t e n s i v e  

t r e a t m e n t ,  w a s  n o t  so s u c c e s s f u l  and i t s  j u v e n i l e  c o h o r t  was on ly  h a l f  of 

t h a t  observed on t h e  two o t h e r  p l o t s  ( 3 ) .  However, compensation occur red  i n  

t h e  j u v e n i l e  p o p u l a t i o n s  themselves,  s o  t h a t  a t  the  end of t h e  s u m e r ,  

j u v e n i l e  populat ior is  were e q u i v a l e n t  on a l l  p l o t s  ( 4 ) .  Winter was 

r e l a t i v e l y  mi ld  i n  1972-1973, and a l l  A p r i l  1973 p o p u l a t i o n s  had i n c r e a s e d  

when compared t o  t h e  A p r i l  1972 l e v e l s ,  e s p e c i a l l y  on p l o t  3  ( 5 ) .  More 

r e s i d e n t s  e s t a b l i s h e d  home a r e a s  on t h e  c o n t r o l  p l o t ,  whi le  reduced 

immigration on p l o t  2  and i n c r e a s e d  m o r t a l i t y  on p l o t  3  e i t h e r  mainta ined o r  

s l i g h t l y  reduced t h e i r  r e s i d e n t  p o p u l a t i o n s  when compared t o  t h e  May 1972 

l e v e l s  ( 6 ) .  Already,  t h e  t r e a t e d  p l o t s  were seemingly l o s i n g  t h e i r  a b i l i t y  

t o  compensate f o r  i n c u r r e d  l o s s e s .  Again t h e  c o n t k o l  p l o t  produced a  l a r g e  

j u v e n i l e  c o h o r t  i n  ?lay 1973. P l o t s  2  and 3  f a i l e d  t o  do so  however, and 

t h e i r  j u v e n i l e  c o h o r t s  were on ly  f r a c t i o n s  of t h e i r  b a s e l i n e  popula t ions  

( 7 ) .  Again, p l o t s  2  and 3  were f a i l i n g  t o  compensate f o r  t h e  l o s s e s  

i n c u r r e d  through n a t u r a l  r educ t ion  f a c t o r s  o r  r e s u l t i n g  from t h e  t r ea tment .  

By J u l y  1973, t h e  j u v e n i l e  cohor t  on t h e  c o n t r o l  p l o t  was comparable t o  t h e  

one observed i n  J u l y  1972, whi le  i n  p l o t s  2 and 3, j u v e n i l e  p o p u l a t i o n s  were 

only  f r a c t i o n s  of t h e i r  1972 l e v e l s  ( 8 ) .  In  A p r i l  1974, a l l  p o p u l a t i o n s  

were reduced, probably  a s  a  r e s u l t  of the  h a r s h  1973-1974 w i n t e r  c o n d i t i o n s  

(9 ) .  However, t h e  c o n t r o l  p l o t  s t i l l  had enough s q u i r r e l s  t o  f i l l  t h e  home 

a r e a s  a v a i l a b l e ,  w h i l e  b o t h  p l o t s  2 and 3 were l e f t  wi th  much reduced 

numbers of s q u i r r e l s .  Surrounding popula t ions  had a l s o  been d e p l e t e d  by t h e  



mes t rano l  t r e a t m e n t s  g i v e n  t h e  p r e v i o u s  y e a r s ,  and by t h e  h a r s h  1973-1974 

w i n t e r  c o n d i t i o n s .  The su r round ing  a r e a  p o p u l a t i o n s  were no l o n g e r  a b l e  t o  

compensate f o r  t h e  l o s s e s  i n c u r r e d  by p l o t s  2 and 3 ,  nor  were t h e  

p o p u l a t i o n s  o n  t h e s e  p l o t s  a b l e  t o  make maximal u s e  of t h e i r  h a b i t a t .  



RESULTS PART I V .  SOCIAL BEFIAVIOR 

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

S o c i a l  o r g a n i z a t i o n  may b e  analyzed i n  terms of s o c i a l  r e l a t i o n s h i p s  

between i n d i v i d u a l s .  Such r e l a t i o n s h i p s  f o l l o w  a  p r e d i c t a b l e  p a t t e r n  w i t h i n  

a  g iven  popula t ion  and a r e  e s t a b l i s h e d  through r e g u l a r  b e h a v i o r a l  c o n t a c t s  

between two o r  more i n d i v i d u a l s .  Some c o n t a c t s  i n c r e a s e  t h e  tendency of t h e  

s o c i a l  members t o  remain t o g e t h e r ,  and thus  a r e  desc r ibed  a s  cohes ive  (King, 

1955).  Other  types  of i n t e r a c t i o n s  tend t o  sp read  t h e  i n d i v i d u a l s  
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such i n t e r a c t i o n s  a r e  desc r ibed  a s  a g o n i s t i c  ( S c o t t ,  1956 and 1958) .  

Many cohes ive  and a g o n i s t i c  t y p e s  of i n t e r a c t i o n s  were observed i n  

popula t ions  of Richardson's  ground s q u i r r e l s  and have been desc r ibed  i n  

d e t a i l  by Quanstrom (1968 and 1971) ,  Yeaton (1969 and 1972) ,  C l a r k  (1969) ,  

C la rk  and Denniston (1971),  Sheppard and Yoshida (1971) ,  IJhyte (1971) and 

Michener (1971).  A l l  t h e  types  of i n t e r a c t i o n s  desc r ibed  i n  t h e s e  p rev ious  

s t u d i e s  were n o t  recorded i n  my i n v e s t i g a t i o n  a s  t h e  purpose of t h i s  work 

was t o  q u a n t i f y  c e r t a i n  t y p e s  of behav ior  and n o t  t o  g i v e  a  d e t a i l e d  

d e s c r i p t i o n  of them. The types  of i n t e r a c t i o n s  used t o  q u a n t i f y  s o c i a l  

behavior  i n  t h e  p r e s e n t  s tudy  were desc r ibed  i n  t h e  M a t e r i a l  and Yethods 

s e c t i o n .  S o c i a l  r e l a t i o n s h i p s  i n  popula t ions  of Richardson's  ground 

s q u i r r e l s  were i n v e s t i g a t e d  by G.R. Michener (1972) ,  and Michener and 

Sheppard (1972).  S o c i a l  s t r u c t u r e  was d e s c r i b e d  by some of t h e  same a u t h o r s  

(Yeaton, 1972; Wehrel l ,  1973; Michener,  1973b and 1 9 7 3 ~ )  . 
The cohes ive  and a g o n i s t i c  r e l a t i o n s h i p s  observed between d i f f e r e n t  

groups of ground s q u i r r e l s  w i l l  be d e s c r i b e d  h e r e ,  and t h e i r  i n t e n s i t i e s  

compared. Comparisons w i l l  be made between t r e a t e d  and non- t reated p l o t s  o r  

s q u i r r e l s ,  and f o r  a d u l t  t o  a d u l t ,  a d u l t  t o  young, and young t o  young 

i n t e r a c t i o n s .  Comparisons w i l l  a l s o  be  made between seasons .  

The numbers o f  j u v e n i l e s  p r e s e n t  on p l o t s  2  and 3 i n  1973 were s o  

reduced i n  May 1973 (Fig.  5 )  t h a t  i t  was judged necessa ry  t o  e s t a b l i s h  

t h r e e  n o r e  p l o t s  t o  o b t a i n  a d d i t i o n a l  d a t a  on j u v e n i l e  b e h a v i o r ;  i n  e f f e c t ,  

no more i n t e r a c t i o n s  were observed then  among j u v e n i l e s  on p l o t s  2  and 3  

(Fig.  7 ) .  Subsequent ly ,  64 45-minute o b s e r v a t i o n  p e r i o d s  were made on 

p l o t s  4, 5 and 6 between June 2  and August 28, 1973 (App- 2 ) .  While d a t a  



on s o c i a l  behavior  among j u v e n i l e s ,  and between j u v e n i l e s  and a d u l t s  w i l l  be 

d i scussed  from a l l  s i x  p l o t s ,  i n t e r a c t i o n s  among a d u l t s  w i l l  be d e s c r i b e d  

most ly  f o r  a d u l t s  from p l o t s  1, 2  and 3. By t h e  t ime t h a t  b e h a v i o r a l  

o b s e r v a t i o n s  s t a r t e d  on p l o t s  4, 5  and 6,  most a d u l t - a d u l t  i n t e r a c t i o n s  had 

a l r e a d y  t aken  p l a c e ,  j u v e n i l e s  had a l r e a d y  emerged and j u v e n i l e  pa ren tage  

was unknown. Data on a d u l t s  and j u v e n i l e s  on t h e s e  p l o t s  d i d  n o t  match d a t a  

from p l o t s  1, 2  and 3  i n  p r e c i s i o n .  Th is  is  why sometimes, d a t a  from p l o t s  

4, 5 and 6  w i l l  be d i scussed  s e p a r a t e l y ,  b u t  w i l l  be compared t o  p l o t  1 f o r  

re fe rence .  

B. Cohesive behavior  

A t o t a l  of 354 cohesive  i n t e r a c t i o n s  were recorded on p l o t s  1, 2  and 

3  dur ing t h e  f i e l d  seasons  1972 and 1973 (App. 3 )  i n  a  t o t a l  of 234 

45-minute o b s e r v a t i o n  p e r i o d s  (App. 2 ) .  S i m i l a r l y ,  185 cohes ive  a c t s  were 

counted on p l o t s  4, 5 and 6  (App. 3 )  a f t e r  64 observa t ion  p e r i o d s  (App. 

2 ) .  These i n t e r a c t i o n s  w i l l  be analyzed h e r e  i n  r e l a t i o n  t o  t h e i r  frequency 

between d i f f e r e n t  age and s e x  c l a s s e s  of s q u i r r e l s  and i n  r e l a t i o n  t o  t h e i r  

t iming i n  t h e  annual cyc le .  The n a t u r e  of t h e s e  i n t e r a c t i o n s  w i l l  be 

b r i e f l y  given.  

i. ~ d u i t - a d u l t  i n t e r a c t i o n s  

Only t h i r t e e n  cohes ive  i n t e r a c t i o n s  were observed between a d u l t s  on 

p l o t s  1, 2  and 3 dur ing t h e  1972 and 1973 s e a s o n s ,  r e p r e s e n t i n g  l e s s  than  4% 

of t h e  cohes ive  a c t s  recorded (App. 3 ) .  Adult cohes ive  behavior  c o n s i s t e d  

of s o c i a l  grooming (38%) ,  nose c o n t a c t s  (31%) ,  k i s s e s  (15%) and p o s i t i v e  

a s s o c i a t i o n  (15%) (from App. 9A). 

Cohesive behavior  was r a r e  and sporad ic  among a d u l t  s q u i r r e l s  and 

occurred only between mid-April and t h e  beginning of June  each y e a r  (F ig .  

7) .  h r i n g  t h a t  p e r i o d ,  home a r e a s  were w e l l  e s t a b l i s h e d ,  young were born 

and females were busy f e e d i n g  them. By t h e  middle of Kay, j u v e n i l e s  had 

begun t o  emerge from t h e  mate rna l  burrow b u t  were s t i l l  conf ined t o  t h e i r  

mother's home a r e a .  

No d i f f e r e n c e s  i n  cohes ive  behavior  could  be shown between p l o t s  i n  

1972 and 1973 (Mann-Whitney t e s t s ) .  S i m i l a r l y ,  t h e r e  was no d i f f e r e n c e  

w i t h i n  any p l o t  between t h e  1972 and 1973 seasons .  The maximum l e v e l s  of 
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F igure  7. Average numbers of ~ i c h a r d s o n ' s  ground s q u i r r e l s ,  and 

of cohes ive  and a g o n i s t i c  i n t e r a c t  ions  observed on 

p l o t s  1, 2,  3 ,  4,  5 and 6 dur ing  1972 and 1973 

average number of a c t i v e  a d u l t  and j u v e n i l e  s q u i r r e l s  
- 0 -  observed dur ing  a 45-minute o b s e r v a t i o n  per iod  

average  number o f  a c t i v e  j u v e n i l e  s q u i r r e l s  observed 
dur ing  a  45-minute o b s e r v a t i o n  p e r i o d  

average number o f  a d u l t - a d u l t  i n t e r a c t i o n s  observed per  
100 s q u i r r e l s  dur ing  a  45 minute o b s e r v a t i o n  p e r i o d  

n average  number o f  adult-young i n t e r a c t i o n s  observed 
per  100 s q u i r r e l s  dur ing  a 45-minute o b s e r v a t i o n  
p e r i o d  

average  number of young-young i n t e r a c t i o n s  observed 
per  100 s q u i r r e l s  dur ing  a  45-minute o b s e r v a t i o n  
p e r i o d  

a n  ' x '  on t h e  h o r i z o n t a l  a x i s  i n d i c a t e s  that s q t t i r r c l s  - beionging t o  a  g iven  group were p r e s e n t ,  b u t  d i d  n o t  
i n  t e r a c  t 

* number o f  i n t e r a c t i o n s  pe r  100 s q u i r r e l s  per  45-minute 
o b s e r v a t i o n  p e r i o d  

number of s q u i r r e l s  pe r  45-minute o b s e r v a t i o n  per iod  
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cohes ive  i n t e r a c t i o n s  among a d u l t s  were observed on p l o t  2  i n  b o t h  y e a r s  

(Fig .  7; Table  15) .  Seven of 9  cohes ive  a c t s  observed on t h i s  p l o t  

involved mes t rano l  t r e a t e d  s q u i r r e l s  (App. 3  ). However, a s  a  r e s u l t  of 

t h e  low number involved,  a  Mann-Whitney rank ing  t e s t  f a i l e d  t o  show any 

s i g n i f i c a n t  d i f f e r e n c e  between t r e a t e d  and non- t reated s q u i r r e l s  (Table  15) .  

The maximum l e v e l  of cohes ive  i n t e r a c t i o n s  among a d u l t  s q u i r r e l s  occurred on 

p l o t  2, where a d u l t  d e n s i t y  was h i g h e s t  (Tab le  5 )  b u t  where a t  l e a s t  50% of 

t h e  s q u i r r e l s  were s t e r i l i z e d  (Table  1 ) .  However, though t r e a t m e n t s  and 

d e n s i t i e s  changed between p l o t s  and y e a r s ,  no d i f f e r e n c e s  could  be 

r l ~ m o n s t r n t e d  hetween i n  t p n c i  t i e s  n f  adil l  t ~ n h ~ s i v ~  h p h a v i n r  ( B i o .  7 ) .  

The i d e n t i t y  of many s q u i r r e l s  which had been t rapped and marked t h e  

p rev ious  y e a r  was known i n  1973. As a  r e s u l t ,  i t  was p o s s i b l e  t o  e s t a b l i s h  

t h a t  cohesive  i n t e r a c t i o n s  among a d u l t s  occur red  mainly between r e l a t e d  

s q u i r r e l s  o r  between neighbours.  Two y e a r l i n g  females ,  born from t h e  same 

l i t t e r  i n  1972 and occupying a d j a c e n t  t e r r i t o r i e s  i n  1973, were s e e n  t o  

groom each o t h e r .  An a d u l t  female  was s e e n  r e l a t i n g  cohes ive ly  towards two 

y e a r l i n g  s q u i r r e l s  t h a t  were born i n  a  t e r r i t o r y  a d j a c e n t  t o  h e r  own i n  

1972, and were s t i l l  her  neighbours i n  1973. I n  every c a s e  of c o h e s i v e  

behavior  among a d u l t s ,  t h e  s q u i r r e l s  were occupyin3 a d j a c e n t  t e r r i t o r i e s .  

Adult females ,  t r e a t e d  o r  n o t ,  r e l a t e d  cohes ive ly  t o  each o t h e r  and t o  a d u l t  

males;  t h e  l a t t e r  were n o t  seen behaving cohes ive ly  among themselves.  

2. Adult-young i n t e r a c t i o n s  

a .  P l o t s  1, 2 and 3  

Adul t s  and j u v e n i l e s  were observed t o  behave cohes ive ly  towards each 

o t h e r  on 139 occasions  on p l o t s  1, 2  and 3. Th is  r e p r e s e n t s  39% of a l l  

cohes ive  a c t s  observed,on t h e s e  p l o t s  dur ing  1972 and 1973 (App. 3 ) .  

Mothers were s e e n  i n  a  p o s i t i v e  a s s o c i a t i o n  wi th  t h e i r  own young, 

account ing f o r  40% of a l l  adult-young cohes ive  i n t e r a c t i o n s  observed,  

and t h e s e  f e n a l e s  were e i t h e r  grooming (14%) ,  k i s s i n g  ( l o % ) ,  nosing 

(a%) ,  o r  p lay ing  (4%) with t h e i r  o f f s p r i n g  (from App. 9A). J u v e n i l e s  

a l s o  a s s o c i a t e d  wi th  neighbouring a d u l t s  ( 1  I % ) ,  a l though  t o  a  l e s s e r  

e x t e n t ,  e s t a b l i s h i n g  nose c o n t a c t s  ( 8 % ) ,  k i s s i n g  (1%) and being groomed 

(3%) o r  o c c a s i o n a l l y  p l a y i n g  (1%) wi th  them (from App. 9A). 
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Of a l l  t h e  i n t e r a c t i o n s  observed on t h e  non- t reated p l o t s ,  85% of a l l  

adult-young i n t e r a c t i o n s  occurred between mother and o f f s p r i n g ,  and only  

15% were between j u v e n i l e s  and non-re la ted a d u l t  s q u i r r e l s  (from App. 

3 ) .  The f a c t  t h a t  j u v e n i l e s  r e l a t e  more o f t e n  t o  t h e i r  mother than t o  

s t r a n g e  a d u l t s  was a l s o  observed by Michener and Sheppard (1972) i n  

f i e l d  and l a b o r a t o r y  s i t u a t i o n s .  By c o n t r a s t  on t h e  t r e a t e d  p l o t s ,  43% 

of t h e  adult-young cohes ive  i n t e r a c t i o n s  occur red  between j u v e n i l e s  and 

t h e i r  a d u l t  male o r  female neighbours ,  whi le  only 57% were observed 

between mother and o f f s p r i n g  (App. 3 ) .  These r a t i o s  d i f f e r  

s i g n i f i c a n t i y  from t h e  c o n t r o i  (Chi-square,  S.99.9j. 

J u v e n i l e s  i n  t h e  t r e a t e d  p l o t s  r ece ived  a s  much a t t e n t i o n  from t h e  

a d u l t s  a s  j u v e n i l e s  from the  non-treated p l o t s .  When t h e  average numbers of 

adult-young cohesive  a c t s  p e r  a d u l t  and j u v e n i l e  (Table  15) o r  p e r  j u v e n i l e  

o n l y ,  were compared wi th  Mann-Whitney t e s t s ,  no s i g n i f i c a n t  d i f f e r e n c e  was 

determined between t r e a t e d  and non- t reated p l o t s .  On average,  each  j u v e n i l e  

and a d u l t  s q u i r r e l  i n t e r a c t e d  cohes ive ly  towards each o t h e r  on 5.0, 3.9 and 

4.2 occasions  on  p l o t s  1, 2 and 3 dur ing t h e  1972 season ,  w h i l e  they d i d  s o  

3.3, 5.8 and 9.5 t imes  i n  1973 (Table 15) ;  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  

between any of t h e s e  numbers (Mann-Whitney t e s t s )  . Mest rano l - t rea ted  

s q u i r r e l s  d i d  n o t  behave more cohes ive ly  towards j u v e n i l e s  than non- t reated 

a d u l t  s q u i r r e l s  t h a t  were n o t  r e l a t e d  t o  t h e  j u v e n i l e s  (Mann-IJhitney t e s t s ,  

c a l c u l a t e d  from App. 3 and 5 ) .  

I n  1972, t h e  maximum of t o t a l  cohesive  i n t e r a c t i o n s  occur red  20 days 

a f t e r  t h e  f i r s t  emergence of j u v e n i l e s  on a l l  p l o t s ,  which corresponded wi th  

t h e  g r e a t e s t  combined number of a c t i v e  a d u l t  and j u v e n i l e  s q u i r r e l s  observed 

on each p l o t  (F ig .  7 ) .  Adult-young i n t e r a c t i o n s  on a l l  p l o t s  s t a r t e d  10 

days a f t e r  f i r s t  emergence of t h e  j u v e n i l e s ,  soon reached a maximum and then 

dec l ined  t o  zero  a f t e r  40  days on p l o t s  1 and 3 (Fig .  7 ) .  During t h i s  

t i m e ,  i .e. from mid-?fay u n t i l  t h e  t h i r d  week of June ,  j u v e n i l e s  had emerged 

and become more independent of t h e i r  mothers. Adult females s p e n t  more t ime 

feed ing  and responded l e s s  t o  t h e i r  o f f s p r i n g .  A d d i t i o n a l l y ,  j u v e n i l e  

ground s q u i r r e l s  were i n c r e a s i n g  t h e i r  a r e a  of a c t i v i t y  f u r t h e r  from t h e  

mate rna l  burrows. By t h e  end of June,  t h e  v a s t  m a j o r i t y  of a d u l t  s q u i r r e l s  

had gone i n t o  h i b e r n a t i o n  (Table  2) s o  t h a t  no more adult-young i n t e r a c t i o n s  

were observed above ground (Fig .  7 ) .  While no a d u l t s  were l e f t  on p l o t s  1 



and 3  a f t e r  t h e  end of June,  i n  J u l y  one o r  two l a t e  b reed ing  females  were 

s t i l l  a c t i v e  on p l o t  2. These f e n a l e s  s t i l l  behaved cohes ive ly  t o  t h e i r  

o f f s p r i n g  (F ig .  7 ) .  

I n  1973, adult-young cohes ive  i n t e r a c t i o n s  occurred between mid-May 

and t h e  f i r s t  10 days of J u l y  and,  a s  occur red  i n  1972, peaked d u r i n g  t h e  

f i r s t  20 days of June  (Fig .  7 ) .  The peak of cohes ive  behavior  co inc ided  

wi th  t h e  p resence  of t h e  l a r g e s t  numbers of a d u l t  and j u v e n i l e  s q u i r r e l s  

be ing  a c t i v e  on t h e  c o n t r o l  p l o t  ( F l ) ,  w h i l e  i t  lagged by 10 days on p l o t  2, 

and a c t u a l l y  corresponded t o  a  low i n  s q u i r r e l  numbers on p l o t  3  (Fig .  7 ) .  
- m e  iow numbers o f  j u v e n i i e s  wnicn were p resenc  on cne i a c c e r  cwo p i o c s  

tended t o  over-emphasize t h e  few i n t e r a c t i o n s  which a c t u a l l y  occur red  on 

t h e s e  p l o t s  ( s e e  App. 3).  A s  i n  1972, no s i g n i f i c a n t  d i f f e r e n c e  of 

adult-young cohesive  behavior  was observed between p l o t s  dur ing  t h e  1973 

season  and no d i f f e r e n c e  w a s  s e e n  w i t h i n  any p l o t  between 1972 and 1973 

(Mann-Whitney t e s t s ) .  

b. P l o t s  4, 5  and 6 

Behav iora l  obse rva t ions  s t a r t e d  i n  e a r l y  June on p l o t s  4, 5 and 6 

(Fig.  7 ) .  The f u l l  p a t t e r n  of adult-young i n t e r a c t i o n s  was n o t  seen on 

t h e s e  t h r e e  p l o t s .  P l o t  6 d i d  show a  s i m i l a r  p a t t e r n  which lagged some 10 

days behind t h a t  observed on p l o t  1 (Fig .  7 ) .  In  e f f e c t ,  t h e  i n t e n s i t y  of 

adult-young cohes ive  i n t e r a c t i o n s  i n c r e a s e d ,  peaked and d e c l i n e d  a s  t h e  

number of a d u l t  s q u i r r e l s  a c t i v e  above ground changed (Fig .  7 ) .  Only on 

p l o t  4  d i d  t h e  peak of cohes ive  behavior  c o i n c i d e  wi th  t h e  maximum combined 

numbers of s q u i r r e l s  a c t i v e  on t h e  p l o t s  (Fig .  7 ) .  

P l o t s  4, 5 and 6 r e s p e c t i v e l y  averaged 9.2, 10.4 and 15.2 adult-young 

cohesive  i n t e r a c t i o n s  per 100 s q u i r r e l s  between June 1 and J u l y  20 w h i l e  t h e  

c o n t r o l  p l o t  ( # I )  averaged only 2.2 a c t s  dur ing  t h e  same t i m e  pe r iod  (from 

Table  15) .  However, n e i t h e r  p l o t s  4, 5 o r  6 d i f f e r e d  s i g n i f i c a n t l y  from t h e  

c o n t r o l  p l o t ,  and n e i t h e r  d i d  t h e y  d i f f e r  from each o t h e r .  Thus, cohes ive  

behavior  on t h e s e  p l o t s  d i d  n o t  d i f f e r  i n  t iming o r  i n t e n s i t y  from p l o t  1. 



3. Young-young i n t e r a c t i o n s  

a .  P l o t s  1, 2  and 3 

On p l o t s  1, 2  and 3  dur ing 1972 and 1973, a  t o t a l  of 202 cohes ive  

i n t e r a c t i o n s  were observed between j u v e n i l e s ,  i . e .  57% of a l l  cohes ive  a c t s  

observed (App. 3 ) .  The most p r e v a l e n t  type of cohes ive  i n t e r a c t i o n  among 

young was p l a y i n g  (52%). 3uven i les  were seek ing  each  o t h e r s  company (22%) ,  

k i s s i n g  ( 9 % ) ,  grooming each o t h e r  (4%) o r  e s t a b l i s h i n g  nose  c o n t a c t  (13%) 

(from App. 9A). 

S ince  j u v e n i l e s  were a l s o  involved i n  139 cohesive  i n t e r a c t i o n s  wi th  

t h e  a d u l t s  p r e s e n t ,  t h e y  p a r t i c i p a t e d  i n  a  t o t a l  of 96% of a l l  cohes ive  

i n t e r a c t i o n s  observed on p l o t s  1, 2  and 3 i n  1972 and 1973 (App. 3 ) .  But 

t h e  i n t e n s i t y  of cohes ive  behavior  between a d u l t s  and young, and between 

young only  was n o t  s i g n i f i c a n t l y  d i f f e r e n t .  Adult-young cohes ive  

i n t e r a c t i o n s  averaged 5.3 a c t s  ( p e r  100 s q u i r r e l s  p e r  45-minute p e r i o d )  on 

p l o t s  1, 2 and 3  dur ing 1972 and 1973 (Table 1 5 ) ,  w h i l e  5.9 such a c t s  were 

observed between j u v e n i l e s  (from Table 16; Mann-TJhitney, N.S.) . Only on 

p l o t  3-1973 was adult-young cohes ive  behavior  more f r e q u e n t  than t h a t  

observed between young; w h i l e  a s  many a s  9.5 cohesive  a c t s  ( p e r  100 

s q u i r r e l s  p e r  45-minute pe r iod)  were observed between a d u l t s  and young, none 

were recorded among t h e  few j u v e n i l e s  t h a t  were observed on t h a t  p l o t  (Fig .  

7; Mann-Whitney, N.S.) . 
I n  1972, t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  i n t e n s i t y  of 

j u v e n i l e  cohes ive  behavior  on t h e  c o n t r o l  p l o t  ( b l )  and t h e  t r e a t e d  p l o t s  

(#2 ,3 ) .  Cohesive a c t s  ( p e r  100 s q u i r r e l s  p e r  45-minute pe r iod)  averaged 6,  

9  and 6  f o r  p l o t s  1, 2  and 3  r e s p e c t i v e l y  (from Table  16; Yann-Whitney 

t e s t s ) .  When i n t e n s i t y  of i n t e r a c t i o n s  was compared between l i t t e r m a t e s ,  

i . e .  r e l a t e d  j u v e n i l e s ,  and between non-re la ted j u v e n i l e s ,  i t  appeared t h a t  

no d i f f e r e n c e  e x i s t e d  between t h e  two groups on p l o t  2-1972 (8 a c t s  among 

l i t t e r m a t e s  v e r s u s  2  among non-re la ted j u v e n i l e s ) ( T a b l e  16; Xann-l&itney, 

N.S.) and on p l o t  3 (6 ve rsus  3; Mann-TJhitney, N.S.). On t h e  o t h e r  hand, 

l i t t e r m a t e s  from t h e  c o n t r o l  p l o t  r e l a t e d  more cohes ive ly  towards each o t h e r  

(7  a c t s )  than  towards non-related j u v e n i l e s  ( 1  a c t )  (Table 16; Mann-IJhitney, 

S.99). So a l though  p l o t s  d i d  no t  d i f f e r  o v e r a l l  i n  t h e  i n t e n s i t y  of t h e i r  

j u v e n i l e  cohes ive  behavior  i n  1972, i n t e r a c t i o n s  on t h e  c o n t r o l  p l o t  were 
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most ly  concen t ra ted  among l i t t e r m a t e s ,  whi le  on t h e  t r e a t e d  p l o t s  t h e y  

occurred among l i t t e r m a t e s ,  and between j u v e n i l e s  t h a t  were n o t  known t o  be  

r e l a t e d .  

I n  1973, cohesive  i n t e r a c t i o n s  among j u v e n i l e s  averaged 11 a c t s  ( p e r  

100 s q u i r r e l s  p e r  45-minute pe r iod)  on p l o t  1 and were s i g n i f i c a n t l y  more 

numerous than those  observed on p l o t s  2 (Mann-Whitney, S.95) and 3 

(Mann-Whitney, S.99.5). In  e f f e c t ,  on p l o t  2, on ly  2 such a c t s  were 

recorded,  whi le  none were observed on p l o t  3 (Table 16) .  The low i n t e n s i t y  

of cohes ive  behavior  among j u v e n i l e s  i s  a t t r i b u t e d  t o  t h e i r  low d e n s i t y .  

The numhern o f  jnvenilea r a m a i n e r l  1.c~ +_hynilghn~l+_ +_he grimmer (FFg- ?) - 

J u v e n i l e  cohesive  behavior  on p l o t s  2 (Mann-Whitney, 5.99.9) and 3 

(Mann-Whitney, S.99.9) w a s  s i g n i f i c a n t l y  l e s s  i n t e n s e  i n  1973 t h a n  what i t  

was i n  1972; i n  e f f e c t ,  9 and 6 cohes ive  a c t s  ( p e r  100 s q u i r r e l s  p e r  

45-minute p e r i o d )  were observed on t h e s e  p l o t s  i n  1972, w h i l e  on ly  2 and 0 

were observed on t h e s e  same p l o t s  i n  1973 (from Table  16) .  On t h e  o t h e r  

hand, no s i g n i f i c a n t  d i f f e r e n c e  w a s  observed on t h e  c o n t r o l  p l o t  (511, where 

averages  of 6 and 11 cohesive  a c t s  were observed between j u v e n i l e s  i n  1972 

and 1973 r e s p e c t i v e l y  (from Table  16; Mann-Whitney, N.S.). The number of 

j u v e n i l e s  on  p l o t  1-1973 was h i g h e r  than  t h a t  observed i n  1972 (Fig .7) .  

b. P l o t s  4, 5 and 6 

Average numbers of cohes ive  a c t s  among j u v e n i l e s  averaged 24, 41 and 

24 a c t s  ( p e r  100 s q u i r r e l s  p e r  45-minute pe r iod)  on p l o t s  4, 5 and 6 dur ing 

1973 (Table 16) .  However, they d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from t h e  

c o n t r o l  p l o t  where 11 such a c t s  were observed (Mann-Vhitney, N.S.). Nei ther  

w a s  t h e r e  any d i f f e r e n c e  i n  j u v e n i l e  cohes ive  behavior  between p l o t s  4 ,  5 

and 6 (Xann-Whitney t e s t ,  N.S.). A l l  t h r e e  p l o t s  had s i g n i f i c a n t l y  h igher  

numbers of cohes ive  a c t s  among j u v e n i l e s  than p l o t s  2 and 3 (Mann-Whitney 

t e s t s ) .  

The t iming of t h e  peak of cohes ive  behavior  d i d  n o t  d i f f e r  much 

between p l o t s .  During both  y e a r s ,  i t  was g e n e r a l l y  f i r s t  observed 10 days 

a f t e r  t h e  f i r s t  emergence of j u v e n i l e s  (F ig .  7 ) ,  peaked 10 t o  20 days 

l a t e r ,  and then s t e a d i l y  d e c l i n e d .  I n  f i v e  p l o t s  out  of 9 ,  cohes ive  

behavior  among j u v e n i l e s  was observed t i l l  t h e  end of t h e  o b s e r v a t i o n s ,  i . e .  

August 12 i n  1972, and August 28 i n  1973 (Fig .  7 ) .  In two of t h e  remaining 

p l o t s ,  i . e .  p l o t s  2 and 3-1973, t h e  absence of cohes ive  behavior  was 



expla ined  by t h e  very low numbers of j uven i l e s  p resen t .  Thus t he  

p e r s i s t e n c e  of cohes ive  behavior throushout  t h e  summer seems normal f o r  

j uven i l e s .  It reaches  a  h igh  i n t e n s i t y  dur ing a  s h o r t  pe r iod  from 1 0  t o  20 

day a f t e r  f i r s t  j uven i l e  emergence and l a s t s  a t  l e a s t  u n t i l  40 t o  50 days 

a f te rwards .  



4. Summary: cohesive  behavior  1972, 1973 

Cohesive behavior  among a d u l t s  was r a r e  and occurred s p o r a d i c a l l y  

between mid-April and t h e  end of June  each y e a r .  More a d u l t - a d u l t  

cohes ive  i n t e r a c t i o n s  were seen  on t h e  t r e a t e d  p l o t s ,  b u t  no d i f f e r e n c e  

i n  i n t e n s i t y  of i n t e r a c t i o n s  was observed between t r e a t e d  and 

non- t reated s q u i r r e l s ,  o r  between p l o t s  o r  y e a r s .  Only neighbours  and,  

e s p e c i a l l y  r e l a t e d  a d u l t  s q u i r r e l s  behaved cohes ive ly  towards each 

o t h e r .  

Adult-young cohesive  i n t e r a c t i o n s  were common. On t h e  non- t reated 

p l u i s ,  G5Z uL such i n i e r a c i i v n s  w e r e  ubserveci be~wer r l  uwi i~er  and 

o f f s p r i n g ,  whi le  43% occurred between j u v e n i l e s  and non-re la ted a d u l t  

s q u i r r e l s  on t h e  t r e a t e d  p l o t s .  J u v e n i l e s  on t r e a t e d  p l o t s  r ece ived  a s  

much a t t e n t i o n  a s  t h e i r  c o u n t e r p a r t s  on t h e  non-treated p l o t s .  Host 

adult-young cohesive  i n t e r a c t i o n s  occurred i n  a  s h o r t  p e r i o d ,  from 

mid-May till t h e  end of June and corresponding t o  t h e  pe r iod  when t h e  

maximum numbers of ground s q u i r r e l s  were a c t i v e  on t h e  p l o t s .  Treated 

a d u l t s  behaved a s  cohes ive ly  towards j u v e n i l e s  a s  d id  t h e  non-treated 

a d u l t  s q u i r r e l s  n o t  r e l a t e d  t o  t h e  young. 

The m a j o r i t y  of cohes ive  a c t s  (57%) occurred between j u v e n i l e s .  While 

most of them occurred among l i t t e r m a t e s  on t h e  c o n t r o l  p l o t ,  t h e y  were 

a l s o  observed among non-related j u v e n i l e s  a s  w e l l  a s  among l i t t e r m a t e s  

on t h e  two t r e a t e d  p l o t s .  O v e r a l l ,  j u v e n i l e s  were involved i n  96% of 

a l l  cohesive  i n t e r a c t i o n s ,  i . e .  wi th  o t h e r  j u v e n i l e s  o r  wi th  a d u l t  

s q u i r r e l s .  There w a s  no d i f f e r e n c e  i n  cohes ive  i n t e r a c t i o n  frequency 

between adult-young and young-young cohesive  behav ior .  

I n  1972, when a l l  p l o t s  had normal popula t ions  of j u v e n i l e s ,  no 

d i f f e r e n c e  i n  j u v e n i l e  cohes ive  behavior  was observed between p l o t s .  I n  

1973, a s  j u v e n i l e  p o p u l a t i o n s  on p l o t s  2 and 3  were much reduced, 

cohes ive  behavior  was l e s s  than  t h a t  observed on t h e  c o n t r o l  p l o t ,  and 

a l s o  l e s s  than t h a t  observed on t h e s e  same p l o t s  i n  1972. Cohesive 

behav ior  among j u v e n i l e s  was a l s o  more i n t e n s e  on o t h e r  non- t reated 

p l o t s  such a s  p l o t s  4, 5 and 6 than on the  two t r e a t e d  p l o t s .  

Timing of j u v e n i l e  cohesive  Sehav ior  was roughly t h e  same on a l l  p l o t s ,  

a l though  i t  ceased a l t o g e t h e r  on p l o t s  2 and 3, when v e r y  few j u v e n i l e s  

were p resen t .  



C.  A g o n i s t i c  behavior  

A t o t a l  of 1197 a g o n i s t i c  i n t e r a c t i o n s  were recorded on p l o t s  1, 2 

and 3  dur ing t h e  f i e l d  seasons  1972 and 1973 (App. 4 )  dur ing a t o t a l  of 234 

45-minute o b s e r v a t i o n  per iods  (App. 2 ) .  S i m i l a r l y ,  477 a g o n i s t i c  a c t s  were 

counted on p l o t s  4, 5  and 6  i n  1973 (App. 4)  dur ing 64 o b s e r v a t i o n  p e r i o d s  

(App. 2 ) .  The i n t e r a c t i o n s  w i l l  be analyzed h e r e  a s  a  f u n c t i o n  of t h e  s e x  

and age of t h e  s q u i r r e l s  involved,  t o  i n d i c a t e  t h e  e f f e c t s ,  i f  any,  of t h e  

z e s t r n n e l  t r en t zen t s  .$en- T ~ Q  9 ~ 2 9 3 n 9 1  i n t i d ~ n t e  2f  z g e n i 9 t i t  b e h s i c r  

w i l l  be d i s c u s s e d  and d i f f e r e n c e s  between groups of s q u i r r e l s ,  between p l o t s  

and y e a r s  w i l l  be desc r ibed .  The n a t u r e  of t h e  a g o n i s t i c  i n t e r a c t i o n s  per  

s e  w i l l  be only  b r i e f l y  mentioned. 

1. Adul t -adul t  i n t e r a c t i o n s  

a.  P l o t s  1, 2 ,  3  

Comparisons between groups of a d u l t  s q u i r r e l s ,  o r  between p l o t s  o r  

y e a r s  i n c l u d e  bo th  male and female i n t e r a c t i o n s .  However, a  few males who 

were a t t empt ing  t o  e s t a b l i s h  r e s i d e n c e  i n  some of t h e  p l o t s  i n  1972 

accounted f o r  a  d i s p r o p o r t i o n a t e l y  h igh  number of a g o n i s t i c  a c t s  and 

consequent ly  some comparisons a r e  u n r e p r e s e n t a t i v e .  There fore ,  I decided t o  

p r e s e n t  t h e  a g o n i s t i c  behavior  a n a l y s i s  f o r  a l l  a d u l t  s q u i r r e l s  and a l s o  f o r  

a d u l t  females  s e p a r a t e l y .  It i s  l i k e l y  t h a t  i f  t h e  mes t rano l  t r ea tment  had 

any e f f e c t  upon a g o n i s t i c  behavior  t h a t  i t  would show more r e a d i l y  among 

a d u l t  females  . Presumably pregnancy and l a c t a t i o n  would a f f e c t  t h e i r  s o c i a l  

behav ior .  

i. Types of i n t e r a c t i o n s  

A t o t a l  of 562 a g o n i s t i c  i n t e r a c t i o n s  was observed among a d u l t s  on 

p l o t s  1, 2  and 3 during 1972 and 1973 (App. 4 ) ,  i . e .  47% of a l l  a g o n i s t i c  

a c t s  recorded.  The most common i n t e r a c t i o n  was t h e  chase  ( 6 7 % ) .  F i g h t s ,  

o c c u r r i n g  on t h e i r  own (12%) o r  preceeded by a  chase  (10%) were a l s o  

f requen t .  Less s e r i o u s  types  of encounte r s  such a s  t h e  f i g h t  sec .  (4x1, 

f i g h t  sec .  preceeded by a  chase  ( I % ) ,  t h r e a t  ( 3 % ) ,  and face -of f l avo idance  

(3%) were l e s s  u s u a l  ( f r o n  App. 9B). Chi-square t e s t s  f a i l e d  t o  show any 

d i f f e r e n c e  i n  t h e  f requency of types  of behav ior  used by t r e a t e d  o r  



non-t reated s q u i r r e l s  (from App. 5  and 9B). Non-treated s q u i r r e l s  d i d  n o t  

use  v i o l e n t  forms of a g o n i s t i c  behav ior  more o r  l e s s  t h a n  t r e a t e d  s q u i r r e l s .  

S i m i l a r l y ,  r i t u a l i s t i c  forms of behav ior  such a s  t h e  t h r e a t  o r  avoidance,  

e t c .  were n o t  observed more f r e q u e n t l y  between t r e a t e d  s q u i r r e l s  than 

non-treated ones (from App. 5 and 9B). 

ii. Seasonal t iming 

Agonis t i c  behavior  was o c c u r r i n g  between a d u l t s  when f i e l d  work 

s t a r t e d  on p l o t s  1, 2  and 3  i n  March each y e a r  and was common when 

b e h a v i o r a l  obse rva t ions  s t a r t e d  (Apr i l  21, 1972; A p r i l  1 6 ,  1973).  Quanstrom 

(15177) "bgerr7e, .iiC~..4m..t -.-.An.tnt.!n E.nhn.r4Ar rr ,A,, ,,l..lc- I. â .- as*-- -a^:- y-.- . I -  -~r..*"-*r w r r r u r  *"A. uu'urlg uuusc., -r usry a,. LGL. L11GIL 

emergence. Such behavior  cont inued throughout A p r i l  and May, u n t i l  around 

mid-June each year  (Fig .  7 ) .  It stopped e a r l i e r  on some p l o t s ;  f o r  

example, no a g o n i s t i c  behavior  among a d u l t s  w a s  observed a f t e r  t h e  f i r s t  of 

June on p l o t  3-1972. But i t  l a s t e d  longer  i n  o t h e r s ;  a g o n i s t i c  behav ior  was 

observed u n t i l  t h e  end of June on p l o t  2-1972 (Fig .  7 ) .  I n t e r e s t i n g l y ,  

a d u l t  a g o n i s t i c  behavior  ceased f i r s t  on t h e  l e a s t  dense p l o t  ( # 3 )  and 

s topped l a s t  on t h e  h i g h e s t  d e n s i t y  p l o t  ( 8 2 ) .  Overa l l ,  a g o n i s t i c  behavior  

amonq a d u l t s  s topped between 10 and 30 days b e f o r e  o n s e t  of h i b e r n a t i o n ,  and 

on average was terminated a t  l e a s t  25 days (n=9) b e f o r e  a l l  s q u i r r e l s  

h i b e r n a t e d  (from Fig.  7 ) .  Although many a d u l t  s q u i r r e l s  were s t i l l  p r e s e n t  

and a c t i v e ,  t h e y  d i d  no t  i n t e r a c t  a g o n i s t i c a l l y  t o  each o t h e r  a f t e r  t h a t  

time . 
When t h e  t iming of a d u l t  a g o n i s t i c  behavior  is  compared t o  t h e  

c a l e n d a r  of b i o l o g i c a l  even t s  (Table  2 ) ,  i t  can b e  s e e n  t h a t  t h e  pe r iod  of 

a d u l t  a g o n i s t i c  behavior  spans t h e  b reed ing  p e r i o d ,  t h e  e s t a b l i s h m e n t  of 

home a r e a s  by females ,  and t h e i r  pregnancy, p a r t u r i t i o n  and l a c t a t i o n  

per iods .  Adul t s  were s t i l l  a g g r e s s i v e  towards each o t h e r  when j u v e n i l e s  

were emerging from t h e  maternal  burrows i n  Yay (F ig .  7 ) .  However, a d u l t  

a g o n i s t i c  behavior  ceased 10 t o  20 days a f t e r  t h e  l a s t  emergence of j u v e n i l e  

l i t t e r s  on  each p l o t  (from Table  2  and F i g u r e  7 ) .  Females t h a t  had bred 

seemed t o  become l e s s  a g g r e s s i v e  when j u v e n i l e s  were weaned and began t o  

feed themselves.  

t h e  t h i r d  week of 

v e g e t a t i o n  w i t h i n  

nurse  f o r  s e v e r a l  

For  example on p l o t  1-1972, a l l  j u v e n i l e s  had emerged by 

May (Table 2) . J u v e n i l e s  were observed t o  be  feed ing  on 

3  days of emergpnce (Quanstrom, 1971) ,  b u t  would s t i l l  

days (Dorrance,  1974). While females  were engaged i n  53 



a g o n i s t i c  a c t s  ( p e r  45-minute pe r iod  p e r  100 s q u i r r e l s )  dur ing  t h e  l a s t  10 

days of May, dur ing  t h e  f i r s t  10 days of June ,  t h i s  was reduced t o  o n l y  6  

a g o n i s t i c  a c t s  (Table  17) .  The same phenomenon was observed on a l l  n i n e  

p l o t s  (Fig .  7)  (Tables 17, 1 8 ) .  Levels  of i n t e r a c t i o n s  f o r  a d u l t  females  

were c a l c u l a t e d  from da ta  summarized i n  Appendix 10. 

iii. Agonis t i c  behav ior  1972 

I n  1972, t h e  frequency of a g o n i s t i c  behavior  between a d u l t s  averaged 

46, 17 and 1 3  a g o n i s t i c  a c t s  on p l o t s  1, 2  and 3 (Table  18) .  On p l o t  1, a  

a d u l t  female  i n t e r a c t i o n s  were s t i l l  predominant, averag ing  37 a g o n i s t i c  

a c t s  dur ing  t h e  season  (Table  17) .  Mann-Whitney t e s t s  showed t h a t  t h e  l e v e l  

of a d u l t  a g o n i s t i c  behavior  on t h e  c o n t r o l  p l o t  ( i l l )  was n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from p l o t  2, b u t  was g r e a t e r  than on p l o t  3  (App. 11, no. 5 ) .  

Levels  of a d u l t  aggress ion  d i d  n o t  d i f f e r  on p l o t s  2  and 3  (App. 11, no. 

10) .  

When comparisons were made between groups of s q u i r r e l s ,  f u r t h e r  

d i f f e r e n c e s  emerged. While a d u l t  s q u i r r e l s  from p l o t  1, i.e. non- t reated 

wi th  mes t rano l ,  d i d  n o t  d i f f e r  from non- t reated s q u i r r e l s  from p l o t s  2  (App. 

11, no. I ) ,  they  were s i g n i f i c a n t l y  more a g g r e s s i v e  than mes t rano l  t r e a t e d  

a d u l t s  from the  same p l o t  (App. 11, no. 2 ) .  Non-treated s q u i r r e l s  from 

the  c o n t r o l  p l o t  averaged 46 a g o n i s t i c  a c t s  ( p e r  45 minute p e r i o d  per  100 

s q u i r r e l s )  whi le  only 2  such a c t s  were observed among t r e a t e d  s q u i r r e l s  from 

p l o t  2  (Table  1 8 ) .  Moreover, non- t reated s q u i r r e l s  (17 a c t s )  from p l o t  2  

were involved i n  a  s i g n i f i c a n t l y  h i g h e r  number of a g o n i s t i c  i n t e r a c t i o n s  

than  t r e a t e d  s q u i r r e l s  (2 a c t s )  from t h i s  same p l o t  (App. 11  no. 2 ) .  The 

predominance of a g o n i s t i c  behavior  amonq non- t reated s q u i r r e l s  i s  c l e a r l y  

shown by comparing t h e  numbers of i n t e r a c t i o n s  which were won by e i t h e r  

t r e a t e d  o r  non- t reated s q u i r r e l s .  I n  p l o t  2-1972, non- t reated females  were 

dominant i n  an  average of 16 a g o n i s t i c  i n t e r a c t i o n s  (AA+MI) ,  w h i l e  t r e a t e d  

females  were dominant (MA-) i n  a  s i g n i f i c a n t l y  lower average of on ly  4  

a q o n i s t i c  i n t e r a c t i o n s  (Table  17; App. 11, no. 9 ) .  Although I was unable  

t o  demonstra te  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  i n t e n s i t y  of a g o n i s t i c  

behav ior  observed among t h e  combined a d u l t s  of a l l  types  from p l o t s  1  and 2, 



Table  17. Average numbers of a g o n i s t i c  i n t e r a c t i o n s  observed f o r  
d i f f e r e n t  groups of female  s u i r r e l s  ( p e r  45-minute 
o b s e r v a t i o n  p e r i o d ,  p e r  100 Zemales) . 

PLOT 1 
1 0-day AA 
period 

10-day 
average 37 

10-day 
average 11 

PLOT 2 
AA AM MA MM AA E.IA A l l  

a-v w fern_- 

m 
AA AM MA MM AA MA A l l  

AM Mhl Fnm --- A'- A .. -.... 

o o o o o o  0 
0 0 0 0 0 0  0 o - - - - -  0 

40 
13 
15 
15 No mes t rano l  
2 5 t r e a t e d  females 
16 i n  1973 

0 



Table  18. Average numbers of  a o n i s t i c  i n t e r a c t i o n s  observed f o r  d i f f e r e n t  
roups o f  ground squHrre l s  ( p e r  45-minute o b s e r v a t i o n  p e r i o d ,  p e r  HOO s q u i r r e l s )  . 

PLOT 1 

MA AM MY 
p e r i o d  

1 0-day 
a v e r a g e  

1 0-day 
a v e r a g e  10 7 

(34) 
(9 I* 

PLOT 2 
AAAMMMAA AY MY AY 

MA AM MY 

( ) *  : average  number of adult-young i n t e r a c t i o n s  p e r  a d u l t  on1 
( )** : average  number of adult-young i n t e r a c t i o n s  p e r  young o  d y 
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t h e r e  was no doubt t h a t  non- t reated s q u i r r e l s  from t h e s e  two p l o t s  were 

more a g g r e s s i v e  than t r e a t e d  s q u i r r e l s  from p l o t  2. 

However, t h e  mestranol  t r ea tment  i s  n o t  t h e  on ly  f a c t o r  t o  be  taken 

i n t o  c o n s i d e r a t i o n .  On p l o t  3-1972, t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  a g o n i s t i c  behavior  of t r e a t e d  and non- t reated s q u i r r e l s .  I n t e r a c t i o n s  

dominated by t r e a t e d  females (MA%) and by non- t reated females  (AA+AM) both 

averaged 6 a g o n i s t i c  a c t s  (Table 17; App. 11, no. 9 ) .  Non-treated 

s q u i r r e l s  from t h e  c o n t r o l  p l o t  were more a g g r e s s i v e  than b o t h  t r e a t e d  and 

non-treated s q u i r r e l s  from p l o t  3 (App. 11, no. 1, 2, 3,  4 ,  5 ) .  O v e r a l l ,  

thprp  W ~ S  nn d f f f p r p n ~ o  hetr~een  the +tn_?cit.rr ~f the -0----- a n n n 4 c t - t -  --- hahnwinr - ----. -- - =f 

a l l  s q u i r r e l s  ( t r e a t e d  and non- t reated)  from p l o t s  2 and 3 (App. 11, no. 

10) .  However, non- t reated females from p l o t  2 were more a g g r e s s i v e  than 

bo th  non- t reated (App. 11, no. 1 )  and t r e a t e d  (App. 11, no. 2 )  females  

from p l o t  3. Trea ted  females from bo th  p l o t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

i n  a g o n i s t i c  behavior  (App. 11, no. 7 ) .  

Non-treated s q u i r r e l s  from p l o t s  1 and 2 were thus  c o n s i s t e n t l y  more 

a g g r e s s i v e  than t r e a t e d  s q u i r r e l s  whether they cane from p l o t  2 o r  3. 

Non-treated s q u i r r e l s  from p l o t s  1 and 2 were a l s o  more a g g r e s s i v e  than 

s i m i l a r l y  non- t reated s q u i r r e l s  from p l o t  3 w h i l e  no d i f f e r e n c e s  were found 

between p l o t s  1 and 2 f o r  t h e s e  two groups (App. 11, no. 1 ) .  I a t t r i b u t e  

t h e  d i f f e r e n c e  i n  t h e  l e v e l s  of a g o n i s t i c  behavior  f o r  non- t reated s q u i r r e l s  

between p l o t s  1, 2 and 3 t o  d i f f e r e n c e s  i n  popula t ion  d e n s i t y .  P l o t s  1 and 

2 had comparable d e n s i t i e s  of a c t i v e  a d u l t  s q u i r r e l s  throughout t h e  1972 

summer a s  averages  of 18.2 and 15.1 a d u l t  s q u i r r e l s  were observed above 

ground (Table  19; Mann-Whitney t e s t ,  N.S.). P l o t  3 had a n  a d u l t  d e n s i t y  of 

8.6 s q u i r r e l s  t h a t  was s i g n i f i c a n t l y  lower than those  observed on p l o t s  1 

(Table 19; Mann-TAitney, S. 95) and 2 (Mann-Whitney , S. 95) . This  lower 

d e n s i t y  seemed t o  reduce the  l e v e l s  of a g o n i s t i c  behavior  observed on p l o t  

3. 

The l e v e l s  of a g o n i s t i c  behavior  observed on p l o t s  2 and 3 may have 

been reduced because rnestranol t r ea tment  a f f e c t e d  t h e  o v e r a l l  l e v e l  of 

a c t i v i t y  of t r e a t e d  s q u i r r e l s .  I have shown ( S e c t i o n  1.A) t h a t  mes t rano l  

g iven  i n  A p r i l  1972 e f f e c t i v e l y  s t e r i l i z e d  a l l  bu t  one of t h e  t r e a t e d  

females.  It is  p o s s i b l e  t h a t  such females ,  no t  having t o  undergo pregnancy 

and l a c  t a t i o n ,  would have been l e s s  a c t i v e  than t h e i r  b reed ing  c o u n t e r p a r t s .  
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A s  they  may n o t  have had t o  feed  a s  much, t h e y  would have been seen  above 

ground l e s s  o f t e n .  To check t h i s  i d e a ,  I have def ined a  measure of s q u i r r e l  

a c t i v i t y  a s  t h e  p ropor t ion  (%) of 45-minute o b s e r v a t i o n  p e r i o d s  d u r i n g  which 

a  given s q u i r r e l  was observed above ground between t h e  s t a r t  of  b e h a v i o r a l  

o b s e r v a t i o n s  and t h e  r e t u r n  of t h i s  s q u i r r e l  i n t o  h i b e r n a t i o n .  Such d a t a  i s  

summarized i n  Appendix 12. When i n d i v i d u a l  d a t a  i s  summarized f o r  24 a d u l t  

r e s i d e n t  females  i n  1972, chi-square  t e s t s  showed no 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  a c t i v i t y  l e v e l s  of t r e a t e d  and non- t reated s q u i r r e l s .  While 

non-treated s q u i r r e l s  from p l o t s  1 ,  2  and 3 were a c t i v e  dur ing  81%, 85% and 

79% of t h e  o b s e r v a t i o n  p e r i o d s ,  mes t rano l  t r e a t e d  s q u i r r e l s  from p l o t s  2  and 

3 were observed dur ing  78% and 76% of t h e  o b s e r v a t i o n  p e r i o d s  (App. 1 2 ) .  

No d i f f e r e n c e  could  be shown between t h e s e  groups when p l o t s  1, 2  and 3 were 

compared; n e i t h e r  was t h e r e  any s i g n i f i c a n t  d i f f e r e n c e s  i n  l e v e l s  of 

s q u i r r e l  a c t i v i t y  when t h e  t r e a t e d  and non- t reated s q u i r r e l s  from p l o t  2  

were compared (Chi-square, N.S.). 

The d i f f e r e n c e s  observed i n  l e v e l s  of a g o n i s t i c  behavior  on p l o t s  1, 

2  and 3  i n  1972 could thus be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  a d u l t  

popu la t ion  d e n s i t y  and t h e  mestranol  t r ea tment  given.  No d i f f e r e n c e  i n  

a c t i v i t y  could  be shown f o r  t r e a t e d  s q u i r r e l s .  

i v .  Agonis t i c  behavior  1973 

T.. ,, 1973, a q o n i s t i c  a c t s  among a d u l t s  averaged 10, 25 and 23  

i n t e r a c t i o n s  ( p e r  45-minute p e r  100 s q u i r r e l s )  on p l o t s  1, 2 and 3 

r e s p e c t i v e l y  (Table 18) .  No s i g n i f i c a n t  d i f f e r e n c e s  were found between t h e  

p l o t s  when numbers of a g o n i s t i c  a c t s  were compared f o r  a l l  s q u i r r e l s  

combined (Table 18) o r  f o r  a d u l t  females  on ly  (Table 17) (App. 11, no. 5 ) .  

A s  was t h e  c a s e  i n  1972, t h e  i n t e n s i t y  of a g o n i s t i c  behav ior  on p l o t  

2 did n o t  d i f f e r  from t h e  c o n t r o l  p l o t  ( # I )  i n  1973 (App. 11, no. 5 ) ,  and 

groups of non- t reated s q u i r r e l s  had i n d i s t i n g u i s h a b l e  l e v e l s  of a q o n i s t i c  

behavior  on b o t h  p l o t s  (App. 11, no. 1 ) .  However, c o n t r a r y  t o  1972, no 

d i f f e r e n c e  w a s  found between t h e  non-treated females  from p l o t  1 and t h e  

t r e a t e d  females from p l o t  2 (App. 11, no. 2 ) .  Moreover, no d i f f e r e n c e  was 

found between groups of t r e a t e d  and non- t reated s q u i r r e l s  w i t h i n  p l o t  2 

i t s e l f  (App. 11, no. 2 ) .  I n t e r a c t i o n s  dominated by non- t reated females 

(AA+AM) and by t r e a t e d  females (MA+tQI) ,  r e s p e c t i v e l y  averaged 6  and 9  

a g o n i s t i c  a c t s  (Table  17) and were n o t  s i g n i f i c a n t l y  d i f f e r e n t  (App. 11; 



no. 9 ) .  Thus i n  1973, t r e a t e d  s q u i r r e l s  were n o t  s t a t i s t i c a l l y  l e s s  

a g o n i s t i c  than t h e i r  non-treated c o u n t e r p a r t s .  

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  l e v e l s  of a g o n i s t i c  

behav ior  shown by t h e  a d u l t  s q u i r r e l s  found on p l o t s  1 and 3  dur ing 1973. 

Non-treated females  from t h e  c o n t r o l  p l o t  (#I-1973) i n t e r a c t e d  on an  average 

of 11 t i m e s  throughout  t h e  season ,  w h i l e  s i m i l a r l y  non- t reated females  from 

p l o t  3  were involved i n  15 i n t e r a c t i o n s  (Table  17; App. 11, no. 1 ) .  No 

d i f f e r e n c e  could  be shown when a l l  s q u i r r e l s  were cons idered  (Table  18; App. 

11, no. 1 ) .  

I n  1971,  plnt-9 1 (18.7) and 3 (7n .9 )  baa eq i la l  d e n c i t f ~ c  nf  a ~ t i v e  

a d u l t s  (Table  19; Mann-Whitney, N.S.), and t h e i r  numbers of r e s i d e n t s  (14 

and 16)  were roughly t h e  same (Table 6 ) .  However, 81% of t h e  s q u i r r e l s  

r e s i d e n t  on p l o t  2  were a f f e c t e d  by a  previous  mes t rano l  t r ea tment  whi le  

none were on p l o t  1 (Sec t ion  I I I .C.2 .c) .  Yet no d i f f e r e n c e  i n  t h e  a g o n i s t i c  

behavior  of t h e  a d u l t s  was seen  between t h e s e  two p l o t s .  P l o t  3  was n o t  

t r e a t e d  i n  1973 (Table I ) ,  b u t  had a  s i g n i f i c a n t l y  lower d e n s i t y  of a c t i v e  

a d u l t s  (9 .4)  than  p l o t  1 (18.2; Mann-Whitney, S.95) and p l o t  2  (20.9; 

Mann-Whitney, S.95) (Table 19) .  In  s p i t e  of t h e s e  d i f f e r e n c e s  i n  t r ea tment  

o r  d e n s i t y  between p l o t s  1, 2  and 3, d i f f e r e n c e s  i n  t h e  l e v e l s  of a g o n i s t i c  

behav ior  of t h e i r  a d u l t  popu la t ions  could  n o t  be  demonstra ted on t h e  b a s i s  

of t h e  o b s e r v a t i o n s  made. 

Leve l s  of a d u l t  a g o n i s t i c  behavior  d id  n o t  d i f f e r  on t h e  t h r e e  p l o t s  

when 1972 was compared wi th  1973. On p l o t  1, a d u l t  females i n t e r a c t e d  

a g o n i s t i c a l l y  on an average of 37 occas ions  dur ing 1972 w h i l e  they were 

observed i n  only  11 such encounte r s  i n  1973 (Table 17) .  No s i q n i f i c a n t  

d i f f e r e n c e  cou ld  be shown between t h e  y e a r s  (App. 11, no. 1 ) .  No 

d i f f e r e n c e s  were seen e i t h e r  when l e v e l s  of a g o n i s t i c  behavior  were compared 

between t h e  1972 and 1973 seasons  on p l o t  2 (App. 11, no. 10)  and p l o t  3 

(App. 11, no. 1 3 ) .  

However, when l e v e l s  of a g o n i s t i c  behavior  were compared between 1972 

and 1973 f o r  t h e  10-day p e r i o d s  1  t o  4 only ,  i . e .  l a t e  A p r i l  t o  l a t e  May 

dur ing  which t ime pregnant females were a c t i v e l y  e s t a b l i s h i n g  and defending 

home a r e a s ,  a  d i f f e r e n c e  was shown on t h e  c o n t r o l  p l o t .  During t h a t  pe r iod  

i n  1972, l e v e l  of a d u l t  a g o n i s t i c  behavior  was g r e a t e r  than observed i n  1973 
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(from Tables  17 and 18; Mann-Whitney, S.99.9).  However, such a  d i f f e r e n c e  

cou ld  n o t  b e  shown f o r  t h e  same per iod on p l o t s  2  and 3. 

On p l o t  1, no mes t rano l  t r ea tments  were g iven  i n  1972 and 1973 (Table 

1 ) .  Each year  d e n s i t i e s  of a c t i v e  s q u i r r e l s  (18.2 s q u i r r e l s  p e r  45-minute 

p e r i o d ,  p e r  h e c t a r e )  were t h e  same (Table 19; Yann-Whitney, N.S.), a l though  

more s q u i r r e l s  were r e s i d e n t  i n  1973 (14) t h a n  i n  1972 (10) (Table 6 ) .  

S t i l l  no o v e r r a l l  change was s e e n  i n  t h e  behav ior  of a d u l t  s q u i r r e l s  between 

1972 and 1973, and i n  f a c t ,  f requency of a g o n i s t i c  behavior  decreased  i n  May 

1973 i n  s p i t e  of a  h igher  r e s i d e n t  d e n s i t y .  On p l o t  2, t r e a t m e n t  was 

increased i n  i 9 7 3  ( G i . 2 ;  Seccion I I I .C.2 .c j  a s  compared t o  1 ~ 7 2  ( 5 3 ~ ;  Table  

1 ) ) .  D e n s i t i e s  of a c t i v e  s q u i r r e l s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  on t h a t  

p l o t  i n  b o t h  y e a r s  (15.1 ve rsus  20.9) (Table 19; Mann-Whitney, N.S.) , 
a l though  fewer  a d u l t s  were r e s i d e n t  i n  1973 (16 v e r s u s  21 i n  1972; Tab le  6 ) .  

S t i l l ,  a d u l t  a g o n i s t i c  behavior  was n o t  reduced a s  a  r e s u l t  of t h e  decreased  

number of r e s i d e n t s  and g r e a t e r  impact of t h e  mes t rano l  t r ea tment  i n  1973. 

On p l o t  3, no t rea tment  was given i n  1973, a s  opposed t o  a  78% t rea tment  i n  

1972 (Table 1).  The sane  number of s q u i r r e l s  were r e s i d e n t  (10) each year  

(Table  6 ) ,  and t h e  d e n s i t i e s  of a c t i v e  a d u l t s  were t h e  same i n  1972 (8.6) a s  

i n  1973 (9.4) (Table 19; Mann-Vhitney, N.S.). However, . the  absence of 

mes t rano l  t rea tment  i n  1973 d i d  n o t  b r i n g  a n  i n c r e a s e  of a g o n i s t i c  behav ior .  

Th i s  l a c k  of d i f f e r e n c e  between p l o t s  i n  1973, and w i t h i n  p l o t s  f o r  

1972 and 1973 was n o t  a t t r i b u t a b l e  t o  a  change i n  t h e  l e v e l s  of s q u i r r e l  

a c t i v i t y .  Adult s q u i r r e l  a c t i v i t y  i n  1973 was t h e  same on p l o t s  1, 2  and 3  

(Chi-square, N.S.), as i t  averaged 73%, 87% and 87% on each p l o t  

r e s p e c t i v e l y  (App. 1 2 ) .  There  was no d i f f e r e n c e  i n  a c t i v i t y  between 

t r e a t e d  and non- t reated s q u i r r e l s  from p l o t s  2  (Chi-square,  N.S.) a s  those  

groups were a c t i v e  dur ing 93% and 81% of t h e i r  r e s p e c t i v e  o b s e r v a t i o n  

p e r i o d s  (App. 1 2 ) .  No d i f f e r e n c e s  were shown, f o r  any p l o t  o r  f o r  a l l  

p l o t s  pooled t o g e t h e r ,  between t h e  l e v e l s  of a c t i v i t y  observed i n  1972 and 

i n  1973; s q u i r r e l s  were a s  a c t i v e  i n  1973 a s  they  were i n  1972 (Chi-square,  

N.S.). S i m i l a r l y ,  no d i f f e r e n c e s  were shown between t h e  1972 and 1973 

seasons  when groups of t r e a t e d  and non- t reated s q u i r r e l s  were compared 

(Chi-square,  N.S.) . 



The f a c t  t h a t  l e v e l s  of a g o n i s t i c  behavior  were t h e  same on a l l  p l o t s  

i n  1973 was i n c o n s i s t e n t  wi th  t h e  r e l a t i o n s h i p s  observed i n  1972. i . e .  

a g g r e s s i o n  i s  reduced on t r e a t e d  p l o t s  and on p l o t s  of low d e n s i t y .  

There fore  I w i l l  cons ider  o t h e r  f a c t o r s  t o  p o s s i b l y  e x p l a i n  t h e s e  

d i s c r e p a n c i e s .  The s p a t i a l  d i s t r i b u t i o n  of t h e  s q u i r r e l s  on t h e  p l o t s  w i l l  

be  d e s c r i b e d  f o r  1972 and 1973, and comparisons w i l l  be 

and between y e a r s .  

v. S p a t i a l  d i s t r i b u t i o n  1972, 1973 

The spac ing  of animals  i n  t h e i r  h a b i t a t  h a s  been 

t o  t h e i r  a g g r e s s i v e  tendencies  a s  w e l l  a s  t o  t h e i r  need 

supply o r  breeding s i t e  (Brown, 1964) .  Th i s  i s  why t h e  

made between p l o t s  

shown t o  b e  r e l a t e d  

f o r  a  n e c e s s a r y  food 

s p a t i a l  d i s t r i b u t i o n  

of t h e  s q u i r r e l  popu la t ions  observed i n  1972 and 1973 w i l l  be  analyzed h e r e  

t o  e s t a b l i s h  p o s s i b l e  r e l a t i o n s h i p s  between t rea tment ,  s o c i a l  behav ior  and 

p h y s i c a l  d i s t r i b u t i o n  of t h e  s q u i r r e l s  on t h e  p l o t s .  

Yeaton (1969) desc r ibed  t h e  a r e a  defended by Richardson's  ground 

s q u i r r e l s  a s  being t e r r i t o r i e s .  However, t h e  term ' t e r r i t o r y '  h a s  been 

def ined  i n  many ways (Nice ,  1953; B u r t ,  1949; Wilson, 1971; and o t h e r s ) .  

Many d e s c r i b e  it a s  'any defended a r e a '  (Noble, 1939) ,  whi le  o t h e r s  c o n s i d e r  

i t  t o  be  'any a r e a  used e x c l u s i v e l y  by one o r  more animals '  ( P i t e l k a ,  1959). 

Some r e s e a r c h e r s  (Quanstrom, 1971; Yeaton, 1972; Wehrel l ,  1973) c o n s i d e r  t h e  

Richardson's  ground s q u i r r e l  t o  b e  a  ' t e r r i t o r i a l '  s p e c i e s  having more o r  

l e s s  e x c l u s i v e  use  of i t s  t e r r i t o r y .  However, Michener (1979) s t a t e s  t h a t  

no t e r r i t o r y  i s  a c t i v e l y  defended by t h i s  s p e c i e s  and t h a t  r a t h e r ,  females  

a r e  l e s s  submissive towards o t h e r  s q u i r r e l s  i n  t h e i r  own ' co re  a r e a '  than 

away from i t .  I n  t h i s  s tudy ,  t h e  words ' t e r r i t o r i e s '  o r  'home a r e a s '  r e f e r  

t o  t h e  a r e a s  taken over  by s q u i r r e l s  when they e s t a b l i s h  res idency  i n  t h e  

s p r i n g ;  s o c i a l  s t a t u s  i s  d i scussed  i n  terms of ' r e s i d e n t s '  v e r s u s  

'non-residents '  . 
S p a t i a l  d i s t r i b u t i o n  i s  q u a n t i f i e d  i n  terms of ' c o r e  a rea ' .  The 

' co re  a r e a '  was f i r s t  de f ined  by Kaufmann (1962) ,  and as  used by Michener 

(1979) r e p r e s e n t s  ' t h e  a r e a  i n  which a  s q u i r r e l  concen t ra ted  50% of i t s  

above ground time'. The c o r e  a r e a  i n  t h e  p r e s e n t  s t u d y  covers  50% of a l l  

p o i n t s  where a  s q u i r r e l  was observed on t h e  p l o t .  This  a r e a ,  r a d i a t i n g  from 

the  home burrow, i s  t h e  one most ly  used by s q u i r r e l s  dur ing  t h e  p e r i o d s  of 

b reed ing ,  pregnancy and l a c t a t i o n .  A•’ t e r  j u v e n i l e  emergence, a d u l t  females 



n o t  c o l l  a t a  was e c t  tend th  i e i r  home r a n  ge. Although d  a s  a c c u r a t e l y  a s  

by Michener (1979) ,  a  r easonab le  approximation of t h e  c o r e  a r e a  s i z e  was 

ob ta ined  ( M a t e r i a l s  and Methods) a s  sample s i z e s  were l a r g e .  The s p a t i a l  

c o n f i g u r a t i o n  of c o r e  a r e a s  is  g iven  f o r  a l l  a d u l t s  r e s i d i n g  on p l o t s  1, 2  

and 3  dur ing 1972 and 1973 (Fig.  8 )  and e s t i m a t e s  of t h e i r  s i z e s  a r e  

summarized f o r  66 r e s i d e n t  a d u l t  s q u i r r e l s  (Table  20; App. 13) .  

v. 1. Area c o r e  s i z e  

t n  1972, c o r e  a r e a s  measured f o r  a l l  s q u i r r e l s  on p l o t s  1, 2 and 3 

r e s p e c t i v e l y  averaged 288 m2, 233 m2 and 346 m2 (Table  20).  No s i g n i f i c a n t  

d i f f e r e n c e  i n  c o r e  a r e a  s i z e  was found between t h e  control ,  p l o t  (#I-1972) 

and t h e  two t r e a t e d  p l o t s  (Mann-FJhitney, N.S.) ,  b u t  t h e  average c o r e  a r e a  on 

p l o t  3  was g r e a t e r  than on p l o t  2  (Mann-Whitney, S.95). 1n 1973, c o r e  a r e a s  

f o r  a l l  s q u i r r e l s  r e s p e c t i v e l y  averaged 231 m2, 231 m2 and 406 m2 i n  t h e s e  

same p l o t s  (Table 20). I n  1973, p l o t  3  c o r e  a r e a s  were l a r g e r  than  those  

observed on p l o t  1 (Mann-Whitney, S.99) and p l o t  2  (Mann-Whitney, S.991, 

whi le  t h e  average c o r e  a r e a s  from p l o t s  1 and 2  were n o t  d i f f e r e n t  

(Mann-Ihi tney , N. S . ) . 
This  d a t a  seems t o  i n d i c a t e  t h a t  no r e l a t i o n s h i p  e x i s t e d  between t h e  

s i z e  of t h e  c o r e  a r e a s  measured i n  t h e  d i f f e r e n t  p l o t s  and t h e  mes t rano l  

t r ea tment  they  had received.  I f  such was t h e  c a s e ,  a  d i f f e r e n c e  would have 

e x i s t e d  between t h e  c o n t r o l  p l o t  and both of t h e  t r e a t e d  p l o t s .  Ra ther ,  t h e  

s i z e  of t h e  c o r e  a r e a s  seemed t o  be more d i r e c t l y  r e l a t e d  t o  t h e  a d u l t  

r e s i d e n t  d e n s i t i e s  observed on t h e s e  p l o t s .  I n  1972, t h e  l a r g e s t  a r e a  c o r e s  

were observed i n  t h e  l e a s t  dense p l o t  ( 3 # ) ,  whi le  t h e  d e n s e s t  p l o t  (/I21 

(30.4 r e s i d e n t  p e r  h e c t a r e  a s  opposed t o  on ly  12.3 on p l o t  3 )  had t h e  

s m a l l e s t  c o r e  a r e a s  (Tables  5  and 20) .  I n  1973, p l o t  3 was a g a i n  t h e  l e a s t  

dense p l o t  (12.3 r e s i d e n t s  pe r  h e c t a r e )  (Table 5 )  and showed s i g n i f i c a n t l y  

g r e a t e r  c o r e  a r e a s  than p l o t s  1 and 2. The l a t t e r  p l o t s  had comparable 

r e s i d e n t  d e n s i t i e s  (21.6 and 23.2 r e s i d e n t s  pe r  h e c t a r e ) ,  and a l s o  have same 

s i z e  c o r e  a r e a s  (Table  5; Tab le  20) .  Thus t h e r e  seems t o  b e  a  d i r e c t  

r e l a t i o n s h i p  between r e s i d e n t  a d u l t  d e n s i t i e s  and s i z e  of c o r e  a r e a s  used.  

F i g u r e  9 ,  r e l a t i n g  c o r e  a r e a  s i z e  and corresponding r e s i d e n t  d e n s i t i e s ,  

seems t o  i n d i c a t e  t h r e e  types  of r e l a t i o n s h i p s .  A t  s q u i r r e l  d e n s i t i e s  below 

13 per  h e c t a r e ,  t h e  s i z e  of c o r e  a r e a  does n o t  seem t o  be  l i m i t e d  by any 

s o c i a l  f a c t o r s .  Between d e n s i t i e s  of 13 t o  22 s q u i r r e l s  p e r  h e c t a r e ,  a n  
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F i g u r e  8. Maps o f  r e s i d e n t  a d u l t  c o r e  a r e a s  as observed  i n  t h e  ground s q u i r r e l  p o p u l a t i o n s  found on  p l o t s  1, 2 and 3 d u r i n g  t h e  f i e l d  s e a s o n s  1972 and 1973. 
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(RESIDENT NUMBERS FROM TABLE 6 1 

(MEAi-4 SiZES FROM TAELE 20) 

'LINE DRAWN BY E Y E '  

NUMBER OF RESIDENT SQUIRRELS PER HECTARE 

F i g u r e  9. R e l a t i o n s h i p  between t h e  d e n s i t y  of r e s i d e n t  

a d u l t  s q u i r r e l  p o p u l a t i o n s  and t h e  a v e r a g e  s i z e s  

o f  t h e  c o r e  a r e a s  u t i l i z e d  by t h e s e  s q u i r r e l s .  



a r e a ;  t h e  more s q u i r r e l s  t h e r e  a r e ,  t h e  s m a l l e r  t h e  c o r e  a r e a s .  F i n a l l y ,  

above a  d e n s i t y  of 22 s q u i r r e l s  p e r  h e c t a r e ,  c o r e  a r e a  s i z e  remains 

c o n s t a n t ;  thus  230 m2 i s  probably  t h e  minimum c o r e  a r e a  needed by a  s q u i r r e l  

t o  s u s t a i n  i t s e l f .  

I n  1972, b reed ing  females from p l o t s  1, 2  and 3  on average used a  253 

m2 c o r e  a r e a ,  w h i l e  non-breeding females used a  309 m2 c o r e  a r e a  of 

comparable s i z e  (Table 20; Mann-Whitney, N.S.) . I n  1973, b reed ing  and 

non-breeding females d id  n o t  d i f f e r  e i t h e r  a s  they used 276 m2 and 246 m2 
-- c v r e  areas, r e s p e c t i v e i y  i i a b i e  26;  nann-ivinimey, N.S. j . S i m i i a r i y ,  no 

d i f f e r e n c e s  were found when groups of b reed ing  and non-breeding females  were 

compared w i t h i n  p l o t s  2  and 3  dur ing t h e  1972 and 1973 s e a s o n s  (Table  20; 

Mann-Whitney, N.S.). Males d i d  n o t  d i f f e r  from e i t h e r  b reed ing  o r  

non-breeding females when c o r e  a r e a s  were compared w i t h i n  o r  between p l o t s  

i n  1972 and 1973 (Table 20; Hann-Whitney, N.S.). In  t h i s  l a t t e r  c a s e  

though, i t  i s  n o t  known i f  t h e  l a c k  of d i f f e r e n c e  i s  r e a l  o r  is r a t h e r  due 

t o  t h e  s m a l l  sample s i z e  a v a i l a b l e  f o r  male c o r e  a r e a s .  It was shown by 

Michener (1968) t h a t  a d u l t  males and females have same s i z e  home ranges .  It 

would seem c e r t a i n  t h a t  t h e  s i z e  of t h e  c o r e  a r e a  i s  n o t  r e l a t e d  t o  t h e  

breeding s t a t u s  of t h e  ground s q u i r r e l s  a s  no d i f f e r e n c e  cou ld  be shown 

between breed ing  and non-breeding females.  Th i s  a l s o  e x p l a i n s  t h e  l a c k  of 

d i f f e r e n c e  observed between t r e a t e d  and non-treated p l o t s .  

I n  1972, c o r e  a r e a s  f o r  a l l  s q u i r r e l s  i n  a l l  p l o t s  averaged 277 m2, 

and d i d  no t  d i f f e r  s i g n i f i c a n t l y  from t h e  267 m2 c o r e  a r e a s  observed i n  1973 

(Table 20; Mann-Whitney, N.S.). No d i f f e r e n c e  cou ld  be shown i n  t h e  s i z e  of 

c o r e  a r e a s  when 1972 and 1973 d a t a  were compared f o r  any of t h e  p l o t s .  On 

t h e  c o n t r o l  p l o t  ( # I ) ,  no d i f f e r e n c e  cou ld  be  demonstrated between t h e  288 

m2 and 231 m2 c o r e  a r e a s  observed on t h i s  p l o t  i n  1972 and 1973 r e s p e c t i v e l y  

(Table  20; Mann-Whitney, N.S.) . It should he  remembered t h a t  i n  1973, more 

s q u i r r e l s  were r e s i d e n t  on p l o t  1 than  i n  1972 (Table 6 ) .  T h i s  means t h a t  

i n  1973, e i t h e r  t h e  t o t a l  a r e a  used by s q u i r r e l s  w i t h i n  t h e  p l o t  was 

extended, o r  e l s e  c o r e  a r e a  over lap  was s r e a t e r .  Core a r e a  o v e r l a p  and 

t o t a l  a r e a  used by s q u i r r e l s  w i t h i n  each p l o t  w i l l  now b e  p resen ted  and 

compared t o  check such an e v e n t u a l i t y .  



v.2. Core a r e a  over lap  and t o t a l  c o r e  a r e a  

The t o t a l  a r e a  used by t h e  r e s i d e n t  s q u i r r e l s  was c a l c u l a t e d  f o r  

p l o t s  1, 2  and 3  i n  1972 and 1973; t h i s  was def ined by t h e  o u t s i d e  

boundar ies  of a l l  c o r e  a r e a s  occupied by t h e  d i f f e r e n t  s q u i r r e l s .  For  

example i n  p l o t  1-1972, a l l  r e s i d e n t  s q u i r r e l  core  a r e a s  occupied a  S o t a l  

space of 2640 m2; s i n c e  t h e  p l o t  i t s e l f  covered 6400 m2, 3760 m2 were n o t  

included i n  t h e  c o r e  a r e a s  (Fig .  8; Table  21). The remainder of t h e  p l o t  

n o t  included i n  t h e  c o r e  a r e a  d i s t r i b u t i o n  i s  ignored h e r e ;  on ly  ground 

covered by c o r e  a r e a s  i s  considered i n  t h e  c a l c u l a t i o n s .  

d v e r i a p  i s  a e i i n e a  a s  t h e  pe rcen tage  of t h e  t o t a l  c o r e  a r e a  space 

where two o r  more i n d i v i d u a l  c o r e  a r e a s  over lapped.  A l l  c o r e  a r e a s  shown i n  

F i g u r e  8  were used t o  c a l c u l a t e  t h e  t o t a l  a r e a  occupied by r e s i d e n t  

s q u i r r e l s  on t h e  t h r e e  p l o t s  i n  1972 and 1973. Overlap a r e a s  were 

c a l c u l a t e d  and t h e  r e s p e c t i v e  pe rcen tage  they r e p r e s e n t e d  i n  each p l o t  a r e  

summarized i n  Table  21. Also t h e  t o t a l  a r e a  and t h e  o v e r l a p  a r e a  were 

d iv ided  by t h e  number of r e s i d e n t  s q u i r r e l s  t o  compare t h e  space  e x c l u s i v e  

t o  each s q u i r r e l ,  and t h e  space  each r e s i d e n t  had t o  s h a r e  w i t h  one o r  more 

s q u i r r e l s .  

I n  1972, r e s i d e n t  s q u i r r e l s  from t h e  t r e a t e d  p l o t s ,  i .e .  p l o t  2  

(Chi-square, S.99.9) and p l o t  3  (Chi-square, S.99.9),  sha red  a  s i g n i f i c a n t l y  

g r e a t e r  p ropor t ion  of t h e  t o t a l  c o r e  a r e a  space than d i d  s q u i r r e l s  on  t h e  

c o n t r o l '  p l o t  (#I-1972). S q u i r r e l s  from p l o t  1 shared only  2% of t h e  t o t a l  

c o r e  a r e a s ,  which is  n e g l i g i b l e  g iven  t h e  accuracy w i t h  which t h e  c o r e  a r e a s  

were measured, whi le  s q u i r r e l s  from p l o t s  2 and 3  r e s p e c t i v e l y  shared  37% 

and 18% of t h e  occupied space (Table  21).  Overlap was s i g n i f i c a n t l y  g r e a t e r  

on p l o t  2  than  on p l o t  3 (Chi-square, 5.99.9). 

Amount of  o v e r l a p  seemed t o  b e  a  r e s u l t  b o t h  of t h e  mes t rano l  

t r ea tment  and of t h e  a d u l t  d e n s i t i e s  of t h e  p l o t s .  P l o t  3  , a l e s s  dense 

bu t  t r e a t e d  p l o t ,  had g r e a t e r  over lap  than a  h igh  d e n s i t y  non- t reated p l o t  

( b l ) .  I n d i v i d u a l  s q u i r r e l s  on b o t h  of t h e s e  p l o t s  had a s  much space 

a v a i l a b l e  t o  them, i . e .  264 m2 and 259 m2 on p l o t s  1  and 3  r e s p e c t i v e l y ;  

b u t  s q u i r r e l s  from p l o t  3  a p p a r e n t l y  chose t o  s h a r e  n o r e  of i t ,  i . e .  an  

average of 48 m2 on p l o t  3  a s  opposed t o  on ly  5 m2 on p l o t  1 (Table  21).  

Th i s  d i f f e r e n c e  between p l o t s  1 and 3 was seen a s  a  r e s u l t  of a  low 

i n t e n s i t y  of a g o n i s t i c  behavior  r e s u l t i n g  f r o n  low d e n s i t i e s  and t h e  



.e  21. T o t a l  a r e a s  occu i e d  by r e s i d e n t  a d u l t  s q u i r r e l s  - a s  determined 
by t h e  o u t l i n e  o f  c o r e  a r e a s  (from Figure  8 )  m p l o t s  1 2 and 3 
during 1972 and 1973; average  p o r t i o n s  o f  t h e  a r e a  a v a i i a b l e ,  
e x c l u s i v e  and shared  by e a c h  s q u i r r e l .  

1972 - 
P l o t  1 P l o t  2 P l o t  3 

1973 
P l o t  1 P l o t  2 P l o t  3 

- -- 
A .  Tota l  a r e a  

occupied by a l l  
s q u i r r e l s  (m2) 2640 2 995 2590 

Percen tage  o v e r l a p  
( B J A )  x 100 2% 3 % 1% 1 5% 1 % 11% 

2 885 3225 3905 

E. Overlap a r e a  
shared by two o r  5 0 1105 4 80 
more s q u i r r e l s  (m2) 

Number of s q u i r r e l s  10 18* 1 0  1 14  1 6  1 0  

160 430 420 

Avera e o r t i o n  of the 
a r e a  $m2P: 

I 
- a v a i l a b l e  t o  each 

s q u i r r e l  2 64 166 259 206 201 3 90 

- shared  wi th  one o r  
more s q u i r r e l s  5 6 1 48 2 6 4 2 

-exc lus ive  t o  each 
s q u i r r e l  

*: Not a l l  r e s i d e n t  a r e a  c o r e s  were used h e r e  a s  t h r e e  o f  them were l o c a t e d  
a t  t h e  edge o f  t h e  p l o t  and could  n o t  b e  a c c u r a t e l y  measured. 
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mestranol  t rea tment .  However, t h e  f a c t  t h a t  more o v e r l a p  was found on p l o t  

2  than on p l o t  3  i n d i c a t e s  t h a t  h i g h e r  d e n s i t y  i n  a  t r e a t e d  p l o t  ( # 2 )  

r e s u l t e d  i n  g r e a t e r  over lapping of c o r e  a r e a s  (Table 21).  T h i s  g r e a t e r  

s h a r i n g  observed on p l o t  2  was most l i k e l y  t h e  r e s u l t  of 1. t h e  reduced 

l e v e l s  of a g o n i s t i c  behavior  and 2. t h e  l i m i t e d  s i z e  of a r e a s  w i t h i n  t h e  

p l o t  o f f e r i n g  adequate  food supply. The f i r s t  f a c t o r ,  i .e. s o c i a l  

t o l e r a n c e ,  al lowed more s q u i r r e l s  than  expected t o  s h a r e  a  g i v e n  food 

supply.  Th is  is i l l u s t r a t e d  by t h e  h i g h e r  r e s i d e n t  d e n s i t y  observed on t h i s  

p l o t  (Table  5 ) .  I n s p e c t i o n  of d i s t r i b u t i o n  of i n d i v i d u a l  s q u i r r e l  c o r e  

a r e a s  w i t h i n  p i o c s  2 and 3 (F ig .  d j  snows t h a t  t h e  c o r e  a r e a  s h a r i n g  was 

a lmost  e x c l u s i v e l y  between t r e a t e d  s q u i r r e l s  and o t h e r  t r e a t e d  s q u i r r e l s ,  o r  

between t r e a t e d  and non-treated s q u i r r e l s .  

S q u i r r e l s  i n  1973 s h a r e d  5%, 13% and 11% of t h e  t o t a l  a r e a  covered by 

c o r e  a r e a s  on p l o t s  1, 2  and 3 r e s p e c t i v e l y  (Table 21). While o v e r l a p  was 

s i g n i f i c a n t l y  g r e a t e r  on b o t h  p l o t  2  (chi-square ,  S.99.9) and p l o t  3  

(Chi-square, S.99.9) than on p l o t  1, i t  d i d  n o t  d i f f e r  between p l o t s  2  and 3  

(Chi-square, N.S.). The d i f f e r e n c e s  between p l o t s  2  and 3  and t h e  c o n t r o l  

p l o t  were a t t r i b u t e d  t o  t h e  f a c t  t h a t  bo th  p l o t s  were seen  t o  b e  e q u i v a l e n t  

to  a lmost  t o t a l l y  t r e a t e d  p l o t s ;  t h e  p r o p o r t i o n  of females b reed ing  on t h e s e  

p l o t s  was ve ry  low (Table  7 ) .  The f a c t  t h a t  over lap  on p l o t  2-1973 was n o t  

g r e a t e r  than observed on p l o t  3, a p p a r e n t l y  r e s u l t e d  from t h e  r e d u c t i o n  i n  

t h e  number of r e s i d e n t  a d u l t s  on  p l o t  2-1973 (Table  6 ) ;  fewer  s q u i r r e l s  were 

r e s i d e n t  on  p l o t  2, s o  t h a t  over lap  was a l s o  reduced. Again t h e  amount of 

over lap  was b o t h  a  f u n c t i o n  of t h e  r e s i d e n t  d e n s i t y ,  and of t h e  b r e e d i n g  

s t a t u s  of t h e  s q u i r r e l s .  

When percen tages  of o v e r l a p  a r e  compared between 1972 and 1973, i t  

appears  t h a t  over lap  on p l o t  1  was g r e a t e r  i n  1973 t h a n  i n  1972 (Chi-square, 

S.99.9), w a s  s m a l l e r  on p l o t  2-1973 than  on p l o t  2-1972 (Chi-square,  

S.99.9), and was a l s o  s m a l l e r  on p l o t  3-1973 than on p l o t  3-1972 

(Chi-square, S .99) .  The i n c r e a s e  i n  o v e r l a p  on p l o t  1  can e a s i l y  b e  

expla ined by t h e  i n c r e a s e  i n  t h e  number of r e s i d e n t s  on t h a t  p l o t  i n  1973. 

S i m i l a r l y ,  t h e  d e c r e a s e  of r e s i d e n t s  on p l o t  2  was followed by a  d e c r e a s e  

i n  c o r e  a r e a  over lap .  However, on p l o t  3, t h e  number of r e s i d e n t s  was t h e  

same each year  (Tab le  6 ) .  The d e c r e a s e  i n  over lap  could  be exp la ined  by t h e  



f a c  :t t h a  t p l o t  3 w a s  n o t  t t e a  t e d  i n  1973. It was shown Fn 1972, t h a t  

over lap  was l e s s  on non-treated p l o t s .  

However, another  f a c t o r  may b e  involved a s  we l l .  It was observed 

t h a t  i n  1973, t o t a l  c o r e  a r e a  space had i n c r e a s e d  on a l l  p l o t s  when compared 

t o  1972 (Table 21).  While a l l  a r e a  c o r e s  covered 2640 m2, 2995 m2 and 2590 

m2 on p l o t s  1, 2 and 3 i n  1972, t h e y  covered 2885 m2, 3225 m2 and 3905 m2 on 

t h e s e  same p l o t s  i n  1973 (Table 21). The i n c r e a s e s  i n  t o t a l  c o r e  a r e a s  

r e p r e s e n t e d  8%, 7% and 34% of t h e  t o t a l  a r e a  used by s q u i r r e l s  from p l o t s  1, 

2 and 3 i n  1973 (from Table 21) .  T h i s  i n c r e a s e  i n  t o t a l  a r e a  used i s  

thought  t o  r e s u l t  d i r e c t l y  from t h e  b e t t e r  v e g e t a t i o n  c o n d i t i o n s  observed i n  

1973. A s  i t  was shown p r e v i o u s l y , , v e g e t a t i o n  was l u s h e r  i n  1973 t h a n  i n  

1972 (Fig.  2A and 2B). It i s  l i k e l y  t h a t  a r e a s  t h a t  were marginal  i n  1972 

could  s u p p o r t  s q u i r r e l  popu la t ions  i n  1973, a l lowing s q u i r r e l s  t o  sp read  

themselves i f  n o t  c o n s t r i c t e d  by h i g h e r  r e s i d e n t  d e n s i t i e s .  It is  n o t i c a b l e  

t h a t  t h e  g r e a t e s t  i n c r e a s e  occurred on p l o t  3, t h e  most marg ina l  and l e a s t  

dense p l o t .  P l o t s  1 and 2 which had comparable d e n s i t i e s  i n  1972 a l s o  had a 

comparable i n c r e a s e  i n  used a r e a  (Chi-square, N.S.) . Both p l o t  1 

(Mann-Vhitney, S.95) and p l o t  2 (Mann-Whitney, S.99.5) were denser  than p l o t  

3 i n  1972 (Table 19) .  Conversely,  t h e  i n c r e a s e  i n  t h e  t o t a l  a r e a  covered by 

c o r e  a r e a s  was g r e a t e r  on p l o t  3-1973 than on p l o t  1-1973 (Chi-square,  

S.99.9) and p l o t  2-1973 (Chi-square, S.99.9). 

b. P l o t s  ( I ) ,  4, 5 and 6 

Numbers and d e n s i t i e s  of a l l  s q u i r r e l s  t r apped ,  d e n s i t i e s  of a c t i v e  

s q u i r r e l s  p e r  obse rva t ion  per iod and average numbers of a g o n i s t i c  

i n t e r a c t i o n s  per  obse rva t ion  per iod w i l l  be compared t o  determine i f  t h e  

s q u i r r e l  popu la t ions  on  t h e s e  p l o t s  i n t e r a c t e d  s i n i l a r l y  t o  those  

popula t ions  p rev ious ly  d i scussed .  

F ive ,  f o u r  and e i g h t  a d u l t s  were t rapped on p l o t s  4, 5 and 6 i n  e a r l y  

June 1973, g i v i n g  d e n s i t i e s  of 12.5, 10.0 and 20.0 a d u l t  s q u i r r e l s  on  t h e s e  

p l o t s ;  f o u r t e e n  a d u l t  s q u i r r e l s  were r e s i d e n t  then on p l o t  1 f o r  a d e n s i t y  

of 21 s q u i r r e l s  p e r  h e c t a r e  (Table 22). Knowing t h e  annual  c y c l e  of the  

Richardson's  ground s q u i r r e l  i n  t h e  a r e a ,  I f e e l  i t  i s  s a f e  t o  assume t h a t  

t h e  s q u i r r e l s  observed on p l o t s  4, 5 and 6 were a l s o  r e s i d e n t s .  P l o t s  1 and 

6 had roughly e q u i v a l e n t  d e n s i t i e s ,  whi le  p l o t s  4 and 5 had s m a l l e r  numbers 

than p l o t s  1 and 6 .  P l o t s  4 and 5 were comparable i n  d e n s i t y .  
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On average,  8.6, 2.5, 4.2 and 9.0 a d u l t s  were a c t i v e  on p l o t s  1, 4,  5 

and 6  dur ing  a  45-minute pe r iod  through t h e  1973 summer (Table  23) .  S i n c e  

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

s q u i r r e l  d e n s i t i e s  a r e  used a s  t h e  b a s i s  f o r  comparing l e v e l s  of a g o n i s t i c  

behavior .  Mann-Whitney rank  t e s t s  were used t o  compare t h e  d e n s i t i e s  of 

a c t i v e  a d u l t s  on a l l  t h e  p l o t s ,  and g e n e r a l l y  no s i g n i f i c a n t  d i f f e r e n c e  

e x i s t e d  i n  t h e  numbers of a c t i v e  a d u l t s  w i t h  t h e  excep t ion  of p l o t  6  which 

had a  g r e a t e r  number of a c t i v e  s q u i r r e l s  than  p l o t  4  (App. 14,  no. 1 ) .  

During t h e  pe r iod  of June 1 - August 28, 1973, averages  of 4, 65, 2 4  

and 30 a g o n i s t i c  i n t e r a c t i o n s  were observed among t h e  a d u l t  s q u i r r e l s  of 

p l o t s  1, 4, 5  and 6  (Table 24). Levels  of aggress ion  seemed g r e a t e r  on t h e  

t h r e e  0.4 h e c t a r e  p l o t s  t h a n  on t h e  c o n t r o l  p l o t .  However, l a r g e  

f l u c t u a t i o n s  of agon' ist ic behavior  from a  10-day per iod  to  ano ther  on t h e  

l a t t e r  p l o t s  i n c r e a s e d  v a r i a b i l i t y  and when compared wi th  Mann-Whitney 

ranking t e s t s ,  l e v e l s  of a g o n i s t i c  i n t e r a c t i o n s  among a d u l t s  were n o t  

d i f f e r e n t  on  any of t h e  p l o t s  (App. 14, no. 4 ) .  

No d i f f e r e n c e s  could  be shown i n  t h e  l e v e l s  of a g o n i s t i c  behavior  

observed among a d u l t s  of p l o t s  1, 4, 5  and 6,  a l though  g e n e r a l l y  t h e  coun ts  

i n d i c a t e d  t h a t  t h e r e  was more aggress ion  on t h e  t h r e e  0.40 h e c t a r e  p l o t s .  

No d i f f e r e n c e  cou ld  be shown between d e n s i t i e s  of a c t i v e  a d u l t  s q u i r r e l s  on 

t h e s e  p l o t s ,  except t h a t  p l o t  6  which had a  g r e a t e r  d e n s i t y  t h a n  p l o t  4. 
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c .  Summ lary: Adult-adult  agonis  t i c  behavior  

Agonis t i c  behavior  was common among a d u l t s  on a l l  p l o t s  dur ing  t h e  1972 

and 1973 seasons  (47% of a l l  a g o n i s t i c  a c t s )  and t r e a t e d  and non- t reated 

s q u i r r e l s  d i d  n o t  d i f f e r  a s  t o  t h e i r  types  of a g o n i s t i c  i n t e r a c t i o n s .  

Agonis t i c  behavior  among a d u l t s  was observed from l a t e  March u n t i l  e a r l y  

June each year  and was a t  i t s  maximum when a d u l t  females  were busy 

e s t a b l i s h i n g  and main ta in ing  t e r r i t o r i e s .  Cessa t ion  of a q o n i s t i c  

behav ior  among a d u l t s  preceeded t h e i r  r e t u r n  i n t o  h i b e r n a t i o n  by an  

average of 25 days. 

The a c t i v i t y  of a d u l t  s q u i r r e l s  was n o t  a f f e c t e d  by t h e  mes t rano l  

t r ea tment  a s  t r e a t e d  s q u i r r e l s  were a c t i v e  above ground a s  o f t e n  a s  

non- t reated s q u i r r e l s .  

In  1972, Levels of a g o n i s t i c  i n t e r a c t i o n s  observed on p l o t s  1, 2 and 3  

showed t h a t  a g o n i s t i c  behavior  between s q u i r r e l s  was a f f e c t e d  by f a c t o r s  

of d e n s i t y  and breeding s t a t u s .  Trea ted  s q u i r r e l s  were l e s s  a g o n i s t i c  

than non-treated s q u i r r e l s ,  and non- t reated s q u i r r e l s  from low d e n s i t y  

p l o t s  were l e s s  a g o n i s t i c  than non- t reated s q u i r r e l s  from h igh  d e n s i t y  

p l o t s .  For  t r e a t e d  s q u i r r e l s ,  a g o n i s t i c  behavior  d i d  n o t  change wi th  

d e n s i  fy  . 
The d e n s i t i e s  of a c t i v e  a d u l t s  were g e n e r a l l y  s i m i l a r  on p l o t s  1, 4, 5 

and 6 dur ing t h e  pe r iod  of June 1 - August 28, 1973. The l e v e l s  of 

a g o n i s t i c  i n t e r a c t i o n s  among t h e s e  a d u l t s  d i d  n o t  d i f f e r  between t h e  

p l o t s ,  a l though  t h e r e  was i n d i c a t i o n  t h a t  they may have been h igher  on 

p l o t s  4, 5 and 6. 

Evidence ga thered  dur ing  t h e  1973 season  on p l o t s  1, 2 and 3  i n d i c a t e d  

t h a t  a d u l t  d e n s i t y  and t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  r e s i d e n t  

popula t ions  were r e l a t e d .  Core a r e a  s i z e  changed wi th  d e n s i t y ;  l e s s  

dense p l o t s  were c h a r a c t e r i z e d  by l a r g e r  c o r e  a r e a s .  Moreover, over lap  

of c o r e  a r e a s  was g r e a t e r  i n  denser  p l o t s  (wi th  equa l  t r e a t m e n t ,  o r  no 

t rea tment  a t  all) . 
Treatment,  i .e.  breeding s t a t u s ,  a l s o  in f luenced  t h e  s p a t i a l  

d i s t r i b u t i o n  of t h e  r e s i d e n t  popula t ions .  S ize  of c o r e  a r e a  d i d  n o t  

d i f f e r  f o r  t r e a t e d  and non- t reated s q u i r r e l s ,  b u t  c o r e  a r e a  over lap  

i n c r e a s e d  wi th  t reatment .  The a d u l t s  r e s p o n s i b l e  f o r  t h i s  s i t u a t i o n  

were most ly  t r e a t e d  s q u i r r e l s .  I n  e f f e c t ,  t h e  l a t t e r  shared  t h e i r  c o r e  



a r e a s  wi th  t r e a t e d  and non- t reated s q u i r r e l s ,  whi le  over lap  of c o r e  

a r e a s  among non-treated a d u l t s  was f a r  l e s s  common. 

S p a t i a l  d i s t r i b u t i o n  of t h e  s q u i r r e l s  may a l s o  have been i n f l u e n c e d  by 

t h e  weather and t h e  r e s u l t a n t  v e g e t a t i o n  c o n d i t i o n s .  Lusher v e g e t a t i o n  

was observed i n  1973, c o n c u r r e n t l y  w i t h  an i n c r e a s e  of t h e  t o t a l  a r e a  

used by s q u i r r e l s  w i t h i n  a g iven p l o t .  I f  r e s i d e n t  d e n s i t y  remained t h e  

same between 1972 and 1973, c o r e  a r e a  over lap  decreased a s  s q u i r r e l s  

were f r e e  t o  occupy a l a r g e r  a r e a  ( p l o t  3 ) .  If  r e s i d e n t  d e n s i t y  

i n c r e a s e d  concur ren t ly  wi th  t h e  b e t t e r  v e g e t a t i o n  c o n d i t i o n s  and t h a t  

t o t a l  a r e a  occupied d i d  n o t  i n c r e a s e  much, i n c r e a s e d  over lap  occurred 

whi le  a g o n i s t i c  behavior  remained t h e  same ( p l o t  1) . 



2. Adult-young i n t e r a c t i o n s  

a. P l o t s  1, 2  and 3  

i. Types of i n t e r a c t i o n s  

A t o t a l  of 175 a g o n i s t i c  i n t e r a c t i o n s  was observed between j u v e n i l e s  

and a d u l t s  on  p l o t s  1, 2  and 3 during 1972 and 1973, r e p r e s e n t i n g  15% of t h e  

1197 a g o n i s t i c  a c t s  recorded (App. 4 )  dur ing 234 45-minute o b s e r v a t i o n  

~ e r i o d s  (App. 2 ) .  

The most f r e q u e n t  type  of a g o n i s t i c  i n t e r a c t i o n  observed between 

a d u l t s  and j u v e n i l e s  was t h e  c h a s e  (60%).  F i g h t s  were n o t  uncommon, 

o c c u r r i n g  e i t h e r  on t h e i r  own (10%) o r  combined wi th  a chase  ( 7 % ) .  The b i t e  

( l o % ) ,  a n  a g o n i s t i c  i n t e r a c t i o n  p e c u l i a r  t o  adult-young r e l a t i o n s h i p s ,  w a s  

common and was a l s o  observed i n  combination w i t h  chases  ( 5 % ) .  F i n a l l y  t h e  

f i g h t  sec . ,  ,on i t s  own (2%) o r  preceded by a  chase  ( I % ) ,  t h e  t h r e a t  (5%) and 

t h e  f  ace-off /avoidance (1%) were n o t  observed f r e q u e n t l y  (App . 9B) . 
Of t h e  175 a g o n i s t i c  i n t e r a c t i o n s  , only one involved a g g r e s s i o n  

between a  female  and h e r  o f f s p r i n g  (App. 4 ) .  T h i s  occur red  on p l o t  2-1972, 

where a  female s t a r t e d  chasing i t s  own young from a d i s t a n c e ,  perhaps  

mis tak ing  i t  f o r  a f o r e i g n  j u v e n i l e .  She stopped p u r s u i t  a s  soon a s  s h e  

came i n t d  i t s  proximity .  Otherwise,  a l l  o t h e r  adult-young a g o n i s t i c  

i n t e r a c t i o n s  took p l a c e  between j u v e n i l e s  and a d u l t  s q u i r r e l s  t h a t  were n o t  

r e l a t e d .  

Twenty-six (15%) of t h e  175 adult-young a g o n i s t i c  i n t e r a c t i o n s  were 

won by j u v e n i l e s  (App. 4 ) ;  a l l  t h e s e  took p l a c e  between June  and mid-July 

( p e r i o d  5-10). A t  t h a t  t ime, a d u l t  s q u i r r e l s  were a c t i v e l y  p r e p a r i n g  f o r  

h i b e r n a t i o n  (Table  2 ) .  Most of t h e s e  encounte r s ,  i . e .  19 o u t  of 26, took 

p l a c e  between a  r e s i d e n t  j u v e n i l e  and a  t r a n s i e n t  a d u l t  s q u i r r e l  going 

through t h e  p l o t .  Only s i x  were observed between a  r e s i d e n t  j u v e n i l e  and a  

r e s i d e n t  a d u l t .  These 26 i n t e r a c t i o n s  a r e  inc luded  i n  t h e  summation of 

adult-young a g o n i s t i c  i n t e r a c t i o n s  s o  t h a t  d a t a  i n  t a b l e s  and appendices  

i n c l u d e  a l l  adult-young i n t e r a c t i o n s ,  r e g a r d l e s s  of which s q u i r r e l s  won t h e  

i n t e r a c t i o n .  

ii. Seasonal t iming 

Agonis t i c  i n t e r a c t i o n s  between a d u l t s  and j u v e n i l e s  s t a r t e d  very  soon 

a f t e r  t h e  emergence of t h e  l a t t e r  from the  maternal  burrow. On p l o t  2-1973 

and 3-1972, adult-young a g o n i s t i c  a c t s  were observed dur ing  t h e  same 10-day 
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p e r i o d  t h a t  saw t h e  f i r s t  emergence of j u v e n i l e s  (F ig .  7 ) ;  on a l l  o t h e r  

p l o t s ,  adult-young aggress ion  was f i r s t  observed dur ing  t h e  10-day per iod  

immediately fo l lowing  t h e  f i r s t  j u v e n i l e  emergence per iod  (Fig .  7 ) .  

Agonis t i c  behavior  between a d u l t s  and j u v e n i l e s  f i r s t  s t a r t e d  a t  low 

l e v e l s  averaging only 1.4 a g o n i s t i c  a c t s  p e r  45-minute p e r i o d  (1116) f o r  t h e  

3 p l o t s  dur ing t h e  f i r s t  two 10-day p e r i o d s  of i t s  occur rence  (from Table  

18) .  It reached a  peak roughly a  month a f t e r  f i r s t  j u v e n i l e  emergence, 

averag ing  t h e n  1 3  a g o n i s t i c  a c t s  p e r  45-minute (n=6) on t h e  t h r e e  p l o t s  i n  

1972 and 1973 (from Table 1 8 ) .  F i n a l l y  i n t e r a c t i o n s  diminished,  and ceased 

on average 14 days (n=7) b e f o r e  t h e  r e t u r n  of a l l  a d u l t s  i n t o  h i b e r n a t i o n  

(from Fig.  7 ) .  Although a d u l t  and j u v e n i l e  s q u i r r e l s  were a l l  p r e s e n t  on 

t h e  p l o t s  f o r  a t  l e a s t  two weeks b e f o r e  t h e  d i s sappearance  of t h e  a d u l t s ,  

t h e y  no lontger r e a c t e d  a g g r e s s i v e l y  t o  each o t h e r .  

iii. Frequency 1972 

It was shown i n  t h e  Y a t e r i a l s  and Methods Sec t ion  t h a t  average  number 

of s o c i a l  i n t e r a c t i o n s  was ob ta ined  by d i v i d i n g  t h e  t o t a l  number of 

i n t e r a c t i o n s ,  f o r  example between a d u l t s  and young, by t h e  average number of 

s q u i r r e l s  involved;  i n  t h i s  case ,  a d u l t s  and young. T h i s  method of c a l c u l u s  

i s  based,on t h e  reasoning t h a t  t h e  p r o b a b i l i t y  of i n t e r a c t i o n  between two 

groups of s q u i r r e l s  i s  a f u n c t i o n  of t h e  combined numbers of t h e s e  two 

groups. The s o c i a l  i n t e r a c t i o n  d a t a  p resen ted  i n  a l l  t a b l e s  i s  based on 

t h i s  p r i n c i p l e .  Th i s  procedure  may b e  l o g i c a l  between groups of s q u i r r e l s  

t h a t  have the  same l i k e l i h o o d  of i n t e r a c t i n g  t o  one a n o t h e r .  Such may n o t  

be t h e  c a s e  though f o r  t h e  i n t e r a c t i o n s  s e e n  between a d u l t s  and j u v e n i l e s .  

I n  e f f e c t ,  i t  was shown t h a t  most i n t e r a c t i o n s  (85%) were i n i t i a t e d  by a d u l t  

s q u i r r e l s .  Accordingly,  i t  i s  more meaningful t o  c o n s i d e r  n o t  on ly  t h e  

average number of i n t e r a c t i o n s  happening between a d u l t s  and j u v e n i l e s ,  bu t  

a l s o  t h e  average number of i n t e r a c t i o n s  i n i t i a t e d  by an a d u l t ,  and t h e  

average number of a g o n i s t i c  i n t e r a c t i o n s  t o  which a  j u v e n i l e  i s  submit ted.  

Table  18 summarizes adult-young i n t e r a c t i o n s  i n  t h e  u s u a l  manner, b u t  a l s o  

g i v e s  i n  p a r e n t h e s i s  t h e  s e a s o n a l  averages  of 1. a g o n i s t i c  a c t s  i n i t i a t e d  

by an a d u l t  a g a i n s t  a  j u v e n i l e ,  and 2. a g o n i s t i c  a c t s  t o  which j u v e n i l e s  

were s u b j e c t e d  t o  by a d u l t  s q u i r r e l s .  The t h r e e  t p e s  of f i g u r e s  w i l l  be 

considered below. 



I n  1972, o v e r a l l  a g o n i s t i c  behavior  between a d u l t s  and j u v e n i l e s  

averaged 8 ,  6  and 4  a g o n i s t i c  a c t s  on p l o t s  1, 2  and 3 r e s p e c t i v e l y  (Table  

1 8 ) .  The p l o t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from one a n o t h e r  i n  f requency 

of a g o n i s t i c  behavior  (App. 15, no. 1 ) .  Treated s q u i r r e l s  were never  seen  

t o  a t t a c k  j u v e n i l e s  i n  1972, whi le  non- t reated s q u i r r e l s  from p l o t s  2  and 3  

r e s p e c t i v e l y  averaged 6  and 4 a g o n i s t i c  encounters  w i t h  j u v e n i l e s  (Table  

18) .  Non-treated a d u l t s  were s i g n i f i c a n t l y  more a g g r e s s i v e  t o  j u v e n i l e s  

than  t r e a t e d  s q u i r r e l s  on p l o t s  2  w h i l e  no d i f f e r e n c e  cou ld  be  shown between 

bo th  groups on p l o t  3  (App. 15, no. 2 ) .  Treated s q u i r r e l s  were never  seen  

t o  a t r a r k  j ~ ~ v e n i l p s ;  n o t  t o  h e  a t t n r t e d  hy them; and a1 sn woro s i z n i f i c a n t l y  

l e s s  a g g r e s s i v e  towards j u v e n i l e s  than non-treated a d u l t  squ i r re l s (#2-1972)  . 
S t i l l  no s i g n i f i c a n t  d i f f e r e n c e  i n  frequency of a g o n i s t i c  behavior  could  be 

shown between t h e  c o n t r o l  p l o t  ( # I )  and t h e  t r e a t e d  p l o t s  (#2,  3 ) .  

 hi's l a c k  of d i f f e r e n c e  between p l o t s  i s  f u r t h e r  i l l u s t r a t e d  when 

numbers of a g o n i s t i c  a c t s  i n i t i a t e d  by a d u l t s  and s u f f e r e d  by j u v e n i l e s  a r e  

considered.  I n  1972, non- t reated a d u l t  s q u i r r e l s  were a g g r e s s i v e  towards 

j u v e n i l e s  on 26, 30, and 15 occas ions  (Table  18) .  No s i g n i f i c a n t  d i f f e r e n c e  

could  be shown between any of t h e s e  averages  (Mann-Whitney t e s t s ) ,  a l though  

i t  a p p e a r s  t h a t  non- t reated s q u i r r e l s  from p l o t  3, t h e  l e a s t  dense p l o t ,  may 

have been l e s s  a g g r e s s i v e  than non- t reated s q u i r r e l s  from denser  p l o t s  

(Table  1 9 j .  On average,  each j u v e n i l e  was submi t t ed  t o  1 3 ,  I %  and i 6  

a g o n i s t i c  encounters  on p l o t s  1, 2  and 3  r e s p e c t i v e l y  (Table  1 8 ) .  Again, no 

s i g n i f i c a n t  d i f f e r e n c e  cou ld  be  shown between t r e a t e d  and non- t reated p l o t s .  

I n  1972, when a c t i v e  s q u i r r e l  d e n s i t i e s  of 18.2, 15.1 and 8.6 a d u l t s ,  

and 23.0, 24.9 and 9.0 j u v e n i l e s  a r e  combined on p l o t s  1, 2 and 3  

r e s p e c t i v e l y  (Table 1 9 ) ,  i t  appears  t h a t  t h e  t o t a l  d e n s i t i e s  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  between p l o t s  1 and 2  (Mann-Whitney, N.S.), w h i l e  

being g r e a t e r  on p l o t s  1  (~ann-Whitney,  S. 99 )  and 2  (Mann-Whitney, S.99) 

than  on p l o t  3. Moreover, t h e  r e l a t i o n s h i p s  between p l o t s  were t h e  same 

when a d u l t  and j u v e n i l e s  d e n s i t i e s  were compared s e p a r a t e l y .  I n  s p i t e  of 

t h e  p l o t s '  d i f f e r e n c e s  i n  a c t i v e  s q u i r r e l  d e n s i t i e s ,  no d i f f e r e n c e  could  be 

shown between t h e  l e v e l s  of adult-young a g o n i s t i c  i n t e r a c t i o n s  observed 

on t h e  t h r e e  p l o t s  i n  1972. 



i v .  Frequency 1973 

I n  1973, adult-young a g o n i s t i c  i n t e r a c t i o n s  averaged 7 ,  2  and 1 

a g o n i s t i c  a c t s  (pe r  45-minute p e r  100 s q u i r r e l s )  on p l o t s  1, 2  and 3  

r e s p e c t i v e l y  (Table 18) .  No d i f f e r e n c e  was observed between t h e  c o n t r o l  

p l o t  and p l o t s  2  and 3  (App. 15,  no. 1 ) .  When groups of s q u i r r e l s  were 

compared wi th in  p l o t  2-1973, no d i f f e r e n c e  w a s  found between t r e a t e d  and 

non- t reated s q u i r r e l s  (App. 15, no. 2 ) .  Groups of non- t reated s q u i r r e l s  

d i d  n o t  d i f f e r  e i t h e r  when comparisons were made between p l o t s  1, 2  and 3  

(App. 15, no. 3 ) ,  a s  t h e y  i n t e r a c t e d  wi th  j u v e n i l e s  i n  averages  of 7, 3  

and i a g o n i s c i c  i n c e r a c c i o n s  (Tabie  i8 j . 
When t h e  l e v e l s  of a d u l t  a g o n i s t i c  behavior  towards j u v e n i l e s  were 

c a l c u l a t e d  i n  f u n c t i o n  of t h e  numbers of a d u l t s  on ly  and were compared, i t  

was s e e n  t h a t  a d u l t s  from t h e  c o n t r o l  p l o t  (34 a c t s )  i n t e r a c t e d  

a g o n i s t i c a l l y  w i t h  j u v e n i l e s  more o f t e n  than t h e  a d u l t s  from p l o t  3  (1.4 

a c t s ) ,  whi le  they d i d  not  d i f f e r  from a d u l t s  on p l o t  2 (24 a c t s )  

(Eann-Whitney, N.S. ) (Table 1 8 ) .  When t h e  average number of a g o n i s t i c  

i n t e r a c t i o n s  t o  & i c h  a  j u v e n i l e  w a s  submit ted were compared (p.er j u v e n i l e  

o n l y ) ,  no d i f f e r e n c e  cou ld  be  shown among p l o t s  (Mann-Whitney t e s t s ) .  It is 

most l i k e l y  t h a t  such a  l a c k  of d i f f e r e n c e  was due t o  t h e  s m a l l  sample s i z e  

invo lved ,  a s  averages  g r e a t l y  d i f f e r e d  . 
I n  1973, p l o t s  1 and 2  had e q u i v a l e n t  a d u l t  d e n s i t i e s ,  i . e .  18.2 and 

20.9 a c t i v e  a d u l t s  per 45-minute p e r i o d  (Table  19; Xann-Whitney, N.S.). 

Adult d e n s i t y  of 9.4 on p l o t  3  (Table  19) was s i g n i f i c a n t l y  l e s s  t h a n  

observed on p l o t s  1 (Mann-Whitney, S.99) and 2 (Mann-Whitney, S.99). 

However, t h e  t o t a l  numbers of young born o r  immigrating on to  p l o t s  2 and 3  

were lower in  1973 (Table 7 ) .  J u v e n i l e  d e n s i t i e s  on p l o t  2 (Mann-Whitney, 

S.97.5) and p l o t  3  (Mann-Whitney, S.97.5) were l e s s  than on p l o t  I ;  i n  

e f f e c t ,  only  6.0 and 4.6 j u v e n i l e s  were a c t i v e  on p l o t s  2  and 3  compared 

w i t h  34.9 on p l o t  1 (Table 19) .  A s  a  consequence, combined a d u l t  and 

j u v e n i l e  d e n s i t i e s  were s i g n i f i c a n t l y  lower on p l o t s  2  (Mann-Whitney, 

S.99.5) and 3  (Mann-Whitney, S.97.5) than on p l o t  1. 

Given t h e  t o t a l  d e n s i t i e s  observed on t h e  3  p l o t s ,  and t h e  mes t rano l  

t r ea tment  g iven i n  one of them, I expected t h a t  i n  1973 l e v e l s  of a g o n i s t i c  

i n t e r a c t i o n s  shou ld  be lower on p l o t s  2  and 3  than on p l o t  1. Such was n o t  

t h e  c a s e  and t h e  on ly  i n d i c a t i o n  of an e f f e c t  of t h e  mes t rano l  treament was 



t h e  f a c t  t h a t  a g a i n  no t r e a t e d  s q u i r r e l s  was e v e r  s e e n  t o  r e a c t  a g g r e s s i v e l y  

t o  a  j u v e n i l e  (Table  18).  Density may have had some i n f l u e n c e .  A d u l t s  were 

more a g g r e s s i v e  towards j u v e n i l e s  on t h e  c o n t r o l  p l o t  than  on p l o t  3  which 

was n o t  t r e a t e d  e i t h e r  i n  1973. Both a d u l t  and j u v e n i l e  d e n s i t i e s  were h igh  

on p l o t  1. Adult  popu la t ion  was normal on p l o t  3, i . e .  low a s  compared t o  

p l o t  1, and j u v e n i l e  popula t ion  was very  low. On t h e  o t h e r  hand, a d u l t  

a g g r e s s i o n  towards j u v e n i l e  was t h e  same on p l o t s  1 and 2, p l o t s  which had 

s i m i l a r  a d u l t  d e n s i t i e s  i n  1973. It thus  appears  t h a t  l e v e l s  of adult-young 

a g o n i s t i c  behavior  may b e  r e l a t e d  t o  d e n s i t y .  
- - - -- v. frequency i 4 7 2  v e r s u s . 1 ~ 1 ~  

No s t a t i s t i c a l  d i f f e r e n c e  cou ld  be shown between t h e  l e v e l s  of 

adult-young a g o n i s t i c  behavior  on any of t h e  p l o t s  between 1972 and 1973 

(App. 15, no. 1 ) .  No changes could  be shown f o r  e i t h e r  t r e a t e d  (App. 15,  

no. 4) o r  non-treated (App. 15,  no. 3 )  groups of s q u i r r e l s  between t h e  

1972 and 1973 s e a s o n s  (Tab le  18) .  

When t h e  numbers of a g o n i s t i c  encounte r s  d i r e c t e d  towards j u v e n i l e s  

by a d u l t s  were c a l c u l e d  per  a d u l t  p r e s e n t ,  and were compared between 1972 

and 1973, no d i f f e r e n c e s  could  be shown on  p l o t  1  (26 v e r s u s  3 4 ) ,  p l o t  2  (24 

versus  3) o r  p l o t  3  (12 versus  1.4) (Table 18; Xann-Whitney t e s t s ) .  

However, when t h e  numbers of a g o n i s t i c  i n t e r a c t i o n s  exper ienced  per  j u v e n i l e  

were compared between 1972 and 1973, a  s i g n i f i c a n t  d i f f e r e n c e  was shown on  

p l o t  2. J u v e n i l e s  on p l o t  2-1972 were t h e  r e c i p i e n t  of more a g g r e s s i v e  a c t s  

than j u v e n i l e s  from t h e  same popula t ion  i n  1973 (Table  18; Xann-Whithney, 

S.95). Such a  d i f f e r e n c e  w a s  n o t  observed on p l o t s  1  and 3. 

I n  1973, t h e  t o t a l  d e n s i t y  of a c t i v e  s q u i r r e l s  d i d  n o t  change on t h e  

c o n t r o l  p l o t  when compared t o  t h a t  of p l o t  1-1972 (Mann-Whitney, N.S.; Table 

19) ;  t h e  f a c t  t h a t  l e v e l s  of adult-young a g o n i s t i c  i n t e r a c t i o n s  were t h e  

same i n  1973 a s  i n  1972 was a s  expected.  However, t o t a l  d e n s i t i e s  of a c t i v e  

s q u i r r e l s  were s i g n i f i c a n t l y  lower on p l o t s  2-1973 (Yann-Whitney, S.97.5) 

and 3-1973 (Yann-Whitney, S.97.5) t h a n  they were on t h e  same p l o t s  i n  1972 

(Table 19) .  Data from Table  18 shows a  concur ren t  decrease  of aggress ion  

between a d u l t s  and j u v e n i l e s  on t h e s e  p l o t s  i n  1973; 6 and 4  adult-young 

a g o n i s t i c  a c t s  were observed on p l o t  2-1972 and 3-1972 w h i l e  only  2  and 1  

were recorded on t h e s e  same p l o t s  i n  1973 (Table 18) .  The low l e v e l  of 

i n t e r a c t i o n  observed d i d  n o t  a l low any s t a t i s t i c a l  d i f f e r e n c e  t o  be shown 



between t h e  l e v e l s  of aggress ion  observed on p l o t s  2  and 3  i n  1972 and 1973 

(App. 15, no. 1) , with  t h e  excep t ion  of t h e  number of a d u l t  a q o n i s t i c  a c t s  

t o  which t h e  j u v e n i l e s  were submit ted t o  on p l o t  2-1973. A r e d u c t i o n  i n  t h e  

number of j u v e n i l e s  born and a c t i v e  on t h i s  p l o t ,  a s  w e l l  a s  a  r e d u c t i o n  of 

t h e  number of a d u l t  r e s i d e n t s ,  were followed by a  d e c r e a s e  i n  t h e  l e v e l  of 

a d u l t  a g g r e s s i o n  towards j u v e n i l e s .  However, t h e  f a c t  t h a t  mes t rano l  

t r ea tment  was more i n t e n s e  i n  p l o t  2-1973 than i n  p l o t  2-1972 shou ld  a l s o  b e  

t aken  i n  c o n s i d e r a t i o n .  Th is  f a c t o r  would most l i k e l y  a l s o  c o n t r i b u t e  t o  

d e c r e a s e  t h e  l e v e l s  of adult-young aggress ion .  

5. P l c t z  < ? ) ,  4 ,  5 ziid 5 

Seventeen,  15 and 25 j u v e n i l e s  were t r apped  on p l o t s  4, 5  and 6 i n  

e a r l y  June 1973, account ing f o r  d e n s i t i e s  of 42.5 , 37.5 and 62.5 j u v e n i l e s  

p e r  h e c t a r e  (Table  22).  At t h e  same t ime,  54 j u v e n i l e s  were p r e s e n t  on p l o t  

1 (F ig .  4 ) ,  a t  a  d e n s i t y  of 83.1 p e r  h e c t a r e  (Table  22). When j u v e n i l e  and 

a d u l t  numbers a r e  combined, 104.6, 55.0, 47.5 and 82.5 s q u i r r e l s  were found 

t o  be  p r e s e n t  on p l o t s  1, 4, 5  and 6  dur ing June 1973 (Table  22).  The 

d e n s i t y  on t h e  c o n t r o l  p l o t  was thus  roughly twice  t h a t  on p l o t s  4  and 5,  

and 1.3 t i m e s  t h a t  o f  p l o t  6. 

During June 1 - August 28, 1973, d e n s i t i e s  of 35.3, 22.7, 23.5 and 

28.2 a c t i v e  j u v e n i l e s  were observed on p l o t s  1, 4, 5  and 6 r e s u l t i n g  i n  

combined adult-young a c t i v e  d e n s i t i e s  of 51.5, 28.5, 30.4 and 39.0 s q u i r r e l s  

pe r  h e c t a r e  ( p e r  45-minute observa t ion  per iod)  (Table 23) .  When combined 

adult-young d e n s i t i e s  a r e  compared, it appears  t h a t  p l o t  1 had a  g r e a t e r  

a c t i v e  s q u i r r e l  d e n s i t y  than  p l o t s  4  and 5, b u t  d i d  n o t  d i f f e r  from p l o t  6; 

p l o t  6  had a  g r e a t e r  a c t i v e  s q u i r r e l  d e n s i t y  t h a n  p l o t  4, b u t  d i d  no t  

s i g n i f i c a n t l y  d i f f e r  from p l o t  5  (App. 14, no. 2 ) .  

Adult-young a g o n i s t i c  encounters  averaged 9 ,  10,  39 and 36 a g o n i s t i c  

a c t s  ( p e r  45-minute p e r  100 s q u i r r e l s )  on p l o t s  1 ,  4, 5  and 6  dur ing t h e  

June 1 - August 28 per iod  (Table 24).  When t h e  l e v e l s  of a g o n i s t i c  behavior  

were compared on p l o t s  4, 5  and 6,  t h e y  were shown t o  be  d i r e c t l y  r e l a t e d  t o  

t h e  d e n s i t i e s  of s q u i r r e l s  on t h e s e  p l o t s .  P l o t  5  did  n o t  d i f f e r  

s i g n i f i c a n t l y  from p l o t s  4  and 6  i n  d e n s i t y  (App. 14, no. 2 ) ,  nor  i n  

l e v e l s  of a g o n i s t i c  behavior    AD^. 14, no. 5 ) .  P l o t  6  had a  h i g h e r  

d e n s i t y  than  p l o t  4 (App. 14, no. 2) and was c h a r a c t e r i z e d  by a  h igher  

l e v e l  of adult-young a g o n i s t i c  behavior  (App. 14,  no. 5 ) .  The l e v e l s  of 



a g g r e s s i o n  on p l o t  1  were c o n s i s t e n t l y  lower than expected i f  t h e  same 

r e l a t i o n s h i p  between d e n s i t y  and behavior  a s  observed on p l o t s  4, 5 and 6 

was t o  ho ld .  D e n s i t i e s  of a c t i v e  s q u i r r e l s  were t h e  same on p l o t s  1 and 6 

(App. 14, no. 2 ) ,  b u t  l e v e l s  of a g o n i s t i c  behavior  were h i g h e r  on p l o t  6 

(App. 14, no. 5 ) .  D e n s i t i e s  of a c t i v e  s q u i r r e l s  were h i g h e r  on p l o t  1 

than  on p l o t s  4  and 5  (App. 14, no. 2 ) ,  b u t  l e v e l s  of a g o n i s t i c  behavior  

were b a s i c a l l y  t h e  same on a l l  p l o t s  (App. 14, no. 5 ) .  O v e r a l l ,  p l o t s  4, 

5 and 6 had g r e a t e r  l e v e l s  of a g o n i s t i c  behavior  than t h e  c o n t r o l  p l o t  g iven 

t h e i r  observed d e n s i t y  r e l a t i o n s h i p s .  
-r L 6 L . L  
I a u g g e o ~  C L ~ L  iwir d) ;uu ib i i c  i u i e s d c i i v ~ l s  were i a k i n g  p i a c e  on p i o i s  

4 ,  5 and 6 because of a  g r e a t e r  e x t e r n a l  d i s t u r b a n c e  of an imals  on t h e s e  

p l o t s .  P l o t s  4, 5 and 6 were t rapped i n  June 1973 when bo th  a d u l t s  and 

j u v e n i l e s  were p r e s e n t .  S q u i r r e l s  from t h e s e  p l o t s  were n o t  a s  used t o  t h e  

p resence  of t h e  observer  a s  s q u i r r e l s  on p l o t  1. Adult  s q u i r r e l s  from p l o t  

1 had a l r e a d y  been trapped many t imes ,  some of them both  i n  1972 and 1973; 

they  had been observed s i n c e  March and had thus  seen  t h e  o b s e r v e r  on a  d a i l y  

b a s i s  f o r  a  pe r iod  of a t  l e a s t  3 months. J u v e n i l e s  from p l o t  1 were t rapped 

a s  soon a s  they emerged from t h e  mate rna l  burrow; they  showed l i t t l e  f e a r  

and were e a s i l y  handled,  marked and ca ressed  by t h e  o b s e r v e r .  Th i s  was n o t  
L 

t h e  c a s e  f o r  s q u i r r e l s  on p l o t s  4, 5 and 6 ;  being t rapped  was a  new 

exper ience  and t h e y  were n o t  accustomed t o  t h e  observer ' s  presence.  I 

s u s p e c t  t h a t  such g r e a t e r  d i s t u r b a n c e  cou ld  have r e s u l t e d  i n  a  g r e a t e r  

nervousness  and p o s s i b l y  i n  t h e  i n c r e a s e d  l e v e l s  of a g o n i s t i c  i n t e r a c t i o n s  

observed on t h e s e  p l o t s .  Such was t h e  c a s e  f o r  adult-young i n t e r a c t i o n s ,  

and i t  could  have been the  c a s e  f o r  a d u l t s  (Table  24) ,  a l though  s t a t i s t i c a l  

t e s t s  t h e r e  were n o t  s i g n i f i c a n t .  Adult-adult  a g o n i s t i c  i n t e r a c t i o n s  

averaged 40 a g o n i s t i c  a c t s  on p l o t s  4 ,  5 and 6 when on ly  4  were observed on 

p l o t  1 (Table  24).  Adult-young i n t e r a c t i o n s  averaged 28 a g o n i s t i c  a c t s  on 

p l o t s  4, 5 and 6 w h i l e  on ly  9  were observed on p l o t  1  (Table  24) .  If t h e  

hypothes i s  i s  c o r r e c t ,  t h e  same phenomena should be observed f o r  t h e  

young-young a g o n i s t i c  i n t e r a c t i o n s  on t h e s e  p l o t s .  



c .  Summary: Adult-young i n t e r a c t i o n s  

One-hundred seventy  f i v e  a g o n i s t i c  i n t e r a c t i o n s  were recorded  on p l o t s  

1, 2 and 3  between a d u l t s  and young i n  1972 and 1973, r e p r e s e n t i n g  only  

15% of t h e  t o t a l  number of a g o n i s t i c  a c t s  observed on t h e s e  p l o t s .  

The most common type of encounter  w a s  t h e  chase  (60%), and a l l  o t h e r  

forms of a g o n i s t i c  encounter ,  i . e .  f i g h t ,  t h r e a t s ,  e t c .  were observed 

i n  roughly t h e  same propor t ions  as  amongst a d u l t s .  The b i t e  was 

p e c u l i a r  t o  adult-young i n t e r a c t i o n s  and represen ted  a s  much a s  15% of 

a l l  adult-young i n t e r a c t i o n s .  
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i n t e r a c t i o n s  and most of t h e s e  were observed between r e s i d e n t  j u v e n i l e s  

and t r a n s i e n t  a d u l t  s q u i r r e l s .  Moreover, t h e  i n t e r a c t i o n s  where 

j u v e n i l e s  were dominant occurred only  i n  l a t e  summer (June-July) when 

a d u l t s  were l e s s  a g g r e s s i v e  and were p repar ing  f o r  h i b e r n a t i o n .  

Each year ,  a g o n i s t i c  behavior  between a d u l t s  and j u v e n i l e s  s t a r t e d  soon 

a f t e r  j u v e n i l e s  f i r s t  emerged from t h e  burrows; such behav ior  was a t  a  

low l e v e l  f o r  t h e  f i r s t  20 days a f t e r  emergence and subsequen t ly  reached 

a  peak. Agonis t i c  encounters  then became l e s s  f r e q u e n t  and ceased about 

14 days b e f o r e  t h e  a d u l t s  went i n t o  h i b e r n a t i o n .  
% 

O v e r a l l ,  no d i f f e r e n c e  i n  t h e  i n t e n s i t y  of adult-young a g o n i s t i c  

behav ior  could  be d e t e c t e d  between p l o t s  1, 2 and 3  i n  1972 o r  1973 a s  

t h e  t o t a l  number of such i n t e r a c t i o n s  was low. No d i f f e r e n c e  e x i s t e d  

e i t h e r  w i t h i n  any of t h e  p l o t s  between 1972 and 1973. 

However, adult-young aggress ion  may have been in f luenced  by t h e  

mes t rano l  t rea tment .  Treated s q u i r r e l s  were never  seen  t o  behave 

a g o n i s t i c a l l y  t o  j u v e n i l e s ,  which was n o t  t h e  c a s e  f o r  non- t reated 

s q u i r r e l s .  

The i n f l u e n c e  of popula t ion  d e n s i t y  on adult-young a g o n i s t i c  behavior  

was i n d i c a t e d  by t h e  fo l lowing  observa t ions :  

a .  a t  h i g h  d e n s i t y ,  non- t reated s q u i r r e l s  were more a g g r e s s i v e  to  

j u v e n i l e s  than t r e a t e d  s q u i r r e l s  ( p l o t  2-1972). A t  low d e n s i t y ,  no 

d i f f e r e n c e s  could be found between t h e  two groups ( p l o t  3-1972). 

b. non- t reated s q u i r r e l s  d i r e c t e d  more a g g r e s s i v e  a c t s  towards 

j u v e n i l e s  on h i g h  d e n s i t y  p l o t s  than  on low d e n s i t y  p l o t s  ( p l o t  1 

versus  p l o t  3, 1973) 



c .  a  decrease  i n  t h e  number of j u v e n i l e s  brought  a  d e c r e a s e  i n  t h e  

number of a g o n i s t i c  a d u l t  encounte r s  t o  which t h e s e  j u v e n i l e s  were 

submit ted ( p l o t  2-1972 versus  p l o t  2-1973) 

d. t h e  l e v e l s  of adult-young a g o n i s t i c  i n t e r a c t i o n s  were a p p a r e n t l y  

r e l a t e d  t o  t h e  combined d e n s i t i e s  of a d u l t s  and j u v e n i l e s  on p l o t s  

4, 5 and 6. When combined a d u l t  and j u v e n i l e  d e n s i t i e s  on p l o t s  

were similar, t h e  l e v e l s  of a g o n i s t i c  i n t e r a c t i o n s  were a l s o  

s i m i l a r ;  i f  t h e  d e n s i t y  of a c t i v e  s q u i r r e l s  was h i g h e r  on one p l o t  

than on ano ther  , t h e  l e v e l  of adult-young agonis  t i c  i n t e r a c t i o n s  
,-.l.-w-a *LA ---- - - 1  -..J ---L..r- 
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Levels  o f  adult-young a g o n i s t i c  behavior  may a l s o  have been in f luenced  

by t h e  observer ' s  presence.  The l e v e l s  of adult-young a g o n i s t i c  

i n t e r a c t i o n s  on  p l o t s  4, 5 and 6 were c o n s i s t e n t l y  h i g h e r  o r  e q u a l  t o  

those  observed on p l o t  1 a l though  t h e  d e n s i t y  of a c t i v e  s q u i r r e l s  was 

e i t h e r  equa l  t o  o r  lower than  t h a t  observed on p l o t  1. S q u i r r e l s  on  

p l o t s  4, 5 and 6 had been q u i t e  suddenly exposed t o  t r a p p i n g  and t o  t h e  

p resence  of t h e  observer  when compared t o  s q u i r r e l s  on p l o t  1. 



3. Young-young i n t e r a c t i o n s  

a.  P l o t s  1, 2  and 3  

i. Types of i n t e r a c t i o n s  

A t o t a l  of 458 a g o n i s t i c  i n t e r a c t i o n s  were observed among j u v e n i l e s  

on p l o t s  1, 2 and 3  dur ing 1972 and 1973 (App. 4 ) ,  r e p r e s e n t i n g  38% of t h e  

1197 a g o n i s t i c  a c t s  observed on t h e s e  p l o t s .  

The chase  (59%) was t h e  most common type  of a g o n i s t i c  i n t e r a c t i o n  

observed among j u v e n i l e s  and was o f t e n  combined wi th  f i g h t  (8%) o r  f i g h t  

s e c .  (2%) .  The l a t t e r  a l s o  occurred on t h e i r  own, f i g h t s  - 17%, f i g h t  sec .  
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d i f f e r e n c e  was observed a s  t o  t h e  types  of i n t e r a c t i o n s  o c c u r r i n g  between 

l i t t e r m a t e s  o r  between non-related j u v e n i l e s  (Chi-square,  N.S.) (App. 9B). 

S i m i l a r l y ,  j u v e n i l e s  were involved i n  t h e  same types  of i n t e r a c t i o n s  a s  t h e  

a d u l t s ,  wi th  t h e  except  ion  of t h e  b i t e ,  and i n t e r a c t i o n s  were observed i n  

b a s i c a l l y  s i m i l a r  p ropor t ions  t o  those  s e e n  among a d u l t s ,  and between a d u l t s  

and j u v e n i l e s  (Chi-square t e s t s ) .  

ii. Seasonal t iming 

On a l l  p l o t s  where j u v e n i l e  a g o n i s t i c  behavior  was observed each 

year ,  young-young a g o n i s t i c  i n t e r a c t i o n s  never  s t a r t e d  w i t h i n  t h e  10-day 

per iod  dur ing  which t h e  f i r s t  j u v e n i l e s  emerged, b u t  were always recorded 

b e f o r e  t h e  end of t h e  nex t  10-day per iod  (Fig .  7 ) .  

On p l o t s  where j u v e n i l e - j u v e n i l e  i n t e r a c t i o n s  were s e e n ,  such 

a g o n i s t i c  a c t s  were recorded wi thout  i n t e r u p t i o n  from o n s e t  u n t i l  t h e  end of 

t h e  o b s e r v a t i o n s  each y e a r ,  i . e .  August 12 i n  1972 and August 28 i n  1973 

(Fig.  7 ) .  General ly ,  t h e  l a s t  10-day per iod  of o b s e r v a t i o n  was 

c h a r a c t e r i z e d  by a  drop i n  t h e  l e v e l  of a g o n i s t i c  i n t e r a c t i o n s  among young 

(F ig .  7 ) ,  b u t  a s  f l u c t u a t i o n s  had a l r e a d y  occurred I assume t h a t  some 

young-young a g o n i s t i c  behavior  cont inued a f t e r  t h e  end of t h e  o b s e r v a t i o n s .  

iii. Frequency 1972 

I n  1972, a g o n i s t i c  behavior  among j u v e n i l e s  averaged 19,  17 and 12 

a g o n i s t i c  a c t s  ( p e r  45-minute p e r  100 s q u i r r e l s )  on p l o t s  1, 2  and 3 

r e s p e c t i v e l y  (Table 25).  Although t h e  d a t a  i n d i c a t e d  t h a t  young-young 

a g o n i s t i c  behavior  may have decreased wi th  t h e  i n t e n s i t y  of t h e  n e s t r a n o l  

treament g iven,  no s i g n i f i c a n t  d i f f e r e n c e  cou ld  be shown between any of t h e  

p l o t s  (App. 15, no. 5 ) .  



Table  25. Average numbers of a o n i s t i c  i n t e r a c t i o n s  observed 
between j w e n i l e  s q u f r r e l s  ( p e r  45-minute 
observation p e r i o d ,  p e r  100 s q u i r r e l s ) .  

PLOT 1 
10-day L i t t m l  

1 0-day 
average  4  17  1 9  

1 0-day 
average  18 0  1 7  

PLOT 2 
L i t t  Y P l  

PLOT 3 
L i t t  Wl 



When j u v e n i l e  a g o n i s t i c  i n t e r a c t i o n s  were d iv ided  i n  two groups,  i . e .  

t h o s e  o c c u r r i n g  among l i t t e r m a t e s ,  and those  o c c u r r i n g  among j u v e n i l e s  t h a t  

a r e  n o t  r e l a t e d ,  i t  appears  t h a t  more a g o n i s t i c  i n t e r a c t i o n s  occur red  among 

non-re la ted j u v e n i l e s  than among l i t t e r m a t e s  (App. 15, no. 6 ) .  

L i t t e r m a t e s  averaged only 4, 4  and 5  a g o n i s t i c  a c t s  among themselves on 

p l o t s  1, 2  and 3, whi le  i n t e r a c t i o n s  among non-re la ted j u v e n i l e s  accounted 

f o r  17,  20  and 15 a g o n i s t i c  i n t e r a c t i o n s  throughout t h e  summer (Table  25). 

The i n t e n s i t y  of a g o n i s t i c  behavior  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  between 

p l o t s  f o r  l i t t e r n a t e s  (App. 15, no. 7 ) ,  even though p l o t s  1  (Mann-Whitney, 

S = a s )  2nd 2 <M~nn- !?hL t~q ,  S - 99) hz? g r22 tc r  ? c ~ i  t::~ ~f ~:ti-:2 j z 7 ~ ~ i 1 2 3  

t h a n  p l o t  3 (Table  26). S i m i l a r l y ,  no d i f f e r e n c e  w a s  observed between p l o t s  

when l e v e l s  of a g o n i s t i c  behavior  were compared f o r  non-related j u v e n i l e s  i n  

t h e s e  p l o t s  (App. 15, no. 8 ) ,  a l though  p l o t  3  had an  immigrant j u v e n i l e  

popula t ion  of twice  t h e  numbers seen  on p l o t s  1 and 2  (Table  7 ) .  However, 

i t  i s  p o s s i b l e  t h a t  some of t h e s e  immigrating j u v e n i l e s  were l i t t e r m a t e s ,  

s i n c e  t h e i r  parentage was n o t  known. 

I n  1972, no d i f f e r e n c e  cou ld  be s e e n  between p l o t s  1, 2  and 3 on t h e  

e f f e c t  of t r ea tment  and d e n s i t y  on j u v e n i l e  a g o n i s t i c  behavior .  J u v e n i l e s  

on t r e a t e d  p l o t s ,  and on low d e n s i t y  p l o t s  were s u b j e c t e d  t o  a s  much 

a g g r e s s i o n  from o t h e r  j u v e n i l e s  a s  were j u v e n i l e s  on a  h i g h  d e n s i t y ,  

non- t r e a t e d  p l o t .  The on ly  d i f f e r e n c e  observed was t h a t  j u v e n i l e s  

i n t e r a c t e d  l e s s  a g g r e s s i v e l y  towards t h e i r  l i t t e r m a t e s  than t o  u n r e l a t e d  

i n d i v i d u a l s ,  and t h i s  occurred both on t r e a t e d  and non- t reated p l o t s .  

i v  . Frequency 19 73 

I n  1973, a n  average  of 17 a g o n i s t i c  i n t e r a c t i o n s  was observed among 

j u v e n i l e s  on  t h e  c o n t r o l  p l o t ,  whi le  no such i n t e r a c t i o n s  were ever  observed 

among young from p l o t s  2  and 3  (Table  25).  Non-related j u v e n i l e  

i n t e r a c t i o n s  were n o t  observed on any p l o t s  i n  1973, a l though  j u v e n i l e s  from 

many r e s i d e n t  l i t t e r s  a s  w e l l  a s  immigrating j u v e n i l e s  were p r e s e n t  on a l l  

p l o t s  (Table  26).  

Th i s  l a c k  of aggress ion  i n  p l o t s  2  and 3  a s  compared t o  p l o t  1 was 

probably  due t o  t h e  s m a l l  numbers of j u v e n i l e s  on t h e  former p l o t s .  I n  

e f f e c t ,  more j u v e n i l e s ,  i . e .  34.9 per  obse rva t ion  p e r i o d ,  were seen  on 

p l o t s  1  than on p l o t  2  - (6.0 j u v e n i l e s ;  Mann-Vhitney, S.99) and p l o t  3 (4.6 

j u v e n i l e s  ; Mann-Whitney, S. 99.9) (Table 26).  J u v e n i l e  p o p u l a t i o n s  on p l o t s  



Table  26. Average d e n s i t i e s  o f  a c t i v e  j u v e n i l e  s u i r r e l s  p r e s e n t  
on p l o t s  1, 2 and 3 d u r i n  an average  15-minute 
o b s e r v a t i o n  per iod i n  197$ and 1973. 

PLOT 1 
10-day Y b o r n w  A l l  
p e r  ioa  Young 

1 0-day 
average  20.3 3.1 23.0 

1 0-day 
average  34.1 2.6 34.9 

PLOT 2 
Yborn Yout A l l  

PLOT 3 
Yborn Yout A l l  



2  and 3  d i d  n o t  d i f f e r  (Mann-Whitney, N.S.). These low p o p u l a t i o n s  of 

j u v e n i l e s  i n  t h e s e  p l o t s  a r e  thought  t o  r e s u l t  p r i m a r i l y  from t h e  o v e r a l l  

f a i l u r e  of females t o  produce l i t t e r s  i n  t h e s e  p l o t s  i n  1973 (Table  7 ) .  

v. Frequency 1972 versus  1973 

Leve l s  of a g o n i s t i c  i n t e r a c t i o n s  among a l l  j u v e n i l e s  d i d  n o t  d i f f e r  

s i g n i f i c a n t l y  on p l o t  1 between t h e  1972 and 1973 s e a s o n s  (App. 15, no. 

51, i n  s p i t e  of a  s i g n i f i c a n t  i n c r e a s e  of t h e  number of a c t i v e  j u v e n i l e s  on 

t h i s  p l o t  (Table  26; Mann-Whitney, S .95) .  However t h e r e  was more aggress ion  

among p l o t  l i t t e r m a t e s  i n  1973 t h a n  i n  1972 (App. 15,  no. 7 ) .  The f a c t  

t h a t  no o v e r a l l  d i f f e r e n c e  f o r  a l l  j u v e n i l e s  could  be found was t h e  r e s u l t  

of a  concur ren t  i n c r e a s e  of l i t t e r m a t e  aggress ion  and a  d e c r e a s e  of 

non-related j u v e n i l e  i n t e r a c t i o n  (App. 15, no. 8 ) .  Only a  few immigrants 

a t tempted t o  move on to  p l o t  1  a t  t h e  end of t h e  summer 1973, when number of 

born j u v e n i l e s  was a l r e a d y  much reduced (Fig.  5 )  s o  t h a t  t h e r e  was l i t t l e  

c o n f r o n t a t i o n .  Secondly,  i t  seems t h a t  l i t t e r m a t e s  were f u l l y  occupied 

i n t e r a c t i n g  a g g r e s s i v e l y  towards each o t h e r ,  and s p e n t  l i t t l e  time 

i n t e r a c t i n g  a g o n i s t i c a l l y  w i t h  t h e i r  j u v e n i l e  neighbours . More j u v e n i l e  

r e s i d e n t s  were l e f t  i n  l a t e  summer 1973 - 21  j u v e n i l e s  a c t i v e  i n  August 1973 

compared wi th  15 i n  August 1972 (Fig .  4 ) .  Thus i n  s p i t e  of i n c r e a s e d  

aggress ion  among l i t t e r m a t e s ,  more j u v e n i l e s  were l e f t  a s  r e s i d e n t s  i n  1973 

s u g g e s t i n g  t h a t  1973 was a  year  favourab le  t o  j u v e n i l e s  on t h e  c o n t r o l  p l o t .  

There was a  very s i g n i f i c a n t  decrease  i n  t h e  l e v e l s  of young-young 

a g o n i s t i c  i n t e r a c t i o n s  on p l o t s  2 and 3-1973 a s  compared t o  t h e  1972 season  

(App. 15, no. 5 ) .  While a s  many a s  17 and 12 a g o n i s t i c  a c t s  were observed 

dur ing 1972, none were observed i n  1973 (Table 25).  Th i s  d e c r e a s e  i n  

j u v e n i l e  a g o n i s t i c  behavior  most l i k e l y  r e f l e c t s  t h e  drop i n  numbers of 

j u v e n i l e s  on t h e s e  two p l o t s  i n  1973 (Fig.  5 ) .  The r e d u c t i o n  of 

young-young a g o n i s t i c  behavior  on p l o t s  2  and 3  i n  1973 r e s u l t s  most ly  from 

t h e  f a c t  t h a t  no a g o n i s t i c  i n t e r a c t i o n s  took p l a c e  among non-re la ted 

j u v e n i l e s  t h a t  yea r ,  w h i l e  s i g n i f i c a n t l y  g r e a t e r  averages  of 20 and 15 

a g o n i s t i c  a c t s  were recorded among t h e s e  s q u i r r e l s  on p l o t s  2  and 3-1972 

(Table 25; App. 14, no. 8 ) .  The low number of i n t e r a c t i o n s  recorded  d i d  

no t  permit  s i g n i f i c a n t  d i f f e r e n c e s  t o  be  shown i n  t h e  l e v e l s  of a g o n i s t i c  

behavior  observed among l i t t e r m a t e s  on t h e s e  p l o t s  i n  1972 and 1973 (Table 

25; App. 15, no. 7).  



An i n c r e a s e  i n  t h e  d e n s i t y  of j u v e n i l e s  born w a s  r e l a t e d  t o  an 

i n c r e a s e  of l i t t e r m a t e  aggress ion  and a  d e c r e a s e  i n  non-re la ted j u v e n i l e  

aggress ion  on p l o t  1; a s  a  r e s u l t ,  no o v e r a l l  changes could  be measured 

between 1972 and 1973 on t h i s  p l o t .  Decreases i n  j u v e n i l e  d e n s i t i e s  on 

p l o t s  2  and 3  i n  1973 were accompanied by concur ren t  d e c r e a s e s  i n  t h e  l e v e l s  

of a g o n i s t i c  behavior ,  e s p e c i a l l y  among non-re la ted j u v e n i l e s ,  and p o s s i b l y  

among l i t t e r m a t e s  a s  we l l .  

b .  P l o t s  ( I ) ,  4, 5 a n d 6  

D e n s i t i e s  of 83, 42, 37 and 62 j u v e n i l e s  were p r e s e n t  on p l o t s  1, 4, 

5 and h i n  .Tilne 1973 ( T l h l ~  22) 221, en g~rerzge, 35, 23, 23  2cd 3E( ef thece 

were observed t o  be a c t i v e  dur ing t h e  b e h a v i o r a l  obse rva t ions  made from June 

1 - August 28 (Table 23). S i g n i f i c a n t l y  more j u v e n i l e s  were a c t i v e  on p l o t  1 

t h a n  on p l o t  4  and 5 , whi le  no s t a t i s t i c a l  d i f f e r e n c e  could  be determined 

between t h e  j u v e n i l e  d e n s i t i e s  of p l o t s  1 and 6  (App. 14, no. 3 ) .  No 

d i f f e r e n c e  i n  d e n s i t y  of a c t i v e  j u v e n i l e s  was seen  between p l o t s  4, 5 and 6  

(App. 14, no. 3 ) .  

Averages of 21, 87, 79 and 47 a g o n i s t i c  encounte r s  were observed 

among j u v e n i l e s  on p l o t s  1, 4, 5 and 6  r e s p e c t i v e l y  (Table  24) .  

S i g n i f i c a n t l y  more young-young a g o n i s t i c  i n t e r a c t i o n s  occurred on p l o t s  4, 5 

and ,6 than on p l o t  1 (App. 14, no. 6 ) ,  i n  s p i t e  of t h e  f a c t  t h a t  p l o t  1  

had a  h igher  j u v e n i l e  d e n s i t y  than  p l o t s  4 and 5 and had a  s i m i l a r  d e n s i t y  

t o  p l o t  6 (App. 14, no. 3 ) .  No s i g n i f i c a n t  d i f f e r e n c e s  were observed i n  

t h e  d e n s i t y  of a c t i v e  j u v e n i l e s  on p l o t s  4, 5 and 6  (App. 14, no. 3 ) ,  and 

s i m i l a r l y ,  no d i f f e r e n c e  was observed i n  t h e  l e v e l s  of a g o n i s t i c  

i n t e r a c t i o n s  observed (App. 14, no. 6 ) .  

These r e s u l t s  t h e r e f o r e  suppor t  t h e  h y p o t h e s i s  pu t  forward i n  t h e  

p rev ious  s e c t i o n ,  i . e .  g r e a t e r  e x t e r n a l  d i s t u r b a n c e  on p l o t s  4, 5 and 6 

r e s u l t e d  i n  h i g h e r  l e v e l s  of a g o n i s t i c  behavior .  



c .  Summary: Young-young a g o n i s t i c  behavior  

Young-young a g o n i s t i c  i n t e r a c t i o n s  r e p r e s e n t  38% of a l l  a g o n i s t i c  a c t s  

recorded on p l o t s  1, 2  and 3  dur ing 1972 and 1973. 

The chase  (59%) was t h e  most common t y p e  of a ~ o n i s t i c  encounte r ,  and was 

f r e q u e n t l y  observed i n  conb ina t ion  wi th  o t h e r  forms of aggress ion  such 

a s  t h e  f i g h t  and f i g h t  s e c .  

Aggression among j u v e n i l e s  s t a r t e d  betweeen 10 and 20 days a f t e r  a  

j u v e n i l e  emergence w a s  observed on each p l o t .  Levels  of a g o n i s t i c  

i n t e r a c t i o n s  f l u c t u a t e d  but  mainta ined themselves throughout t h e  summer 

and juv~nilps WPTP gtill a q n n j s t i p  t n  nne  q n n t h o r  f i e l d  

observa t ions  were stopped i n  l a t e  August each y e a r .  

I n  1972, no s t a t i s t i c a l  d i f f e r e n c e s  could  be found i n  t h e  l e v e l s  of 

j u v e n i l e  a g o n i s t i c  i n t e r a c t i o n s  when t h e  t r e a t e d  p l o t s  (#2 ,3 )  were 

compared t o  t h e  non-treated p l o t  ( # l ) ,  even though t h e r e  were 

d i f f e r e n c e s  i n  t h e  d e n s i t i e s  of j u v e n i l e s  a c t i v e  on t h e  p l o t s .  More 

a g o n i s t i c  encounters  were observed between non-re la ted j u v e n i l e s  than 

between l i t t e r m a t e s  on a l l  p l o t s .  

In 1973, d e n s i t y  of j u v e n i l e s  was d r a s t i c a l l y  reduced on p l o t s  2  and 3  

w h i l e  it i n c r e a s e d  on p l o t  1. A s  a  r e s u l t ,  a g o n i s t i c  i n t e r a c t i o n s  were 

J e s s  numerous on p l o t s  2  and 3 than they  were on p l o t  1. 

A decrease  i n  j u v e n i i e  d e n s i t y  on p l o t  2 and 3 i n  1973 a s  compared t o  

1972 was r e l a t e d  t o  a  d e c r e a s e  of a g o n i s t i c  behavior  among j u v e n i l e s  on 

t h e s e  p l o t s .  

Levels  of young-young a g o n i s t i c  i n t e r a c t i o n s  were s i m i l a r  on p l o t s  4 ,  5 

and 6 and t h e s e  p l o t s  had s i m i l a r  d e n s i t i e s  of a c t i v e  j u v e n i l e s .  P l o t s  

4, 5 and 6 had h i g h e r  l e v e l s  of young-young a g o n i s t i c  i n t e r a c t i o n s  than 

noted on t h e  c o n t r o l  p l o t  ( 8 1 ) .  Th i s  occurred d e s p i t e  t h e  f a c t  t h a t  

these  p l o t s  had e i t h e r  equa l  or  lower d e n s i t i e s  of a c t i v e  j u v e n i l e  

s q u i r r e l s .  This  h igh  l e v e l  of aggress ion  on p l o t s  4 ,  5 and 6 was 

a t t r i b u t e d  t o  t h e  d i s t u r b a n c e  c r e a t e d  by t h e  p resence  of t h e  observer .  

The number of j u v e n i l e s  born and a c t i v e  on t h e  c o n t r o l  p l o t  was g r e a t e r  

i n  1973 t h a n  i n  1972. Th is  r e s u l t e d  i n  an i n c r e a s e d  number of a g o n i s t i c  

i n t e r a c t i o n s  observed among l i t t e r m a t e s .  Fewer j u v e n i l e s  immigrated 

onto  t h e  p l o t ,  and a g o n i s t i c  encounters  among non-re la ted j u v e n i l e s  

decreased.  O v e r a l l ,  a s  a  r e s u l t  of t h e s e  concur ren t  i n c r e a s e s  and 



decreases  of a g o n i s t i c  behavior  among d i f f e r e n t  c l a s s e s  of j u v e n i l e s ,  no 

d i f f e r e n c e  was observed i n  t h e  l e v e l s  of a g o n i s t i c  behavior  of t h e  t o t a l  

j u v e n i l e  popula t ion  between 1972 and 1973. 

9. It seems t h a t  an  i n c r e a s e  i n  j u v e n i l e  numbers r e s u l t e d  i n  an i n c r e a s e  

i n  a g g r e s s i o n ,  a t  l e a s t  f o r  l i t t e r m a t e s ,  and t h a t  a  d e c r e a s e  i n  j u v e n i l e  

numbers meant a  decrease  i n  aggress ion  among non-re la ted j u v e n i l e s ,  and 

p o s s i b l y  among l i t t e r m a t e s  a s  w e l l .  

10. The mestranol  t rea tment  d i d  no t  have an  e f f e c t  on young-young a g o n i s t i c  

behav ior  a s  such. However, by modifying t h e  d e n s i t y  of j u v e n i l e s ,  i t  

i n d i r e c t l y  changed t h e  f requency of a g o n i s t i c  i n t e r a c t i o n s  among 

j u v e n i l e s  . 



DISCUSS I O N  

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

Popula t ions  f l u c t u a t e  w i t h i n  a  year  from one a r e a  and ano ther  , and 

a l s o  from year  t o  year  a s  t h e  b a l a n c e  between t h e i r  r e c r u i t m e n t  and t h e i r  

l o s s e s  changes. Breeding and immigration i n c r e a s e  numbers, whi le  m o r t a l i t y  

f a c t o r s  and emigra t ion  decrease  them. For a  g iven popula t ion  t o  m a i n t a i n  

i t s e l f ,  r e c r u i t m e n t  h a s  t o  equal  or  b e  g r e a t e r  than l o s s e s .  However t h e  

d e n s i t y  of a  popula t ion  has  t o  remain below a  c e r t a i n  l e v e l  t o  keep i t  from 

over -exp lo i t ing  i t s  resources  (Wynne-Edwards, 1962) . 
One s c h o o l  of thought assumes t h a t  un l imi ted  i n c r e a s e s  of p o p u l a t i o n s  

a r e  prevented e n t i r e l y  by e x t e r n a l  f a c t o r s  such a s  weather ,  food supp ly ,  

p r e d a t i o n ,  e t c .  (Nicholson,  1933; Andrewartha and Bi rch ,  1954; Thompson, 

1956). Other  r e s e a r c h e r s  t h i n k  t h a t  popu la t ion  containment can b e  achieved 

through s e l f - r e g u l a t i o n  ( C h i t t y ,  1960). S e l f - r e g u l a t i o n  would a l l o w  

p o p u l a t i o n s  t o  f l u c t u a t e  wi th  p r e v a i l i n g  environmental  c o n d i t i o n s ,  b u t  would 

l i m i t  any i n c r e a s e  t h a t  t h r e a t e n s  t o  d e s t r o y  a  popula t ion ' s  r e s o u r c e s .  

The f i r s t  r u l e  of popula t ion  s e l f - r e g u l a t i o n  is t h a t  no popula t ion  

s t o p s  i n c r e a s i n g  u n l e s s  e i t h e r  t h e  b i r t h  r a t e  o r  t h e  dea th  r a t e  i s  d e n s i t y  

dependent (Krebs,  1978). It i s  a l s o  p o s t u l a t e d  by Wynne-Edwards (1962) t h a t  

p o p u l a t i o n s  e s t a b l i s h  s e l f - r e g u l a t i o n  by competing, n o t  f o r  t h e  food 

resource  i t s e l f ,  b u t  r a t h e r  f o r  a  s u b s t i t u t e  t h a t  a l lows  op t imal  a l l o c a t i o n  

of t h e  resources .  Such may b e  t h e  f u n c t i o n  of t e r r i t o r i a l  behav ior  t h a t  

spaces  t h e  i n d i v i d u a l s  i n  t h e  s u i t a b l e  environment. Th i s  assumes t h a t  t h e  

s i z e  of t h e  t e r r i t o r y  i s  d i r e c t l y  r e l a t e d  t o  t h e  p r o d u c t i v i t y  of t h e  

environment and w i l l  e f f e c t i v e l y  a d j u s t  a  popula t ion  t o  i t s  food supply 

(Gibb, 1962).  

S e l f - r e g u l a t o r y  responses  t o  changes i n  d e n s i t y  o r  environmental  

c o n d i t i o n s  can b e  p h y s i o l o g i c a l  ( C h r i s t i a n  and Davis,  1964) ,  g e n e t i c a l  o r  

b e h a v i o r a l  ( C h i t t y ,  1960 and 1967) .  I f  behav ior  is t h e  proximal f a c t o r  

l i m i t i n g  a  popula t ion ,  i t  i s  g e n e r a l l y  assumed t o  o p e r a t e  v i a  a  

soc ia l ly - induced  m o r t a l i t y ,  o r  v i a  a  soc ia l ly - induced  depress ion  of 

rec ru i tment  (Watson and Moss, 1970). B i r t h  r a t e s  a r e  o f t e n  assumed t o  be  

c o n s t a n t  and independent  of popula t ion  d e n s i t y  s o  t h a t  a l l  a t t e n t i o n  i s  

focused on m o r t a l i t y  r a t e s  (Var ley e t  a l . ,  1973, a s  c i t e d  i n  Krebs, 1978).  
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However, Davis (1951) i n  popula t ions  of Norway r a t s ,  and K a l e l a  (1957) and 

Hoffmann (1958) i n  popula t ions  of v o l e s ,  have shown an i n v e r s e  r e l a t i o n s h i p  

between n a t a l i t y  ( a s  measured by o v u l a t i o n  r a t e  o r  l i t t e r  s i z e )  and 

popula t ion  d e n s i t y .  

I f  animals  do r e g u l a t e  t h e i r  numbers, i t  h a s  n o t  been determined y e t  

a t  what l e v e l ( s )  they  do so  (Watson, 1971). Popula t ions  could  be  kep t  h igh 

s o  a s  t o  b e  reduced q u i t e  o f t e n  by changes i n  food supply.  They cou ld  

choose an op t imal  l e v e l  which would a l l o w  a  maximum number of i n d i v i d u a l s  

b u t  wi thou t  o v e r - u t i l i z a t i o n  of t h e  r e s o u r c e s .  O r  p o p u l a t i o n s  could  be kept  

s o  low t h a t  food would have no e f f e c t  on them. T e r r i t o r i a l  behav ior  should  

b e  a f f e c t e d  by t h e  l e v e l s  a t  which popula t ions  a r e  r e g u l a t e d  (Brown, 1964).  

A t  low d e n s i t y ,  t e r r i t o r y  s i z e  should n o t  be  l i m i t e d  by compet i t ion .  A t  

mid-density,  a  few i n d i v i d u a l s  should be  excluded,  b u t  could use  poore r  

h a b i t a t  and s t i l l  breed,  o f f e r i n g  a  b u f f e r  popula t ion  f o r  unexpected 

f l u c t u a t i o n s .  A t  h igh d e n s i t y ,  a  s u r p l u s  of i n d i v i d u a l s  would be  unab le  t o  

breed and a  f l o a t i n g  popula t ion  would b e  formed, s u b j e c t  t o  h i g h e r  m o r t a l i t y  

f a c t o r s  ( C h r i s t i a n  and Davis,  1964).  

S o c i a l  behav ior ,  and e s p e c i a l l y  a g o n i s t i c  behav ior ,  probably  p l a y s  an 

important  r o l e  i n  popula t ion  c o n t r o l  by i n f l u e n c i n g  b i r t h ,  dea th  and 

movements. Lloyd and C h r i s t i a n  (1967) have summarized much of t h e  work on 

conf ined mouse p o p u l a t i o n s  and concluded t h a t  a g g r e s s i o n  a f f e c t s  b i r t h  r a t e  

most ly  through p h y s i o l o g i c a l  mechanisms. Aggress ive  behav ior  v a r i e s  w i t h  

t h e  s t a g e  of b reed ing  c y c l e s  i n  mammal s p e c i e s  (Beach, 1947; S a d l e i r ,  1965) 

The r e p r o d u c t i v e  performance of female woodchucks (Marmota monax) i s  

a f f e c t e d  by t h e  s e x  r a t l o  of a  g iven popula t ion  a s  mediated through t h e  

i n t e n s i t y  of s o c i a l  s t i m u l i  o r i g i n a t i n g  from t h e  p resence  of a d u l t  males i n  

t h e  p o p u l a t i o n  (Snyder,  1962).  The e f f e c t  of a g o n i s t i c  behav ior  on dea th  

r a t e  and movement seems l e s s  c l e a r .  Emigration of y e a r l i n g  marmots (Marmota 

f l a v i v e n t r i s )  i s  r e l a t e d  t o  t h e  a g o n i s t i c  behav ior  of t h e  a d u l t s  (Armitage, 

1962),  whi le  Bronson (1964) had good evidence t h a t  woodchucks d i s p e r s e  

dur ing a  per iod of d e c l i n i n g  aggress iveness .  A r e l a t i o n s h i p  was e s t a b l i s h e d  

between t h e  a g g r e s s i v e  behavior  of a d u l t  males and t h e  s u r v i v a l  of j u v e n i l e s  

i n  d e e r  mice (Healy,  1967). I n  t h e  Richardson's  ground s q u i r r e l ,  Yeaton 

(1972) saw no r e l a t i o n s h i p  between j u v e n i l e  d i s p e r s a l  and a g o n i s t i c  

behav ior ,  w h i l e  Dorrance (1974) cons iders  t h a t  j u v e n i l e  d i s p e r s a l  i s  



densi ty-dependent .  Burns (1968) e s t a b l i s h e d  t h a t  a g o n i s t i c  b e h a v i o r  a c t e d  

a s  a  c o n t r o l l i n g  f a c t o r  f o r  t h e  Uinta  ground s q u i r r e l  i n  t h e  s p r i n g  when 

b reed ing  t e r r i t o r i e s  were e s t a b l i s h e d ,  and i n  l a t e  summer, when d i s p e r s a l  of 

w e l l  o v e r  h a l f  t h e  j u v e n i l e s  was r e l a t e d  t o  aggress ion .  Balph (1970) and 

S l a d e  (1971) cons ide red  density-dependent d i s p e r s a l  of t h e  young t o  b e  

fundamental  t o  t h e  p o p u l a t i o n  r e g u l a t i o n  of t h i s  same s p e c i e s .  S i m i l a r l y ,  

t e r r i t o r i a l i t y  among a d u l t s  de te rmines  t h e  b r e e d i n g  p o p u l a t i o n  i n  t h e  A r c t i c  

ground s q u i r r e l ,  w h i l e  young a r e  d r i v e n  o u t  o f  t h e i r  n a t a l  burrows by t h e  

i n c r e a s i n g  b e l l i g e r e n c e  of t h e i r  mother ( C a r l ,  1971).  I n  t h e  round- ta i l ed  

ground s q u i r r e l ,  a g o n i s t i c  behav io r  can a f f e c t  t h e  d i s p e r s a l  of j u v e n i l e  and 

a d u l t  s q u i r r e l s .  However s o c i a l  behav io r  canno t  r e g u l a t e  p o p u l a t i o n  

d e n s i t i e s  when t h e  food supply  i s  improved and p r e d a t i o n  reduced (Dunford, 

1977a).  O v e r a l l ,  t h e r e  i s  good evidence t h a t  s o c i a l  behav io r  p lays  an  

impor tan t  r o l e  i n  t h e  c o n t r o l  of animal  p o p u l a t i o n s ,  and e s p e c i a l l y  s o  f o r  

t e r r i t o r i a l  s p e c i e s .  

A unique s i t u a t i o n  was c r e a t e d  d u r i n g  t h e  p r e s e n t  s tudy .  Normally, 

animal  p o p u l a t i o n  s t u d i e s  d e a l  w i t h  numer ica l  f l u c t u a t i o n s  between y e a r s  o r  

between a r e a s  and a t t e m p t  t o  e s t a b l i s h  r e l a t i o n s h i p s  between d i f f e r e n t  

f a c t o r s .  A l t e r n a t i v e l y ,  p o p u l a t i o n s  a r e  modif ied ,  u s u a l l y  by t h e  removal of 

a  segment o f  t h e  p o p u l a t i o n .  I n  bo th  c a s e s ,  changes i n  numbers a r e  r e l a t e d  

t o  changes i n  t h e  environment,  b e  they  wea the r ,  v e g e t a t i o n ,  o r  t h e  s o c i a l  

s t r u c t u r e  w i t h i n  a  p o p u l a t i o n  i n  a  c a s e  of removal. But i n  t h e  p r e s e n t  

s t u d y ,  we have t h e  u s u a l  combination of comparisons between y e a r s  o r  between 

a r e a s ,  b u t  we a l s o  have t h e  c a s e  of t h e  t r e a t e d  p o p u l a t i o n s .  The t r e a t m e n t  

i n i t i a l l y  d i d  n o t  modify t h e  numbers of i n d i v i d u a l s  p r e s e n t  n o r  t h e  s e x  

r a t i o  o r  t h e  age s t r u c t u r e  of t h e  popu la t ion .  No s q u i r r e l  was removed; 

w i t h i n  a  g iven  year  and a  g i v e n  p l o t ,  t h e  food supply  d i d  n o t  change. What 

had changed was t h e  p h y s i o l o g i c a l  c o n d i t i o n s  of some of t h e  a d u l t  s q u i r r e l s ;  

t h e i r  a b i l i t y  t o  breed had been suppressed.  A l l  o t h e r  f a c t o r s  b e i n g  e q u a l ,  

i t  was expected t h a t  any d i f f e r e n c e s  i n  numerical  o r  b e h a v i o r a l  f l u c t u a t i o n s  

between a  t r e a t e d  and a  non- t rea ted p l o t  should  b e  r e l a t e d  t o  t r e a t m e n t .  

Such d i f f e r e n c e s  shou ld  mos t ly  show up i n  t h e  a d u l t  p o p u l a t i o n ,  and p o s s i b l y  

i n  t h e  r e l a t i o n s h i p  between t h e  a d u l t  and j u v e n i l e  segments of t h e  

p o p u l a t i o n s .  
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The n e s t r a n o l  t r ea tment  e f f e c t i v e l y  s t e r i l i z e d  a l l  b u t  one of t h e  

females t r e a t e d .  Trea ted  females gained weight f a s t e r  than b reed ing  females 

and r e t u r n e d  i n t o  h i b e r n a t i o n  sooner than t h e  l a t t e r ,  when i n i t i a l  body 

weight  was t h e  same i n  A p r i l .  Trea ted  females were a l s o  c h a r a c t e r i z e d  by a  

d i f f e r e n t  f requency of s o c i a l  behavior  when compared t o  non- t reated females .  

P r o p o r t i o n a l l y  more cohes ive  i n t e r a c t i o n s  occurred between non-re la ted 

a d u l t s  and j u v e n i l e s  on t h e  t r e a t e d  p l o t s  than  on t h e  non- t reated p l o t s .  

O v e r a l l ,  t r e a t e d  s q u i r r e l s  seemed t o  b e  more t o l e r a n t .  T h i s  was i l l u s t r a t e d  

c l e a r l y  by t h e  f a c t  t h a t ,  c o n t r a r y  t o  non- t reated a d u l t s ,  t r e a t e d  s q u i r r e l s  

were never  observed t o  behave a g g r e s s s i v e l y  towards j u v e n i l e s .  Secondly,  on 

a  h i g h  d e n s i t y  p l o t ,  t r e a t e d  s q u i r r e l s  behaved l e s s  a g g r e s s i v e l y  than  

non-treated s q u i r r e l s  towards o t h e r  a d u l t s ,  and r e a d i l y  shared  t h e i r  c o r e  

a r e a  w i t h  o t h e r  a d u l t s .  Th i s  e f f e c t  of t h e  t r ea tment  on t h e  physiology and 

t h e  s o c i a l  behav ior  of t h e  t r e a t e d  s q u i r r e l s  in f luenced  t h e  p o p u l a t i o n s  a s  a  

whole. 

I propose t o  ana lyze  t h e  changes brought  about i n  t h e  a d u l t  and 

j u v e n i l e  p o p u l a t i o n s  by t h e  t r e a t m e n t s  g iven ,  and t o  e s t a b l i s h  o t h e r  

r e l a t i o n s h i p s  p e r t i n e n t  t o  t h e  t h e o r e t i c a l  c o n s i d e r a t i o n s  p r e v i o u s l y  c i t e d .  

Food s u p p l y ,  weather ,  p r e d a t i o n ,  popu la t ion  d e n s i t y  i t s e l f  and s o c i a l  

behav ior  a r e  f a c t o r s  t h a t  w i l l  be cons idered .  

B. Annual c y c l e  

1. Emergence from h i b e r n a t i o n  

The s p r i n g  emergence of s q u i r r e l s  was n o t  s t u d i e d  i n  d e t a i l  and t h e  

impact o f  b e h a v i o r  o r  t rea tment  could  n o t  b e  a s c e r t a i n e d .  However, o t h e r  

f a c t o r s  i n • ’  luencing emergence became ev iden t .  

S q u i r r e l  emergence occurred i n  March i n  1972 and 1973, whi le  it  was 

much delayed i n  1974. It was on ly  on A p r i l  25, 1974 t h a t  i t  was assumed 

t h a t  a l l  s q u i r r e l s  had emerged and were t rapped;  i n  1972 and 1973, a l l  

s q u i r r e l s  were t r apped  by A p r i l  1. 

Spr ing was much delayed i n  1974. Snow was l e f t  on t h e  ground u n t i l  

A p r i l  23, whi le  it was gone by t h e  second o r  t h i r d  week of Yarch i n  1972 and 

1973. Th is  probably  r e s u l t e d  because more snow f e l l  dur ing  t h e  1973-1974 

w i n t e r  than dur ing  t h e  two previous  w i n t e r s  and t h a t  g e n e r a l l y ,  t empera tu re  

was c o l d e r  dur ing  t h e  s p r i n g  of t h a t  year .  
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Emergence of i n d i v i d u a l s  i s  r e l a t e d  t o  snowmelt i n  t h e  golden-mantled 

ground s q u i r r e l ;  food becomes a v a i l a b l e  only when t h e  snow i s  gone (Bronson, 

1977). In  t h e  Uinta  ground s q u i r r e l ,  emergence and subsequent  e v e n t s  a r e  

determined,  w i t h i n  l i m i t s ,  by s p r i n g  t empera tu re  (Knopf and Balph,  1970). 

I n  t h e  Richardson's  ground s q u i r r e l ,  emergence, and hence b r e e d i n g ,  a r e  

a f f e c t e d  by i n c r e a s i n g  d a i l y  t empera tu re  i n  l a t e  March and e a r l y  A p r i l  

(Michener , 19 73a) . 
The conscensus i s  t h a t  s p r i n g  weather c o n d i t i o n s  a r e  a  major  

de te rminan t  i n  t h e  t iming of emergence from h i b e r n a t i o n  which i n  t u r n  

a f f e c t s  t h e  t iming of breeding.  The evidence ga thered  d u r i n g  t h e  p r e s e n t  

s t u d y  s u p p o r t s  t h e s e  observa t ions .  

2. Breeding and p a r t u r i t i o n  

Breeding normal ly  occurs  from two days (Michener, 1977) t o  two weeks 

a f t e r  emergence (Yeaton,  1972) f o r  a d u l t  females .  A s  such ,  b reed ing  should 

b e  most ly  determined by t h e  f a c t o r s  a f f e c t i n g  t h e  emergence of s q u i r r e l s  

from h i b e r n a t i o n .  However, o t h e r  f a c t o r s  a r e  involved a s  w e l l .  

Breeding c o n s i s t e n t l y  occurred e a r l i e r  on p l o t  1  than  on p l o t s  2 and 

3 ,  a s  shown by t h e  e a r l i e r  emergence of j u v e n i l e s .  Heavier females b reed  

e a r l i e r  than l i g h t  females (Dorrance,  1974). T h i s  was a l s o  s e e n  i n  t h i s  

s tudy  a s  females from p l o t  1 were c o n s i s t e n t l y  h e a v i e r  than females from 

p l o t s  2  and 3. Di f fe rences  i n  body weight a t  t h e  same d a t e  on d i f f e r e n t  

p l o t s  could  have been due e i t h e r  t o  d i f f e r e n t  emergence t imes ,  o r  t o  a  

d i f f e r e n t  a v a i l a b i l i t y  of food supply.  However, a s  emergence was p r i m a r i l y  

determined by t h e  s p r i n g  temperature  regime, which must have been r e l a t i v e l y  

t h e  same a s  t h e  p l o t s  were geograph ica l ly  i n  a  s m a l l  a r e a ,  t h e  d i f f e r e n c e  i n  

body weight seen can b e  a t t r i b u t e d  l a r g e l y  t o  t h e  d i f f e r e n c e s  i n  food 
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Breeding occurred e a r l i e r  on p l o t  1 which w a s  c h a r a c t e r i z e d  by an  

a d d i t i o n a l  s o u r c e  of food r e s u l t i n g  from t h e  win te r  f eed ing  of c a t t l e  on t h e  

p l o t .  A d i r e c t  c o r r e l a t i o n  e x i s t s  between food supply and body weight i n  

female ground s q u i r r e l s  (Dorrance,  1974). The food supply a v a i l a b l e  i n  t h e  

s p r i n g ,  b u t  e s p e c i a l l y  t h e  food supply from t h e  p rev ious  y e a r ,  would most 

l i k e l y  i n f l u e n c e  females '  body weight and hence b reed ing  t ime.  Fur the r  

evidence ga thered  by Michener (1977a, 1978) and Wang (1973) i n d i c a t e s  t h a t  

a d u l t  females  energe  a t  t h e  same t ime i n  t h e  s p r i n g ,  r e g a r d l e s s  of t h e i r  



b r e e d i n g  s t a t u s  and r a t e  of  f a t  accumula t ion  d u r i n g  t h e  p r e v i o u s  summer; t h e  

h i b e r n a t i o n  season  is  shor tened  f o r  s q u i r r e l s  t h a t  immerge l a t e  i n  t h e  

summer (Wang, 1973).  Thus t h e  t i m e  o f  b r e e d i n g  would have  been determined 

p r i m a r i l y  b y  time of  emergence and was p robab ly  i n f l u e n c e d  by t h e  we igh t  o f  

t h e  b r e e d i n g  females ,  which i n  t u r n  was most l i k e l y  r e l a t e d  t o  t h e  food  

s u p p l y  a v a i l a b l e  f o r  a  g iven  p o p u l a t i o n .  

3. Emergence of j u v e n i l e s  from t h e  m a t e r n a l  burrow 

J u v e n i l e s  spend a  month i n  t h e  m a t e r n a l  burrow between b i r t h  and 

emergence (Michener,  1974). The ave rage  d a t e  of  j u v e n i l e  emergence i s  

l i k e l y  r e l a t e d  t o  t h e  d a t e  of  b r e e d i n g  and p a r t u r i t i o n ,  and hence  t o  t h e  

p r e v a i l i n g  s p r i n g  weather .  The ave rage  d a t e  o f  b r e e d i n g  was a l s o  r e l a t e d  t o  

t h e  food supp ly  a v a i l a b l e  a s  t r a n s l a t e d  by females '  body weight .  Moreover, 

i t  i s  p o s s i b l e  t h a t  t h e  ave rage  s t a y  of j u v e n i l e s  i n  t h e  m a t e r n a l  burrow 

between b i r t h  and emergence cou ld  a l s o  b e  i n f l u e n c e d  by food supply .  

J u v e n i l e s  b e i n g  nursed  by h e a v i e r  females  could  grow f a s t e r  than  j u v e n i l e s  

hav ing  l i g h t e r  we igh t  mothers and thus  could  emerge earl ier .  P o s t - n a t a l  

l o s s e s  have  been r e l a t e d  t o  t h e  q u a l i t y  of t h e  food supp ly  and t o  t h e  

r e s u l t i n g  c a p a c i t y  of females  t o  l a c t a t e  and n u r s e  t h e i r  young i n  t h e  

Richardson 's  ground s q u i r r e l  (Michener, 1972; Dorrance,  1974).  The f a c t  

t h a t  e a c h  y e a r ,  j u v e n i l e s  emerged e a r l i e r  on p l o t  1 t h a n  on p l o t s  2  and 3, a  

p l o t  c h a r a c t e r i z e d  by t h e  p r e s e n c e  of a  b e t t e r  food supp ly ,  s u p p o r t s  such a 

h y p o t h e s i s .  However, t h e  d a t a  n e c e s s a r y  t o  e s t a b l i s h  such  a  r e l a t i o n s h i p  

w a s  n o t  c o l l e c t e d  d u r i n g  t h i s  s tudy.  

Time of j u v e n i l e  emergence cou ld  n o t  b e  shown t o  b e  r e l a t e d  t o  

p o p u l a t i o n  d e n s i t y  o r  t r e a t m e n t .  Each y e a r ,  emergence of j u v e n i l e s  was 

l a t e r  on p l o t  2  t h a n  on p l o t  1 a l though  t h e s e  two p l o t s  had s i m i l a r  a d u l t  

d e n s i t i e s .  J u v e n i l e s  from p l o t s  2 and 3 emerged a t  t h e  same t i m e  i n  1973, 

a l t h o u g h  p l o t  2  was t r e a t e d ,  and p l o t  3 was n o t .  

Emergence o f  j u v e n i l e s  cou ld  n o t  b e  shown t o  b e  r e l a t e d  t o  s o c i a l  

behav io r  e i t h e r .  Only t h e  a d u l t - a d u l t  b e h a v i o r  would af  f e c t  t h e  j u v e n i l e s '  

mother and p o s s i b l y  t h e  j u v e n i l e s  themselves .  The l e v e l  of a d u l t - a d u l t  

a g o n i s t i c  i n t e r a c t i o n s  (10-day p e r i o d s  1-4) was h i g h e r  on p l o t  1  i n  1972 

t h a n  in 1973; y e t  ave raqe  d a t e  of  j u v e n i l e  emergence was t h e  same on t h i s  

p l o t  each y e a r .  



J u v e n i l e  emergence was p r i m a r i l y  determined by t h e  average d a t e s  of 

a d u l t  emergence i n  t h e  s p r i n g ,  and hence b reed ing ,  and by t h e  average body 

weight  o f  t h e i r  mother a s  determined by weather and food supply.  F a c t o r s  

such a s  popula t ion  d e n s i t y ,  mes t rano l  t r ea tment  and a d u l t - a d u l t  behav ior  d i d  

n o t  seem t o  have any bear ing .  

4. Onset  of h i b e r n a t i o n  

I n  1972 and 1973, t r e a t e d  females and a d u l t  males h i b e r n a t e d  e a r l i e r  

than non- t reated females ,  and j u v e n i l e s  were t h e  l a s t  t o  h i b e r n a t e .  Thus 

b reed ing  s t a t u s ,  s e x  and age were a l l  f a c t o r s  t o  be  cons idered .  

The d i s s i m i l a r i t i e s  observed between groups of s q u i r r e l s  seemed t o  b e  

mediated through weight d i f f e r e n c e s .  Adult males and non-breeding females 

accumulated weight f a s t e r  than b reed ing  females . Michener ( 1  978) showed 

t h a t  non-parous females s t e a d i l y  g a i n  weight between emergence and 

immergence i n t o  h i b e r n a t i o n ,  w h i l e  parous  females undergo c y c l e s  of weight  

l o s s e s  and g a i n s  r e s u l t i n g  i n  delayed a t t a i n m e n t  of p re -h iberna t ion  peak 

weight  and delayed e n t r y  i n t o  h i b e r n a t i o n .  J u v e n i l e s  were t h e  l a s t  t o  

h i b e r n a t e .  Each y e a r ,  a d u l t  Richardson's  ground s q u i r r e l s  g a i n  a t  l e a s t  200 

g, whi le  young g a i n  a t  l e a s t  300 g  under n a t u r a l  c o n d i t i o n s  (Hansen and 

Reed, 1969).  D i f f e r e n c e s  i n  weight o r  i n  weight i n c r e a s e s  were a l s o  l i n k e d  

t o  d i f f e r e n c e s  i n  t h e  food supply a v a i l a b l e .  Breeding females  from p l o t  1, 

which b e n e f i t e d  from a  " b e t t e r "  food supp ly ,  were h e a v i e r  than b reed ing  

females on p l o t s  2  and 3. They c o n s i s t e n t l y  went i n t o  h i b e r n a t i o n  e a r l i e r  

than t h e  l a t t e r .  Moreover, average o n s e t  of h i b e r n a t i o n  occur red  e a r l i e r  i n  

1973 t h a n  in 1972; i n  1973, v e g e t a t i o n  was l u s h e r  than i n  1972. A 

s i c g i f i c a n t  c o r r e l a t i o n  has  been shown t o  e x i s t  between biomass of 

v e g e t a t i o n  and a d u l t  females '  weights  and weight g a i n s  i n  p o p u l a t i o n s  of 

Richardson's  ground s q u i r r e l s  i n  c e n t r a l  A l b e r t a  (Dorrance,  1974). Thus t h e  

changes i n  t h e  food supply l i k e l y  a l s o  a f f e c t e d  t h e  o n s e t  of h i b e r n a t i o n  of 

ground s q u i r r e l s  i n  my a r e a .  

O v e r a l l ,  d i f f e r e n c e s  i n  o n s e t  of h i b e r n a t i o n  were l i n k e d  t o  t h e  

metabol ic  demands of a  g iven group of s q u i r r e l s  and t o  t h e i r  a b i l i t y  t o  

f u l f i l  them. Breeding female roden t s  have g r e a t e r  energy demands than  

non-breeding females and a d u l t  males ( S a d l e i r  e t  a l . ,  1973) ,  and thus  female 

ground s q u i r r e l s  a p p a r e n t l y  r e q u i r e d  more t ime above ground t o  accumulate 

t h e  body f a t  necessa ry  t o  a  s u c c e s s f u l  h i b e r n a t i o n .  J u v e n i l e s ,  which f i r s t  



had t o  grow, needed t h e  l o n g e s t  a c t i v i t y  per iod t o  pu t  on weight f o r  

h i b e r n a t i o n .  It was e a s i e r  t o  accumulate such weight on p l o t s  wi th  a  b e t t e r  

food supp ly ,  o r  dur ing a  year  c h a r a c t e r i z e d  by g r e a t e r  r a i n f a l l  and hence 

l u s h e r  v e g e t a t i o n .  

These metabol ic  demands, a s  w e l l  a s  being l inked  t o  s e x ,  age ,  

b reed ing  s t a t u s  and food supply,  may a l s o  b e  in f luenced  by t h e  popula t ions '  

d e n s i t i e s  and t h e i r  l e v e l s  of s o c i a l  behavior .  Adult  males and females  from 

p l o t s  2  and 3  had s i m i l a r  body weights ,  b u t  r e s i d e n t  d e n s i t y  was g r e a t e r  on 

p l o t  2 than on p l o t  3 each y e a r .  Concurrent ly  i n  1972, a d u l t  males and 

b reed ing  females  from p l o t  2  re tu rned  i n t o  h i b e r n a t i o n  l a t e r  than t h e i r  

c o u n t e r p a r t s  on p l o t  3. Yowever, they  d i d  no t  do t h i s  i n  1973. T h i s  

d i f f e r e n c e  between y e a r s  may have been mediated through changes i n  s o c i a l  

behav ior  and /or  food supply.  I n  1972, b reed ing  s q u i r r e l s  on p l o t  2  were  

more a g g r e s s i v e  than on p l o t  3; t h e r e  was no d i f f e r e n c e  between t h e  two 

groups i n  1973. T h i s  could  r e s u l t  from t h e  b e t t e r  food supply observed i n  

1973. An adequate  food supply be ing  more a c c e s s i b l e  i n  1973 could  have 

reduced compet i t ion and made s o c i a l  a g g r e s s i o n  l e s s  necessa ry  f o r  s q u i r r e l s .  

The f a c t  t h a t  d e n s i t y  and behavior  can i n f l u e n c e  t h e  energy expended by t h e  

d i f f e r e n t  s q u i r r e l s ,  and hence t h e  o n s e t  of h i b e r n a t i o n  i s  p l a u s i b l e  

c o n s i d e r i n g  t h e  evidence gathered by Suf f  (1971) i n  p o p u l a t i o n s  of Uin ta  

ground s q u i r r e l s .  A rad io - te lemet ry  f i e l d  s t u d y  of t h e s e  s q u i r r e l s  showed 

t h a t  an imals  i n  crowded a r e a s  o r  w i t h  a  h i s t o r y  of much a g g r e s s i o n  responded 

more, i n  terms of t h e  magnitude of t h e i r  h e a r t  r a t e ,  t o  s o c i a l  i n t e r a c t i o n s  

o r  s t r e s s  than s q u i r r e l s  from l e s s  crowded a r e a s .  Such r e s u l t s  could  

account  f o r  t h e  o b s e r v a t i o n  made on p l o t  2,  where a d u l t s  of same weight  and 

b reed ing  s t a t u s  a s  those  on p l o t  3, h i b e r n a t e d  l a t e r .  The h i g h e r  d e n s i t y ,  

and thus  " s o c i a l  s t r e s s "  on p l o t  2, could  account  f o r  g r e a t e r  energy 

e x p e n d i t u r e  and f o  r delayed h i b e r n a t i o n .  

The average d a t e s  of h i b e r n a t i o n  o n s e t  observed on p l o t s  1, 2  and 3  

i n  1972 and 1973 were thus  t h e  r e s u l t  of many f a c t o r s .  F i r s t ,  b reed ing  

s t a t u s ,  a g e ,  s e x ,  and food supply in f luenced  t h e  body weight of i n d i v i d u a l s  

and t h e i r  r a t e  of f a t  accumulat ion,  and t h e r e f o r e  in f luenced  t h e  o n s e t  of 

h i b e r n a t i o n .  Secondly,  d e n s i t y  of popula t ion  and l e v e l s  of a g o n i s t i c  

i n t e r a c t i o n s  cou ld  a l s o  i n f l u e n c e  t h e  r a t e  of weight g a i n s  i n  a  s i t u a t i o n  of 

poor food supp ly ,  and thus  a l s o  a f f e c t  t h e  o n s e t  of h i b e r n a t i o n .  



C.  Popula t ion  dynamics 

1. Annual s u r v i v a l  

Of t h e  a d u l t s  f i r s t  t rapped on p l o t  2  i n  1972 and s u r v i v i n g  t o  A p r i l  

1973, p r o p o r t i o n a l l y  more t r e a t e d  s q u i r r e l s  survived than non- t reated ones. 

T h i s  r e l a t i o n s h i p  could  n o t  b e  e s t a b l i s h e d  t h e  second year  s i n c e  v e r y  few 

s q u i r r e l s  on p l o t  2  were l e f t  unaf fec ted  by mestranol .  Adult  s u r v i v a l  

remained t h e  same dur ing t h e  1972-1973 and 1973-1974 w i n t e r s  on p l o t s  1 and 

2;  each year t h e s e  two p l o t s  had t h e  same t rea tment  regime,  i . e .  p l o t  1 a s  

a  c o n t r o l  and p l o t  2  roughly 50% t r e a t e d .  By c o n t r a s t ,  p l o t  3  was t r e a t e d  

i n  1972 and was n o t  i n  1973. Adult  s u r v i v a l  dropped s i g n i f i c a n t l y  on p l o t  3  

dur ing t h e  1973-1974 w i n t e r ,  i n d i c a t i n g  t h a t  t h e  1972 mes t rano l  t r ea tment  

may have allowed f o r  a  b e t t e r  than normal s u r v i v a l  on t h a t  p l o t  dur ing  t h e  

1972-1973 w i n t e r .  The p o s s i b i l i t y  of t r e a t e d  s q u i r r e l s '  s u r v i v a l  be ing  

b e t t e r  i s  confirmed by t h e  f a c t  t h a t  t r e a t e d  s q u i r r e l s  accumulated weight 

f a s t e r  than non- t reated s q u i r r e l s  and h i b e r n a t e d  e a r l i e r  than t h e  l a t t e r .  A 

s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  between overwin te r  s u r v i v a l  and body weight 

of s q u i r r e l s  i n  June; h e a v i e r  s q u i r r e l s  have a  b e t t e r  s u r v i v a l  than l i g h t e r  

s q u i r r e l s  (D .R. Michener, 1972). Thus, non-breeding i n d i v i d u a l s  had a  

b e t t e r  s u r v i v a l  than  those  which b r e d ,  p o s s i b l y  a  r e s u l t  of t h e i r  a b i l t i y  t o  

accumulate weight f a s t e r  and h i b e r n a t e  sooner .  Such a  r e l a t i o n s h i p  was 

p a r t l y  shown by Michener (1978) i n  Richardson's  ground s q u i r r e l .  Older  

b reed ing  females  needed a  l o n g e r  t ime than younger b reed ing  females  t o  

a t t a i n  p re -h iberna t ion  weight.  A s  a  r e s u l t ,  t h e y  immerged l a t e r ,  and had a  

l e s s e r  overwinter  s u r v i v a l  than younger females .  

Females su rv ived  b e t t e r  than males. Th i s  was a l s o  observed by o t h e r  

r e s e a r c h e r s  (D.R. Michener, 1972; Dorrance, 1974). However, t h e  t r ea tment  

may have improved t h e  s u r v i v a l  of j u v e n i l e  males on t h e  t r e a t e d  p l o t  so a s  

t o  e l i m i n a t e  such a  d i f f e r e n c e .  On p l o t  2-1972, male j u v e n i l e s  su rv ived  a s  

w e l l  a s  j u v e n i l e  females  t o  A p r i l  1973. Such was n o t  t h e  c a s e  on t h e  

c o n t r o l  p l o t ,  where a s  expected,  j u v e n i l e  females  su rv ived  much b e t t e r  than 

j u v e n i l e  males.  J u v e n i l e  numbers were t o o  smal l  on p l o t  3-1972 and p l o t  

2-1973 t o  make t h i s  comparison again .  A "good" burrow i s  e s s e n t i a l  t o  

s u c c e s s f u l  h i b e r n a t i o n  and s u r v i v a l  f o r  t h e  Richardson's  ground s q u i r r e l .  



j u v e n i l e  females and l a s t l y  by t h e  j u v e n i l e  males;  t h e  l a t t e r  group of 

s q u i r r e l s  goes  i n t o  h i b e r n a t i o n  l a s t  and i s  u s u a l l y  l e f t  w i t h  sub-optimal 

burrows f o r  h i b e r n a t i o n  (Michener and Michener, 1977). T h i s  cou ld  p a r t l y  

account  f o r  j u v e n i l e  males' s u r v i v a l  normally be ing  t h e  lowest .  On t r e a t e d  

p l o t s ,  t h i s  d isadvantage of j u v e n i l e  males seems t o  have been reduced. 

The i r  s u r v i v a l  was improved, and i n  A p r i l  1973, s i g n i f i c a n t l y  more males 

were p r e s e n t  on t h e  two prev ious ly  t r e a t e d  p l o t s  than  on t h e  c o n t r o l  p l o t .  

V e h r e l l  (1973) showed t h a t  dominant females  occupy a  c e n t r a l  p o s i t i o n  w i t h i n  

a  colony of Richardson's  ground s q u i r r e l s .  Such a  home a r e a  l o c a t i o n  would 

no doubt i n c r e a s e  chances of s u r v i v a l ,  e s p e c i a l l y  when t e r r e s t r i a l  p r e d a t i o n  

is  involved.  Poss ib ly  i n  t h e  t r e a t e d  p l o t s ,  j u v e n i l e  males were al lowed t o  

main ta in  themselves i n  more of a  c e n t r a l  l o c a t i o n  because of t h e  reduced 

aggress iveness  of t r e a t e d  a d u l t s  towards j u v e n i l e s  t h e n ,  hence t h e i r  b e t t e r  

chances of s u r v i v a l .  Moreover, t h e  f a c t  t h a t  j u v e n i l e  d e n s i t y  was reduced 

by t rea tment  on p l o t s  2  and 3, could  a l s o  have reduced t h e  compet i t ion  f o r  

a v a i l a b l e  bur  rows. 

The h a r s h e r  c l i m a t i c  c o n d i t i o n s  observed dur ing  t h e  1973-1974 w i n t e r  

were c o r r e l a t e d  w i t h  reduced s q u i r r e l  s u r v i v a l .  Bad s p r i n g  weather (Nixon 

and McClain, 1965) ,  and snow storms e s p e c i a l l y ,  can reduce s q u i r r e l  s u r v i v a l  

and breeding s u c c e s s  i n  popula t ions  of ground s q u i r r e l s  (Morton and Sherman, 

1978) by p r e v e n t i n g  emerging s q u i r r e l s  from feed ing .  Emerging s q u i r r e l s  

normal ly  have some f a t  r e s e r v e s  l e f t  (Dorrance,  1974) ,  b u t  a  snow cover  

remaining a  month l o n g e r  than u s u a l  would no doubt s t r a i n  t h e  s q u i r r e l s '  

a b i l i t y  t o  s u r v i v e  u n t i l  food i s  a v a i l a b l e .  I n  such c i rcumstances ,  

s t a r v a t i o n ,  dea th  and cannibal ism were observed i n  p o p u l a t i o n s  of Belding's  

(Morton and Sherman, 1978) and Richardson's  ground s q u i r r e l s  (Dorrance,  

1974). 

These d i f f e r e n c e s  i n  s u r v i v a l  due t o  weather changes a f f e c t e d  some 

groups of s q u i r r e l s  more than o t h e r s .  Normally, a d u l t  females  s u r v i v e  

b e t t e r  than j u v e n i l e  females (D.R. Michener , 1972; Dorrance,  1974).  

However, d u r i n g  t h e  1972-1973 w i n t e r ,  no d i f f e r e n c e  could  be shown between 

a d u l t  and j u v e n i l e  female  s u r v i v a l  on any of t h e  p l o t s ;  such was n o t  t h e  

case  over  t h e  1973-1974 w i n t e r ;  J u v e n i l e  female s u r v i v a l  dropped on t h e  

c o n t r o l  p l o t ,  whi le  a d u l t  female s u r v i v a l  remained t h e  same. By c o n t r a s t ,  

a d u l t  and j u v e n i l e  female  s u r v i v a l  was s i m i l a r  on t h e  p r e v i o u s l y  t r e a t e d  
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p l o t s  i n  1973-1974. On t h e  c o n t r o l  p l o t ,  j u v e n i l e  females were c l e a r l y  

disadvantaged i n  r e l a t i o n  t o  a d u l t  females when c l i m a t i c  c o n d i t i o n s  became 

h a r s h e r .  On t h e  t h e  t r e a t e d  p l o t s ,  j u v e n i l e  females  had t h e  same chances of 

s u r v i v a l  a s  a d u l t  females i n  s p i t e  of worse c l i m a t i c  c o n d i t i o n s .  Thus 

t rea tment  favoured a  b e t t e r  s u r v i v a l  of t h e  j u v e n i l e  females  on t h e  t r e a t e d  

p l o t s  dur ing  a  d i f f i c u l t  w i n t e r .  During 1972-1973, s u r v i v a l  was t h e  same 

f o r  r e s i d e n t  and non-res ident  a d u l t  s q u i r r e l s .  However, over  t h e  1973-1974 

w i n t e r ,  non- res iden t s  were disadvantaged;  t h e i r  s u r v i v a l  dropped 

s i g n i f i c a n t l y  when compared t o  t h a t  of t h e  r e s i d e n t  s q u i r r e l s .  T h i s  was s o  

on p l o t s  1 and 2, b o t h  high d e n s i t y  p l o t s ,  whi le  i t  w a s  n o t  on p l o t  3. On 

t h e  l a t t e r  p l o t ,  d e n s i t y  was low i n  1972 and 1973, and a l though  a d u l t  

s u r v i v a l  dropped between t h e  1972-1973 and 1973-1974 w i n t e r s ,  i t  dropped f o r  

b o t h  r e s i d e n t  and non-res ident  a d u l t s  s o  t h a t  p r o p o r t i o n a l l y  as many 

s q u i r r e l s  of each ca tegory  survived t o  A p r i l  1974. 

O v e r a l l ,  t h e  improvement on t h e  t r e a t e d  p l o t s  of annual  s u r v i v a l  f o r  

j u v e n i l e  males and females ,  and f o r  non-resident a d u l t s  i n d i c a t e s  t h a t  t h e  

t r e a t m e n t ,  e i t h e r  through changes i n  s o c i a l  behavior  o r  i n  p o p u l a t i o n  

d e n s i t y ,  reduced t h e  compet i t ive  d i sadvan tage  of t h e s e  c a t e g o r i e s  of 

s q u i r r e l s  s i n c e  t h e i r  s u r v i v a l  was r e l a t i v e l y  b e t t e r  dur ing  a  ha rd  w i n t e r  

than t h a t  of t h e i r  c o u n t e r p a r t s  on a  non- t reated p l o t .  

The d i f f e r e n t i a l  e f f e c t  of c l i m a t e  on non-res idents '  s u r v i v a l  

according t o  popula t ion  d e n s i t y  was t h e  f i r s t  i n d i c a t i o n  t h a t  d e n s i t y  may 

a f f e c t  s q u i r r e l  s u r v i v a l .  However, comparisons between p l o t s  were d i f f i c u l t  

c o n s i d e r i n g  t h e  l a r g e  impact of t h e  mestranol  t r ea tment .  Hence, a  t r u e  

measure of t h e  e f f e c t  of d e n s i t y  could  only  b e  ob ta ined  on t h e  c o n t r o l  p l o t .  

On p l o t  1, r e s i d e n t  a d u l t  d e n s i t y  and born j u v e n i l e  numbers were much h i g h e r  

i n  1973 t h a n  in 1972. J u v e n i l e  s u r v i v a l  dropped d r a s t i c a l l y  d u r i n g  t h e  

second year  a s  compared t o  t h e  f i r s t  yea r .  Th i s  probably  r e s u l t e d  from t h e  

h a r s h e r  c l i m a t i c  c o n d i t i o n s  observed i n  1973-1974 r a t h e r  than from e f f e c t  of 

i n c r e a s e d  d e n s i t y .  - However, i t  was observed t h a t  a t  t h e  end of August 1973, 

no j u v e n i l e  had y e t  gone i n t o  h i b e r n a t i o n .  By c o n t r a s t ,  i n  1972, many 

females  had' a l r e a d y  gone i n t o  h i b e r n a t i o n  dur ing t h e  f i r s t  h a l f  of August. 

Many more j u v e n i l e s  were born on p l o t  1 i n  1973, more s t ayed  on t h e  p l o t  and 

competed f o r  t h e  a v a i l a b l e  food supply.  Although v e g e t a t i o n  was b e t t e r  i n  

1973 t h a n  i n  1972, i n  terms of energy expendi tu re ,  i t  may have n o t  



compensated f o r  t h e  " s o c i a l  s t r e s s "  c r e a t e d  by g r e a t e r  j u v e n i l e  d e n s i t i e s .  

The l a t e r  o n s e t  of j u v e n i l e  h i b e r n a t i o n  and t h e  h i g h e r  f requency of 

a g o n i s t i c  i n t e r a c t i o n s  observed among l i t t e r m a t e s  i n  1973 s u p p o r t  such a  

hypothes i s .  Thus, h i g h  d e n s i t y  p e r  s e  may reduce  j u v e n i l e  s u r v i v a l .  

No d i f f e r e n c e  i n  a d u l t  s u r v i v a l  could be s e e n  between p l o t s  1, 2 o r  3  

each year .  Concurrent ly ,  no d i f f e r e n c e s  i n  l e v e l  of a d u l t  cohes ive  o r  

a g o n i s t i c  behav ior  cou ld  be  d e t e c t e d  between t h e  t h r e e  p l o t s .  On t h e  o t h e r  

hand, on p l o t  2-1972 where t h e r e  were s i z a b l e  p o r t i o n s  of t r e a t e d  and 

non-treated s q u i r r e l s ,  i t  was shown t h a t  t r e a t e d  s q u i r r e l s  were 

s i g n i f i c a n t l y  l e s s  a g g r e s s i v e  than non- t reated s q u i r r e l s .  I n t e r e s t i n g l y ,  

t r e a t e d  s q u i r r e l s  had a  b e t t e r  s u r v i v a l  than non-treated s q u i r r e l s  t h a t  

yea r .  J u v e n i l e  s u r v i v a l  was t h e  same on a l l  p l o t s  i n  1972 and 1973, w i t h  

t h e  excep t ion  of a  b e t t e r  s u r v i v a l  of j u v e n i l e  males on p l o t  2. Also,  

t r e a t e d  a d u l t s  n e v e r  a c t e d  a g o n i s t i c a l l y  towards j u v e n i l e s .  However, l e v e l s  

of young-young a g o n i s t i c  behavior  were t h e  same on a l l  p l o t s  i n  1972. 

J u v e n i l e  s u r v i v a l  was reduced on t h e  c o n t r o l  p l o t  over  t h e  win te r  1973-1974 

w h i l e  it remained t h e  same on p l o t s  2  and 3. These two p l o t s  were 

c h a r a c t e r i z e d  by low d e n s i t i e s  i n  1973, e s p e c i a l l y  of t h e i r  j u v e n i l e  

popula t ions .  Adult-young a g o n i s t i c  behav ior  was observed t o  be  reduced on 

low d e n s i t y  p l o t s  a s  compared t o  h i g h  d e n s i t y  p l o t s .  Moreover, i n  j u v e n i l e  

popula t ions  of low density, j u v e n i l e s  d id  n o t  i n t e r a c t  a g o n i s t i c a l l y  w i t h  

each o t h e r ;  they d i d  s o  on h i g h e r  d e n s i t y  p l o t s .  Thus, g e n e r a l l y  t h e  b e t t e r  

s u r v i v a l  of some groups of a d u l t s  and j u v e n i l e s  was a l s o  a s s o c i a t e d  w i t h  

reduced d e n s i t i e s  and reduced l e v e l s  of a g o n i s t i c  i n t e r a c t i o n s .  

S u r v i v a l  of a d u l t s  was improved by t rea tment  ; t r e a t e d  s q u i r r e l s  d i d  

n o t  b r e e d ,  immerged e a r l i e r ,  were l e s s  a g g r e s s i v e  than non- t reated s q u i r r e l s  

and survived b e t t e r  than t h e  l a t t e r .  In normal p o p u l a t i o n s ,  h a r s h e r  

c l i m a t i c  c o n d i t i o n s  were more d e t r i m e n t a l  t o  t h e  s u r v i v a l  of some c l a s s e s  of 

s q u i r r e l s  t h a n  t o  o t h e r s .  However, t h e  u s u a l  s u r v i v a l  d i sadvan tage  of 

non-res ident  a d u l t s  and j u v e n i l e  males and females was reduced on t h e  

t r e a t e d  p l o t s .  Genera l ly ,  f o r  j u v e n i l e s  and t r e a t e d  a d u l t s ,  improvement i n  

s u r v i v a l  coincided wi th  t h e  r e d u c t i o n  of a g o n i s t i c  behav ior  l e v e l s  among 

these  groups of s q u i r r e l s .  There was some i n d i c a t i o n  t h a t  popu la t ion  

d e n s i t y  p e r  se may af  f e c t  s u r v i v a l ;  s u r v i v a l  could be reduced a s  d e n s i t y  

inc reased .  



2. Immigration of a d u l t s  

Immigration of  a d u l t s  occur red  i n  e a r l y  s p r i n g  b e f o r e  and d u r i n g  t h e  

e s t a b l i s h m e n t  o f  t e r r i t o r i e s  o r  home a r e a s  by t h e  l o c a l  s q u i r r e l  

p o p u l a t i o n s .  Many a d u l t s  moved on to  t h e  p l o t s  i n  March j u s t  a f t e r  emergence 

from h i b e r n a t i o n ,  a s  i l l u s t r a t e d  by t h e  numbers o f  newcomers p r e s e n t  i n  t h e  

e a r l y  A p r i l  p o p u l a t i o n s .  Other  a d u l t s  a t t empted  t o  move on to  t h e  p l o t s  

l a t e r  on, when t e r r i t o r i e s  were b e i n g  e s t a b l i s h e d .  T h i s  immigrat ion was t h e  

Apr il-May immigrat ion.  

I n  l a t e  March and e a r l y  A p r i l  1973 and 1974, t h e  composi t ion of t h e  

pnytr lat ions were known and comparisons cou ld  b e  made w i t h  t h e  p o p u l a t i o n s  of 

t h e  p r e v i o u s  y e a r s .  Such comparisons r e v e a l e d  t h a t  e a r l y  immigrants 

r e p r e s e n t e d  from 38% t o  60% of t h e  e a r l y  A p r i l  1973 p o p u l a t i o n s ,  and t h a t  

t h e  l a r g e s t  p r o p o r t i o n  of newcomers was s e e n  on p l o t  3, t h e  p l o t  w i t h  t h e  

lowes t  d e n s i t y  i n  1972 and 1973. S i m i l a r l y ,  Yarch immigrants r e p r e s e n t e d  

from 0% t o  17% of t h e  p o p u l a t i o n s  i n  A p r i l  1974, b u t  no d i f f e r e n c e  cou ld  b e  

seen between low and h i g h  d e n s i t y  p l o t s .  T h i s  l a c k  of d i f f e r e n c e  w a s  

a t t r i b u t e d  t o  t h e  p o p u l a t i o n  r e d u c t i o n  b rough t  about  around p l o t  3 by t h e  

p rev ious  mes t rano l  t r ea tment  and by m o r t a l i t y  c a u s e s ,  s o  t h a t  v e r y  few 

s q u i r r e l s  were a v a i l a b l e  t o  move i n .  Genera l ly ,  p r o p o r t i o n s  of newcomers 

were reduced i n  A p r i l  1974 a s  compared t o  A p r i l  1973. T h i s  was a t t r i b u t e d  

t o  t h e  iower  s u r v i v a l  of s q u i r r e i s  i n  1873-1974, as determined by t h e  

h a r s h e r  c l i m a t i c  c o n d i t i o n s  of  t h e  win te r  and s p r i n g  1974. 

Immigration of a d u l t s  o n t o  t h e  p l o t s  dur ing  A p r i l  and e a r l y  May was a  

f u n c t i o n  of t h e  mes t rano l  t r e a t m e n t s  g iven.  No a d u l t  immigrat ion was e v e r  

observed a t  t h a t  t ime on t h e  non- t rea ted p l o t s ,  whi le  it occur red  on a l l  

t r e a t e d  p l o t s .  Immigration w a s  h i g h e r  on h i g h  d e n s i t y  t r e a t e d  p l o t s  ( p l o t s  

2, 1972 and 1973) t h a n  on a  low d e n s i t y  t r e a t e d  p l o t  ( p l o t  3-1972). T h i s  

was a t t r i b u t e d  t o  t h e  h i g h e r  ' d e s i r a b i l i t y '  of p l o t  2  over  p l o t  3, a s  

i l l u s t r a t e d  1. by t h e  s m a l l e r  s i z e  of c o r e  a r e a s  on p l o t  2, t h u s  implying a  

b e t t e r  food supp ly ,  and 2. by t h e  g r e a t e r  s q u i r r e l  d e n s i t y  s e e n  on p l o t  2  

i n  r e l a t i o n  t o  t h e  su r round ing  popu la t ion .  No such d i f f e r e n c e  i n  d e n s i t y  

was s e e n  on p l o t  3  and s i z e  of t h e  c o r e  a r e a  was t h e  g r e a t e s t  on t h a t  p l o t .  

The numbers of a d u l t  s q u i r r e l s  t o  move i n  dur ing  A p r i l  and e a r l y  May were 

thus  determined by two o p p o s i t e  f o r c e s :  1. t h e  o p p o s i t i o n  o f f e r e d  by t h e  

p o p u l a t i o n s  a l r e a d y  p r e s e n t  on t h e  p l o t s ,  which i n c r e a s e d  w i t h  d e n s i t y  b u t  



decreased  w i t h  t r e a t m e n t ,  and 2. t h e  w i l l i n g n e s s  of s q u i r r e l s  t o  move o n t o  

a  g i v e n  p l o t ,  a c c o r d i n g  t o  t h e  ' d e s i r a b i l i t y '  of t h a t  p l o t .  

Adul t  immigra t ion  i n  April-May was a l s o  i n f l u e n c e d  by t h e  food 

supply .  O v e r a l l ,  April-May immigra t ion  was reduced i n  1973 a s  compared t o  

1972. The food supp ly  b e i n g  b e t t e r  i n  1973, i t  i s  l i k e l y  t h a t  many a r e a s  

t h a t  were marg ina l  i n  1972 were t h e n  a b l e  t o  s u p p o r t  s q u i r r e l s  p o p u l a t i o n s ;  

t h u s  p l o t s  would have  l o s t  some o f  t h e i r  a t t r a c t i v e n e s s  t o  p r o s p e c t i v e  

immigrants . 
T r e a t e d  s q u i r r e l s  had reduced l e v e l s  of  a g o n i s t i c  b e h a v i o r  a s  

compared t o  non- t rea ted  s q u i r r e l s .  Non-breeding females  s h a r e d  t h e i r  c o r e  

a r e a s  e x t e n s i v e l y  w i t h  o t h e r  s q u i r r e l s  presumably because  t h e y  had o n l y  

themselves  t o  f e e d .  Such c o r e  a r e a  o v e r l a p  was a lmos t  n o n - e x i s t e n t  f o r  

b r e e d i n g  females .  It is  such a  change i n  b e h a v i o r  t h a t  may have a l lowed 

immigrant s q u i r r e l s  t o  move i n  and e s t a b l i s h  r e s i d e n c y  on  t h e  t r e a t e d  p l o t s .  

O v e r a l l ,  e a r l y  a d u l t  immigra t ion  i n  March was g r e a t e r  on low d e n s i t y  

p l o t s  t h a n  on h i g h  d e n s i t y  p l o t s ,  when s q u i r r e l s  were a v a i l a b l e  t o  move i n .  

Immigration between A p r i l  and e a r l y  May occur red  on ly  on  t r e a t e d  p l o t s ,  and 

may have been a  f u n c t i o n  of t h e  ' d e s i r a b i l i t y '  of a  g i v e n  p l o t .  Reduced 

l e v e l s  of  a g o n i s t i c  behav io r  f o r  t r e a t e d  s q u i r r e l s  p robab ly  a l lowed a d u l t  

immigra t ion  t o  t a k e  p l a c e  s i n c e  no immigra t ion  was e v e r  observed between 

A p r i l  and :fay on  t h e  non- t rea ted  p l o t s .  Low d e n s i t y  p l o t s  g e n e r a l l y  

a t t r a c t e d  fewer  immigrants ,  and a n  o v e r a l l  improvement o f  v e g e t a t i o n  reduced 

t h e  a t t r a c t i v e n e s s  of t h e  p l o t s  t o  p r o s p e c t i v e  immigrants.  

3. E m i g r a t i o n / m o r t a l i t y  and r e s i d e n c y  s u c c e s s  of t h e  a d u l t  p o p u l a t i o n s  

Maximum numbers of a d u l t s  were observed on t h e  p l o t s  between A p r i l  

and May each  y e a r  when a l l  t h e  s q u i r r e l s  t r a p p e d  i n  l a t e  March and t h e  

April-May immigrants  were t r y i n g  t o  e s t a b l i s h  r e s i d e n c y .  I n  e a r l y  Hay, some 

of t h e s e  s q u i r r e l s  were no l o n g e r  observed w i t h i n  o r  n e a r  t h e  p l o t s ;  t hey  

had emigra ted  o r  were dead.  Large p r o p o r t i o n s  of  t h e  A p r i l  p o p u l a t i o n s  were 

l e f t  on t h e  p l o t s  i n  e a r l y  May b u t  on ly  a  p o r t i o n  of t h e s e  succeeded i n  

e s t a b l i s h i n g  t e r r i t o r i e s .  These s q u i r r e l s  f o r a e d  t h e  r e s i d e n t  p o p u l a t i o n s .  

The s q u i r r e l s  t h a t  were l e f t  o v e r  i . e .  non- res iden t  s q u i r r e l s ,  e i t h e r  

e s t a b l i s h e d  r e s i d e n c y  nea rby ,  o r  e v e n t u a l l y  d r i f t e d  f u r t h e r  away a s  t h e y  

were no l o n g e r  s e e n  around t h e  p l o t s .  
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No d i f f e r e n c e  i n  e m i g r a t i o n / m o r t a l i t y  of t h e  a d u l t s  between A p r i l  and 

May was observed between any of t h e  p l o t s  i n  1972 o r  1973. However, on p l o t  

3, m o r t a l i t y  a n d / o r  emigrat ion was g r e a t e r  i n  1973 t h a n  i n  1972. T h i s  

d i f f e r e n c e  cou ld  have r e s u l t e d  from t h e  f a c t  t h a t  no t rea tment  was g iven  on 

p l o t  3 i n  1973 i n  c o n t r a s t  t o  a  78% t rea tment  i n  1972; t r e a t m e n t  was 

c o r r e l a t e d  wi th  a  reduced a d u l t  d i s p e r s a l  i n  1972. Also,  t h r e e  r e s i d e n t  

a d u l t s  were k i l l e d  by badgers  i n  1973; such p r e d a t i o n  was n o t  seen i n  1972. 

The mes t rano l  t rea tment  in f luenced  t h e  es tab l i shment  of r e s i d e n c y  

w i t h i n  a  g iven  p l o t .  P r o p o r t i o n a l l y  more s q u i r r e l s  became r e s i d e n t  on t h e  

t r e a t e d  p l o t s  than  on t h e  non- t reated p l o t s .  Within a  g iven  p l o t ,  t r e a t e d  

s q u i r r e l s  were more s u c c e s s f u l  i n  e s t a b l i s h i n g  res idency  than non- t reated 

s q u i r r e l s  ( p l o t  2 ) ,  a s  t h e y  seemed t o  b e  more t o l e r a n t  of o t h e r  s q u i r r e l s  

and e x t e n s i v e l y  s h a r e d  t h e i r  c o r e  a r e a s .  Inc reased  success  i n  e s t a b l i s h i n g  

res idency  was a l s o  c h a r a c t e r i s t i c  of t h e  a d u l t s  immigrating i n t o  t h e  t r e a t e d  

p l o t s  between A p r i l  and May. None of t h e  s q u i r r e l s  a t t empt ing  t o  move i n t o  

t h e  non- t reated p l o t s  succeeded i n  doing so.  A s  a  r e s u l t  of t h e  i n c r e a s e d  

immigration and o v e r a l l  g r e a t e r  success  i n  e s t a b l i s h i n g  res idency  on t h e  

t r e a t e d  p l o t s ,  p o p u l a t i o n s  on t h e s e  p l o t s  e i t h e r  remained t h e  same i n  A p r i l  

and May, o r  even inc reased  t h e i r  numbers. I n  no c a s e  were t h e  d e c r e a s e s  

observed on t h e  non-treated p l o t s  seen on t h e  t r e a t e d  p l o t s .  

G n  t h e  c o n t r o l  p l o t ,  a n  i n c r e a s e  i n  the rdmber af r e s i d e n t  s q u i r r e l s  

was observed i n  1973 c o i n c i d i n g  wi th  an i n c r e a s e  i n  food supply.  

Concur ren t ly ,  a decrease  of a d u l t  female  a g o n i s t i c  behav ior  was observed 

dur ing t h e  10-day p e r i o d s  1-4 ( l a t e  A p r i l ,  May), dur ing  which t ime  

t e r r i t o r i e s  o r  home a r e a s  were e s t a b l i s h e d .  T h i s  i n c r e a s e  i n  s q u i r r e l  

numbers was n o t  observed on p l o t s  2 and 3  though. Th is  f a i l u r e  t o  e x p l o i t  

t h e  improved v e g e t a t i o n  c o n d i t i o n s  observed i n  1973 was g e n e r a l l y  due t o  a 

poor s u r v i v a l  of t h e  s p r i n g  popula t ion  on p l o t  3  and t o  a  reduced A p r i l  - 
May a d u l t  immigration on p l o t  2. Thus improvement of t h e  food supply 

r e s u l t e d  i n  i n c r e a s e d  r e s i d e n t  numbers on ly  on t h e  c o n t r o l  p l o t  i n  1973. 

Dens i ty  a f f e c t e d  t h e  chances of e s t a b l i s h i n g  res idency .  I n  1973, 

p r o p o r t i o n a l l y  more s q u i r r e l s  became r e s i d e n t  on p l o t  3  than  on p l o t  I ;  both  

p l o t s  were l e f t  u n t r e a t e d  but  d e n s i t y  was lower on p l o t  3. 
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O v e r a l l ,  t r ea tment  and low d e n s i t y  r e s u l t e d  i n  a  b e t t e r  chance of 

e s t a b l i s h i n g  res idency  probably  a s  a  r e s u l t  of t h e  lower aggress ion  

c h a r a c t e r i z i n g  t r e a t e d  s q u i r r e l s  and a d u l t s  from low d e n s i t y  p o p u l a t i o n s .  

An improvement i n  food supply was followed by an i n c r e a s e  i n  t h e  r e s i d e n t  

p o p u l a t i o n ,  b u t  only when a v a i l a b l e  s q u i r r e l s  were p r e s e n t  around t h e  

p l o t s  t o  supplement t h e  n a t u r a l  l o s s e s  o c c u r r i n g  on t h e  p l o t s  themselves .  

4. N a t a l i t y  

N a t a l i t y  was much reduced on t h e  t r e a t e d  p l o t s  a s  t h e  l a r g e  m a j o r i t y  

of t h e  t r e a t e d  females  were s t e r i l i z e d  dur ing  t h e  year  of t h e  t r e a t m e n t ,  and 

produced s m a l l e r  than average l i t t e r s  t h e  fo l lowinn  year .  

N a t a l i t y ,  a s  expressed by t h e  s i z e  of emerging l i t ters ,  was a l s o  a  

f u n c t i o n  of body weight ,  a s  r e l a t e d  probably  t o  t h e  food supply a v a i l a b l e .  

Heavier  females  had l a r g e r  emerging l i t t e r s .  Th i s  d i f f e r e n c e  r e f l e c t s  t h e  

r e p r o d u c t i v e  p o t e n t i a l  of t h e s e  females  a s  i t  was shown by Dorrance (1974) 

t h a t  heav ie r  females have a  h i g h e r  r a t e  of implan ta t ion .  J u v e n i l e  m o r t a l i t y  

between b i r t h  and emergence is  a l s o  r e l a t e d  t o  t h e  n u t r i t i o n  of t h e  

l a c t a t i n g  females ;  a  b e t t e r  food supply i n c r e a s e s  j u v e n i l e  s u r v i v a l  i n  t h e  

mate rna l  burrow (Dorrance, 1974) . 
The s i z e  of t h e  emerging l i t t e r s  was n o t  g r e a t e r  i n  1973 t h a n  i n  

1972, i n  s p i t e  of a  b e t t e r  food supply i n  1973. Smaller  l i t t e r s  shou ld  be 

produced when t h e  food supply is  reduced (Lack, 1 9 5 4 ) .  The cor re ia te  means 

t h a t ,  w i t h i n  l i m i t s ,  a n  improved food supply shou ld  be  c h a r a c t e r i z e d  by 

l a r g e r  l i t t e r s .  The l a c k  of i n c r e a s e  i n  t h e  s i z e  of t h e  emerging l i t t e r s  i n  

1973 could  b e  exp la ined  p a r t l y  1. by t h e  g r e a t e r  abundance of p r e d a t o r s  i n  

1973, and hence by a  p o s s i b l y  inc reased  p r e d a t i o n  on t h e  l i t t e r s  w h i l e  s t i l l  

i n  t h e i r  mothers'  burrows, and 2. by t h e  f a c t  t h a t  t o r r e n t i a l  r a i n s  may 

have drowned many j u v e n i l e s  t h a t  yea r .  These e f f e c t s  were e s p e c i a l l y  marked 

on p l o t s  2  and 3  which were f u r t h e r  from my t r a i l e r ,  thus  were l e s s  

p r o t e c t e d  from p r e d a t o r s ,  and a l s o  because,  c o n t r a r y  t o  what was observed on 

p l o t  1, v e r y  few j u v e n i l e s  had emerged on t h e s e  p l o t s  when t h e  t o r r e n t i a l  

r a i n s  were observed.  However, t h e  e f f e c t s  of food supply i n c r e a s e  were f e l t  

on t h e  c o n t r o l  p l o t .  The s i z e  of emerging l i t t e r s  was n o t  i n c r e a s e d  but 

more females e s t a b l i s h e d  res idency  i n  1973; a s  a  r e s u l t ,  more j u v e n i l e s  were 

born on t h a t  p l o t  t h a t  year.  



N a t a l i t y  was i n d i r e c t l y  i n f l u e n c e d  by s o c i a l  behav io r .  On t h e  

t r e a t e d  p l o t s ,  t h e  reduced a g g r e s s i v e n e s s  of t r e a t e d  s q u i r r e l s  al lowed t h e  

immigrat ion i n  April-May of non- t rea ted a d u l t s ,  which were then  a b l e  t o  

r eproduce  w i t h i n  t h e  liaits of t h e  p l o t s .  Normally, t h e s e  s q u i r r e l s  would 

n o t  have been a b l e  t o  do s o ,  a s  no a d u l t  immigrat ion e v e r  took  p l a c e  o n t o  

t h e  non- t rea ted p l o t s  a t  t h a t  t ime of  t h e  year .  However, no r e l a t i o n s h i p  

cou ld  be  e s t a b l i s h e d  a s  such between n a t a l i t y  and s o c i a l  b e h a v i o r  d u r i n g  

t h i s  s tudy.  A r e l a t i o n s h i p  was e s t a b l i s h e d  by Hoffman (1958) between 

n a t a l i t y  a s  measured by o v u l a t i o n  r a t e ,  l i t t e r  s i z e  and p o p u l a t i o n  d e n s i t y .  

No such relations hi^ could  b e  e s t a b l i s h e d  e i t h e r  s i n c e  t h e  number of 

i m p l a n t a t i o n  s i t e s  was n o t  r ecorded ,  and t h a t  f a c t o r s  such a s  p r e d a t i o n  

l a r g e l y  i n f l u e n c e d  t h e  s i z e  of ene rg ing  l i t t e r s .  

The main de te rminan t  of n a t a l i t y  i n  a  g iven  p l o t  was t h e  food supply;  

h e a v i e r  females  produced l a r g e r  l i t t e r s ,  and g e n e r a l l y  p o p u l a t i o n  d e n s i t y  

was h i g h e r  on p l o t s  w i t h  a  b e t t e r  food supply.  Treatment reduced n a t a l i t y  

a s  i t  s u c c e s s f u l l y  s t e r i l i z e d  most females .  However, t h i s  r e d u c t i o n  of  

n a t a l i t y  was compensated somewhat on t h e  t r e a t e d  p l o t s ,  s i n c e  t h e  reduced 

a g g r e s s i v e n e s s  of t h e  t r e a t e d  s q u i r r e l s  al lowed immigrant s q u i r r e l s  t o  

e s t a b l i s h  themselves  on t h e  p l o t s  and breed.  No d i r e c t  r e l a t i o n s h i p s  could  

b e  e s t a b l i s h e d  between popu la t ion  d e n s i t i e s ,  l e v e l s  of s o c i a l  behav io r  and 

n a t a i i t y  dur ing  the p r e s e n t  study. P r e d a t i o n  and cl imat ic  c ~ n d i t i ~ a ~  c c d d  

a f f e c t  t h e  s i z e  of  emerging l i t t e r s  t o  a  g r e a t  e x t e n t .  

5. Dispersal/post-emergence m o r t a l i t y  of j u v e n i l e s  

When s i z a b l e  p o p u l a t i o n s  of j u v e n i l e s  were born on a l l  p l o t s ,  t h e  

p a t t e r n  of d e c l i n e  of t h e  j u v e n i l e  p o p u l a t i o n s  was t h e  same on t r e a t e d  and 

non- t rea ted p l o t s .  A t  t h e  end of t h e  summer (1972) though, p r o p o r t i o n a l l y  

more j u v e n i l e s  remained on p l o t  3, a  p l o t  o f  lower  d e n s i t y .  T h i s  c o r r e l a t e d  

w i t h  Dorrance's  (1974) f i n d i n g s ;  a f t e r  removing p o r t i o n s  of Richardson 's  

ground s q u i r r e l s  j u v e n i l e  p o p u l a t i o n s ,  h e  concluded t h a t  e g r e s s  of j u v e n i l e s  

was d e n s i t y  r e l a t e d .  T h i s  phenomenon was a l s o  observed i n  t h e  Uinta  ground 

s q u i r r e l  (Balph,  1970).  I n  1973, no j u v e n i l e  d i s p e r s a l  was observed on p l o t  

3  a l though no t r ea tment  was g iven  t h e n ,  whereas i t  d i d  occur p l o t  2. 

However, the  f a c t  t h a t  j u v e n i l e  p o p u l a t i o n s  were reduced t o  a  few 

i n d i v i d u a l s  on t h e s e  p l o t s ,  a l lowed f o r  l a r g e  f l u c t u a t i o n s  i n  j u v e n i l e  

numbers which may n o t  r e f l e c t  t h e  e f f e c t  of  reduced d e n s i t y  a s  such.  



Improvement of food supply i n  1973 d i d  no t  change t h e  p r o p o r t i o n  of 

j u v e n i l e s  t h a t  emigrated o r  d ied  on t h e  c o n t r o l  p l o t  dur ing  t h a t  summer. 

However, more j u v e n i l e s  being born t h a t  y e a r ,  more were l e f t  a t  t h e  end of 

t h e  summer wi th  home burrows w i t h i n  t h e  p l o t  boundar ies .  The f a c t  t h a t  

j u v e n i l e s  had n o t  s t a r t e d  t o  h i b e r n a t e  y e t  a t  the  end of August 1973, 

i n d i c a t e d  t h a t  j u v e n i l e  popula t ion  on p l o t  1-1973 probably  had n o t  y e t  

reached i t s  lowest  l e v e l .  Thus it  w a s  imposs ib le  t o  compare t h e  numbers of 

j u v e n i l e s  l e f t  on t h a t  p l o t  a t  t h e  end of t h e  summers 1972 and 1973, and t o  

measure t h e  impact o f  t h e  improved food supply and of t h e  g r e a t e r  j u v e n i l e  

a n - n i  +-7 ~2 the r z t ?  nf  j r p e n j l a  d iq?~real nn that p l o t .  UC..YA - J  

I n  1972, l e v e l s  of a g o n i s t i c  behav ior  among j u v e n i l e s  were t h e  same 

on a l l  p l o t s .  The f a c t  t h a t  adult-young a g g r e s s i o n  was reduced on p l o t  3, 

b o t h  as a  r e s u l t  of t r ea tment  and of t h e  low popula t ion  d e n s i t y ,  may e x p l a i n  

t h e  reduced j u v e n i l e  d i s p e r s a l  observed on t h i s  p l o t .  I n  1973, no a g o n i s t i c  

i n t e r a c t i o n s  took p l a c e  between j u v e n i l e s  on p l o t s  2  and 3 a s  born  j u v e n i l e s  

were ve ry  few. Adult-young a g o n i s t i c  encounte r s  were s i g n i f i c a n t l y  reduced 

( p e r  a d u l t )  on p l o t  2  i n  1973 a s  opposed t o  1972. However, s o  few j u v e n i l e s  

were p r e s e n t  on p l o t s  2  and 3  i n  1973 t h a t  v a l i d  comparisons could  n o t  b e  

made between s o c i a l  behavior  and t h e i r  d ispersal .  Levels of a g o n i s t i c  

behav ior  were t h e  same between a d u l t s  and young and between young on p l o t  1 

i n  1972 and 1973. Although i n  1973 t h e  numbers of a d u l t s  and j u v e n i i e s  were 

both  i n c r e a s e d  i n  r e l a t i o n  t o  1972, t h e  average numbers of a c t i v e  s q u i r r e l s  

were t h e  same each year .  The p ropor t ions  of j u v e n i l e s  t o  d i s p e r s e  on t h a t  

p l o t  (81)  were  t h e  same each year .  I n  summary, no s t r o n g  r e l a t i o n s h i p  could  

be  e s t a b l i s h e d  between t h e  l e v e l s  of a g o n i s t i c  behav ior  t o  which each 

j u v e n i l e  was submi t t ed  on t h e  p a r t  of a d u l t s  o r  of o t h e r  j u v e n i l e ,  and t h e  

r a t e  of j u v e n i l e  d i s p e r s a l  on any given p l o t ,  w i t h  t h e  e x c e p t i o n  p o s s i b l y  of 

p l o t  3-1972. On t h a t  p l o t ,  bo th  t r ea tment  and low d e n s i t y  combined t o  

reduce l e v e l s  of adult-young a g o n i s t i c  behavior  and p o s s i b l y ,  t h e  d i s p e r s a l  

of j u v e n i l e s .  S i m i l a r l y ,  Yeaton (1972) concluded t h a t  i n  Richardson 's  

ground s q u i r r e l s ,  no r e l a t i o n s h i p  e x i s t s  between a g g r e s s i o n  and d i s p e r s a l  of 

j u v e n i l e s  . 
D i s p e r s a l  of j u v e n i l e s  accounted f o r  l a r g e  l o s s e s  of s q u i r r e l s  i n  t h e  

popula t ions .  However, these  l o s s e s  did  n o t  seem t o  r e l a t e  t o  t h e  food 



supp ly  n o r  t o  t h e  l e v e l s  of a g o n i s t i c  behavior  observed on t h e  p l o t s .  There  

was ev idence  t h a t  d i s p e r s a l  was reduced wi th  decreas ing  d e n s i t i e s .  

6. J u v e n i l e  immigration 

J u v e n i l e s  d i d  n o t  immigrate i n  g r e a t e r  numbers on to  t h e  t r e a t e d  p l o t s  

than on to  t h e  non- t reated p l o t s .  Th i s  was expected however a s  t h e  

popula t ions  surrounding t h e  t r e a t e d  p l o t s  were a l s o  reduced by t rea tment  

( p l o t  2-1973, p l o t  3-1972). No t rea tment  was given around p l o t  2  i n  1972. 

However, t h e  females  t h a t  normally would have g iven  b i r t h  t o  p r o s p e c t i v e  

j u v e n i l e  immigrants had moved i n t o  t h e  p l o t  i t s e l f  i n  A p r i l  and e s t a b l i s h e d  

res idency .  The i r  progeny were s o  t o  speak ' immigratinn j u v e n i l e s  i n  u t e r o 8 !  

T h i s  would e x p l a i n  t h e  s m a l l  numbers of j u v e n i l e s  t h a t  immigrated i n t o  t h e  

p l o t  l a t e r  t h a t  summer, s i n c e  t h e  surrounding popula t ion  had been d e p l e t e d  

by t h e  e g r e s s  of i t s  a d u l t  females i n  favour  of p l o t  2. 

Immigrating j u v e n i l e s  r e p r e s e n t e d  l a r g e r  p r o p o r t i o n s  of t h e  t o t a l  

j u v e n i l e  p o p u l a t i o n s  found on t h e  t r e a t e d  p l o t s  s i n c e  t h e  number of b o r n  

j u v e n i l e s  were reduced on t h e s e  p l o t s .  Immigrant j u v e n i l e s  moved very  e a r l y  

on to  t h e  t r e a t e d  p l o t s .  On t h e  non- t reated p l o t s ,  t h e y  immigrated mos t ly  a t  

t h e  end of t h e  summer when born j u v e n i l e s  were a l r e a d y  beg inn ing  t o  go i n t o  

h i b e r n a t i o n ,  o r  when t h e  born  popula t ion  had been decreased by d i s p e r s a l  and 

m o r t a l i t y  . 
J u v e n i i e  d e n s i t y  was reduced on t h e  t r e a t e d  p l o t s ,  which may have 

allowed such an e a r l y  i n f l u x  of j u v e n i l e s .  Burns (1968) showed t h a t  i n  t h e  

Uinta  ground s q u i r r e l ,  t h e  p r o p o r t i o n  of immigrant j u v e n i l e s  was g r e a t e r  i n  

low d e n s i t y  a r e a s  than i n  h i g h  d e n s i t y  a r e a s .  Adult s q u i r r e l  d e n s i t y  was 

n o t  reduced by t h e  t r e a t m e n t ,  b u t  t r e a t e d  s q u i r r e l s  went i n t o  h i b e r n a t i o n  

sooner than non- t reated s q u i r r e l s .  Adult popu la t ion  was reduced on t h e  

t r e a t e d  p l o t s  when j u v e n i l e s  were beginning t o  i n c r e a s e  t h e i r  home range  and 

t o  look  f o r  a l t e r n a t e  home burrows. Thus reduced a d u l t  and j u v e n i l e  

d e n s i t i e s  may have c o n t r i b u t e d  t o  a  g r e a t e r  immigration of j u v e n i l e s .  

The improvement of t h e  food supply i n  1973 d id  n o t  i n c r e a s e  t h e  

number of j u v e n i l e s  immigrating onto  t h e  p l o t s .  Areas t h a t  were marg ina l  i n  

1972 could  now suppor t  j u v e n i l e s  and t h e  i n c e n t i v e  f o r  j u v e n i l e s  t o  move 

on to  t h e  p l o t s  may have Seen reduced. So t h e  numbers of j u v e n i l e s  t o  

immigrate i n  1973 were roughly t h e  same a s  i n  1972, i n  s p i t e  of t h e  f a c t  
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t h a t  numbers of j u v e n i l e s  born i n  t h e  surrounding u n t r e a t e d  p o p u l a t i o n s ,  

thus  p r o s p e c t i v e  immigrants,  were g r e a t e r  i n  1973. 

J u v e n i l e s  moving e a r l y  i n t o  t h e  t r e a t e d  o r  low d e n s i t y  p l o t s  had good 

chances t o  e s t a b l i s h  a  home burrow and t o  accumulate t h e  weight n e c e s s a r y  

f o r  a  s u c c e s s f u l  h i b e r n a t i o n .  Moreover, l e v e l s  of a g o n i s t i c  behav ior  were 

reduced on t h e s e  p l o t s .  Thus t h e  j u v e n i l e s  moving i n t o  t h e s e  p o p u l a t i o n s  

probably  had b e t t e r  chances of s u r v i v a l  than j u v e n i l e s  moving . in to  h i g h  

d e n s i t y ,  non- t reated p l o t s .  The j u v e n i l e s  moving i n t o  t h e  l a t t e r  p l o t s  were 

doing so  l a t e  i n  t h e  summer. They had no cho ice  of 'good' home burrows. 

Furthermore.  v e g e t a t i o n  bp t h a t  time had ~ r o b a b l p  l o s t  much of i t s  n u t r i t i v e  

v a l u e  (Dasmann, 1966, p .  63).  On t h e  o t h e r  hand, by moving i n t o  t h e  p l o t s  

t h e n ,  t h e y  may have been improving t h e i r  chances of s u r v i v a l ,  presumably 

moving i n t o  a  b e t t e r  h a b i t a t  i n  comparison t o  t h e  one they l e f t .  

I t h i n k  t h a t  t h i s  e a r l i e r  immigration was b o t h  a  f u n c t i o n  of t h e  

lower numbers of a d u l t s  and j u v e n i l e s  found on t h e s e  p l o t s  a t  t h e  t i n e  of 

j u v e n i l e  d i s p e r s a l ,  and of t h e  lowered l e v e l s  of a g o n i s t i c  behav ior  observed 

t h e r e .  An improved food supply was n o t  followed by an  i n c r e a s e d  j u v e n i l e  

immigration.  Most l i k e l y ,  surrounding a r e a s  were then a b l e  t o  s u p p o r t  

s q u i r r e l  popu la t ions  and t h e  p l o t s  themselves became r e l a t i v e l y  l e s s  

d e s i r a b l e .  

D. S o c i a l  Behavior 

I n  t h e  p rev ious  s e c t i o n s ,  s o c i a l  behavior  was cons idered  a s  one of 

t h e  f a c t o r s  a f f e c t i n g  t h e  annual c y c l e  and t h e  popula t ion  dynamics of t h e  

popula t ions  s t u d i e d .  I review h e r e  how s o c i a l  behavior  i t s e l f  was 

i n • ’  luenced by t r e a t m e n t ,  popu la t ion  d e n s i t y ,  changes i n  weather ,  food 

supp ly ,  e t c .  

1. Adult-adult  b e h a v i o r  

Cohesive behavior  among a d u l t s  was r a r e  and s p o r a d i c  and was on ly  

observed between neighbours and r e l a t e d  s q u i r r e l s .  No d i f f e r e n c e  i n  l e v e l s  

of cohes ive  behav ior  could  be  seen  i n  r e l a t i o n  t o  t r e a t m e n t ,  o r  p o p u l a t i o n  

d e n s i t y  . 



A g o n i s t i c  behavior  was p r e v a l e n t  among a d u l t  s q u i r r e l s  between t h e  

t ime of t h e i r  emergence u n t i l  about 25 days b e f o r e  t h e i r  r e t u r n  i n t o  

h i b e r n a t i o n .  Adult  a g o n i s t i c  behav ior  w a s  r e l a t e d  t o  t h e  a t t e m p t s  f o r  males 

t o  s e c u r e  b r e e d i n g  p a r t n e r s ,  and t o  t h e  n e c e s s i t y  f o r  b reed ing  females  t o  

s e c u r e  an adequate  burrow and food supply f o r  themselves and t h e i r  progeny. 

A few a d u l t  males succeeded i n  immigrating and e s t a b l i s h i n g  res idency  

on t h e  t r e a t e d  p l o t s .  Such a  phenomenon was never  observed on t h e  

non- t reated p l o t s .  These males moved i n  when breed ing  was over  s o  t h a t  they 

had l i t t l e  chance t o  c o n t r i b u t e  t h a t  year ' s  c o h o r t  of j u v e n i l e s .  However, 

by immigrat ing onto  a d e s i r a b l e  p l o t ,  t h e y  most l i k e l y  i n c r e a s e d  t h e i r  

chances of s u r v i v a l  and t h e r e f o r e  t h e i r  chances of b reed inq  t h e  fo l lowing  

s p r i n g  a s  sugges ted  by Murray (1967). 

R e l a t i o n s h i p s  were e s t a b l i s h e d  between t h e  b reed ing  s t a t u s  of a d u l t  

females ,  t h e  importance of t h e i r  food supply and t h e i r  s p a t i a l  d i s t r i b u t i o n ,  

i n d i c a t i n g  t h a t  t h e  r o l e  of a g o n i s t i c  behav ior  may b e  t o  p rov ide  an a r e a ,  

more o r  l e s s  e x c l u s i v e ,  t h a t  w i l l  o f f e r  p r o t e c t i o n  and food f o r  b reed ing  

females  and t h e i r  o f f s p r i n g .  The fo l lowing  o b s e r v a t i o n s  s u p p o r t  such a  

sugges t ion :  

a .  Leve l s  of a g o n i s t i c  behavior  among breeding f e n a l e s  dropped d r a s t i c a l l y  

w i t h i n  10 days from j u v e n i l e  emergence a s  t h e  l a t t e r  began f e e d i n g  on 

v e g e t a t i o n .  Females then s p e n t  more t ime feed ing ,  and extended t h e i r  home 

range.  The j u v e n i l e s  fed most ly  on t h e i r  mothers'  c o r e  a r e a s ,  u n t i l  t h e y  

t o o  extended t h e i r  home range.  But o v e r a l l ,  a f t e r  j u v e n i l e  emergence, t h e r e  

seemed t o  b e  l i t t l e  a t tempt  from t h e  p a r t  o f  t h e  a d u l t  females  t o  s e c u r e  an 

e x c l u s i v e  feed ing  a r e a ,  hence t h e r e  was a  r e d u c t i o n  i n  a d u l t  a g o n i s t i c  

behav ior .  It was whi le  f e n a l e s  were pregnant  and l a c t a t i n g  t h a t  they were 

seen t o  b e  most a g g r e s s i v e  towards o t h e r  a d u l t s .  They could  then  have been 

cons idered  t o  b e  "defending" an a r e a ,  a l though  i t s  u s e  may n o t  have been 

e x c l u s i v e .  However, t h e  decrease  of a d u l t - a d u l t  a g o n i s t i c  behav ior  was 

concur ren t  wi th  t h e  o n s e t  of adult-young a g o n i s t i c  i n t e r a c t i o n s  i n d i c a t i n g  

t h a t  b reed ing  females s t i l l  had a  s t r o n g  "attachment" t o  t h e i r  home burrow 

and a d j o i n i n g  c o r e  a r e a .  

b. Breeding females had l a r g e r  c o r e  a r e a s  on a  low d e n s i t y  p l o t  ( # 3 )  than  

on h igh  d e n s i t y  p l o t s .  I n  t h e  low d e n s i t y  p o p u l a t i o n s ,  c o r e  a r e a  i n c r e a s e d  

wi thout  any obvious  d i r e c t  r e l a t i o n s h i p  w i t h  d e n s i t y  i t s e l f .  On t h e  o t h e r  



hand, when s q u i r r e l  d e n s i t y  i n c r e a s e d ,  c o r e  a r e a  s i z e  decreased.  There  was 

a  minimum s i z e  of c o r e  a r e a  though which d i d  n o t  decrease  w i t h  i n c r e a s i n g  

popula t ion  d e n s i t y .  Th i s  lower l i m i t  was probably t h e  minimum a r e a  

n e c e s s a r y  f o r  a  s q u i r r e l  t o  feed  i t s e l f  and h e r  l i t t e r  i n  t h e  c a s e  of a  

b reed ing  female.  

c .  Breeding and non-breeding females on a  same p l o t  had equa l  s i z e d  c o r e  

a r e a s .  However, b reed ing  females did  n o t  s h a r e  any of t h e i r  c o r e  a r e a  when 

food supply was poor ,  and shared very  l i t t l e  of i t  when food supply was 

b e t t e r .  I n s t e a d ,  t h e  a rea  being used i n  a  g iven  p l o t  was extended. 

S i m i l a r 1  y, i n  t h e  m i m d - t a i l  ed ~ r n r ~ n d  s q i t i r r e l  , g r e a t e r  c r o w d i n g  of  

s q u i r r e l s  means a  g r e a t e r  clumping of c o r e  a r e a s  r a t h e r  than an i n c r e a s e  i n  

t h e  over lap  of c o r e  a r e a s  (Dunford, 1977b). 

d. An i n c r e a s e  i n  r e s i d e n t  d e n s i t i e s  was observed on p l o t  1 i n  1973. 

Agonis t i c  behav ior  was s i g n i f i c a n t l y  reduced dur ing  t h e  10-day p e r i o d s  1-4 

( i . e .  dur ing  l a t e  A p r i l  and dur ing May) when compared t o  t h e  same per iod  i n  

1972, and throughout  t h e  summer, l e v e l s  of a d u l t  a g o n i s t i c  i n t e r a c t i o n s  were 

t h e  same i n  1973 a s  i n  1972. Annual c y c l e  d a t a  showed t h a t  i n  A p r i l  and 

May, females were undergoing pregnancy and were l a c t a t i n g .  I b e l i e v e  t h a t  

such an i n c r e a s e  i n  s q u i r r e l  r e s i d e n t  d e n s i t y ,  seen  wi thou t  a  concur ren t  

i n c r e a s e  of a d u l t  a g o n i s t i c  behav ior ,  was p o s s i b l y  a  r e s u l t  of t h e  b e t t e r  

food supply p r e s e n t  i n  A p r i l  and May 1973. The averaqe monthly t empera tu re  

was s l i g h t l y  warmer dur ing  t h e s e  two months i n  1973 (40 F) than  i n  1972 (38 

F), and more r a i n  f e l l  (2.15" i n  1973 v e r s u s  1.54" i n  1972) (Alber ta  

Environment, 1972, 1973).  These s m a l l  d i f f e r e n c e s  may have t r i g g e r e d  an  

e a r l i e r  v e g e t a t i o n  growth and allowed more females t o  e s t a b l i s h  res idency  

wi thou t  an undue i n c r e a s e  of aggress ion .  C h r i s t i a n  (1970) p o s t u l a t e d  t h a t  

t h e r e  i s  probably  an optimum degree  of aggress iveness  f o r  a  p a r t i c u l a r  

s p e c i e s ,  beyond which i n c r e a s e s  i n  aggress iveness  may b e  incompat ible  wi th  

adequate  r e p r o d u c t i o n  and s u r v i v a l .  

T h i s  l a c k  of i n c r e a s e  of a g o n i s t i c  behav ior ,  i n  s p i t e  of an i n c r e a s e  

i n  d e n s i t y ,  may a l s o  r e s u l t  from changes i n  t h e  s o c i a l  s t r u c t u r e  of t h e  

popula t ion .  A more r i g i d  s o c i a l  s t r u c t u r e  a t  h i g h e r  d e n s i t y  may lower 

f i g h t i n g  (Lloyd and C h r i s t i a n ,  1967). I n  t h e  Uinta  ground s q u i r r e l ,  g r e a t e r  



d e n s i t y  a p p e a r s  t o  i n c r e a s e  t h e  s o c i a l  s t a b i l i t y  by l i m i t i n g  t h e  amount of 

i n t r u s i o n  from non- res iden t s ,  thus  producing lower i n t e n s i t y  of encounte r s  

(Morse, 1978).  

e .  Females t h a t  d id  n o t  b reed  shared  t h e i r  c o r e  a r e a s  wi th  males ,  b reed ing  

o r  non-breeding females a l i k e ,  and t h e i r  l e v e l  of a g o n i s t i c  behav ior  was 

u s u a l l y  lower than f o r  b reed ing  females .  The l a t t e r  d i d  n o t  s h a r e  t h e i r  

c o r e  a r e a  w i t h  o t h e r  b reed ing  females.  The t o l e r a n c e  shown by t r e a t e d  

s q u i r r e l s  may b e  comparable t o  t h e  t o l e r a n c e  shown by s u b o r d i n a t e  a d u l t  

males i n  popula t ions  of Columbian ground s q u i r r e l s .  I n  t h e s e  p o p u l a t i o n s ,  

overlap of core areas is only 6% amone dominant males.  whi le  s u b o r d i n a t e  

males s h a r e  49% of t h e i r  c o r e  a r e a  w i t h  dominant males. Moreover, as was 

observed d u r i n g  t h e  p r e s e n t  s tudy  between breed ing  and non-breeding females ,  

i n  t h e s e  p o p u l a t i o n s  t h e  mean s i z e  of c o r e  a r e a s  i s  t h e  same s i z e  f o r  b o t h  

groups of males (Murie and H a r r i s ,  1978).  

That  t h e  c o r e  a r e a  was h i g h l y  used by a d u l t  females  i n  A p r i l  and May, 

and served t o  p r o t e c t  t h e  space and food necessa ry  f o r  reproduc t ion  was 

f u r t h e r  i l l u s t r a t e d  by t h e  l a r g e  immigration observed on t h e  t r e a t e d  p l o t s .  

S t e r i l i z e d  s q u i r r e l s  were n o t  b reed ing ,  and e x t e n s i v e l y  shared  t h e i r  c o r e  

a r e a s .  Immigrant a d u l t s  were a b l e  t o  move i n  and breed.  T h i s  s u g g e s t s  t h a t  

t h e  f a c t o r  which was p rev ious ly  keeping t h e s e  s q u i r r e l s  o u t  was t h e  

i n t o l e r a n c e  of s q u i r r e i s  ready t o  breed r a t h e r  than t h e  food  supply o r  the 

number of burrows a v a i l a b l e .  I n  e f f e c t ,  a d u l t  immigration was 

c h a r a c t e r i s t i c  of t h e  t r e a t e d  p l o t s  on ly ,  and w i t h i n  a  g iven  y e a r ,  

immigration occur red  whi le  t h e  numbers of burrows o r  food supply remained 

t h e  same f o r  a  g iven p l o t .  

Leve l s  of a d u l t  a g o n i s t i c  behavior  were h i g h e r  on p l o t s  w i t h  a  h i g h  

popula t ion  d e n s i t y  than  on low d e n s i t y  p l o t s  when food supply was poor. 

Genera l ly ,  h i g h e r  d e n s i t y  p l o t s  a t t r a c t e d  more immigrants than  low d e n s i t y  

p l o t s .  A s  such,  a  h i g h e r  s o c i a l  p r e s s u r e  would be on t h e  h i g h  d e n s i t y  

p l o t s ,  a s  n o t  o n l y  were t h e r e  more s q u i r r e l s  w i t h i n  t h e i r  boundar ies ,  b u t  

a l s o  t h e r e  was c o n s t a n t  p r e s s u r e  from non-res ident  s q u i r r e l s  a t t empt ing  t o  

move i n  . T h i s  a g a i n  w a s  r e l a t e d  t o  t h e  n e c e s s i t y  of s e c u r i n g  an adequate  

food supply f o r  s u c c e s s f u l  b reed ing ,  s i n c e  l e v e l s  of a g o n i s t i c  behav ior  f o r  

t r e a t e d  s q u i r r e l s  d i d  no t  change w i t h  

r e l a t i o n s h i p  was a l s o  observed i n  t h e  

i n c r e a s i n g  d e n s i t y .  Such a  

Uinta  ground s q u i r r e l .  During y e a r s  
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of h i g h  p o p u l a t i o n  d e n s i t y  , females  e x h i b i t e d  h i g h e r  f r e q u e n c i e s  of b e h a v i o r  

t h a t  cou ld  be r e l a t e d  t o  a g g r e s s i o n  than  t h e y  d i d  dur ing  y e a r s  o f  low 

p o p u l a t i o n  d e n s i t y  (Horse,  1978) .  S i m i l a r y ,  i n  t h e  same s p e c i e s ,  encoun te r  

r a t e s  among s q u i r r e l s  were h i g h e r  on h i g h  d e n s i t y  a r e a s  than  i n  low d e n s i t y  

a r e a s  (Burns,  1968). 

I n  t h e  a d u l t  p o p u l a t i o n ,  t h e  f u n c t i o n  of a g o n i s t i c  b e h a v i o r  w a s  

c l o s e l y  r e l a t e d  t o  t h e  b reed ing  s t a t u s  of s q u i r r e l s  and t h e i r  ensu ing  energy 

requ i rement s .  T h e i r  s p a t i a l  d i s t r i b u t i o n  r e f l e c t e d  t h e s e  needs .  Core  a r e a s  

were l a r g e r  i n  poorer  h a b i t a t ,  t h u s  d e n s i t i e s  of p o p u l a t i o n s  were  lower  

t h e r e .  Over lap  of c o r e  a r e a s  amonq b reed ing  females  was v e r y  s m a l l  i n  a l l  

p l o t s ,  even  when r e s i d e n t  d e n s i t y  was i n c r e a s e d .  Breeding females '  c o r e  

a r e a s  n e v e r  over lapped t o  t h e  same e x t e n t  a s  f o r  non-breeding s q u i r r e l s ,  

which e x t e n s i v e l y  s h a r e d  t h e i r  c o r e  a r e a s  w i t h  b o t h  b reed ing  and 

non-breeding s q u i r r e l s .  S i z e  of c o r e  a r e a  dec reased  w i t h  i n c r e a s i n g  d e n s i t y  

b u t  never  went below a  minimum a r e a  which p robab ly  p r o v i d e s  t h e  e s s e n t i a l  

r equ i rement s  of s p a c e  and food f o r  a n  i n d i v i d u a l  s q u i r r e l .  A g o n i s t i c  

b e h a v i o r  may a d j u s t  t h e  p o p u l a t i o n s  t o  t h e i r  p r e v a i l i n g  food supp ly ,  s i n c e  

i n  a  year  of poor  food supply ,  t h e  f r equency  of a d u l t  a g o n i s t i c  b e h a v i o r  was 

g r e a t e r  on t h e  h i g h  d e n s i t y  p l o t s .  However, such a  r e l a t i o n s h i p  was n o t  

observed i n  a  y e a r  of b e t t e r  food supp ly ,  when t h e r e  was an  i n c r e a s e  of t h e  

r e s i d e n t  d e n s i t y  i n  a  g i v e n  popu iac ion ,  w i t h o u t  a  c o n c u r r e n t  i n c r e a s e  of  

a d u l t  a g g r e s s i o n .  

2. Adult-young behav io r  

On t h e  non- t r ea ted  p l o t s ,  most adult-young c o h e s i v e  i n t e r a c t i o n s  took 

p l a c e  between mother and o f f s p r i n g .  On t h e  t r e a t e d  p l o t s ,  a lmos t  h a l f  t h e  

c o h e s i v e  i n t e r a c t i o n s  occur red  between j u v e n i l e s  and non- re la t ed  a d u l t s  

Most of  t h e s e  i n t e r a c t i o n s  took p l a c e  when j u v e n i l e s  s t a r t e d  moving away 

from t h e  m a t e r n a l  burrow, b u t  s topped w i t h i n  a  month of j u v e n i l e  emergence. 

T h i s  d i f f e r e n c e  between p l o t s  i s  a t t r i b u t e d  p a r t l y  t o  t h e  r e d u c t i o n  of  

a g g r e s s i v e n e s s  of t h e  t r e a t e d  s q u i r r e l s .  T rea ted  s q u i r r e l s  were n e v e r  s e e n  

t o  behave a g o n i s t i c a l l y  towards j u v e n i l e s .  However, when l e v e l s  of  

adult-young a g o n i s t i c  behav io r  were compared f o r  a l l  s q u i r r e l s  between 

t r e a t e d  and non- t r ea ted  p l o t s  no d i f f e r e n c e s  cou ld  be  shown. O v e r a l l ,  

j u v e n i l e s  were t h e  s u b j e c t  o f  a s  much a g g r e s s i o n  from a d u l t s  on t h e  t r e a t e d  



p l o t s  a s  on t h e  non- t reated p l o t s ,  except when j u v e n i l e  d e n s i t y  w a s  much 

reduced . 
Adult-young a g o n i s t i c  behavior  was a l s o  a  f u n c t i o n  of p o p u l a t i o n  

d e n s i t y .  Within  a given year ,  adult-young aggress ion  on t h e  p a r t  of 

b reed ing  females  was g r e a t e r  on a  h igh  d e n s i t y  p l o t  (81-1973) t h a n  on a  low 

d e n s i t y  p l o t  (83-1973). Non-treated s q u i r r e l s  were s i g n i f i c a n t l y  more 

a g g r e s s i v e  towards j u v e n i l e s  than were t h e  t r e a t e d  s q u i r r e l s  on a  h i g h  

d e n s i t y  p l o t  (#2-1972), whi le  no d i f f e r e n c e  occurred between t h e s e  two 

groups on a  low d e n s i t y  p l o t  (#3-1972). Moreover, a  r e d u c t i o n  i n  t h e  number 

of j u v e n i l e s  born on a  given p l o t  saw a  concur ren t  decrease  i n  t h e  number of 

a g o n i s t i c  a c t s  t o  which each j u v e n i l e  was submi t t ed  ( p l o t  2, 1972 and 1973) 

Adult-young a g o n i s t i c  behavior  on normal p l o t s  was r e l a t e d  t o  t h e  combined 

d e n s i t y  of a d u l t  and j u v e n i l e s  ( p l o t s  4, 5, 6 ) .  

Leve ls  of a g o n i s t i c  behavior  a s  averaged over  t h e  summer were n o t  t h e  

on ly  f a c t o r s  t h a t  may have a f f e c t e d  j u v e n i l e s  on t h e  t r e a t e d  p l o t s .  Trea ted  

s q u i r r e l s  r e t u r n e d  i n t o  h i b e r n a t i o n  sooner than b reed ing  s q u i r r e l s .  

There fore ,  few a d u l t s  were p r e s e n t  on t h e  t r e a t e d  p l o t s  when j u v e n i l e s  were 

i n c r e a s i n g  t h e i r  home range.  However, t h e  p a r t i a l  absence of t r e a t e d  a d u l t s  

from t h e  p o p u l a t i o n s  does n o t  e x p l a i n  t h e  t o t a l  l a c k  of a g g r e s s i o n  observed 

between themselves and t h e  j u v e n i l e s .  Both groups were p r e s e n t  a t  t h e  same 

t ime on t h e  p l o t s  f o r  an average of 30 t o  40 days each year. Curing that 

same per iod ,  a g o n i s t i c  i n t e r a c t i o n s  were common between non- t reated a d u l t s  

and j u v e n i l e s .  

Improvement of t h e  food supply d i d  no t  i n c r e a s e  o r  reduce t h e  average 

numbers of adult-young a g o n i s t i c  i n t e r a c t i o n s  observed on t h e  c o n t r o l  p l o t  

i n  1973. Numbers of a d u l t  r e s i d e n t s  were g r e a t e r  i n  1973 and more j u v e n i l e s  

were born ,  b u t  no d i f f e r e n c e  could  be shown between 1972 and 1973 i n  t h e  

average numbers of a c t i v e  a d u l t s  and j u v e n i l e s .  The f a c t  t h a t  g e n e r a l l y ,  

a d u l t s  r e t u r n e d  i n t o  h i b e r n a t i o n  e a r l i e r  i n  1973 t h a n  i n  1972 may have a l s o  

c o n t r i b u t e d  t o  t h e  maintenance of t h e  adult-young a g o n i s t i c  i n t e r a c t i o n s  a t  

t h e  p rev ious  year ' s  l e v e l ,  i n  s p i t e  o f  inc reased  popula t ion  d e n s i t y .  S ince  

j u v e n i l e s  on  average emerged a t  t h e  same t i m e  i n  1972 and 1973, by t h e  t i n e  

they  s t a r t e d  ex tend ing  t h e i r  home range i n  1973, many a d u l t s  had a l r e a d y  

h i b e r n a t e d ,  hence reducing t h e  l i k e l i h o o d  of adult-young a g o n i s t i c  

i n t e r a c t i o n s .  



Only 15% of a l l  a g o n i s t i c  i n t e r a c t i o n s  were observed between a d u l t s  

and j u v e n i l e s .  No d i f f e r e n c e  could  be shown between o v e r a l l  l e v e l s  of 

adult-young i n t e r a c t i o n s  on t h e  t r e a t e d  and non- t reated p l o t s .  It a p p e a r s  

t h a t  a g g r e s s i o n  from a d u l t s  towards j u v e n i l e s  p lays  on ly  a  minor r o l e  i n  

t h e i r  d i s p e r s a l ,  a s  i s  t h e  c a s e  i n  t h e  Uinta  ground s q u i r r e l  (Burns,  1968). 

However, t h e  numbers of a g o n i s t i c  a c t s  observed may n o t  r e f l e c t  t h e  f u l l  

impact of a d u l t  a g g r e s s i o n  towards j u v e n i l e s .  The exper ience  f o r  a  j u v e n i l e  

of b e i n g  a t t a c k e d  by an a d u l t  a t  a n  e a r l y  age may b e  much more s t r e s s f u l  

than a  s i m i l a r  a t t a c k  by ano ther  j u v e n i l e .  A s  such,  t h e  few adult-young 

a g o n i s t i c  i n t e r a c t i o n s  observed may b e  more meaningful than t h e i r  numbers 

sugges t .  The f a c t  t h a t  adult-young a g o n i s t i c  behav ior  inc reased  w i t h  

d e n s i t y  s u g g e s t s  t h a t  such behav ior  should c o n t r i b u t e  t o  t h e  c o n t r o l  of t h e  

j u v e n i l e  popula t ions .  

3. Young-young behavior  

Cohesive behavior  was ve ry  common among l i t t e r m a t e s  dur ing  t h e  f i r s t  

month fo l lowing  t h e i r  emergence from t h e  mate rna l  burrow. A s  j u v e n i l e s  

s t a r t e d  t o  d i s p e r s e  and t o  extend t h e i r  home range ,  cohes ive  behav ior  

g r a d u a l l y  decreased.  I n  many p l o t s ,  small numbers of young-young cohes ive  

i n t e r a c t i o n s  were s t i l l  observed a t  t h e  end of t h e  summer. I n  1972, no 

d i f f e r e n c e  cou ld  be  shown between t h e  c o n t r o l  p l o t  and t h e  t r e a t e d  p l o t s  i n  

t h a t  r egard  except  f o r  t h e  f a c t  t h a t  mere i n t e r a c t i o n s  were chserved between 

non-re la ted j u v e n i l e s  on t h e  t r e a t e d  p l o t s  than  expected.  T h i s  i s  p o s s i b l y  

a  consequence of t h e  e a r l y  j u v e n i l e  immigration seen  on t h e s e  p l o t s .  

Immigrant j u v e n i l e s  r e p r e s e n t e d  l a r g e  p r o p o r t i o n s  of t h e  j u v e n i l e  

popula t ions  on  t h e  t r e a t e d  p l o t s .  The i r  pa ren tage  was n o t  known s i n c e  they  

came from o u t s i d e  the  p l o t s  and i t  i s  p o s s i b l e  t h a t  many of them could have 

been l i t t e r m a t e s ,  hence t h e r e  was a  g r e a t e r  than expected f requency of 

cohes ive  behav ior  between seemingly non-re la ted j u v e n i l e s  on t h e  t r e a t e d  

p l o t s .  

I n  1973, when j u v e n i l e  popula t ions  were reduced t o  v e r y  s m a l l  numbers 

on p l o t s  2 and 3,  cohesive  i n t e r a c t i o n s  among j u v e n i l e s  were never  observed.  

One of t h e  reasons  f o r  t h i s  was t h a t  most l i t t e r s  on t h e s e  p l o t s  inc luded  

only  1 j u v e n i l e ,  o r  two a t  t h e  most. J u v e n i l e s  born on t h e  p l o t s ,  a s  w e l l  

a s  immigrant j u v e n i l e s ,  were w e l l  spread on t h e  p l o t s ,  t h u s  t h e i r  chances of 



encounter  were much reduced i n  comparison t o  j u v e n i l e s  belonging t o  l a r g e  

l i t t e r s .  

Young-young a g o n i s t i c  encounters  were common, r e p r e s e n t i n g  38% of a l l  

a g o n i s t i c  a c t s .  Aggression between j u v e n i l e s  was observed w i t h i n  10 t o  20 

days from t h e i r  f i r s t  emergence on a l l  p l o t s .  No d i f f e r e n c e s  were seen  i n  

1972 between t h e  l e v e l s  of young-young a g o n i s t i c  behavior  observed on t h e  

t r e a t e d  and non- t reated p l o t s .  However, t h e  p a t t e r n  of young-young 

a g o n i s t i c  behav ior  through t h e  summer was d i f f e r e n t  on t h e  t r e a t e d  p l o t s .  

While young-young a g o n i s t i c  i n t e r a c t i o n s  reached a  high w i t h i n  a  month on 

the c o n t r o l  p l o t  and them decreased,  aggress ion  was low on p l o t s  2  and 3 

during t h e  f i r s t  p a r t  of t h e  summer and f i n a l l y  reached a  p l a t e a u  a t  t h e  end 

of J u l y  and dur ing  t h e  f i r s t  p a r t  of August. Th i s  d i f f e r e n c e  i s  a s s o c i a t e d  

wi th  t h e  n a t u r e  of t h e  j u v e n i l e  popula t ions  p r e s e n t  on t h e  p l o t s .  During 

most of t h e  summer, t h e  j u v e n i l e s  p r e s e n t  on t h e  c o n t r o l  p l o t  were 

j u v e n i l e s  t h a t  were born on t h a t  p l o t .  By c o n t r a s t ,  immigrant j u v e n i l e s  

moved e a r l y  onto  t h e  t r e a t e d  p l o t s  and throughout t h e  summer, r e p r e s e n t e d  

l a r g e  p o r t i o n s  of t h e  j u v e n i l e  popula t ions .  The p r o p o r t i o n s  r e p r e s e n t e d  by 

immigrant j u v e n i l e s  i n c r e a s e d  dur ing  t h e  summer t o  s t a b i l i z e  6-8 weeks a f t e r  

mean j u v e n i l e  emergence on t h e s e  p l o t s .  It i s  l i k e l y  t h a t  t h e  i n c r e a s i n g  

young-young a g o n i s t i c  i n t e r a c t i o n s  observed on t h e  t r e a t e d  p l o t s  could  be 

t h e  r e s u l t  of t h e s e  f u r t h e r  a d d i t i o n s  t o  t h e  j u ~ e n i l e  p o p u l a t i o n s i  

I n  1973, no a g o n i s t i c  i n t e r a c t i o n s  were ever  observed on p l o t s  2 and 

3 a s  b o t h  numbers of born  j u v e n i l e s  and immigrants were ve ry  reduced. 

J u v e n i l e  d e n s i t y  on  p l o t  1 was high and so was t h e  l e v e l  of young-young 

a g o n i s t i c  i n t e r a c t i o n s .  Thus a  g r e a t e r  j u v e n i l e  d e n s i t y  was c h a r a c t e r i z e d  

by a  h i g h e r  l e v e l  of aggress ion  among j u v e n i l e s .  Th i s  was cor robora ted  by 

t h e  o b s e r v a t i o n s  made on p l o t s  4, 5 and 6, where s i m i l a r  d e n s i t i e s  of a c t i v e  

j u v e n i l e s  were c h a r a c t e r i z e d  by s i m i l a r  l e v e l s  of young-young a g o n i s t i c  

i n t e r a c t i o n s .  

More r e s i d e n t  females  bred on t h e  c o n t r o l  p l o t  i n  1973 t h a n  i n  1972 

which meant t h a t  many more j u v e n i l e s  were born and remained a s  r e s i d e n t s  

t h a t  year .  However, t h e  o v e r a l l  l e v e l  of a g o n i s t i c  i n t e r a c t i o n s  observed 

between t h e s e  j u v e n i l e s  i n  1973 d id  n o t  change i n  r e l a t i o n  t o  1972. 

D i f f e r e n c e s  appeared though when t h e  i d e n t i t y  of t h e  s q u i r r e l s  involved was 

considered.  In  1972, most a g o n i s t i c  i n t e r a c t i o n s  were seen among 



i 
! non-re la ted j u v e n i l e s  whi le  i n  1973, most i n t e r a c t i o n s  were observed among 

l i t t e r m a t e s .  Moreover, most a g o n i s t i c  i n t e r a c t i o n s  took p l a c e  between 

j u v e n i l e s  born on t h e  p l o t ,  s i n c e  immigrant j u v e n i l e s  r e p r e s e n t e d  on ly  a  

s m a l l  p r o p o r t i o n  of t h e  popula t ion  and moved i n  ve ry  l a t e  i n  t h e  s e a s o n ,  a t  

which t ime j u v e n i l e  aggress ion  was much reduced. Michener ( 1973b) observed 

t h a t  u s u a l l y  y e a r l i n g  females i n h e r i t  t h e i r  mother's t e r r i t o r y ,  o r  t a k e  up 

res idency  nearby;  j u v e n i l e  males do so  on ly  i f  t h e i r  mother d i e s .  P o s s i b l y  

i n  y e a r s  of lower j u v e n i l e  d e n s i t y ,  j u v e n i l e  d i s p e r s a l / m o r t a l i t y ,  a s  w e l l  a s  

j u v e n i l e s  become a g g r e s s i v e  t o  one ano ther .  I n  1973, more j u v e n i l e s  were 

born and a d u l t s  r e t u r n e d  i n t o  h i b e r n a t i o n  sooner ,  s o  t h a t  t h e  d i s t r i b u t i o n  

o f  home burrows f o r  j u v e n i l e s  probably had t o  be  e s t a b l i s h e d  mos t ly  by t h e  

j u v e n i l e s  themselves.  Since  t h e r e  i s  evidence t h a t  a  female  burrow i s  

e i t h e r  r e t a i n e d  by h e r  o r  is t r a n s f e r r e d  t o  h e r  descendants  (Yeaton, 19721, 

i t  i s  among t h e  l a t t e r  t h a t  most i n - f i g h t i n g  should occur i f  j u v e n i l e  

popula t ion  remains high i n  s p i t e  of p r e d a t i o n ,  d i s p e r s a l  o r  m o r t a l i t y .  The 

f a c t  t h a t  many j u v e n i l e s  were born around t h e  p l o t  i t s e l f  would have made 

d i s p e r s a l  more d i f f i c u l t  i n  1973 and p r e d a t o r s  were removed on p l o t  1 so  

when j u v e n i l e s  became a g g r e s s i v e  t o  one ano ther  i n  1973, i t  i s  l i k e l y  t h a t  a  

l a r g e r  number of l i t t e r m a t e s  was l e f t  a t  each burrow hence t h e  i n c r e a s e d  

f requency of a g o n i s t i c  behavior  among l i t t e r m a t e s .  

No s t r o n g  r e l a t i o n s h i p  could be shown between l e v e l s  of young-younq 

a g o n i s t i c  behav ior  and t h e  d e n s i t i e s  of t h e  j u v e n i l e  popula t ions .  The on ly  

d e n s i t y  r e l a t e d  observa t ion  was t h a t  when j u v e n i l e  d e n s i t y  was reduced t o  

only a  few i n d i v i d u a l s ,  j u v e n i l e s  d id  no t  i n t e r a c t  a g o n i s t i c a l l y  towards one 

ano ther  anymore. 

An i n c r e a s e  i n  t h e  number of born j u v e n i l e s  on a  g iven  p l o t  r e s u l t e d  

i n  i n c r e a s e d  l e v e l s  of a g o n i s t i c  behavior  among l i t t e r m a t e s  and reduced 

l e v e l s  of i n t e r a c t i o n s  between non-re la ted j u v e n i l e s .  O v e r a l l  though, each 

j u v e n i l e  d i d  no t  i n i t i a t e  o r  was submit ted t o  more o r  l e s s  a g o n i s t i c  

i n t e r a c t i o n s  from o t h e r  j u v e n i l e s  than dur ing a  y e a r  of lower j u v e n i l e  

d e n s i t y  . Treatment ,  o t h e r  than reducing t h e  j u v e n i l e  d e n s i t i e s ,  seemingly 

had no i n • ’  luence  on j u v e n i l e  a g o n i s t i c  behav ior .  



E. Popula t ion  r e g u l a t i o n  

During t h e  p r e s e n t  s t u d y ,  many f a c t o r s  were i d e n t i f i e d  a s  

c o n t r i b u t i n g  t o  t h e  c o n t r o l  of Richardson's  ground s q u i r r e l  p o p u l a t i o n s .  

F i r s t ,  t h e  c o n t r o l  of t h e  a d u l t  popu la t ions  w i l l  be  cons idered  and t h e n  

f a c t o r s  a f f e c t i n g  j u v e n i l e  popula t ions  w i l l  be d i scussed .  The q u e s t i o n  w i l l  

b e  asked whether s o c i a l  behavior  does o r  does  n o t  r e g u l a t e  t h e s e  

p o p u l a t i o n s .  

ADULT POPULATION 

Two major f a c t o r s  were seen a s  r e g u l a t i n g  t h e  numbers p r e s e n t  i n  t h e  

a d u l t  b reed ing  popula t ion .  F i r s t ,  each year  on a  non- t reated p l o t ,  only  one 

t h i r d  of t h e  a d u l t  s q u i r r e l s  succeeded i n  e s t a b l i s h i n g  res idency  and 

b reed ing  w i t h i n  t h e  p l o t s '  boundar ies .  The remaining two t h i r d s  e i t h e r  d ied  

o r  d i s p e r s e d .  Many.of t h e  unsuccess fu l  s q u i r r e l s  e s t a b l i s h e d  res idency  

nearby and were seen  a g a i n  on t h e  p l o t s  t h e  fo l lowing  s p r i n g ;  o t h e r s  were 

never  seen  aga in .  I a t t r i b u t e  t h i s  l a r g e  r e d u c t i o n  i n  t h e  numbers of 

s q u i r r e l s  on t h e  p l o t s  a t  t h a t  time (April-May) t o  t h e  s o c i a l  i n t o l e r a n c e  of 

t h e  a d u l t  s q u i r r e l s  and e s p e c i a l l y  of t h e  a d u l t  females .  T h i s  i n t o l e r a n c e  

was i n  t u r n  r e l a t e d  t o  t h e i r  b reed ing  s t a t u s  s i n c e  b reed ing  females  on h i g h  

d e n s i t y  p l o t s  were more a g g r e s s i v e  than non-breeding females .  S o c i a l  

i n t o l e r a n c e  was a l s o  r e l a t e d  t o  d e n s i t y ;  breeding females were more 

a g g r e s s i v e  on h i g h  d e n s i t y  p l o t s  than  on low d e n s i t y  p l o t s .  Non-breeding 

females were unaf fec ted  by d e n s i t y  i n  t h a t  r egard ;  t h e i r  l e v e l s  of a g o n i s t i c  

encounte r s  d i d  n o t  change w i t h  i n c r e a s i n g  d e n s i t y .  The f a c t  t h a t  i t  was 

s o c i a l  i n t o l e r a n c e ,  r a t h e r  than t h e  number of burrows o r  t h e  food supply 

a v a i l a b l e  t h a t  c o n t r o l l e d  t h e  r e s i d e n t  numbers w i t h i n  a  g iven year ,  was 

i n d i c a t e d  by t h e  l a r g e  April-May a d u l t  immigration observed on t h e  t r e a t e d  

p l o t s  each year .  Although food supply and number of burrows d i d  n o t  change 

on t h e s e  p l o t s  w i t h i n  a  g iven y e a r ,  s q u i r r e l s  were a b l e  t o  move i n  and 

s u r v i v e  w e l l .  T h i s  was n e v e r  observed on t h e  non-treated p l o t s .  

However t h e  number of s q u i r r e l s  t h a t  could e s t a b l i s h  res idency  w i t h i n  

a  g iven  year  was a l s o  in f luenced  by t h e  food supply a v a i l a b l e  t h a t  year ,  a s  

food supply can change from year  t o  year .  In  a  y e a r  of poor food supp ly ,  

compet i t ion  was high dur ing  A p r i l  and May t o  e s t a b l i s h  and m a i n t a i n  

res idency .  I n  a  year  of b e t t e r  food supply,  l e v e l s  of a g o n i s t i c  behav ior  

were decreased a t  t h a t  time and more s q u i r r e l s  could  e s t a b l i s h  res idency .  



T h i s  was r e f l e c t e d  i n  t h e  s p a t i a l  d i s t r i b u t i o n  of r e s i d e n t  s q u i r r e l s  w i t h i n  

t h e  p l o t s .  

Secondly,  m o r t a l i t y  f a c t o r s  reduced t h e  a d u l t  p o p u l a t i o n .  V o r t a l i t y  

d u r i n g  t h e  summer a f t e r  r e s idency  was e s t a b l i s h e d ,  was low and appeared t o  

b e  mainly due t o  p r e d a t i o n .  However, m o r t a l i t y  between e n t r y  i n t o  and 

emergence o u t  of  h i b e r n a t i o n  was h igh ,  e i t h e r  a s  a  r e s u l t  of p r e d a t i o n  by 

wease l s  o r  badgers  on h i b e r n a t i n g  s q u i r r e l s ,  b u t  most l i k e l y  a s  a  r e s u l t  of 

s t a r v a t i o n .  S q u i r r e l s  need t o  accumulate l a r g e  amount of f a t s  t o  s u r v i v e  

through many months of h i b e r n a t i o n .  I f  they  do n o t  have enough r e s e r v e s  t o  

l a s t  u n t i l  s p r i n g  weather a l lows  emergence, t h e y  d i e  (Michener, 1 9 7 8 ) .  

Although r e s i d e n t  s q u i r r e l s  and t r e a t e d  s q u i r r e l s  were shown t o  have t h e  

h i g h e s t  s u r v i v a l  r a t e s ,  only  a  t h i r d  of them surv ived  between t h e  t ime  they  

were s e e n  t o  e n t e r  h i b e r n a t i o n  i n  June  each y e a r ,  and t h e  f o l l o w i n g  s p r i n g .  

These l o s s e s  i n  t h e  a d u l t  p o p u l a t i o n s  were compensated f o r  by 

b reed ing ;  some of t h e  j u v e n i l e s  would s u r v i v e  t o  b e  p a r t  of  t h e  a d u l t  

p o p u l a t i o n  t h e  f o l l o w i n g  s p r i n g .  Also a d u l t  immigration i n  e a r l y  s p r i n g  

compensated f o r  many l o s s e s .  On a  low d e n s i t y  p l o t ,  a s  many a s  60% of t h e  

s q u i r r e l s  found i n  e a r l y  s p r i n g  were immigrants. The l a t t e r  r e p r e s e n t e d  

lower p r o p o r t i o n s  o n  dense r  p l o t s .  

I n  summary, t h e  numbers of a d u l t s  p r e s e n t  w i t h i n  a  g i v e n  p o p u l a t i o n ,  

were s e v e r e i y  c u r t a i i e d  twice  a  yea r .  F i r s t ,  t h e  number of s q u i r r e l s  

p r e s e n t  i n  t h e  e a r l y  s p r i n g  popu la t ion  was reduced by as much a s  two t h i r d s  

whi le  s q u i r r e l s  e s t a b l i s h e d  res idency .  T h i s  r e d u c t i o n  i n  numbers was 

mediated through s o c i a l  a g o n i s t i c  behav io r  b u t  cou ld  b e  a d j u s t e d  t o  

p r e v a i l i n g  food supply  c o n d i t i o n s .  Secondly,  m o r t a l i t y  f a c t o r s ,  and 

e s p e c i a l l y  overwin te r  m o r t a l i t y ,  f u r t h e r  reduced t h e  number of a d u l t s  t h a t  

had h i b e r n a t e d  on t h e  p l o t s .  Breeding and a d u l t  immigration were t h e  

f a c t o r s  t h a t  compensated f o r  t h e s e  l o s s e s  and renewed t h e  poo l  from which 

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

JUVENILE POPULATION 

R e g u l a t i o n  of t h e  j u v e n i l e  p o p u l a t i o n  was p a r t l y  achieved through t h e  

same f a c t o r s  t h a t  governed t h e  a d u l t  popu la t ion  s i n c e  t h e  s i z e  of t h e  

b reed ing  popu la t ion  u l t i m a t e l y  determined t h e  number of j u v e n i l e s  t h a t  could  

b e  born .  But o t h e r  f a c t o r s  i n • ’  luenced t h e  j u v e n i l e  p o p u l a t i o n  i t s e l f  



The s i z e  of emerging l i t t e r s  was c o n s i s t e n t l y  lower on p l o t s  where 

females had s m a l l e r  body weight. Since  d i r e c t  c o r r e l a t i o n  e x i s t s  between 

body s i z e  and biomass of v e g e t a t i o n  (Dorrance,  1974),  t h e s e  s m a l l e r  l i t t e r  

s i z e s  may have been t h e  r e s u l t  of a  'poorer '  food supply on t h e s e  p l o t s .  

P r e d a t i o n  and weather cou ld  have a l s o  i n • ’  luenced t h e  s i z e  of emerging 

l i t t e r s ;  I b e l i e v e  t h a t  a s  a  r e s u l t  of t h e s e  combined f a c t o r s ,  t h a t  many 

l i t t e r s  were t o t a l l y  des t royed  i n  1973, whi le  o t h e r s  were reduced 

s i g n i f i c a n t l y .  

S o c i a l  a g g r e s s i o n  d i d  n o t  seem t o  p l a y  a s  impor tan t  a  r o l e  i n  t h e  

r e g u l a t i o n  of j u v e n i l e  popula t ions  a s  i t  d i d  f o r  t h e  a d u l t  popu la t ion .  I n  

t h e  c o n t r o l  p l o t  each y e a r ,  young-young, and adult-young a g o n i s t i c  

i n t e r a c t i o n s  became f r e q u e n t  on ly  a  month a f t e r  t h e  f i r s t  emergence of t h e  

j u v e n i l e s  i n  t h e s e  popula t ions .  Ry t h a t  time each y e a r ,  a t  l e a s t  30% t o  40% 

of t h e  emerging j u v e n i l e s  had a l r e a d y  d i s sappeared  from t h e  p l o t s  e i t h e r  a s  

a  r e s u l t  of d i s p e r s a l  or  of m o r t a l i t y .  The remaining j u v e n i l e s  were t h o s e  

t h a t  were mos t ly  involved i n  f i g h t i n g  w i t h  a d u l t s  o r  o t h e r  j u v e n i l e s .  Most 

of t h i s  f i g h t i n g  seemed t o  r e s u l t  from t h e  f a c t  t h a t  j u v e n i l e s  were t h e n  

expanding t h e i r  home range and c o n t a c t i n g  non-re la ted a d u l t s  o r  j u v e n i l e s .  

However, b o t h  t h e  r a t e  of j u v e n i l e  d i s p e r s a l ,  and of j u v e n i l e  

a g o n i s t i c  encounte r s  w i t h  o ther  j u v e n i l e s  o r  w i t h  a d u l t s  were a f f e c t e d  by 

d e n s i t y ,  i n d i c a t i n g  t h a t  s o c i a l  aggress ion  may have provlded a s a f e t y  

mechanism f o r  r e g u l a t i n g  j u v e n i l e  popula t ions  i f  d i s p e r s a l  o r  m o r t a l i t y  had 

n o t  a l r e a d y  done so. D i s p e r s a l  was g r e a t e r  i n  h i g h  d e n s i t y  p o p u l a t i o n s .  

The l e v e l s  of adult-young and young-young a g o n i s t i c  encounte r s  were a l s o  

much g r e a t e r  i n  h i g h  d e n s i t y  popula t ions  than i n  popula t ions  where t h e  

j u v e n i l e  c o h o r t  was very  smal l .  I n t e r e s t i n g l y ,  i n  v e r y  h i g h  j u v e n i l e  

d e n s i t y ,  most a g o n i s t i c  i n t e r a c t i o n s  took p l a c e  between l i t t e r m a t e s  

i n d i c a t i n g  t h a t  t h e  purpose of t h i s  f i g h t i n g  may have been r e l a t e d  t o  t h e  

' i n h e r i t a n c e '  of t h e  maternal  burrow o r  c o r e  a r e a .  I n  Richardson 's  ground 

s q u i r r e l ,  burrows a r e  u s u a l l y  t r a n s m i t t e d  from mother t o  daughte r  (Yichener 

and Michener,  1973). Immigration of j u v e n i l e s  was a l s o  more impor tan t  i n  

t h e  p o p u l a t i o n s  where t h e  j u v e n i l e  numbers had been reduced e i t h e r  a s  a  

r e s u l t  of t r ea tment  o r  m o r t a l i t y  dur ing the  summer. 



Overwinter  m o r t a l i t y  f u r t h e r  reduced t h e  j u v e n i l e  p o p u l a t i o n s  l e f t  a t  

t h e  end of t h e  summer. On average ,  i n  t h e  c o n t r o l  p o p u l a t i o n ,  rough ly  25% 

of t h e  j u v e n i l e s  born  each y e a r  were l e f t  w i t h  a  home burrow a t  t h e  end of 

t h e  summer and few immigrant j u v e n i l e s  succeeded i n  e s t a b l i s h i n g  r e s i d e n c y .  

Only 20% of t h e s e  ' r e s i d e n t '  j u v e n i l e s  su rv ived  t o  t h e  f o l l o w i n g  s p r i n g  

d u r i n g  a  long cold  w i n t e r .  

On an annual  b a s i s ,  d i s p e r s a l ,  summer m o r t a l i t y  and overwin te r  

m o r t a l i t y  accounted f o r  t h e  l o s s  of 80% t o  90% of t h e  j u v e n i l e  p o p u l a t i o n s  

born  on t h e  p l o t s .  D i s p e r s a l  and summer m o r t a l i t y  accounted f o r  a t  l e a s t  

50% of t h e s e  l o s s e s  i n  a  g iven  popu la t ion  and overwin te r  m o r t a l i t y  was t h e  

second most impor tan t  f a c t o r  of r e d u c t i o n .  There  was some i n d i c a t i o n  t h a t  

s o c i a l  a g g r e s s i o n  nay have c o n t r i b u t e d  t o  t h e  d i s p e r s a l  of j u v e n i l e  and 

p o s s i b l y  a f f e c t e d  t h e i r  s u r v i v a l ,  e s p e c i a l l y  i n  j u v e n i l e  p o p u l a t i o n s  of h i g h  

d e n s i t y  . 
AGONISTIC BEHAVIOR AND POPULATION REGULATION 

Many compensation mechanisms were a t  work i n  t h e  a d u l t  and j u v e n i l e  

p o p u l a t i o n s  t o  a l l e v i a t e  t h e  d e c r e a s e s  brought  by t r e a t m e n t  o r  o t h e r  

m o r t a l i t y  causes .  Decreased d i s p e r s a l  of a d u l t s  and j u v e n i l e s  , i n c r e a s e d  

immigration r a t e  of  a d u l t s  and j u v e n i l e s ,  and dec reased  annual  m o r t a l i t y  of 

a d u l t s  and j u v e n i l e s  were a l l  observed i n  t r e a t e d  o r  low d e n s i t y  

p o p u l a t i o n s .  These phenomena a l l  co inc ided  w i t h  a  d e c r e a s e  i n  a g o n i s t i c  

b e h a v i o r  f requency o n  t h e  p a r t  of  t r e a t e d  o r  non- t rea ted a d u l t s  towards 

j u v e n i l e s  o r  o t h e r  a d u l t s .  Such compensatory mechanisms were a l s o  observed 

by S l a d e  and Balph (1974)  i n  popu la t ions  of Uin ta  ground s q u i r r e l s  t h a t  were 

reduced t o  h a l f  t h e i r  p rev ious  d e n s i t y .  

I n  t h e  j u v e n i l e  p o p u l a t i o n s ,  s o c i a l  behav io r  may n o t  have played a s  

impor tan t  a  r o l e  as  i n  t h e  a d u l t  popu la t ions .  A g o n i s t i c  b e h a v i o r  d i d  v a r y  

i n  r e l a t i o n  t o  combined d e n s i t i e s  of a d u l t s  and j u v e n i l e s ,  b u t  was 

cons ide red  t o  b e  important  o n l y  when l e v e l s  of j u v e n i l e s  reached u n u s u a l l y  

h i g h  l e v e l s  of d e n s i t y .  It was o n l y  then  t h a t  a 3 o n i s t i c  b e h a v i o r  a s  such 

may have a c t e d  a s  a  p o s s i b l e  c o n t r o l  of j u v e n i l e  p o p u l a t i o n s .  D i s p e r s a l  and 

m o r t a l i t y  f a c t o r s  probably  reduced t h e  j u v e n i l e  p o p u l a t i o n s  t o  a l e v e l  where 

c o n t r o l  by a g o n i s t i c  behav io r  w a s  n o t  necessa ry .  On t h e  o t h e r  hand,  

a g o n i s t i c  behav io r  among a d u l t s  was observed a t  moderate l e v e l s  even i n  low 

d e n s i t y  p l o t s ,  s i n c e  t h e  l e v e l s  of a g o n i s t i c  behav io r  on t h e s e  p l o t s  were 



t h e  same a s  i n  h igh  d e n s i t y    lots i n  a  year  of good food supply.  There fore ,  

I assume t h a t  a g o n i s t i c  behavior  c o n t r i b u t e s  t o  t h e  r e g u l a t i o n  of a d u l t  

p o p u l a t i o n s ,  both  a t  low and h i g h  l e v e l s  of popula t ion  d e n s i t y .  I n  t h e  

j u v e n i l e  p o p u l a t i o n ,  a g o n i s t i c  behav ior  may p l a y  a  secondary r o l e  and a f f e c t  

j u v e n i l e  d i s p e r s a l ,  immigration o r  s u r v i v a l  only when d e n s i t i e s  a r e  h igh .  

I n  o r d e r  t o  dec ide  i f  a  g iven  f a c t o r  r e g u l a t e s  a  p o p u l a t i o n ,  

n e c e s s a r y  and s u f f i c i e n t  c o n d i t i o n s  must b e  f u l f i l l e d  ( C h i t t y ,  1967). 

Watson and Moss (1970) d e t a i l e d  t h e  c o n d i t i o n s  which would show t h a t  

soc ia l ly - induced  m o r t a l i t y  ( o r  decrease  i n  r e c r u i t m e n t )  l i m i t s  b reed ing  

p o p u l a t i o n s .  These a r e :  

A= ( a )  A s u b s t a n t i a l  p a r t  o f  t h e  popula t ion  does n o t  b r e e d ,  e i t h e r  because  
animals  d i e ;  o r  because they a t t e m  t t o  breed but t h e y  a n d / o r  t h e i r  
young d i e ;  o r  because they a r e  i n h  ! b i t e d  from breed ing  even though 
t h e y  s u r v i v e  and may breed i n  l a t e r  y e a r s .  

(b )  Such non-breeders a r e  ~ h y s i o l o g i c a l l y  c a p a b l e  of b reed ing  i f  t h e  more 
domlnant o r  t e r r i t o r i a l  ( i  .e. breeding)  animals  a r e  removed. 

( c )  The b reed ing  an imals  a r e  n o t  com l e t e l y  u s i n g  up some r e s o u r c e ,  such 
a s  food, space o r  n e s t  s i t e s .  1g t h e y  a r e ,  t h e  r e s o u r c e  i t s e l f  i s  
l i m i t i n g  . 

( d )  The m o r t a l i t y  ( o r  depressed  rec ru i tment )  due t o  t h e  l i m i t i n g  
f a c t o r ( s )  changes,  ( d i )  i n  an o p p o s i t e  sense  t o ,  and ( d i i )  a t  t h e  
same r a t e  a s  o t h e r  causes  of m o r t a l i t y  ( o r  depressed r e c r u i t m e n t ) .  

B. I n  a d d i t i o n ,  c o n d i t i o n  ( e )  i s  t h a t  numbers change fo l lowing  changes i n  
food. T h i s  w i l l  show t h a t  food and behavior  a r e  bo th  l i m i t i n g ,  i f  ( a ) ,  
( h ) ,  (c) and (d)  a r e  a l s o  met. 

Up t o  two t h i r d s  of t h e  a d u l t  s q u i r r e l s  observed on t h e  p l o t s  each 

s p r i n g  were unab le  t o  e s t a b l i s h  res idency  and e v e n t u a l l y  l e f t  t h e  p l o t s '  

popu la t ions .  Their  f a t e  was n o t  known i n  d e t a i l .  Some were s e e n  t o  

e s t a b l i s h  home burrows i n  nearby,  sub-op t i m a l  a r e a s ,  whi le  o t h e r s  were never  

observed i n  t h e  a r e a  again .  A home burrow and a  s u f f i c i e n t  a r e a  t o  feed  on 

a r e  e s s e n t i a l  i f  a  s q u i r r e l  is t o  s u r v i v e  and t o  breed.  No doubt some of 

t h e  s q u i r r e l s  t h a t  moved out  e v e n t u a l l y  found a  home a r e a ,  a l t h o u g h  i t  may 

n o t  have been a s  good a s  t h e  one they were o r i g i n a l l y  a t t empt ing  t o  o b t a i n .  

However, s q u i r r e l s  t h a t  wander a f i e l d  i n  e a r l y  s p r i n g  would be  ve ry  

v u l n e r a b l e  t o  p r e d a t o r s .  They would n o t  have the  p r o t e c t i o n  o f f e r e d  by a  

c o l o n i a l  system and t h e  f a m i l i a r i t y  of a  known home burrow. S q u i r r e l s  dash 

f o r  a  known burrow when a f r a i d  and w i l l  qo down without  any h e s i t a t i o n .  I 

have seen s q u i r r e l s  bounce o f f  d i r t  o r  some o t h e r  o b j e c t  I had used t o  block 

t h e i r  burrow e n t r a n c e s  whi le  a t t empt ing  t o  t r a p  them a t  ano ther  burrow. 



Food supp ly  i s  s c a r c e  i n  e a r l y  s p r i n g  and d i s p e r s i n g  s q u i r r e l s  would expend 

much energy wandering around i n  s e a r c h  o f  a  s u i t a b l e  a r e a  t o  s e t t l e  i n .  

Moreover, t h e y  would be s u b j e c t e d  t o  much a g g r e s s i o n  on t h e  p a r t  of  r e s i d e n t  

s q u i r r e l s  a s  was i l l u s t r a t e d  by t h e  f a t e  of  t h e  few s q u i r r e l s  a t t e m p t i n g  t o  

move i n t o  t h e  c o n t r o l  popu la t ions .  I f  they  succeeded e v e n t u a l l y  i n  f i n d i n g  

a  home a r e a  and breeding,  t h e i r  l i t t e r s  would l i k e l y  b e  s m a l l  s i n c e  t h e y  may 

have t o  s e t t l e  i n  a r e a s  of poor  food supply .  The number of i m p l a n t a t i o n s ,  

and p o s t - b i r t h  s u r v i v a l  of j u v e n i l e s  a r e  c o r r e l a t e d  w i t h  t h e  v e g e t a t i o n  

biomass (Dorrance ,  1 9 7 4 ) .  I f  b reed ing  occurred a t  a l l  f o r  t h e s e  

i n d i v i d u a l s ,  t h e  number of j u v e n i l e s  they  produced must have been reduced.  

The f a c t  t h a t  s o c i a l  i n t o l e r a n c e  may r e s u l t  i n  t h e  d e a t h  of some i n d i v i d u a l s  

was i l l u s t r a t e d  by t h e  f a c t  t h a t  i n  a  y e a r  of poor  weather c o n d i t i o n s ,  

overwin te r  m o r t a l i t y  o n  h i g h  d e n s i t y  p l o t s  was g r e a t e r  f o r  non-res ident  than 

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

i n  a  h i g h l y  ' d e s i r a b l e '  l o c a t i o n ,  t h i s  would reduce  i ts  chance of s u r v i v a l .  

T h i s  s i t u a t i o n  would occur most l i k e l y  i n  y e a r s  of  v e r y  h i g h  s q u i r r e l  

d e n s i t y  o r  i n  y e a r s  of  very .  poor  weather  c o n d i t i o n s  when t h e  p o s s e s s i o n  of a  

'sub-optimal'  burrow could  mean d e a t h .  I b e l i e v e  t h a t  r e c r u i t m e n t  can b e  

reduced f o r  a  s u b s t a n t i a l  p a r t  of  t h e  popu la t ion  because  many s q u i r r e l  can 

d i e  a s  a  r e s u l t  of n o t  f i n d i n g  a  s u i t a b l e  home a r e a  o r  e l s e ,  t h e y  w i l l  

b reed ,  b u t  w i l l  do s o  ir? s ~ b - n p t i ~ a l  a r e a s  arrd prnduce smaller than a v e r a g e  

l i t t e r s .  I n  h e r  s t u d y  a r e a ,  Wehrel l  (1973) i n d i c a t e d  t h a t  whi le  most of t h e  

females  occupying t h e  c e n t r a l  a r e a  of a  Eichardson 's  ground s q u i r r e l  colony 

b red  and r a i s e d  a  l i t t e r ,  o n l y  a  s m a l l e r  p r o p o r t i o n  of  t h e  females  occupying 

t h e  p e r i p h e r y  of t h e  colony were a s  s u c c e s s f u l .  

No dominant o r  t e r r i t o r i a l  animals  were removed h e r e ,  b u t  

s t e r i l i z a t i o n  reduced t h e  energy requirement  of  some of t h e  s q u i r r e l s  and 

a s  a  r e s u l t  they  became s o c i a l l y  more t o l e r a n t .  Many a d u l t s  subsequen t ly  

immigrated i n t o  t h e  t r e a t e d  p l o t s ;  eve ry  immigrat ing female  r a i s e d  a  l i t t e r .  

Thus t h e  s q u i r r e l s  t h a t  normal ly  were kep t  o u t  of  t h e  p l o t  p o p u l a t i o n s  were 

a l l  p h y s i o l o g i c a l l y  c a p a b l e  of b reed ing .  

The r e s o u r c e s  o n  t h e  p l o t s  were n o t  a l l  used up e i t h e r ,  a s  was a g a i n  

demonstra ted  by t h e  l a r g e  a d u l t  immigration observed on p l o t  2, a  p l o t  of  

i n i t i a l  h i g h  p o p u l a t i o n  d e n s i t y .  The s u r v i v a l  of t h e s e  'denser '  t han  normal 



p o p u l a t i o n s  was n o t  decreased e i t h e r  s i n c e  i t  was s i m i l a r  t o  t h a t  observed 

on a non- t reated p l o t  of e q u i v a l e n t  d e n s i t y .  

The f o u r t h  c o n d i t i o n  ( d )  , i . e .  " m o r t a l i t y  ( o r  depressed  r e c r u i t m e n t )  

due t o  t h e  l i m i t i n g  f a c t o r ( s ) ,  changes i n  an o p p o s i t e  s e n s e  t o ,  and a t  t h e  

same r a t e  a s  o t h e r  causes  of m o r t a l i t y " ,  was a l s o  f u l f i l l e d .  A l l  t h e  

compensatory f a c t o r s  o p e r a t i n g  i n  t h e  t r e a t e d  popula t ions  were proof of 

t h i s .  Lowered aqgress ion  i n  a  g iven p l o t  was observed c o n c u r r e n t l y  w i t h  

decreased  d i s p e r s a l ,  inc reased  immigration,  and decreased  m o r t a l i t y  of 

a d u l t s  and j u v e n i l e s .  However, t h e  r a t e s  themselves were n o t  always 

p r o p o r t i o n a l  t o  t h e  i n t e n s i t y  of t h e  changes i n  b e h a v i o r ,  s i n c e  food supply 

a f f e c t e d  them. For example, immigration was n o t  t h e  g r e a t e s t  on p l o t  3, 

a l though  t h i s  p l o t  was c h a r a c t e r i z e d  by t h e  lowest  l e v e l s  of a g g r e s s i o n  

among some of  i t s  s q u i r r e l  members. Genera l ly  though, lower a g g r e s s i o n  was 

concur ren t  wi th  lower d i s p e r s a l ,  h i g h e r  immigration and h i g h e r  s u r v i v a l .  

F i n a l l y ,  t h e  l a s t  c o n d i t i o n ,  i . e .  changes i n  numbers fo l lowing  a  

change i n  food supply,  was a l s o  observed i n  t h e  p o p u l a t i o n s  s t u d i e d  h e r e .  

T h i s  was e s p e c i a l l y  obvious i n  t h e  c o n t r o l  popu la t ion  i n  1973 where a d u l t  

r e s i d e n t  p o p u l a t i o n  and number of born  j u v e n i l e s  were bo th  i n c r e a s e d ,  

seemingly a s  a  r e s u l t  of improved v e g e t a t i o n  c o n d i t i o n s .  

Theref o r e ,  I sugges t  t h a t  s o c i a l  behav ior ,  as expressed  through 

a g o n i s t i c  i n t e r a c t i o n s  between popula t ion  members, c o n t r i b u t e s  t o  t h e  

c o n t r o l  of p o p u l a t i o n s  of ground s q u i r r e l s  a t  c e r t a i n  times, a d j u s t  them t o  

t h e  e x i s t i n g  food supply,  and t h e r e f o r e  p reven t s  them from o v e r - e x p l o i t i n g  

t h e i r  r e s o u r c e s .  Such s o c i a l  mechanisms were a t  work i n  t h e  low and h igh  

d e n s i t y  popula t ions  of a d u l t  s q u i r r e l s ,  b u t  seemed t o  be  necessa ry  f o r  t h e  

c o n t r o l  of j u v e n i l e  popula t ions  only  when a l l  o t h e r  f a c t o r s  of p o p u l a t i o n  

r e d u c t i o n  had f a i l e d  t o  apprec iab ly  reduce  t h e i r  numbers. 

F. Mestran01 a s  a  c o n t r o l  technique f o r  popula t ions  of ground s q u i r r e l s  

Mestranol  e f f e c t i v e l y  s t e r i l i z e d  a l l  but  one of t h e  females  t r e a t e d  

i n  1972, and i n  t h e  l a t t e r  c a s e  r e s u l t e d  i n  t h e  p r o d u c t i o a  of a  s i n g l e  young 

i n  t h e  emerging l i t t e r .  Mestranol was p o s s i b l y  s t i l l  a f f e c t i n g  t h e  

r e p r o d u c t i o n  of t h e  t r e a t e d  females a  year  a f t e r  t h e  i n i t i a l  t r e a t m e n t ,  

s i n c e  t h e s e  f a i l e d  t o  produce normal s i z e  l i t t e r s  i n  1973. 



The p r o d u c t i v i t y  of a  t r e a t e d  p l o t  was d r a s t i c a l l y  reduced by t h e  

t r e a t m e n t  due t o  t h e  s t e r i l i z a t i o n  of  t h e  r e s i d e n t  females .  However, many 

f a c t o r s  were s e e n  t o  b e  a t  work, compensating f o r  such l o s s e s .  Immigration 

of b r e e d i n g  a d u l t  s q u i r r e l s  took  p l a c e  on t h e  t r e a t e d  p l o t s  i n  e a r l y  summer, 

a  phenomenon no t  observed on t h e  non- t rea ted p l o t s ,  and p r o p o r t i o n a l l y  more 

of  t h e  s q u i r r e l s  p r e s e n t  became r e s i d e n t s  on t h e  t r e a t e d  p l o t s  compared t o  

t h e  non- t rea ted p l o t s .  A s  a  r e s u l t ,  a d u l t s  n o t  p r e v i o u s l y  p r e s e n t  on t h e  

p l o t s  b red  and produced l i t t e r s  t h a t  normal ly  would n o t  have been born i n  

t h e s e  p o p u l a t i o n s .  Trea ted  a d u l t s  su rv ived  b e t t e r  than non- t r e a t e d  a d u l t s ,  

and thus  more s q u i r r e l s  than  expected were p r e s e n t  t h e  yea r  fo l lowing  t h e  

m e s t r a n o l  t r ea tment  . Compensation a l s o  occurred i n  t h e  j u v e n i l e  

p o p u l a t i o n s .  I n  p o p u l a t i o n s  of low j u v e n i l e  d e n s i t y ,  j u v e n i l e  d i s p e r s a l  was 

lower  and annua l  s u r v i v a l  of j u v e n i l e s  was g r e a t e r  i n  a  y e a r  of h a r s h  

c l i m a t e  than  on h.igh d e n s i t y ,  non- t rea ted p l o t s .  ?.loreover, j u v e n i l e  

immigrat ion took p l a c e  e a r l y  i n t o  t r e a t e d  o r  low d e n s i t y  p o p u l a t i o n s ,  

a l l o w i n g  f o r e i g n  j u v e n i l e s  t o  e s t a b l i s h  a  home burrow and t o  i n c r e a s e  t h e i r  

chance of s u r v i v a l .  

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

p o p u l a t i o n s  dur ing  t h e  f i r s t  season ,  a s  t h e  p r o p o r t i o n  of j u v e n i l e s  l e f t  i n  

t h e s e  p o p u l a t i o n s  i n  August 1972 was e q u i v a l e n t  t o  t h a t  observed i n  t h e  

c o n t r o l  popu la t ion .  However, one year  fo l lowing  t h e  t r e a t w n t ,  i - e -  a t  the 

subsequent  emergence from h i b e r n a t i o n  i n  A p r i l  1973, t h e  a d u l t  p o p u l a t i o n s  

observed on t h e  p r e v i o u s l y  t r e a t e d  p l o t s  were reduced by about  40% i n  

comparison t o  t h e  numbers of a d u l t s  p r e s e n t  then i n  t h e  c o n t r o l  popu la t ion .  

Fewer s q u i r r e l s ,  o r  t h e  same number of s q u i r r e l s  a s  observed t h e  p rev ious  

y e a r ,  e s t a b l i s h e d  res idency  i n  t h e  t r e a t e d  popu la t ions  i n  1973, w h i l e  t h e  

number of r e s i d e n t s  s i g n i f i c a n t l y  i n c r e a s e d  i n  t h e  c o n t r o l  p o p u l a t i o n ,  

l i k e l y  a s  a  r e s u l t  of improved v e g e t a t i o n  c o n d i t i o n s .  A r e p e a t e d  t r e a t m e n t  

i n  one of t h e  p r e v i o u s l y  t r e a t e d  p l o t s ,  and p o s s i b l y  an  i n c r e a s e d  

pre-emergence m o r t a l i t y  of t h e  j u v e n i l e s  on b o t h  p l o t s ,  d r a s t i c a l l y  reduced 

t h e  number of j u v e n i l e s  emerging on p l o t s  2  and 3  i n  1973. J u v e n i l e s  

immigrated e a r l y  i n t o  t h e  t r e a t e d  popu la t ions  i n  1973 t o o ,  b u t  f a i l e d  t o  

compensate f o r  t h e  l a r g e  l o s s e s  i n c u r r e d .  A t  t h e  end of t h e  summer 1973, 

t h e  j u v e n i l e  p o p u l a t i o n s  on t h e  p r e v i o u s l y  t r e a t e d  p l o t s  were o n l y  o n e  

f o u r t h  o r  one h a l f  of t h e  numbers p r e s e n t  a t  the  same t ime t h e  p r e v i o u s  



y e a r ;  they  r e p r e s e n t e d  only  s m a l l  f r a c t i o n s  of t h e  j u v e n i l e  p o p u l a t i o n  

p r e s e n t  then  on t h e  c o n t r o l  p l o t .  I n  A p r i l  197&, two y e a r s  a f t e r  t h e  

i n i t i a l  t r e a t m e n t ,  on ly  30% ( i n  a  low d e n s i t y  p l o t  t r e a t e d  once a t  80%) and 

45% ( i n  a  h i g h  d e n s i t y  p l o t  t r e a t e d  twice ,  f i r s t  a t  50% and s u b s e q u e n t l y  a t  

90%) of t h e  o r i g i n a l  number of a d u l t s  were l e f t  on t h e  t r e a t e d  p l o t s ,  

whereas t h e  c o n t r o l  p l o t  s t i l l  r e t a i n e d  75% of i t s  i n i t i a l  p o p u l a t i o n .  

The t r e a t e d  popu la t ions  had t h e  c a p a c i t y  t o  compensate t o  a  c e r t a i n  

e x t e n t  f o r  t h e  l o s s e s  i n c u r r e d  through n a t u r a l  r e d u c t i o n  f a c t o r s  such a s  

p r e d a t i o n ,  bad weather ,  e t c .  However, t h e  t r e a t m e n t  p u t  an  a d d i t i o n a l  

s t r a i n  on t h e i r  a b i l i t y  t o  do s o ,  and when h i g h  n a t u r a l  l o s s e s  o c c u r r e d ,  o r  

i n  t h e  f a c e  of a  r e p e a t e d  t r e a t m e n t ,  t h e s e  p o p u l a t i o n s  n o t i c e a b l y  dropped.  

Treatment was g iven  around t h e  t r e a t e d  p l o t s  a s  w e l l  b u t  i n  no i n s t a n c e  w a s  

t r e a t m e n t  a p p l i e d  f u r t h e r  than 100 meters  from t h e  p l o t s '  boundar ies .  One 

of t h e  compensatory mechanisms a l lowing  t r e a t e d  p o p u l a t i o n s  t o  a l l e v i a t e  t h e  

l o s s e s  r e s u l t i n g  from t h e  t r e a t m e n t  w a s  t h e  i n c r e a s e d  immigrat ion r a t e s  of 

a d u l t s  and j u v e n i l e s  i n t o  t h e s e  p o p u l a t i o n s .  Such a  compensatory f a c t o r  

would most l i k e l y  b e  e l i m i n a t e d  i f  t r e a t m e n t  was g iven  over  a  much l a r g e r  

a r e a ,  s o  t h a t  on ly  improved s u r v i v a l  and res idency  s u c c e s s  of a d u l t s  and 

j u v e n i l e s  would s t i l l  be  compensating f o r  t h e  p o p u l a t i o n  r e d u c t i o n  due t o  

t r e a t m e n t .  Given t h e  popu la t ion  r e d u c t i o n s  observed dur ing  t h e  p r e s e n t  

s t u d y ,  and assuming t h e  a p p l i c a b i l i t y  of a  c o n t r o l  program over  a  much 
J 

l a r g e r  a r e a ,  i t  i s  suggested t h a t  p o p u l a t i o n s  of Richardson's  ground 

s q u i r r e l s  cou ld  s u c c e s s f u l l y  b e  reduced t o  much lower l e v e l s  of  p o p u l a t i o n  

w i t h  t h e  u s e  of a  c h e m o s t e r i l a n t .  A t o t a l  e x t e r m i n a t i o n  of  t h e s e  p o p u l a t i o n s  

is  u n l i k e l y  though a s  t h e  s u c c e s s  r a t e  of a  b a i t  a p p l i c a t i o n  would p robab ly  

n o t  r e a c h  t h e  t r e a t m e n t  r a t e  a p p l i e d  dur ing  t h e  p r e s e n t  s tudy .  Thus t h e  

a p p l i c a t i o n  of s t e r i l i z i n g  b a i t s  would have t o  b e  r e p e a t e d ,  p o s s i b l y  i n  

a l t e r n a t e  y e a r s ,  t o  a p p r e c i a b l y  af  f e c  t t h e s e  p o p u l a t i o n s .  Also,  d i f f e r e n t  

doses  of mes t rano l ,  o r  ano the r  c h e m o s t e r i l a n t ,  shou ld  be  experimented w i t h  

s o  t h a t  permanent s t e r i l i t y  of t h e  t r e a t e d  s q u i r r e l s  can b e  achieved i f  

d e s i r e d .  



SUMEURY AND CONCLUSIONS 

I n  A p r i l  1972 and 1973, d i f f e r e n t  p r o p o r t i o n s  of Richardson's  ground 

s q u i r r e l  popu la t ions  were t r e a t e d  wi th  mes t rano l ,  a  c h e m o s t e r i l a n t  t h a t  

s t e r i l i z e d  a l l  b u t  one of t h e  females  t r e a t e d .  Over a  2 y e a r  s t u d y ,  

comparisons were made between t r e a t e d  and non- t reated s q u i r r e l s ,  and between 

t r e a t e d  and non- t reated popula t ions .  The conc lus ions  reached d u r i n g  t h i s  

s t u d y  w i l l  be summarized i n  a  p o i n t  by p o i n t  form and w i l l  be concerned w i t h  

1. t h e  annual cyc le ,  2. t h e  popula t ion  dynamics and 3. t h e  s o c i a l  

behav ior  of t h e  popula t ions  involved.  Conclusions r e g a r d i n g  p o s s i b l e  means 

of 4. p o p u l a t i o n  r e g u l a t i o n  w i l l  be g iven  and 5. t h e  p o t e n t i a l  of 

mes t rano l  a s  a  c o n t r o l  agen t  w i l l  be assessed .  

ANNUAL CYCLE 

1. The s p r i n g  emergence from h i b e r n a t i o n  and t h e  b reed ing  of a d u l t  

s q u i r r e l s  was determined p r i m a r i l y  by t h e  s p r i n g  c l i m a t i c  c o n d i t i o n s ;  

co ld  t empera tu re  and t h e  slow mel t ing of t h e  snow cover  postponed 

emergence and hence breeding.  

2.  The t iming  of a d u l t  breeding and of j u v e n i l e  emergence cou ld  have been 

i n f l u e n c e d  by t h e  food supply on a  given p l o t ,  a s  mediated through t h e  

body weight  o f  t h e  females  occupying t h e  a r e a .  Heavier females  bred 

e a r l  i e r  . 
3. Onset  o f  h i b e r n a t i o n  was determined by a  s q u i r r e l ' s  weight  and weight  

i n c r e a s e  a s  in f luenced  by i t s  breeding s t a t u s ,  a g e ,  s e x ,  and by t h e  food 

supp ly  a v a i l a b l e  t o  t h i s  s q u i r r e l .  High popula t ion  d e n s i t y  and h igh  

l e v e l s  of s o c i a l  aggress ion  b o t h  c o n t r i b u t e d  t o  d e l a y  t h e  o n s e t  of 

h i b e r n a t i o n .  

POPULATION DYNAMIC S  

4. Annual s u r v i v a l  of s t e r i l i z e d  a d u l t  s q u i r r e l s  was improved i n  comparison 

t o  t h a t  of non- t rea ted ,  b reed ing  s q u i r r e l s .  Non-breeding s q u i r r e l s  were 

a b l e  t o  accumulate f a t  f a s t e r  than b reed ing  s q u i r r e l s ,  and h i b e r n a t e d  

e a r l  i e r  . 



Annual s u r v i v a l  of j u v e n i l e s ,  bo th  females  and males ,  was improved i n  

t h e  t r e a t e d  popu la t ions  p o s s i b l y  a s  a  r e s u l t  of t h e  lowered l e v e l s  of  

a g g r e s s i o n  and lowered j u v e n i l e  d e n s i t i e s  observed i n  t h e s e  popu la t ions .  

Annual s u r v i v a l  of non-res ident  a d u l t s  was e q u a l  t o  r e s i d e n t  s u r v i v a l  i n  

a  low d e n s i t y  p o p u l a t i o n ,  i n  a  yea r  of poor w i n t e r  and s p r i n g  weather  

c o n d i t i o n s .  I n  h igh  d e n s i t y  p o p u l a t i o n s ,  r e s i d e n t s  su rv ived  b e t t e r  than 

non- res iden t s  g i v e n  t h e  same weather  c o n d i t i o n s .  

In e a r l y  s p r i n g ,  more a d u l t  s q u i r r e l s  immigrated i n t o  low d e n s i t y  

p o p u l a t i o n s  than i n t o  h i g h  d e n s i t y  p o p u l a t i o n s .  

Adult  immigration i n  e a r l y  summer was observed only  i n  t r e a t e d  

p o p u l a t i o n s ,  p o s s i b l y  a s  a  r e s u l t  of t h e  lowered l e v e l s  of  a g o n i s t i c  

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

P r o p o r t i o n a l l y  more a d u l t  s q u i r r e l s  e s t a b l i s h e d  t e r r i t o r i e s  i n  low 

d e n s i t y  and i n  t r e a t e d  p o p u l a t i o n s ,  p o s s i b l y  a  r e s u l t  of t h e  lower  

l e v e l s  of a g o n i s t i c  i n t e r a c t i o n s  observed among some groups  of s q u i r r e l s  

i n  t h e s e  p o p u l a t i o n s .  An improvement i n  food supply  al lowed a n  i n c r e a s e  

i n  t h e  number of a d u l t  s q u i r r e l s  e s t a b l i s h i n g  r e s i d e n c y  i n  a  g i v e n  

p o p u l a t i o n ,  w i t h o u t  a  concur ren t  i n c r e a s e  of a g o n i s t i c  b e h a v i o r .  

10. N a t a l i t y  was d r a s t i c a l l y  reduced by t h e  t r e a t m e n t  a s  most females  were 

s t e r i l i z e d  by a  1 mg dose of mes t rano l .  N a t a l i t y ,  a s  measured by t h e  

s i z e  of  t h e  emerging l i t t e r s ,  may have been i n f l u e n c e d  by t h e  food 

supp ly  a v a i l a b l e  t o  breeding females.  Heavier females  c o n s i s t e n t l y  had 

l a r g e r  emerging l i t t e r s .  P r e d a t i o n  and c l i m a t i c  c o n d i t i o n s  cou ld  a l s o  

have i n f l u e n c e d  t h e  s i z e  of emerging l i t t e r s  t o  a  l a r g e  e x t e n t  dur ing  a  

g i v e n  season .  

11. J u v e n i l e  dispersal/post-emergence m o r t a l i t y  was d e n s i t y  r e l a t e d ;  

p r o p o r t i o n a l l y  l e s s  j u v e n i l e s  d i s p e r s e d  o r  d ied  i n  low d e n s i t y  

p o p u l a t i o n s .  D i s p e r s a l  a n d / o r  m o r t a l i t y  accounted f o r  n e a r l y  h a l f  of 

t h e  annual j u v e n i l e  l o s s e s  observed i n  t h e  c o n t r o l  p o p u l a t i o n s .  

12. Non-resident j u v e n i l e s  immigrated e a r l i e r  i n t o  t r e a t e d  and low d e n s i t y  

p o p u l a t i o n s ,  and r e p r e s e n t e d  l a r g e r  p r o p o r t i o n s  of t h e  t o t a l  j u v e n i l e  

c o h o r t s  i n  t h e s e  p o p u l a t i o n s .  Th i s  may have been r e l a t e d  t o  t h e  reduced 

j u v e n i l e  and a d u l t  d e n s i t i e s ,  a s  w e l l  a s  t o  t h e  lower l e v e l s  of  

a g g r e s s i o n  observed between a d u l t s  and j u v e n i l e s ,  and between j u v e n i l e s  

themselves  i n  t h e s e  p o p u l a t i o n s .  



SOCIAL BEHAVIOR 

Adult  a g o n i s t i c  behavior  was d i r e c t l y  r e l a t e d  t o  t h e  b reed ing  s 

and thus  metabol ic  demands, of t h e  a d u l t  s q u i r r e l s .  Rreeding 

i n d i v i d u a l s  were more a g g r e s s i v e  than non-breeding ones.  Yoreover,  c o r e  

a r e a s  of b reed ing  females r a r e l y  over lapped,  whereas o v e r l a p  w a s  

e x t e n s i v e  f o r  non-breeding females.  

Breeding s q u i r r e l s  were more a g o n i s t i c  i n  h i g h  d e n s i t y  p o p u l a t i o n s  than 

i n  low d e n s i t y  popula t ions .  The l e v e l s  of a g o n i s t i c  behav ior  f o r  

non-breeding s q u i r r e l s  d i d  n o t  change w i t h  d e n s i t y .  

An improvement i n  food supply allowed an  i n c r e a s e  of a d u l t  r e s i d e n t  

d e n s i t y  wi thout  a  concur ren t  i n c r e a s e  of a g o n i s t i c  behav ior  among t h e  

r e s i d e n t s .  

Adult-young a g o n i s t i c  i n t e r a c t i o n s  i n c r e a s e d  w i t h  r i s i n g  p o p u l a t i o n  

d e n s i t y  and may have c o n t r i b u t e d  t o  t h e  d i s p e r s a l  of t h e  j u v e n i l e  

popula t ions .  Non-breeding a d u l t s  never  behaved a g o n i s t  i c a l l y  towards 

j u v e n i l e s ,  i n d i c a t i n g  t h a t  t h e  g r e a t e r  energy demands of b reed ing  

s q u i r r e l s  promote a g o n i s t i c  behavior  n o t  on ly  towards a d u l t s ,  b u t  a l s o  

towards non-re la ted j u v e n i l e s .  

In  v e r y  low d e n s i t y  popula t ions  of j u v e n i l e s ,  young-young a g o n i s t i c  

i n t e r a c t i o n s  were n o t  observed.  A t  i n t e r m e d i a t e  d e n s i t y ,  j u v e n i l e  

a g o n i s t i c  behavior  was common and was observed most ly  between 

non-re la ted j u v e n i l e s .  A t  t h e  h i g h e s t  d e n s i t y  of j u v e n i l e  p o p u l a t i o n s ,  

a g o n i s t i c  i n t e r a c t i o n s  were numerous and occurred most ly  among 

l i t t e r m a t e s .  No s t r o n g  r e l a t i o n s h i p  could  be shown between l e v e l s  of 

j u v e n i l e  a g o n i s t i c  behavior  and j u v e n i l e  d i s p e r s a l .  

POPULATION REGULATION 

18. Adult popu la t ions  were probably  r e g u l a t e d  p r i m a r i l y  by t h e  s o c i a l  

i n t o l e r a n c e  of t h e  a d u l t s  themselves when e s t a b l i s h i n g  r e s i d e n c y  , s i n c e  

a s  many a s  two t h i r d s  of t h e  a d u l t s  moved out  of c o n t r o l  popu la t ions  i n  

t h e  s p r i n g .  By c o n t r a s t ,  reduced a d u l t  aggress ion  i n  t h e  t r e a t e d  

p o p u l a t i o n s  al lowed a l l  s q u i r r e l s  t o  remain and immigrants t o  move i n .  

Overwinter m o r t a l t i y  could  a l s o  account f o r  l a r g e  l o s s e s .  The number of 

a d u l t s  a b l e  t o  e s t a b l i s h  res idency  was a l s o  a  f u n c t i o n  of t h e  food 

supply ava i l a b  l e .  



19. The number of b o r n  j u v e n i l e s  was determined p r i m a r i l y  by t h e  numbers of 

a d u l t s  b reed ing  i n  a  g iven popula t ion .  J u v e n i l e  numbers were l a t e r  

reduced,  f i r s t  by pre-emergence m o r t a l i t y  probably  due t o  p r e d a t i o n ,  o r  

inclement  weather ,  and secondly by j u v e n i l e  d i s p e r s a l  o r  pos t-emergence 

m o r t a l i t y  which accounted f o r  a s  much a s  50% of t h e  j u v e n i l e  l o s s e s  

dur ing  t h e  summer. Over-winter m o r t a l i t y  could f u r t h e r  reduce j u v e n i l e  

numbers account ing  f o r  a s  much a s  h a l f  of t h e  l o s s e s  i n  a  year  of poor 

s u r v i v a l  cond i t ions .  

20. S o c i a l  behav ior ,  a s  expressed by t h e  numbers of a g o n i s t i c  i n t e r a c t i o n s  

observed among s q u i r r e l s ,  was involved i n  r e g u l a t i n g  a d u l t  p o p u l a t i o n s ,  

b o t h  a t  h igh  and low l e v e l s  of p o p u l a t i o n  d e n s i t y ,  and may a l s o  have 

c o n t r i b u t e d  t o  t h e  r e g u l a t i o n  of j u v e n i l e  p o p u l a t i o n s ,  a l though  n o t  t o  

t h e  e x t e n t  i t  d i d  i n  t h e  a d u l t  popu la t ions .  

POPULATION CONTROL 

21. Mestranol  t r ea tment  was considered t o  b e  a p o t e n t i a l  means of 

c o n t r o l l i n g  popula t ions  of ground s q u i r r e l s .  However, a  s a f e  method t o  

d i s t r i b u t e  an a c c e p t a b l e  b a i t  t o  t h e  a d u l t  s q u i r r e l s  p r i o r  t o  b reed ing  

i n  e a r l y  s p r i n g  i s  needed. Moreover, t h e  t r ea tment  would be more 

e f f e c t i v e  i f  s q u i r r e l s  accepted a  b a i t  (wi th  a  chemos t e r i l a n t )  t h a t  

would permanently s t e r i l i z e  them. 



Appendix 1. L i s t  o f  p l a n t s  c o l l e c t e d  i n  t h e  Youngstown a r e a ,  w i t h i n  t h e  
p l o t  b o u n d a r i e s  and i n  nea rby  f i e l d s .  

GRASSES 

Gordeum jubatum L. F o x t a i l  b a r l e y  
m a  c r i s t a t a  (L.) P e r s .  J u n e  
Pea spp .  Blue  g r a s s  
S t i u a  s u a r e a  T r i n .  v a r .  c u r t i s e a  H i  

g r a s s  

P l a i n  r e e d  g r a s s  

g r a s s  

. t chc .  Po rcup ine  g r a s s  

W P W  
A x v r i s  amaran tho ides  L. R u s s i a n  pigweed 
C h e n o ~ o d i u ~  album L. Lamb's q u a r t e r s  
La u  a  e c  i n a t a  G i l i b .  Bluebur  
h u m  con  v  L. Wild buckwheat 
S&ki :gt.u:g&if o l i a  Tausch. R u s s i a n  t h i s t l e  m m i  a r v e n s a  L. St inkweed 

NATIVE AND INTRODUCED PLANTS 
A c h i l l e a  m i l l e f  o l ium I,. Yarrow 
An t e n n a r  i a  s p p  . E v e r l a s t i n g  
A r t e m i s i a  l u d o v i c i a n a  Nut t . White Sage 
A r t e m i s i a  f r i  i d a  Wi l ld .  P a s t u r e  s a g e  

e x  n u i i l i i .  A t r i p l e x  
A-eirulata 
S s i t a e  n o t  i d e n t i f i e d  f o r  enus  and s p e c i e s )  
Descur  a i n i a ' r i c h a r d s o n i i  ( sweet?  E. Schu lz .  Gray 
G a i l l a r d i a  a r i s t a t a  Pu r sh .  Brown-eyed Susan 
C r i n  e i a  s u a r r o s a  (Purch)  Dunal .  Gumweed 
GU ti%ezia-rae 

ono e  i s  n u t t a  i a n a  
M$,,,,yOIVaca~:hg. P r i c k l y  p e a r  

o t e n t i l  a sp  . C i n q u e f o i i  
o  a n u m ~ r i f  c?ium Three-f lowered n i g h t  shade  ma- SOli spp .  ~ o i d e n r o d  
ymp o r i c a r p o s  o c c i d e n t a l i s  Hook. Western  snowber 

OTIlER PLANTS ( n o t  found on t h e  p l o t  b u t  
c h a r a c t e r i s t i c  of t h e  a r e a )  

Anemone pa t en9  v a r .  wol  a n  i a n a .  P r a i r  
~ m s p .  S c a r l e t  m e  
f i l u u s  t r  mulo ides  Michx. Aspen 
b i l h r u c t i c o s a .  Shrubby c inque• ’  
Ranunculus rhomboideus Go ld ie .  P r a i r i e  
Rosa a c i c u l a r i s .  P r i c k l y  r o s e  
m x  s p. low 
S1 r i n c t i u m  ::Atanurn. Blue-eyed g r a s s  
-of f i c i n a l e .  Common d a n d e l i o n  
Thermopsl t h o m b i f o l i a .  Golden bean  

i e  c r o c u s  

o i l  
b u t t e r c u p  

t a n s y  mus ta rd  

' r Y  



Appendix 2. L i s t  of  t h e  45-minute o b s e r v a t i o n  p e r i o d s  made dur ing  t h e  1972 
and 1973 seasons  i n  p l o t s  1, 2, 3, 4, 5 and 6: d a t e ,  t ime of 
t h e  day and weather. 

1 0-day TIME WEATHER 
p e r i o d  DATE PLOT 1 PLOT 2 PLOT 3 PLOT 4 PLOT 5 PLOT 6 Max. Min. Others 

June 
2 10:30 14:30 15:30 

3 17:15 16:OO 15:OO 
5 5 16:30 10:15 14:15 

J u l  ?r 10:45 
14 11:30 
15 13:OO 
1 7  12: 15 



Au ust -% 10:30 12:15 11:30 
3 12:30 11:30 13:30 
4 11:15 12:15 10:15 

11 6 13: 15 11: 15 
11 12: 15 
1 2  15:30 16:45 17:30 

June 
7 12:OO 15:30 12:OO 16:30 

4 10: 00 9: 00 
8 14: 00 10: 00 11: 00 
9 16:45 15: 30 



Max. ,Min. : maximum and minimum temperature(  F) ; 
R: r a i n ;  S: sunny; C :  c loudy;  Sn: snowing 
wO : no wind; w l  : 0-10 mi les  er  hour(mph) ; w2 : 10-20; w3 : 20-30; 
w4 : 30-40; w5 : 40-50; w5 : 58-60 



Appendix 3. T o t a l  number of c o h e s i v e  i n t e r a c t i o n s  observed on p l o t s  1, 
2, 3, 4, 5  and 6 dur ing  1972 and 1973. 

* : number of 45-minute o b s e r v a t i o n  p e r i o d s  made. - : t h e s e  roups of s q u i r r e l s  were n o t  p r e s e n t .  
? : t h e  r e f a t i o n s h i p s  between s q u i r r e l s  were n o t  known. 

GROUPS OF SOUIRRELS INTERACTING 
AnTlTT-Anm T . ------ ------ 

AA AM A 

1972 
p l o t  1 3 - - -  

*5 4  
p l o t  2  1 3 0 4  

*5 1 
p l o t  3  0 0 1 0  

*5 0 

1973 
p l o t  1 0 - - -  

*3 6 
p l o t  2  1 0 1 2  

*2 1 
p l o t  3  0 - - -  

*2 1 
p l o t  4 0 - - -  

*2 1 
p l o t  5  0 - - -  

*2 1 
p l o t  6 2 - - -  

*2 2  

AnTR T-v'mrg i --- - - -  
AY MY AownY 

9  - 27 

8 3  29 

3  4 5 

2  - 30 

2  1 4 

0 - 5  

11 - ? 

7  - - 
3 1  - - 

vQ%&v7tyc 
YY L i t t .  

10 38 

13  53 

9  8 

0  7 4  

0  3  

0  0  

3  9  ? 

4 1 ? 

5  4  ? 

A-LL 
SQUIRRELS 

87 

111 

30 

106 

14  

5  

5 0 

48 

8 7  



Appendix 4. T o t a l  number of a g o n i s t i c  i n t e r a c t i o n s  observed on p l o t s  1, 2, 
3, 4, 5 and 6 during 1972 and 1973. 

1972 
j T m 1  

*54 
p l o t  2 

*5 1 
p l o t  3 

*5 0 

1973 
p l o t  1 

*3 6 
p l o t  2 

*2 1 
p l o t  3 

*2 1 
p l o t  4  

*21 
p l o t  5 

*2 1 
p l o t  6 

*2 2 

ALL 
S OUIRRELS 

405 

316 

112  

221  

93 

50  

132  

148 

197 

( 1:- Number of AY i n t e r a c t i o n s  won by j u v e n i l e s .  These a r e  inc luded  i n  t h e  
number given under t h e  AY column. * : Number of 45-minute o b s e r v a t i o n  per iods  made. _ .  . These roups of s q u i r r e l s  were n o t  p r e s e n t .  

? : The r e f a t i o n s h i p s  between s q u i r r e l s  were n o t  known. 



Appendix 5A. Average numbers of ground s q u i r r e l s  observed dur ing  
a  45-minute o b s e r v a t i o n  e r i o d  f o r  a l l  10-day 
p e r i o d s  i n  p l o t s  1, 2  an2 3 during t h e  1972 season.  

PLOT 1 
1972 (0. 65 ha)  

1 -v 

PLOT 2 
(0. 69 ha) 

PLOT 3 
(0. 81 ha)  

* : number of 45-minute o b s e r v a t i o n  per iods  made dur ing  a 10-day 
o b s e r v a t i o n  per iod.  
NO : no observa t ions  were made 
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Appendix 7. Reproductive c o n d i t i o n  of a d u l t  females  t r e a t e d  wi th  
mestranol  i n  1972 and 1973. 

ADULT FEMALES TREATED FROM APRIL 10-12, 1972 

1972 - 1973 - 
P l o t  f S q u i r r e l  # Pregnant  L a c t a t i n g  Young 

? 
? 
? 

FO und 
? 
? - 
? 
? 

Yes 
? 

Yes 
? 
? 

No 
No 
N 0 

dead A p r i l  
No 
No - 
No 
No 
Yes 
No 
Y e s  
No 
No 
No 
No 
No 
No - 
No - 
No - 
No 
No - - 

No 
No 
No 

1 4  - 
No 
No - 
No 
No 
No 
No 

1 young 
No 
No 
No 
No 
No 
No - 
No - 
No - 
No 
No - - 

- - 
l a c  t ,no young - 
l a c t  no young* 

$ young - - 
pregn.** - - - - - 

l a c t  no young 
i young - - - - - - - - - - - 

ADULT FEMALES TREATED FROM APRIL 8-9, 1973 

2 02 ? No No 
2 03 Yes No No 
226 Yes No No 
2 3  2 Yes No No 
2 34 Yes No No 
629 Yes No No 

Yes 
? 
? 

? : breed ing  s t a t u s  cou ld  n o t  b e  determined;  Yes : i s  
pregnant ,  l a c t a t i n g  o r  h a s  young when examined; No : i s  n o t  
!regnant, e t c .  ; - : s q u i r r e l  no l o n g e r  p r e s e n t ;  l a c t  : 

a c t a t i n g ;  pregn. : pregnan t ;  * : t r e a t e d  i n  May 1973, no 
young were seen ;  **: r e t r e a t e d  i n  Apr i l  1973, no young seen. 



Appendix 8A. Average weight of a d u l t  round s q u i r r e l s  t rapped on 
p l o t s  1, 2 and 3 dur ing f 9 7 2 .  

APRIL 1972 

I I 

FEMALE S 

non- t reated 3 3 1  303 293 
**46 4 5  4 1  

(31)  ( 1 7 )  ( 9 )  

t r e a t e d *  - 252 2 6 8  
**25 4 1  

(11)  ( 1 3 )  

a l l  females  331 283 279  
**46 4 6  42  

( 3 1 )  ( 2 8 )  ( 2 2 )  

MALES 

non- t reated 3 5 3  3 1 3  3 3 0  
**39 5 8  60  

( 1 5 )  ( 3 )  ( 4 )  

t r e a t e d  

a l l  males 355  3 1 0  3 3 0  
**39 3 4  42 

( 1 5 )  ( 7 )  ( 8 )  

MAY 1972 JUNE 1972 

( ) :  sample s i z e ;  *: t r e a t e d  wi th  a mg of mes t rano l  i n  April 1 9 7 2 ;  **: s t a n d a r d  d e v i a t i o n  



Appendix 8B. Average weight i n c r e a s e s  o f  a d u l t  ground s q u i r r e l s  
t r a p n e d  r e p e a t e d 1  y d u r i n g  the 1972 s e n s o n .  
Absolute w e i  h t  i n c r e a s e s  (g) :  F i n a l  weight minus 
i n i t i a l  weig!t. R e l a t i v e  w e 1  h t  i n c r e a s e s  (%) : 
(Absolute weight i n c r e a s e  x 180)  d ivided by t h e  
i n i t i a l  weight. 

Non-breeding females 9 8 t 4 3  40 f17  1 4  125?41 45 t13  4 *** 1 I * * 

WEIGHT INCREASES 
TYPES OF 

A i i  maies 

ADULT SQUIRRELS April-May 1972 

g % N 

Breeding females 38?43 12f16 1 3  

- t r e a t e d  males I l k 6 4  3 4 t 2 0  - - - non-treated males 51 t37  232 1 7  5 - - 

April-June 1972 

g % N 

51249 20 f20  9 

N sample s i z e ;  * ** *** : s i g n i f i c a n t l y  d i f f e r e n t  a t  95  
(*j, 99 (**) and 99.'9 ( A * * )  p e r c e n t  from breeding females when 
compared with chi-square  t e s t s .  



Appendix 8C. Average weight of a d u l t  fround s q u i r r e l s  t rapped on 
p l o t s  1 ,  2  and 3  during 973. 

PLOT d 1  2  3 

FEMALES 

non- t r e a t e d  3 3 1  279  273 
**38 2 2  35 
( 3 6 )  ( 1 1 )  ( 1 9 )  

t r e a t e d *  

a l l  females 

non- t r e a t e d  383 318  3 0 8  
**23 4 9  3 5  

( 3 )  ( 5 )  ( 7 )  

t r e a t e d  - 292 - 
**4 7  

(4  1 
a l l  males 383 307 3 0 8  

**23 4 7  3 5  
( 3 )  ( 9 )  ( 7 )  

* ' t r e a t e d  with 1  mg of mes t rano l  i n  A p r i l  1973  "1 s t a n d a r d  d e v i a t i o n  
0: sample s i z e  
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Appendix 12. Average a c t i v i t y  of a d u l t  r e s i d e n t  s q u i r r e l s  
r e s e n t  on l o t s  1, 2 and 3  dur ing t h e  p e r i o d s  of Ipril t o  J U E ~  1972 and 1973. 

I I I ACTIVITY 

NUMBER OF Number of 45-minute T o t a l  number of 45- (I /II)x1fy3 
SQUIRRELS observa t ion  per iods  minute o b s e r v a t i o n  

AND where t h i s  s q u i r r e l  p e r i o d s  made between Z (S.D.) 
TREATMENT was seen  between t h e  beg inn ing  of 

t h e  beginning of o b s e r v a t i o n s  and 
observa t ions  and i n d i v i d u a l  r e  t u r n s  
i t s  r e t u r n  i n t o  i n t o  h i b e r n a t i o n  
h i b e r n a t i o n  * 

P l o t  1 
6A 24.3 30.0 81 (12) 

P l o t  2  3-r 

A l l  s q u i r r e l s  23.8 29.0 82 (8 )  

P l o t  3  
1A 

A l l  s q u i r r e l s  18.1 23.6 77 (6 )  

P l o t  1 nT 

P l o t  2  n 
7  M 15.9 

A l l  s q u i r r e l s  15.0 

P l o t  3  
1 0  A 

A : non-t reated a d u l t ,  M : mestranol  t r e a t e d  a d u l t  
(S.D.) : s tandard  d e v i a t i o n  * : o b s e r v a t i o n s  s t a r t e d  on A p r i l  21, 1972 and on A p r i l  16,  1973 



Appendix 13. Resident  a d u l t  home r a n  e s  and c o r e  a r e a s :  a r e a s  
cover ing 502, 75% and 180% of a l l  the  p o i n t s  
( r a d i a t i n g  from the  home burrow) where s q u i r r e l s  
were observed i n  l o t s  1, 2 and 3 during t h e  f i e l d  
seasons  1972 and f973. 

S Q U I R R E L  BREEDING Area i n c l u d i n g  a g i v e n  
NO. STATUS a l l  observed p o i n t s  (mf?rcentage Of 

5 0% 75% 95 X-100% 
(core  a r e a )  (home range) 

P L O T  1 - 1972 
788 BR 
80 3 B R  
80 5 B R 
80 7 B R  

P L O T  2 - 1972 



PLOT 1 - 1973 n 
1 0 8  BR 
111 B R  
112 BR 
126 B R 
85 7 BR 
86 1 BR 
866 BR 
8 74 BR 
889 B R 

PLOT 2 - 1973 
BR 

BR,M.May73 
BR, MeMay73 
BR,M. 72 
BR, M. 72 
MeMay73 
M. 73 
M. 73 
M. 73 
M. 73 
M. 72,M. 73 
M. 73 
MALE 
MALE ,Me 72 
MALE 
M. 73 

pH 390 970 1450 
761 BR,M. 72 540 82 0 1440 
41 3 Pregn,no young 450 1080 1940 
75 6 Pregn,no young 190 3 60 1240 
7 34 L a c t  ,no yoirng 590 ! 050 2 03 0 

M e  72 
306 N. BR. 200 41 0 5 70 
307 N. BR. 4 90 101 0 1630 
3 04 MALE 1060 - 2 4 90 - 3350 
3 01 MALE - 

BR : a d u l t  female observed wi th  oung i MALE : a d u l t  male non-treated w i t  mes t rano l  
M. 72 : a d u l t  s q u i r r e l ,  female  u n l e s s  s p e c i f i e d ,  t r e a t e d  

wi th  mes t rano l  in A p r i l  1972 
M.73 : same a s  above,except t r e a t e d  i n  A p r i l  1973 
M.May73 : a d u l t  female t r e a t e d  when l a c t a t i n  i n  May 1973 
Pregn : female  was p a l  a b l y  p regnan t ,  c o n s i  % ered  a s  b reed ing  
Lact  : female  had swoleen t e a t s  and was l a c t a t i n g ,  cons idered  

a s  b reed ing 
N-BR. : females  were never observed t o  b e  p regnan t ,  l a c t a t i n g  

and were never observed wi th  young a l though they were 
never t r e a t e d  wi th  mes t rano l  



Appendix 14. Levels  of s i g n i f i c a n c e  o f  Mann-Whitne ranking t e s t s  
corn a r i n g  the  d e n s i t i e s  o f  a c t i v e  squirrels found i n  p l o t s  
1, 1, 5 and 6 dur ing  1973 (per iod 5-13) and t h e i r  l e v e l s  o f  
a g o n i s t  i c  behavior .  

PLOT I 

Dens i ty  o f  a group of  s q u i r r e l s  from p l o t  I 
- v e r s u s  

Densi ty  o f  a group o f  s q u i r r e l s  from p l o t  I1 * 
1. .2. 3. 

v e r s u s  
PLOT I1 A v s  A 

Level  of a g o n i s t i c  a c t s  of a  group of s q u i r r e l s  from p l o t  I 
v e r s u s  

Level of a g o n i s t i c  a c t s  of a  group of s q u i r r e l s  from p l o t  I1 ** 
PLOT I 1. 2. 3. 
v e r s u s  
PLOT 11 AA vs At! AY u s  AY YY vs W 

* : from Table 25, ** : from Table 26 



Appendix 15. Levels  of s i g n i f i c a n c e  o f  Mann-Whitney ranking t e s t s  
comparing the  a v e r a  e  numbers of a g o n i s t i c  i n t e r a c t i o n s  % o c c u r r i n g  between a  ul ts and j w e n i l e s  and amon 
j w e n i l e s  i n  p l o t s  1, 2  and 3  dur ing 1472 and 1973. 

Level  of a g o n i s t i c  a c t s  from a  group of 
v e r s u s  

Level of a g o n i s t i c  a c t s  from a  group of 
1. 2. 3. 4. 5. 

PLOT I AY+AownYMY AY AY MY Litt+YY 
versus  v s  v s  v s  v s  v s  
PLOT I1 AY+AownYMY MY AY MY Litt+YY 

s q u i r r e l s  from p l o t  I 

s q u i r r e l s  from p l o t  11 
6. 7. 8. 

L i t t  L i t t  W 
v s v s  V S  
W L i t t  YY 

WITHIN 1972 

1 vs 2  N. S. N. S. N. S. N.S. N.S. 
1 vs 3  N. S. N. S. N. S. N. S. N. S. 
2  VS 3 N. S. N. S. N. S. N. S. N.S. N.S. 
1 v s  1 S. 99 
2 v s  2 S. 99 S. 99.9 
3  vs 3  N. S. S. 95 

WITHIN 1973 
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