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ABSTRACT 

+ I 

"I 
iii 

Beaver (Castor  canadens'is- Kuhl) h a b i t a t  f a c t o r s  and beaver colony 
'. 

s i t e  d e n s i t y  were sampled on 136 l akes  (about 1140 s h o r e l i n e  m i l e s )  and . 

45 stream s e c t i o n s  (90 stream mi les )  i n  the nor the rn  in ter&or  of B r i t i s h  
., 

Columbia. The q u a n t i f i e d  beaver h a b i t a t  components were then  r e l a t e d  t o  

beaver colony s i t e  d e n s i t y  by mul t ip le  r e g r e s s i o n  analyses .  * 
On the  b a s i s  of the  r e s u l t s  of the  ana lyses ,  a  land c a p a b i l i t y  ' 

c l a s s i f i c a t i o n  system f o r  beaver was developed. The r e g r e s s i o n  equa t ions  , 

! 

a r e  a l s o  u s e f u l  a s  models of beaver -hab i t a t  r e l a t i o n s h i p s  and can be used 

f o r  beaver inventory  by p r e d i c t i o n  of colony s i t e  density., 

Conservation of e x i s t i n g  aspen s t ands ,  common throughout the beavers 

range i n  North America, i s  consideredt  the most powerful ma'nagement t o o l  

f o r  the maintenance of h igh  beaver populations.  / i 

Evidence i s  presented which shows t h a t  a l d e r ,  commonly found i n  
I 

1 

beaver food caches,  i s  more important  a s  a c o n s t r u c t i o n  m a t e r i a l  (used 

t o  submerge more p r e f e r r e d  foods) than a s  a  food species .  
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Yellow pond 1 - i l i e s ,  w i l l ows ,  and a spen  a r e  

8 .  

abundant  (October  1 8 , , 1 9 7 4 ) .  . . ' . . .  .:. . . . . . .  
6 2 .  S t a r t  o f  f o ~ d  cache ,  cons is t in , ;  Of a spen  and I 

willow. A l d e r ,  p r e s e n t  a l d g  s h o r e l i n e ,  has 
.not  y e t  been cached. Swans Lake (L8; August 20,  

197k). . . . . . . . . . a  . . . . . . . . . . . . * . * . . 8 1 4  I 2 $ 3 .  g i x e d  cache of a spen ,  w i l l o w , - d l d e r ,  b i r c h ,  r e d  
- 

- o s i e r  dogwood .and ye l low pond l i l i e s .  A l d e r ,  b i r c h ,  
v 'xed o s i e r  aogwood and pee l ed  a s p e n ' l o g s  a r e  on t o p  

. 5  . . 
of  ca rhe .  Seymqur Lake (L27; Pc tobe r  1 7 ,  1974). . . . . .  82 

k' . ' 

14. Cache o f  a spen ,  w i l l ow,  and a l d e r  near  , comple t ion .  
Alder  and pee led*  a spen  l o g s - a r e  p laced  -on t o p  of  - 

.. cache. ,Sunse t  Lake (L7; October  17 ,  1974) . . . . . .  : . 82 
1 

5 Colony s i t e  on f a u l t  i n  rocky  s h o r e l i n e  i n  a r e a  
s h e l t e r e d  from wave a c t i o n .  P i n c h i  Like (L88; i 

June' 3 ,  1975).  . . . . . . . . . .  ; , . . . .  z . . . . = . .  90 6 

16. A r 6 i f i c i a l  water  leye l '  c o n t r o l  by the  F i s h e r  i,es 
S e r v i c e  (~ana'da Depagtment of  t h e  Environment) ,on , 

Ta 1 t a p i n  Lake ( L 4 6 )  produces s e v e r e  'water fl 'uctua t i o n s  
(May 17 ,  1975) . . . . . . . . . . . . . . . . . . . . . . .  90 

I 1  

h 

, I  



L I S T  OF APPENDICES 
* I*./ . 

' P " 1 ,.- 
Cv 

~ ~ 5 e n d i x  .= 
.. t Page 

- * 

A. Climate d a t a  from s i x  weather  s t a t i o n s  i n  t he  . . . . . . . . . . . . . . . . . . . . .  . .  s t u d y  a r e a  . 107 

%. Surface  w a t e r  d a t a  from s e l e s t e d  ,gauging  s t a t i o n s  
4 4; -* An t h e  s t u d y  a r e a .  . . . .  '. . . . . . . . . . . . . . . .  .110 

6' 

C. ?sample s i t e s  and d a t a  for  unt ransformed v a r i a b l e s  used  
a . . . . . . . . . . . . . . . . . . . . . .  i n  t he  a n a l y s e s  $114 

J L1, 

r%- 2 . . . . . . . . . . . . . . . . . .  C l  Lakes . .@. . I 1 4  
d 

2 . . . . . . . . . .  C2 Independen t  sample o f ,  l a k e s  #:1f6 
6 . . . . . . . . . . . . . . . .  C2 Stream s e c t i o n s  .117 

D. P l o t s  of COLS a g a i n s t  independent  v a r i a b l e s  w i t h  
c o r r e l a t i o n  c o e f f i c i e n t s ,  and means and s t a n d a r d  . . . . .  d e v i a t i o n s  - o f  independent  v a r i a b l e s  . .  p. e. .118 

. . . . . . . . . . . . . . . . . . . . .  D l  Lakes .PI8 

. . . . . . . . . . . . . . . .  D p  S t r eam s e c t i o n s  ,123 

* - d - c . Regress ion  c s e f f  i c i e n t s  and n u l l  t - v a l u e s  f o r  v a r i a b l e s  
+'&- . . . . . . . . . . .  i n  a l l  s t e p s  of  e l i m i n a t i o n  a n a l y s e s  .127 

r- r rc . . . . . . . . . . . . . . . . . . . . .  E l  Lakes . I 2 7  
a- 

. . . . . . . . . . . . . . . .  . E2 Stream s e c t i o n s  .130 
0 ,-t 

I 

F. Pa th  c o e f f i c i e n t s  from f i r s t  e l i m i n a t i o n  s t e p s  . . . . . . . . . . . .  F o n t a i n i n g  a l l  s i g n i f i c a n t  v a r i a b l e s  .133 
, 

- - . . . . . . . . . . . . . . . . . . . . . .  
p. F1 Lakes .133 

. . . . . . . . . . . . . . . .  F2 Stream s e c t i o n s  . I33  - 

+ G. Es tirna t e  , e r r o r ,  s t a n d a r d i z e d  e r r o r ,  and 95% conf idence  . . . . . . . . . . . . . . .  
- A-q i n t e r v a l  f o r  e s t i m a t e  of  COLS . I34  

. . . . . . . . . . . . . . . . . . . . .  G1 Lakes . I34  
- < . . . . . . . . . .  G2 Independent  sample o f  l a k e s  .137 

L+ 

. c .  . . . . . . . . . . . . . . . .  - L G3 Stream s e c t i o n s  . I 3 8  



Appendix - Page 

H. P l o t s  o f  r e s i d u a l s  a g a i n s t  independent  v a r i ' % ~ H e s  . . . .  . I40  

cP . . . . . . . . . . . . . . . . . . . . . .  H1 Lakes .140 . 
# 

. . . . . . . . . . . . . . . .  H2 S t ream s e c t i o n s  . I45  

. . . . . . . . . .  I. Occupancy r a t e  of  beave r  co lony s i t e s  ,149 
3 

I1 Food cache o b s e r v a t i o n s  from s e l e c t e d  
l a k e s  i n  t h e  s t u d y  a r e a  . . . . . . . . . . .  .149 

I2  Food? cache o b s e r v a t i o n s  i n  t h e  Mackenzie 
V a l l e y  and Nor thern  Yukon . . . . . . . . . . .  .149 

Ig Regres s ions  o f  a c t i v e  co lony ,'sites on . . . . . . . . . . . . .  t o t a l  co lony  s i t e s  .151 





.C 

on t h e  p r o d u c t i o n  of t h e  r e s o u r c e .  , I n  t h i s  way t h e  r e s o u r c e s  o f  a n  a r e a  

can be a s s e s s e d  and r e l a t e d  t o  t h e  l and  and o t h e r  r e s o u r c e s .  W i l d l i f e  
9 i 

c l a s s i f i c a t i o n  s y s  terns have been dev i sed  f o r  economics l l y  impor t an t  

s p e d i e s ,  such  a s  u n g u l a t e s  and water fowl*  T h e s e - c l a s s i f i c a t i o n  sys tems 

a r e  b e i n g e r e f i n e d  and new , s p e c i e s  a r e  be ing  added. The nex t  

p r i o r i t y  o f  t h e  L L . 1 .  i s  f u r - b e a r e r s ,  i n  p a r t i c u l a r  b e a v e r ,  which 

c o n t r i b u t e  t o  a  s i g n i f i c a n t  p o r t i o n  ~ f  t h e  economy o f  w i ld l ands .  The 
. 

purpose o f  t h i s  s t u d y  was t o  deve lop  a  l and  c a p a b i l i t y  c l a s s i f i c a t i o n  

sys tem f o r  t-he beave r  (Cas to r  canadens i s  Kuhl).  

- 
3 Beavers  a r e  h i g h l y  a p p r o p r i a t e  f o r  u se  i n  deve lop ing  a  lgnd 

c a p a b i l i t y  methodology. S u i t a b l e  h a b i t a t  i s  sough t  o u t  and e x p l o i t e d  

by beave r s  t o  a n  e x t e n t  t h a t  a l l o w s  one t o  conclude  t h a t  u n e x p l o i t e d  
. 5  

h a b i t a t  is- u n s h i t a b l e .  Beavers  a r e  n o t  crjrp'Cic i n  h a b i t a t  u s e ,  making 
-. i 

s u k t a b l e  habi- iat  e a s i l y  obse rvab le .  Thus, t h e  s p e c i e s  r equ i r emen t s  .. . 

which a r e  l a c k i n g  i y  u n s u i t a b l e  h a b i t a t  and a r e  p re sen t -  i n  s u i t a b l e  

h a b l t a  t a r e  de t e rminab le .  

E f f i c i e n t  h a b i t a t  e x p l o i t a t i o n  by beaver  i s  a c h i e v e d  p r i m a r i l y  . 
th rough t h e  extensive d i s p e r s a l  c h a r a c t e r i s t i c s  o f  t h e  s p e c i e s .  

Young beave r s  l e a v e  t h e i r  p a r e n t  colony a t  one t o  t h r e e  y e a r s  of  

age  i n  s e a r c h  o f  new h a b i t a t  ( B r a d t ,  1938; Novakowski, 1 9 6 5 ; / '  

Gunson, 1970; Boyce, 1974). This  e m i g r a t i o n  o c c u r s  b e f o r e  new 

k i t s  a r e  b o r n  i n  t h e  s p r i n g  ( B r a d t  f938). The d i s p e r s a l  age  depends 

p r i m a r i l y  on t h e  q u a l i t y  o f  t h e  h a b i t a t  (Gunson, 1970) and t h e  

. d e g r e e  of h a b i t a t  s a t u r a i i o n  (Boyce, 1974),  w i t h  beave r s  r ema in ing  
9 

i n  t h e  co iony longe r  i n  ~. 2 a t u r a t e d ,  h igh  q u a l i t y  h a b i t a t .  I t  i s  

n o t  known whether  beave r s  a re .  d r i v e n  o u t  by t h e  a d u l t s  ( B r a d t ,  1938) 



o r  l eave  because  o f  a n  i n n a t e  tendency  t o  m i g r a t e  (Leege, 1968). I n  

any c a s e ,  e m i g r a t i o n  o f  young beave r s  has been c l e a r l y  e s t a b l i s h e d .  
.Y. -- 

Emigra t ion  o f  young b e a v e r s  may invo lve  movements over  c o n s i d e r a b l e  

d i s t a n c e s ,  b o t h  ove r  l and  and v i a  waterways (Leege,  1968). D i s t a n c e s  - -- --_ 
t r a v e l l e d  ave rage  abou t  5- l?T s t r e a m  m i l e s  (Denney, 1952; Hodgdon and 

- + . . - 
---> 

Hunt, 19-53; Beer ,  l h 5 ; $ ~ i b b a r d ,  1958; Berghofer ,  1961; LePge, l 9 6 8 ) ,  

b u t  d i s t a n c e s  up t o  148 s t r e a m  m i l e s  (67 a i r l i n e  m i l e s )  have been 
< 

r eco rded  (Hibbard ,  1958). The demonst ra ted  m o b i l i t y  o f  b e a v e r s  

shou ld  a l l o w  a l l  s u i t a b l e  h a b i t a t s  t o  b e  explored.  S ince  h a b i t a t  

, s e l e c t i o n  i s  based  on i n s t i n c t i v e  and h a b i t u a l  p r e f e r e n c e s  o f  an 

an ima l ,  r a t h e r  t h a n  b e i n g  a  t r i a l ,  o f  new s i t u a t i o n s  ( M i l l e r ,  19429, i t  

can  be  assumed t h a t  o n l y  s u i t a b l e  h a b i t a t  w i l l  be  s e l e c t e d .  Beavers  

may ve ry  w e l l  be t h e  w i l d l i f e  spec ies*most  s u i t e d  to.*land c a p a b i l i t y  

c l a s s i f i c a t i o n .  
I .  

Adul t  beave r s  a r e  non-migra tory ,  occupying  6 s e t  home r ange  

- and t e r r i t o r y  (defended  a g a i n s t  c o n s p e c i e s )  (Townsend, 1953; A leks iuk ,  

1968). The l o c a t i o n  o f  t he  t e r r i t o r y  i s  ev idenced  by s i g n s  o f  beaver  

a c t i v i t y  such  a s  dams, l o d g e s ,  dens ,  f e l l e d  t r ee s . ,  and food  caches.  

T e r r i t o r i a l  bounda r i e s  a r e  marked w i t h  "cent mounds" which a c t  t o  

r educe  t h e  -need f o r  a c t i v e  t e r r i t o r i a l  defence .  

The n a t u r e  of t h e  h a b i t a t  i t s e l f  e x p l a i n s  why beave r s  e x p l 6 i t  

t h e i r  h a b i t a t  th rough m i g r a t i o n  o f  t h e  young and subsequent  t e r r i -  

t o r i a l i t y  o f  t h e  a d u l t s .  Beavers  a r e  a s s o c i a t e d  w i t h  subcl imax p l a n t  

c o m u n i t i e s  ( d i s c u s s e d  i n  a  l a t e r  s e c t i o n ) .  These a r e  e i t h e r  A 
e d a p h i c  c l imax  connuunities ( o t t e n  pulse-stabi l i*)  on t h e  < .  

2 * 

s h o r e s  of  l a k e s  and s t r eams  (some a l l u v i a l  s o i l s  a l o n g  wa te rcou r se s  



prec lude  the  growth b f  c l imax c o n i f e r  s p e c i e s ) ,  o r  a r e  temporary 

. 
communities which f o l l o w  f i r e  (and i n  some c a s e s  a r e  i n i t i a t e d  by 

windthrow, i n s e c t  o u t b r e a k ,  and  logg ing  (Lawrence, 1964)) .  There 

i s  a  s e l e c t i v e  advan tage  f o r  t h e  young o f  b e a v e r s  which a r e  e x p l o i t i n g  , 
, 9 

e i t h e r  type  o f  community to- d i s p e r s e  over  l a r g e  a r e a s  i n  s e a r c h  o f  

new h a b i t a t .  E x p l o i t a t i o n  o f  t h e  former h a b i t a t s  i s  n e c e s s a r y  f o r  t h e  

long- te rm s t a b i l i t y  o f  beave r  p o p u l a t i o n s ,  w h i l e  temporary  h a b i t a t  's 
" \ i # 

a l l o w s  l o c a  1 p o p u l a t i o n  increments .  S ince  t h e  l o c a t i o n s  o f  temporary 

h a b i t a t  a r e  unknown t o  b e a v e r ,  d i s p e r s a l  df  t h e  young * i s  a  way t o  

l o c a t e  and e x p l o i t  them. L i m i t a t i o n s  imposed by t h e  r e l a t i v e  

s c a r c i t y  o f  permanent h a b i t a t  f avour  t e r r i t o r i a l i t y  o f  a d u l t s ,  
a. 

Adap ta t ions  o f  moose (Alces a l c e s  a n d e r s o n i  P e t e r s o n ) ,  a n  e c o l o g i c a l l y  
F 

s i m i l a r  s p e c i e s  t o  b e a v e r ,  t o  e f f i c i e n t  h a b i t a t  e x p l o i t a t i o n  were 

-+-' 

f-4 

d i s c u s s e d  by G e i s t  (1971,  pp. 121-124). . - 
To a s s e s s  t h e  p r e s e n t  l and  c a p a b i l i t y  t o ' s u p p q r t  beave r  i t  ,is 

n e c e s s a r y  t o  r e l a t e  l and  use  by beaver  t o  measurable  f a c t o r s  of  i t s  
9 

b i o p h y s i c a l  environment .  These f a c t o r s  a r e  t h e  h a b i t a t  r equ i r emen t s  

o f  t he  beaver .  The h a b i t a t  r equ i r emen t s  a r e  generallE'2iGown and have 

been used i n  t h e  p a s t  t o  a s s e s s  beave r  land  c a p a b i l i t y  ( s e e  L i t e r a t u r e  

Review). The major  d i f f e r e n c e  between t h e  l and  c a p a b i l i t y  me thodology 

developed i n  t h i s  t h e s i s  and o t h e r  c a p a b i l i t y  a n a l y s e s  i s  t h e  

q u a n t i f i c a t i o n  o f  t h e  r e l a  t i o n s h i p  between b e a v e r s  and t h e i r  env i ron -  
a 

ment. M u l t i p l e  r e g r e s s i o n  a n a l y s i s  was t h e  t echn ique  used  t o  maximize 
. * 

t h e  o b j e c t i v i t y  of  t he  c l a s s i f i c a t i o n  system. 



5 

i +- 

I n  a d d i t i o n  t o  t h e  development o f  a  land  c a p a b i l i t y  methodology 

f o r  b e a v e r ,  t h i s  s t u d y  p rov ides :  

a"mode1 o f  t h e  r e l a t i o n s h i p  of  b e a v e r s  t o  t h e i r  
9 

h a b i t a t  

a  means o f  beave r  inven.tory 

a  b a s i s  f o r  beave r  management 

a  l and  c a p a b i l i t y  methodology which may be  a p p l i e d  

t o  o t h e r  w i l d l i f e  s p e c i e s  o r  r e s o u r c e s .  



LI T E ~ T U R E  REVIEW 

A )  Beaver H a b i t a t  Requirements  

The h a b i t a t  r equ i r emen t s  of beaver  a r e  w e l l  documented i n  t h e  

l i t e r a t u r e .  They a r e  r e a d i l y  o b s e r v a b l e  i n  t h e  f i e l d  and s o  have 

been r eco rded  i n d e p e n d e n t l y  by numerous a u t h o r s .  A u t h o r i t i e s  w i l l  

- 
n o t  be  c i t e d  i n  t h e  d i s c u s s i o n  o f  t h e  env i ronmen ta l  f a c t o r s  below 

e x c e p t  i n  t h e  c a s e  of  food r equ i r emen t s ,  where d e f i n i t i v e  s t u d i e s  

have been neces sa ry .  

Perhaps t h e  most  c o n c i s e  d e f i n i t i o n  of t h e  beave r  b i o t o p e ,  
-5. 

g i v e n  by Zharkov and Bokolov (1967) ,  i s  a  body o f  w a t e r  w i t h  a  s t a b l e  

+-- 

w a t e r  l e v e l  and banks l i n e d  w i t h  dec iduous  t r e e s  and shrubs .  Water 

i s  t h e  p r e r e q u i s i t e  t o  beave r  h a b i t a t .  The w a t e r  s u p p l y  must be  

permanent and t h e  d e p t h  must be  s u f f i c i e n t  to-accommodate l odges  
i -. 

and banks ,  d e n s ,  and a l l o w l f r e e  movement from t h e  lodge*  t o  t h e  food 

cache  d u r i n g  t h e  w i n t e r .  The wa te r  l e v e l  shbu ld  p r e f e r a b l y  be  
, 
s t a b l e .  Bednar ik  (19712, summarizing 2 3  y e a r s  o f  beaver  s t u d y  i n  

Ohio,  b e l i e v e d  wa te r  l e v e l  s t a b i l i t y  t o  be the.. most impor t an t  

f a c t o r  d e t e r m i n i n g  s u s t a i n e d  s i t e  h a b i t a t i o n ,  w i t h  woody p l a n t  

compos I: t i o n  r a n k i n g  n e x t  i n  importance.  Seasona l  w a t e r  f l u c t u a t i o n s ,  

j - .  



i n c l u d i n g  f l a s h  f l o o d s  and d r o u g h t s ,  a r e  dampened by t h e  damming of  

s t r eams  ( i n c l u d i n g  l a k e  o u t l e t s ) ,  which a l l o w s  beave r s  t o  e f f e c t i v e l y ,  
. b 

c o n t r o l  t h e  w a t e r  Level. Wave a c t i o n  'should a l s o  b e  minimal  s o  t h a t  

lodges  and food caches  a r e  n o t  d e s t r o y e d . '  Bank m a t e r i a l s  '-nust be 

a b l z  t o  s u p p o r t  dam and lodge  c o n s t r u c t i o n .  F i n a l l y ,  a  s u i t a b l e  

sour-c'e o f  food  and  c o n s t r u c t i o n  m a t e r i a l s  must be p r e s e n t  and  

a c c e s s i b l e .  A c c e s s i b i l i t y  depends on d i s t a n c e  from s h o r e l i n e  and 

l o c a l  topography. The food s p e c i e s  should  p r e f e r s b l y  be  w i t h i n  

100 f e e t  of  t h e  water .  H a l l  (1960) found t h a t  90% o f  a l l  c u t t i n g  

was done withim t h a t  d i s t a n c e  a l t h o u g h  d i s t a n c e s  up t o  650 f e e t  
% ,  I 

( B r a d t ,  1938) have been r e p o r t e d .  This  d i s t a n c e  i s  f u r t h e r  l i m i t e d  

by s t e e p  topography.  Streams f lowing  i n  and o u t  of  l a k e s ,  and low 

marshy a r e a s  a d j a c e n t  t o  t h e  h a b i t a t  encourage  channe l ing  and 

d a r n i n g  t o  make more food a v a i l a b l e .  
I ' 

Q u a n t i t y  a s  w g l l  a s  q u a l i t y  o f  food s p e c i e s  w i l l  a f f e c t  
. 

beaver  h a b i t a t  s u i t a b i l i t y .  The d i s t r i b u t i o n  and abundance o f  food - 
s p e c i e s  ' a r e  l i m i t e d  Tn t u r n  by such  f a c t o r s  - a s  c l i m a t e ,  e l e v a t i o n ,  

s o i l  t y p e s ,  a s p e c t  and t h e  s e r a 1  s t a g e  of  'community development 

( s u c c e s s i o n ) .  Although beave r s  a r e  'known t o  ,sample a l m o s t  any woody 

o r  herbaceous  p l a n t  ( B r a d t ,  1938) ,  t h e y  s h o w . d i s t i n c t  p r e f e r e n c e s  

L o r  a  s m a l l  number o f  such  s p e c i e s .  P e n n e y  (1952) rev iewed t h e  

l i t e r a t u r e  on beaver  foods  i n  North America and pub l i shed  a  p r e f e r e n c e  

l is t .  The f o u r  most p r e f e r r e d  s p e c i e s  t h a t  he r e p o r t e d  a r e  co  
. pn 

i n  B r i t i s h  Columbia. b e y  a r e ,  i n  o r d e r  of  t h e  b e a v e r s '  p r e f e r e n c e :  
, . 



\ 

1 
1 )  Aspen (Populus  t r emulo ides  Michx.) . 

2 )  Willow ( S a l i x  L. spp.) 

'%--2 t-l-*r - 3 )  Cottonwood- (P. b a l s a m i f e r a  L. s s p .  t r i c h o c a r p a  T. & G.) 

4)  Alder  (Alnus M i l l  spp.) 

The p r e f e r e n c e  f o r  a spen  throughout  t he  b e a v e r s  r ange  i n  North 

k e r i c i  i s  w e l l  known. I t  i s  t h e  t r e e  most commonly f e l l e d  f o r  food 

and b u i l d i n g  

l i s t  must be 

r a t i o  t o  t h e  

s p e c i e s  from 

m a t e r i a l  by 6eave r  (Denney, 1952; H a l l ,  1960). The p re f$ rence  

de termined  by t h e  r e l a t i v e  p a l a t a b i l i t y ,  o r  t h e  b e n e f i t / c o s t  

an imal .  An a n a l y s i s  of  t h e  chemica l  compos i t i on  of  -?' 
Cowan e t  a l .  (1950) i n d i c a t e s  t h a t  p r e f e r e n c e  may be [ -- 

determined  by two oppos ing  f a c t o r s ;  prote . in c o n t e n t  and r e s i n o u s  f a t  

c o n t e n t .  The p r o t e i n  c o n t e n t s  (% d r y  we igh t )  (Cowan e t  a l . ,  1950) o f  

t h e  major food s p e c i e s  a r e :  
?# 

1 )  Aspen ( b a r k )  12.66 

Aspen ( s t em)  7.10 

- d 
2 )  Willow (s tem)  6.32 

3 )  Cottonwood (s tem)  6.08 

4) Alder  ( s tem)  9.95 
. . 

Pre fe rence  d e c l i n e s  w i t h  d e c r e a s i n g  p r o t e i n  concentratio:,  
6" 

Although t h e  more r e s i n o u s  s p e c i e s  a r e  h igh  i n  p r o t e i n  

c o n c e n t r a t i o n ,  t h e y  a r e  "unpa la t ab l e .  I' Whlte b i r c h  (Be tu l a  p a p y r i f e r a  

Marsh) ,  r e s i n  b i r c h  (B. g l a n d u l o s a  Michx.),  and c o n i f e r s  a r e  o t h e r  - 
u n p a l a t a b l e  and n o n p r e f e r r e d  s p e c i e s .  

' p l an t  nomenclature is a • ’  t e r   itchc cock and Cronquis  t (-1973). 



U t i l i z a t i o n  of  a spen  is  d i r e c t l y  p r o p o r t i o n a l  t o  a v a i l a b i l i t y ,  
J .  

and t h e  s u p ~ l y  u s u a l l y  d e c l i n e s  s t e a d i l y  to 'a  complete  l o s s , u n d e r  

11, 1960). S i z e  c l a s s  u t i l i z a t i o n  of  a spen  a l s o  

e x c e p t  f o r  t h e  u se  of  2 - i n c h  t r e e s  which a r e  

p r e f e r r e d  i n  t h e  f a l l  when dam and lodge c o n s t r u c t i o n  a r e  incr ,eased  

(Aldous,  1938; H a l l ,  1960). As the  a spen  i s  c u t  t h e  l and  becomes 

o,ccupied by e i t h e r  herbaceous  v e g e t a t i o n ,  o r  by c o n i f e r o u s  v e g e t a t i o n  

such  a s  s 'uba lp ine  f i r  (Abies l a s i o c a r p a _  N u t t . ) ,  s p r u c e  (P i cea  A. 

D i e t r .  spp . ) ,  o r  l odgepo le  p ine  (Pinus,  c o n t o r t a  Dougl.). 

Willow and a l d e r  can s u s t a i n  beaver  i n  t h e  absence  of  aspen. 
0 

Both a r e  renewable  r e s o u r c e s  w i t F n  t h e  l i f e  o f  a  s i n g l e  b e a v e r '  

colony. The y i e l d  i s  sus t .a ined  by b l o c k - c u t t i n g ,  o r  

t h e  c u t t i n g  s i t e ,  t o  a l l o w  reg rowth  and r e g e n e r a t i o n  of  c u t  t r e e s  1 
1 

( H a l l ,  1960; Willow: N o r t h c o t t ,  1971; Alder :  Bednar ik ,  1971). '4 

S e v e r e l y  overbrowsed - s i t e s  may be  abandoned t o  a l l o w  reg rowth ,  

b u t  t h i s  vacancy i s  u s u a l l y  o n l y  temporary. Regrowth o f  a l d e r  i s  
F'7 

s l i g h t l y  s lower  t h a n  t h a t  of  wi l low (Aleks iuk ,  1970). . h 
$ 

A Cottonwoodi u s u a l l y  o c c u r s  w i t h  a spen  and s o  is  cons ide red  t o  

be o n l y  o f  m i n ~ r ' ~ i m p o r t a n c e  t o  t h e  beaver .  

if. 
Aqua t i c  v e g e k a t i o n  (main ly  Nuphar J .  E. Smith spp.)  and 

t e r r e s t r i a l  v e g e t a t , i o n  (mainly E r i c a c e a e  s h r u b s  and herbaceous  p l a n t s ) ,  where 

b 
p r e s e n t ,  may be t h e  p o s t  impor t an t  summer f o o d s  o f  beaver  ( N o r t h c o t t ,  

1971,  1972). I t  i s  d o u b t f u l  t h a t  t h e y  impose any  l i m i t a t i o n s  on beaver  

numbers a s  woody specGes a r e  a l s o  a v a i l a b l e  at t h i s  time. Dur ing  

\ 
t h e  w i n t e r  o n l y  woody s p e c i e s  a r e  s t o r e d  i n  any q u a n t i t y ,  s o  i t  i s  t h e i r  ,- 
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# 

a  g i v e n  colony. ' Summer foods  may a c t  a s  a  b u f f e r  t o  t h e  e x p l o i t a t i o n  

\ 

of  w i n t e r  foods ,  and hence p ro long  t h e  p e r i o d  t h a t  a  s i t e  i s  a b l e  t o  

s u p p o r t  a  colony. Th i s  e f f e c t  has no t  been s t u d i e d  t o  d a t e .  

B) Previous  Beaver, Land C a p a b i l i t y  C l a s s i f i c a t i o n  Sys tems 

The c a p a b i l i t y  o f  v a r i o u s  h a b i t a t  t ypes  t o  suppo-r t  beaver  
A ,  

aepends on t h e  a b i l i t y  o f  t h e  environment  t o  supp ly  t h e  r e q u i r e m e n t s  . 

of  t h e  speci'es. . The e a r l y  beaver  land  c a p a b i l i t y  c l a s s i f i c a t i o n  

sys tems d i f . f e r e n t i a t e d  h a b i t a t  t y p e s  i n t o  p r i m a r i l y  d e s c r i p t i v e  and -- 
*\ 

a r b i t r a r y  u n i t s .  For  example, Atwater  (1940,  p. 101) c l a s s i f i e d  

waterways on t h e  b a s i s  o f  t h e i r  !general b i o p h y s i c a l  s u i t a b i l i t y  

f o r  beaver :  

I 1  ' C l a s s  1--Most f a v o u r a b l e  l o c a t i o n  f o r  beave r s .  Ample 
f o r a g e  o f  p r e f e r r e d  types ;  room f o r  expans ion;  r e l i a b l e  - 

wate r  supply ;  topography f a v o u r a b l e  f o r  dams, l o d g e s ,  
and f eed  p roduc t ion .  Suppor t  a t  l e a s t  6 c o l o n i e s / m i l e .  + 

11 C l a s s  2- -Favourable  l o c a t i o n  f o r  beavers .  Same r e q u i r e -  
ments a s  above b u t  expans ion  l i m i t e d  by topography. 
Suppor t  a t  l e a s t  4  co lon ie s /mi l e .  

11 ~ l a s ;  3 - -Fa i r  l o c a t i o n  f o r  beavers .  Forage n o t  S O  

p l e n t i f u l  o r  made up t o  some e x t e n t  o f  l e s s  d e s i r a b l e  
types .  Room f o r  expans ion  s t r i c t l y  l i m i t e d .  Water 
supp ly  v a r i a b l e .  Su'pport a t  l e a s t  2  c o l o n i e s / m i l e .  

11 C l a s s  4--Marginal  l o c a t i o n s  f q r  beavers .  Forage made I 

up of  l e s s  d e s i r a b l e  t ypes :  a l d e r ,  swamp b i r c h ,  e t c .  
Topography s t e e p  and rocky ,  ,water supp ly  u n r e l i a b l e .  
Suppor t  o n l y  s c a t t e r e d  beavers .  

" c l a s s  5--Unfavourable."  

* 
S c h e f f e r  (1941, pp. 321-322) observed  t h a t  b e a v e r s  t r a n s p l a n t e d  i n  - 
Oregon would n o t  s e t t l e  i n  s i t e s  w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

. , 



-* %. \ "1) t a c k  o f  s h e l t e r ;  open meadow wi thou t  c o n c e a l i n g  shrubbery .  , 

2.) ' Staream banks t oo  low o r  s l o p e  t o o  s t e e p ;  no p l ace  
af 'forded f o r  deep  ponds t h a t  would n o t  f r e e z e  s o l i d .  

% 
i n  w i n t e r .  

0 

9 . 3). E l e v a t i o n  t o o  g r e a t  i n  r e g i o n s  o f  heavy snowfa l l .  - 
The maximum e l e v a t i o n  i n  e a s  tercn_ Oregon f o r  s a t i s f a c t o r y  
p l a n t i n g  o f  b e a v e r s  i s  thought  t o  be  a b o u t  6,000 f e e t .  

'4) Streams t o o  s w i f t  o r  s u b j e c t  t o  e x c e s s i v e  f l ood ing .  

. % 

5) Lack of- palatable foods;  o r  poplar .  The presence  
o f  t h e s e  ~ ' ~ e c i e s  and t h e  a b i l i t y  of  w i l l ow and  a l d e r  
t o  r e g e n e r a t e  de te rmined  t h e  d u r a t i o n  of permanency 

9 of  t h e  p l a n t i n g s . "  

F -*' 3 
&i. 

S c h e f f e r  t hen  grguped c o l o n i e s  i n  phys i ca l4y  s u i f h b l e '  s i t e s  i n  
'w, -.% 

r e l a t i o n  t o  their p r e s e n t  food ~ u p p l y  (pp. 322-323): . 
L+ < :- 

(" 4' s 
"Group 1--Colony i n  n e a r l y  pure  s t a n d  o f  a s p e n ,  l e a d i n g  
t o  speedy e x h a u s t i o n  o f  t r e e s  and  e m i g r a t i o n  o f  beave r s .  

"Group 2--Colony i n  wi l low n o t  p r o d u c i n g  f o l i a g e  a s  f a s t  
a s  r e q u i r e d  l e a d i n g  g radua l15  L6 d e p l e t i o n  o f  food and 
e m i g r a t i o n  o f  beave r s .  

1-1 Group 3--Colony i n  s a t i s f a c t o r y  b a l a n c e  wi th  w i l l ow,  
'p roducing  f o l i a g e  a s  f a s t  a s  i t  i s  b e i n g  cu t .  

*- 

"Group 4--Colony l i v i n g  a t ,  a  s u b s i s t e n c e  l e v e l  on 
mediocre  food." q 

Retzer  -- e t  a l .  (1956) r anked  s t r eams  i n  t h e  Colorado Rockies 

by v a l l e y  g rade ,  v a l l e y  w i d t h ,  and s u b s t r a t e  type .  T h i s  was ,one o f  - 
t h e  f i r s t  a t t e m p t s  made t o  q u a n t i f y  t h e s e  k i n d s  o f  h a b i t a t  v a r i a b l e s .  

Beaver p r e f e r e n c e s ,  a s  i n d i c a t e d  by  ca lony  d e n s i t y ,  were f o r  v a l l e y  

g rades  l e s s  . t h a n  6% and v a l l e y  w id ths  g r e a t e r  t h a n  150 feet.. S t a b l e  
* 

s u b s t r a t ? e P &  such  a s  g r a n i t e  and s c h i s t  were cons ide red  t o  be more 

s u i t a b l e  ove r  t h e  lo-ng te rm than  s h a l e  o r  r h y o l i t e .  More r e c e q t l y  

Boyce (1974) q u a n t i t a t i v e l y  r e l a t e d  beaver  d e n s i t y  t o  food supply.  



12 
i "7 

I n  t h e  U.S.S.R., beaver  a r e a s  have b.een ranked  a c c o r d i n g  t o  water  

l e v e l  s t a b i l i t y ,  abundance of  b a n k ' v e g e t a t i o n  c o n s i s t i n g  o f  a spen  o r  

d i f f e r b n t  s p e c i e s  of  w i l l ow,  and  t h e  degree  o f  e x p l o i t a t i o n  by m a n  

(Zharkov, 1970). 
5 

Some a u t h o r s  have dev i sed  l a r g e - s c a  l e  land  c l a s s  i f  i c a  t i o n  

systems f o r  beave r  based  on  t h e  s u i t a b i l i t y  o f  groSs l andscape  

f e a t u r e s  such  a s  topography and p a r e n t  m a t e r i a l s ,  and '  t h e  r e s u l t a n t  

c h a r a c t e r i s t i c  t y p e s  o f  l a k e s  and s t r e i m s  (Thomasson, 1973; deBock 

e t  a l . ,  1973; T r a v e r s y ,  1974). Due t o  s u b j e c t f v i t y ,  t h e s e  c l a s s i f i -  

c a t i o n  sys tems l a c k  t h e  d e t a i l  and accu racy  r e q u i r e d  t o  a s s e s s  t h e  N. 

c a p a b i l i t y  of  a  s i n g l e  l a k e  o r  s t r e a m  f o r  beave r  i n v e n t o r y  o r  

management purpose$.  



CHAPTER 3 

S'!JJDY AREA . . 

The s t u d y  a r ea 'was  s i t n a t e d  i n  t h e  n o r t h e r n  i n t e r i o r  o f  B r i t i s h  
- 

-4. - 4 
Columbia betweerr 54'0' and 55630' n o r t h  l a t i - t ude  ,and 1 ~ 4 ~ 0 '  and 128'45' 

wes t  l o n g i t u d e  (Fig.  1) .  T h i s  a r e a  was chosen  $or s e v e r a l  r e a s o n s ,  (1 )  i t  
! - 

'shows t h e  h i g h e s t  -annua 1 beave r  p e l t  r e  t u r n s  i n  . i h e  p rov ince  (B. C. F i s h  

0 
and W i l d l i f e  Branch - reco rds ) ,  ( 2 )  t h e  ~ n v i r o n m e n t  a&E h ind  Use Committee 

S e c r e t a r i a t  i s  invo lved  i n  a  m u l t i p l e  land  u s e  s t u d e  i n  t h e  a r e a ,  (3 )  t h e r e  

i s  a good d a t a  b a s e  o f  t opograph ic  maps, f o r e s t ,  cove r  maps and a e r i a l  

photographs  f o r  t h e  a r e a ,  and ( 4 )  t h e r e  i s  a  d i v e r s i t y  of c l i m a t e ,  physiography 

and v e g e t a t i o n ,  i n  t h e  a r e a ,  which  p rov ides  a  r a n g e  o f  c o n d i f i o n s  s u f f i c i e n t  

t o  d e v e l o p  and t e s t  t h e  c a p a b i l i t y  a n a l y s i s .  
- 

A)  Physiography 

In fo rma t ion  on t h e ' p h y s i o g r a p h y  o i  t h e  s t u d y  a r e a  ( s e e  Fig.  1) has  , 
\ 

been adap ted  from Holland (1964). The main landforms i n c l u d e  t h e  Nechako 
? 

P l a t p a u  o f  t h e  s o u t h  ant? e a s t ,  t h e  Skeena mountains o f  t h e  n o r t h w e s t ,  b d  ../ 
" .  

I 

-2nd  t h e  ~ a & e l t p n  mountains o f  t h e  west .  . ,  +J 

f 
- - 

i 
. * 

Most < t* a r e a  under  s t u d y  i s  s i t u a t e d  on t h e  Nechako P l a t e a u ,  

4 
v h G ~ i k  t h e  no t the rnmos t  s e c t i o n  o f  t h e  I n t e r i o r  P ld teau .   his i s  a n  

c V-*l 

\ "t - i 



a r e a  of  low r e l i e f  and g e n t l e ,  r o l l i n g  topography. The ave rage  . 
- e 

e l e v a t i o n  i s  a b o u t  4,000 f e e t  above sea  l e v e l .  The l a s t  i c e  age  

l e f t  t he  bedrock-of  t h e  Nechako P l a t e a u  covered  a lmos t  comple t e ly  

w i t h  g l a c i a l  d r i f t .  As t h e  i c e  moved a c r o s s  t h e  p l a t e a u  numerous 

grooves  and  d e p r e s s i o n s  were ca rved  out .  These a r e  now occupied  by 

l a k e s  of a l l  s i z e s ,  i n c l u d i n g  many o f  t h e  l a r g e s t  l a k e s  i n  t h e  

province .   h he Skeena mounta ins  ex t end  from Telkwa on t h e  e a s t  s i d e  

of  Bulk ley  ~ i v e r ,  nor thward  beyond t h e  boundary of  t h e  s t u d y  a r e a .  

Ci rque  and v a l l e y  g l a c i e r s  have had a  major  e f f e c t  i n  s h a p i n g  the  

mounta ins ,  l e a v i n g  rugged peaks s e p a r a t e d  by wide v a l l e y s .  The Skeena 

mountains r i s e  a b r u p t l y  above t h e  p l a t e a u  t o  e l e v a t i o n s  of  6 ,500  

f e e t .  The Haze l ton  mounta ins  l i e  t o  t h e  wes t  o f  t h e  Bulk ley  River .  

They r i s e  t o  e l e v a t i o n s  o f  ove r  8 ,000  f e e t  i n  t h e  s t u d y  a r e a .  

Many h igh  g r a d i e n t  s t r eams  t y p i f y  t h e  mounta ins  of  t h e  s t u d y  

a r e a .  The mountains c o n t a i n  many s m a l l  lake{; o n l y  a  v e r y  few 

a r e  l a rge .  

B) Climate 

The c l i m a t e  o f  t h e  s t u d y  a r e a  i s  a  c o n t i n e n t a l  type  w i t h  long ,  

c o l d  w i n t e r s  and s h o r t ,  warm summers. The mean annua l  temperatur .es  

v a r y  from 34.0•‹F. a t  Babine Lake t o  39.8'~. a t  New Hazel ton  i n  t h e  

wes t  where t h e  mar i t ime c l i m a t i c  i n f l u e n c e  o f  ..$he P a c i f i c  Ocean 

becomes i n c r e a s i n g l y  e v i d e n t .  Mean monthly t empera tu re s  v a r y  from 

5. 1•‹F'. - 14.3'~. i n  J a n u a r y  t o  55.2'~. - ' 59.4'~. i n  J u l y  a t  t h e  

same l o c a t i o n s .  



P r e c i p i t a t i g n  i s  g e n e r a l l y  l i g h t  ( l e s s  than' 20 inches  per y e a r ) ,  

be ing s l i g h t l y  h igher  i n  the mountains of the  west. From 25-50% of 

the  t o t a l  annual p r e c i p i t a t i o n  f a l l s  a s  snow, aga in  depending a n  l o c a l  

topography and proximity t o  the P a c i f i c  Ocean. Temperature and 

p r e c i p i t a t i o n  d a t a  from s e l e c t e d  c l ima te  s t a t i o n s  i n  the  a r e a  a r e  

summarized i n  Fig.  2. Climate d a t a  from a l l  Atmospheric Environment 

Se rv ice  (1973) weather s t a t i o n s  in the  a r e a  i s  given i n  Appendix A. 

Locations of  the  s t a t i o n s  a r e  given i n  Fig. 1. 
\ 

The l akes  i n  the  s tudy  a r e a  a r e  g e n e r a l l y  f rozen  over from 

October t o  May a t  h igher  e l e v a t i o n s  (3., ~ O O +  f e e t )  and from November 

t o  l a t e  A p r i l - - e a r l y  May a t  lower e l e v a t i o n s .  Large l akes  such a s  

~ a b i n i  Lake may remain open u n t i l  December. Those streams t h a t  

. f r e e z e  ( inc lud ing  shore  i c e )  u s u a l l y  f r e e z e  l a t e r ,  and open up e a r l i e r ,  

than the l akes  (L. J .  CO$, 1976, pers.  comm.; s e e  a l s o  Appendix B). 

Low water occurs  dur ing  the  f reeze-up peridd.  Runoff i s  a t  i t s  peak 
C 

by May i n  the  t r i b u t a r i e s ,  and by June i n  the major s t reams (Fig. 3). 

The S t u a r t  River. i n  the e a s t  does not  peak u n t i l  Ju ly  due t o  the  

co lde r  c l imate  over most of i t s  dra inage area .  The S t u a r t  system a l s o  

has a  more s t a b l e  d i scharge  r a t e ,  be ing higher than t h a t  of the  Bulkley 

i n  winter  and lower i n  the  summer, even though mean annual t o t a l  

d i scharges  a r e  almost  equal. The seasons a r e  probably more s t a b l e  i n  

t h e  S t u a r t  a rea  i n  terms of bo th  temperature and p rec ip i t a t ion . .  Lake 

and Stream water da ta  (Fig.  3 and Appendix B) a r e  from annual  r e p o r t s  

of  the  Water ~ e s o u r c e s  Branch (1970 t o  1975 i n c l u s i v e ,  1974). The su r face  

water s t a t i o n s  a r e  l o c a t e d  on Fig. 2 .  

' ~ e ~ i o n a  1 P r o t e c t i o n  Ofs ice r  , F i s h  and W i l d l i f e  Branch, Smithers. 



Fig .  2 Mean monthly and mean annua l  tempera ture  

and p r e c i p i t a t i o n a f r o m  s e l e c t e d  weather  

s t a t i o n s  i n  t h e  s t u d y  a rea .  

a )  Babine Lake--Lowest mean annua l  tempera ture  

and h i g h a t  mean annua l  p r e c i p i t a t i o n  of  
7 

weather  s t a t i o n s  i n  t he  s t u d y  a rea .  

b )  New Hazel ton--Highes t  mean annua l  tempera ture .  

Telkwa--Lowest mean annua l  p r e c i p i t a t i o n .  
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Fig .  3  Stream d i s c h a r g e s  and l a k e  wa te r  l e v e l s  from 

s e l e c t e d  gauging s t a t i o n s  i n  t h e  s t u d y  a r e a .  

a )  Mean monthly d i s c h a r g e s  ( i n  c u b i c  f e e t  per  

second,  C.F.S.) of  the  major  r i v e r s .  Means 

t o  1973. 

b )  Mean monthly d i s c h a r g e s  of  two t r i b u t a r y  

s t r e a m s  o f  t h e  Bulkley River .  Means t o  1973. 

c )  Comparison o f  d a i l y  w a t e r  l e v e l  o f  S t u a r t  Lake 

w i t h  d a i l y  d i s c h a r g e  o f  S t u a r t  River.  On 1 5 t h  

day o f  month, 1974. 

d )  Comparison of  d a i l y  water  l e v e l  o f  Babine Lake 
I ̂  

w i t h  d a i l y  d i s c h a r g e  o f  Babine River.  On 1 5 t h  

day o f  month, 1974. 
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C) Vege ta t ion  

F ive  b i o g e o c l i m a t i c  zones ( a f t e r  Kka j ina ,  1969) a r e  r e p r e s e n t e d  

i n  the  s t u d y  a r e a .  These a r e ,  i n  i n c r e a s i n g  r a n k  o f  a r e a  covered:  
x .  

1 )  C o a s t a l  Western  Hemlock (CWH) 
r 

2 )  Alpine  Tundra (AT) 

3)  Engelmann Spruce--SubaJpine F i r  (ESSF) 

4 )  Car iboo  Aspen- -Lodge po le  Pine--Douglas F i r  (CALPDF) 

5 )  Sub-Boreal  Spruce (SBS) 

The CWH-zone i s  found i n  t h e  extreme n o r t h w e s t  c o r n e r  of t h e  

s t u d y  a r e a .  The c l i m a t i c  c l imax  t r e e  s p e c i e s  $3 t h i s  zone i s  wes te rn  

hemlock (Tsuga h e t e r o p h y l l a  Sarg. ) , whi le  w e s t e r n  r e d c e d a r  (Thuja 

p l i c a t a  Donn.) p r e v a i l s  on m o i s t e r  s i t e s .  The CWH zone o c c u r s  from 

v a l l e y  bottoms t o  abou t  3 ,500'  f rom 55' N. Lat .  nor thwes t  a l o n g  t h e  
ad 

Bulk ley  River.  Shrubs s u c h  a s  w i l l o w s ,  r e d  o s i e r  dogwood (Cornus 

s t o l o n i f e r a  Michx.) ,  and h a z e l  (Cory lus  cornu ta  Marsh) a r e  abundant  
. , 

a s  p ioneer ,  s p e c i e s  on m o i s t  and f i n e  t e x t u r e d  s o i l s .  Some o f  t h e .  
' 

, . 
c o a r s e r  t e x t u r e d  s o i l s  have r e g e n e r a t i o n  o f  t r e m b l i n g  aspen  f o l l o w i n g  

d i s t u r b a n c e .  Cottonwood i s  common a l o n g  s t r e a m s  on deep a l l u v i a l  s o i l s .  

The AT zone g e n e r a l l y  o c c u r s  above 5,500 f e e t .  It is - 
r 

c h a r a c t e r i z e d  by a n  absence  o f  a l l  major t r e e  s p e c i e s .  Some s h r u b s  

such  a s  low growing wi l lows and many a l p i n e  herbaceous  p l a n t s  a r e  

adap ted  t~ t h e  extrem;! e n v i r o n m e n f a l - c o n d i t i o n s  of  t h i s  zone. At  

t h e  lower e l e v a t i o n s  o f  t h e  AT zone,  s u b a l p i n e  f i r  and r e s i n  b i r c h  

- may occur  i n  krummholz form. Th i s  zone is o f  l i t t l e  importance t o  

94 beaver  a s  s u f f i c i e n t  food i s  l a c  ing.  - 



2 1 

\ 

The ESSF zone e x t e n d s  from t h e  AT zone ' ( abou t  5 ,500 f e e t  - - 

e l e v a t i o n )  d w n  t o  3 ,500  f e e t  where i t  mixes w i t h  e i t h e r  CWH, CALPDF, 

o r  SBS. I n  t h i s  ESSF zone Engelmann s p r u c e  (P icea  e n a e l m a n a i i  Pa r ry . )  

dominates  o n  w e t t e r  s i t e s  w h i l e  s u b a l p i n e  f i r  dominates  on d r i e r  

, s i t e s .  Suba lp ine  f i r  is a l s o  p r e v a l e n t  f o l l o w i n g  f i r e s .  Lodgepole 

p ine  and r e s i n  b i r c h  a r e  f r e q u e n t l y  found i n  tKe ESSF zone. Alders  
. . 

commonly form t h i c k e t s  a l o n g  s t r e a m s  and l akes .  
P3 

From S m i t h e r s ,  sou thwes t  a l o n g  t h e  ~ u l k l e ~  River and t o  t h e  

e a s t  o f  Burns Lake, the  CALPDF zone o c c u r s  below 3 ,500  f g e t .  The 

-, 
f o r e s t  cl imax s p e c i e s  i n  t h i s  zone i s  t y p i c a l l y  w h i t e  s p r u c e  

(2. g l a u c a  Voss). Between 3 ,000 and 3 ,500  f e e t  t h i s  i s  o f t e n  mixed 

w i t h  Engelmann s p r u c e - - s u b a l p i n e  f i r .  Hybrids between t h e  s p r u c e s  

. a r e  common. D o u g l a s - f i r  (Pseudotsuga m e n z i e s i i  Franco)  r e g e n e r a t e s  
/ 
/ 

Y' i 
under  a  canopy o f  t r e m b l i n g  aspen  i n  i s o l a t e d  a r e a s  t o  t h e  s o u t h e a s t .  - 
Lodgepole p ine  i s  u s u a l l y  t h e  p ioneer  s p e c i e s  f o l l o w i n g  l i g h t  f i r e  

d i s t u r b a n c e s ,  b u t  t r e m b l i n g  aspen  is  p r e v a l e n t  on a r e a s  r e p e a t e d l y  

- 
burned and d i s t u r b e d .  Trembl ing aspen  is  p r e s e n t l y  t h e  most  common 

s p e c i e s  of  the  CALPDF zone w i t h i n  t h e  s t u d y  a r e a .  A l d e r s  and wi l lows 

a r e  common a l o n g  

r e g u l a r l y  d i s t u r b  

t h e  banks o f  l a k g s  and s t r eams .  A l d e r s  f avour  

1 
ed  banks w i t h  r i c h ,  rocky and m o i s t  s o i l .  Willows and 
* 

cottonwood a r e  found on sandbars  and o t h e r  w e l l - d r a i n e d  s o i l s ,  

b u t  they  a l s o  t h r i v e  i n  marshy a r e a s  a t  o r  below ttPe wate r  l e v e l .  

They a r e  a b l e  t o  w i t h s t a n d  f l o o d i n g  and s i l t i n g .  These c h a r a c t e r i s t i c s  

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

' The SBS zone o c c u p i e s  most of  the  s t u d y  a r e a  and is  found e a s t  , 

and n o r t h  of  t h e  CALPDF zone a t  a l t i t u d e s  below t h e  ESSF zone (3500 



f e e t ) .  White s p r u c e  is  the  dominant- t r e e  w i t h  b l a c k  s p r u c e  Q. 

mar i a n a  B. S . P. ) occur r8 ing  o n  poor ly  d r a  ined  s i t e s  and suba l p i n e  
C 

f i r  on a r e a s  which have been a f f e c t e d  by r e c e n t  f o r e s t  f i r e s .  

F i r e s  a r e  common i n  t h i s  zone; and aspen  and l o d g e p o l e  p i n e  a r e  t h e  

common c o l o n i z e r s .  D o u g l a s - f i r  o c c u r s  w i t h  r e s i n  b i r c h  on n u t r i t i o n a l l y  

r i c h  s i t e s .  Willows and a l d e r s  typGallY l i n e  banks of  s t r e a m s  and 

l akes .  



CHAPTER 4 

f l u c t u a t i o n s  deny t h e  f u l f i l l m e n t  o f  t h i s  assumpt ion f o r  most  s p e c i e s .  
. - 

This  e f f e c t  i s  augmented i n  s p e c i e s  which a r e  s low t o  d i s p e r s e  t o  new 

o r  v a c a n t  ~ i i t a t s .  I n  'a9&ition, p o p u l a t i o n  census  methods a r e  o f t e n  
Z 

i n a c c u r a t e .  Beavers ,  a l t h o u g h  e f f i c i e n t  h a b i t a t  u s e r s  th rough  

j u v e n i l e  d i s p e r s a l  ( s e e  I n t r o d u c t i o n ,  p. 2 ) ,  have u n s t a b l e  p o p u l a t i o n  ' . 

METHOD S - - 

A )  D e s c r i p t i o n  o f  Data C o l l e c t e d  

I n  o r d e r  t o  a s s e s s  h a b i t a t  s u i t a b i l i t y  f o r  w i l d l i f e  s p e c i e s  i t  - 
i s  n e c e s s a r y  t o  measure t h e  i n t e n s i t y  o f  land use  b y - t h e  s p e c i e s  i n  

v a r i o u s  h + a b i t a t  types .  I n  w i l d l i f e  c a p a b i l i t y  c l a s s i f i c a t i o n s -  

( e .  g. Blower, 1974) t h e  i n t e n s i t y  o f  l and  use  h a s .  t y p i c a l l y  been 

Z 
measured by t h e  c u r r e n t  s p e c i e s  p o p u l a t i o n  d e n s i t y  on a  g i v e n  a r e a .  

For p o p u l a t i o n  l e v e l s  t o  be  r e p r e s e n t a t i v e  of  h a b i t a t  q u a l i t y  one 
\ 

c r i t i c a l  a s sumpt ion  must be  met; t h a t  i s  t h a t  t h e  l a n d  i s  a t '  i t s  

s p e c i e s  c a r r y i n g  c a p a c i t y .  N a t u r a l  and human- induced popula t iom 

l e v e l s  and a r e  d i f f i c u l t  t o  enumerate.  

Beavers '  p o p u l a t i o n s  f l u c t u a t e  y e a r l y  depend ing  on t h e  n a t u r a l  

demographic c h a r a c t e r i s t i c s  o f  t h e  p o p u l a t i o n ,  a  f u n c t b n  of t h e  

number o f  a n i m a l s  i n  a  co lony  a t  any g i v e n  t ime ,  and t r a p p i n g  i n t e n s i t y .  



The beaver  c o l o n y  i s  a  s o c i a l  o r g a n i z a t i o n  w i t h  d i s t i n c t  c h a r a c t e r i s t i c s  

which e x p l o i t s  t h e  environment  a s  a  u n i t .  B r a i t  (1938,  p. 145) d e f i n e d  

t h e  co lony  a s  "a g roup  o f  b e a v e r s  occupying a  pond o r  s t r e t c h - & %  s t r e a m  
- I 

i . -- 
i n  common, u t i l i z i n g  a  common food  s u p p l y  &d m a i n t a i n i n g  a  common dam :, . 

o r  dams. They may o r  may n o t  be l i v i n g  i n  t h e  same lodge o r  burrows.  

,Beavers appear  t o  m a i n t a i n  a  s y s t e m  of t e r r i t o r i a l  r i g h t s ,  and t h e r e  -= 

i s  no ev idence  o f  o v e r l a p p i n g  i n  t h e  co'lonies." The co lony  s i z e  

@ 
r a n g e s  from a  s i n g l e  an imal  t o  a  complete  f a m i l y  u n i t  c o n s i s t i n g  o f  

- 

two a d u l t s ,  k i t s ,  a n t e a r l i h g s .  (1965) and Boyce (1474) 

\ 

have no:ted 2-year  o l d  groups  pr&t i n  some c o l o n i e s  i n  n o r t h e r n  . 

Canada and Alaska.  I n  most a r e a s ,  two-year o l d s  l e a v e  t h e  c o l o n y -  A- + b e f o r e  t h e  new k i t s  a r e  b o r n  ( + a d t ,  1938).  S i n c e  t h e  l i t t e r  s i z e  

v a r i e s  from 1 t o  9  k i t s  o r  h i g h e r  (mean l i t t e r  s i z e  i s  3.70 (Henry 

and Bookhout, 1969) )  t h e  number o f  i n d i v i d u a l s  i n  a  co lony  i s  h i g h l y  

v a r i a b l e .  

Beaver p o p u l a t i o n s  a r e  d i f f i c u l t  t o  c e n s u s ,  even, though census  
- - 

t e c h n i q u e s  have been r e f i n e d  o v e r  t h e  y e a r s .  The f o l l o w i n g  t e c h n i q u e s  
J 

have been t r i e d  and found u n r e l i a b l e :  

The a v e r a g e  number o f  b e a v e r s / c o l o n y  i s  h i g h l y  

1 

v a r i a b l e  (Townsend, 1953).  Th i s  method i s  u s e d ,  

however, i n  t h e  U.S.S.R. f o r  c e n s u s i n g  l a r g e  

a r e a s  (Zharkov,  1963). . 
- 

-7, 

The number o f  lodges  i s  n o t  r e l a t e d  t o  c o l o n y  1 

s i z e  ( B r a d t ,  1938). _' Colon ies  o f  a l l  s i z e s  u s u a l l y  

have o n l y  one o r  two lodges  o r  bank dens.  



3 .  The number and s i z e  o f  dams depends more on t h e  

l o c a l  c o n d i t i o n s  of  topography,  s t r e a m  f low,  wa te r  

d e p t h  and s t r e a m  w i d t h  than  on t h e  number o f  beavers .  

Brad t  (1938) found no c o r r e l a t i o n  between the  number 

o f  dams main ta ined  by a  colony and t h e  number of  

a n i m a l s  i n  t h e  colony.  

4. The a r e a  (Hamrnond, 1943) o r  volume (Pearson ,  1958) o f  

t h e  food cache show no r e l a t i o n s h i p  t o  colony s i z e .  The 

s i z e  o f  t h e  cache i s  a  f u n c t i o n  o f  wa te r  d e p t h ,  s i z e  o f  

t r e e s  u s e d ,  and colony s i z e .  

5. The c a l o r i c  c o n t e n t  o f  the  food cache v a r i e s  w i t h  t h e  

age  composi t ion and s i z e  o f  t h e  colony.  A d u l t  an imals  

may be a b l e  t o  l i v e  below t h e  b a s a l  ene rgy  r e q u i r e m e n t s  

t h u s  making t h e  c a l o r i c  c o n t e n t  o f  t h e  cache u n r e l a t e d  

t o  t h e  i n d i v i d u a l  energy r e q u i r e m e n t s  o f  beaver  

(Novakowski, 1967). 

T h e r e f o r e ,  t h e  b e a v e r  co lony ,  i r r e s p e c t i v e  o f  s i z e ,  r e p r e s e n t s  t h e  b e s t  

u n i t  o f  land use  by t h e  beaver .  The d e n s i t y  o f  beaver  colony s i t e s  was 

used ,  i n  t h e  l and  c l a s s i f i c a t i o n  sys tem p r e s e n t e d  i n  t h i s  t h e s i s ,  t o  

i n d i c a t e  beaver  h a b i t a t  s u i t a b i l i t y .  F i e l d  o b s e r v a t i o n s  of  l and  use  

from t h e  ground c o n s i s t e d  o f  a n  enumerat ion o f  a l l  colony s i t e s  on 

l a k e s  and on s t r e a m  s e c t i o n s .  The primary i n d i c a t o r  o f  land u s e  was 

t h e  p resence  o f  lodges  and bank dens ,  Some colony s i t e s ,  however, were 

i n f e r r e d  from t h e  p resence  o f  dams and by t h e  sequence o f  a c t i v e  and 

i n a c t i v e  dams on s t r eams .  



/ a 

According t o  Townsend (1953, p. 4 7 7 ) ,  "co lon ies  cannot  be l i m i t e d  

a r b i t r a r i l y  by t h e  g roup ing-of  b e a v e r  s t r u c t u r e s  . . . , where t h e y  a r e  
- - 

a r e  o f t e n  con t inuous  o v e r  wide a r e a s . "  During low p o p u l a t i o n  d e n s i t i e s  
., 

t h e  t e r r i t o r i a l  boundar ies  o f  one co lony  mayPinclude lodges  and iams 

Ghich would normal ly  be . in  t h e  t e r r i t o r i e s  of- o t h e r  c o l o n i e s  (now v a c a n t ) .  

Th i s  c r e a t e s  a  d i f f i c u l t y  i n  d e l i n e a ' t i n g  colony l i m i t s  where t h e  l a d g e s '  

a r e  c l o s e  t o g e t h e r .  T h e r e f o r e ,  t h e  "number of co lony '  s i t e s "  i s  d e f i n e d  i n  

t h i s  s t u d y  a s  "an e s t i m a t i o n  o f  t h e  number o f  c o l o n i e s  a  body of  w a t e r  

c o u l a  s u p p o r t  i f  a l l '  t h e  p r e s e n t  i d d g e s  ( i n c l u d i n g - b a n k  dens )  were occup ied ,  
= a 

w i t h  e a c h  lodge r e p r e s e n t i n g  a  p o t e n t i a l  colony s i t e . "  Th is  number o f  lodges  
., 

was determine$_by d i r e c t  o b s e r v a t i o n .  Many c o l o n i e s  b u i l d  s a t e l l i t e  bank 
< ' 

- 
4?= - 

dens  f o r  u s e  as"-?%fety r e t r e a t s  w h i l e  awaySfrom t h e  main lodge.  These a r e  

u s u a l l y  j u s t  s imple  h o l e s  i n  a  bank and a r e  e a s i l y  d i s t i n g v i s h a b l e  from 
* 

dens  used a s  r e s i d e n c e s *  by the.  absence  o f  t y p i c a l  lodge c o n s t r u c t i o n  (used 

t o  p r o t e c t  the  e n t r a n c e s ) .  Only dens  which were obv ious  beaver  r e s i d e n c e s  
- 

i 
11 were enumerated. I t  was a  s o  no ted  t h a t  some c o l o n i e s  b u i l t  t w i n  lodges"  

o r  two lodges  o f  i d e n t i c  e  s i g e  and c o n s t r u c t i o n ,  u s u a l l y  l e s s  t h a n  25 f e e t  

* a p a r t ,  and o f t e n  w i t h  a  s i n g l e  food cache between them.   win lodges"  were 

c o n s i d e r e d  a s  a s i n g l e  colony s i t e  only.  

The d e f i n i t i o n  o f  co lony  s i t e s  aepends  on t h r e e  c r i t i - c a l  assumptions .  

F i r s t ,  i t  i s  assumed t h a t  a l l  s u i t a b l e  s i t e s  have a t  some t ime been e x p l o i t e d  

( o r  a r e  c u r r e n t l y  occup ied)  by beaver  and t h a t  ev idence  o f  t h e i r  use  s t i l l  & 

remains.  Th i s  assumpt ion  i s  s a t i s f i e d  by t h e  d i s p e r s a l  and h a b i t g t  u t i l i z a t i o n  
* z 

c h a r a c t e r i s t i c s  o f  t h e  beaver  a s  d e s c r i b e d  i n  t h e  4 n t r a d u c t i o n .  The second 

assumption i s  t h a t  s u c c e s s i y e  c o l o n i e s  occh&ng~ a  s i n g l e  s i t e  w i l l  r e p a i r  

'2. * 
o l d  lodges  i f  p o s s i b l e  r a t h e r  t h a n  , c o n s t r u c t  new lodges  o r  dens. Th is  

<- Q .  



&+ 

assumption was v e r i f i e d  by the  repea ted  f i e l d  obse rva t ion  of  the  reoccupat ion  

o f  o l d  lodges and the  extreme r a r i t y  of  c o n s t r u c t i o n  ~ f ~ q o m p l e t e l y  new lodges. 
? .  - -  

The t h i r d  aisumption i s  tRat  t h e  number of  colony'~,,si tes i s  d i r e c t l y  r e l a t e d  

i 
t o  the  colony c a r r y i n g  capac i ty .  This  assumption w i l l  be d e a l t  w i t h  i n  the  - - 
Disscussion.  The i r  d i s p e r s a l  c h a r a c t e r i s t i c s  (e.g., s ee  Leege, 1968) a l low 

ib 

beavers  t o  f i n d  aldl  s u i t a b l e  colony s i t e s .  The frequency of  r e c o l o n i z a t i o n  

of  o l d  s i t e s  which a r e  s t i l l  s u i t a b l e ,  and c o l o n i z a t i o n  of  newly acqui red  

. h a b i t a t  (due t o  succes s ion  and phys ica l  c$mges' i n  the  environment) is .most  

/ &I 
%&&high enough t o  a s s u r e  t h a i  s i g n s  of a l l  p o t e n t i a l  colony s i t e s ' a r e  

presen t .  Since h a b i t a t  s e l e c t i o n  is  p;imarily i n s t i n c t i v e ,  succes s ive  

c o l m i e s  should choose the same l o c a t i o n s  f o r  lodge cons t ruc t ion .  Therefore ,  

they should re-occupy o l d  lodges o r  b u i l d  new lod'ges i n  t he  same l o c a t i o n  i f  
n 

the  o l d  lodges h'ave degenerated beyond r e p a i r .  

Colonies u t i l i z i n g  bo th  a  lake and a  s t ream were included i n  the 

e s t i m a t e  of  bo th  lake  s i t e s  and s t ream s i t e s  r e g a r d l e s s  of  lodge loca t ion .  

As t he re  a r e  d i f f e r e n c e s  between lakes  and s t reams,  the  land c a p a b i l i t y  

c l a s s i f i c a t i o n  methodology was determined s e p e r a t e l y  f o r  each. The d e f i n i t i o n s  

o f  "lake" and "streamt1 a s  used i n  t h i s  t h e s i s  a r e  (Nat iona l  Committee on 

F o r e s t  Land, 1969, 

Lake : - I1 Continuous un in t e r rup t ed  expanses of  
permanent o r  i n t e r m i t t e n t  s t and ing  s u r f a c e  
waters  o f  v a r i o u s  depths  t h a t  l ack  any 
cont inuous d i r e c t i o n a l  flow . . . I I 

--- - -- - - 

11 Surface water  w m a  s i g n i f i c a n t  and 

d i s c e r n i b l e  flow i n  a  d e f i n i t e  d i r e c t i o n ,  
fo l lowing  4 g r a d i e n t ,  and u s u a l l y  confined 
t o  a  def ined  bed o r  course." 



, 
The s p e c i f i c  e n v i r o n m e n t a l  v a r i a b l e s  used i n  t h e  a n a l y s i s  were 

s e l e c t e d  on ;he b a s i s  of  t h e i r  importance  a s  h a b i t a t  r e q u i r e m e n t s  

f o r  t h e  beaver  a s  d e s c r i b e d  i n  t h e  L i t e r a t u r e  Review. A d e s c r i p t i o n  

o f ,  t h e  b i o p h y s i c a l  v a r i a b l e s  and t h e i r  methods o f  measurement a r e  
I-$% 

given'below. 

* 

1 )  Lake V a r i a b l e s  

1. The p h y s i c a l  h a b i t a t  was q u a n t i f i e d  by measur ing  

'-and l a k e  & i m e t e r .  S t a b i l i t y  of  a  l a k e  i n  terms o f  wave 

l a k e  a r e a  

I 
- - - - - - -  

a c t i o n  and 

2 --'% 
. d e s t r u c t i v e n e s s  i s  dependen t  on t h e  r e t i c u l a  t i o n  o f  the  s h o r e  l i n e  

%&&&z+#gg - 

.P&~ ' and was indeked by c a l c u l a t i o n  of  a n  a r e a / p e r i m e t e r  r a t i o .  P e r i m e t e r s  
. - 

t l  - ( i n  m i l e s )  were a e a s u r e d  wit-h a  map measurerH1 from government 

a e r i a l  photographs  ( s d a l e s :  40 aGd 80 c h a i n ;  d a t e s  g iven  i n  Appendix 
=> 

C ) .   teas ( i n  a c r e s )  were measurgd from t h e  a i r  pho togrsphs  w i t h  

d o t  c o u n t e r s .  For l a k e s  w i t h  a r e a s  i e s s  t h a n  50 a c r e s  a  d o t  c o u n t e r  

was used which measirres a c c u r a t e l y  t o  f 1 a c r e .  Lakes w i t h '  a r e a s  

g r e a t e r  than  50 a c r e s  were measured w i t h  a  d o t  c o u n t e r  a c c u r a t e  t o  

+ 5 a c r e s  on 40 c h a i n  a i r  photographs  and f 20 a c r e s  on 80 c h a i n  - 

photographs . '  Areas o f  i s l a n d s  were no t  i n c l u d e d  i n  l a k e  a r e a s  
* 

and i s l a n d  p e r i m e t e r s  were i n c l u d e d  i n  l a k e  g e r i m e t e r .  

2.  Water l e v e l  s r a b i l i t y  was indexed by t h e  f o l l o w i n g  
I 

c h a r a c t e r i s t i c s  o f  t h e  l a k e  o u t l e t :  
". 

,  he % a p  measurer"  i s  "sed t o  t r a c e  the* p e r i m e t e r  w i t h  a  
, s m a l l  wheel  which shows t h e  d i s t a n c e  measured on a  c a l i b r a t e d  s c a l e .  

The s c a l e  is  c a l i b r a t e d  t o  measure d i s t a n c e s  a c c u r a t e l y  t o  1/4  m i l e  
and 1 / 2  mi le  on 40 c h a i n  and 80 c h a i n  a i r  photographs  r e s p e c t i v e l y  

% 

' w i t h  measurements o f  s m a l l e r  l a k e s  b e i n g  l e s s  p r e c i s e .  



Water Leve l  S t a b i l i t y  . 
I n d e x  D e s c r i p t i o n  

The o u t l e t  i s  n o t  r e g u l a t e d .  There  i s  no ev idence  
" o f  p a s t  o r  p r e s e n t  damming a t  t h e  o u t l e t .  The 

o u t l e t  i s  u s u a l l y  t o o  wide o r  f a s t  f l o w i n g  t o  
a  1 low & a w i n g .  

2 The o u t l e t  i s  reguZated between s p r i n g  f l o o d s .  
Dams a r e  c o n s t r u c t e d  a t  t h e  o u t l e t  b u t  a r e  
u s u a l l y  washed o u t  or d e s t r o y e d  by s p r i n g  f l o o d s .  
Such s p r i n g  washouts  a r e  e v i d e n t  o n l y  u n t i l  
r e p a i r s  a r e  made, u s u a l l y  i n  t h e  l a t e  summer 
p r i o r  t o  t h e  w i n t e r  food s t o r a g e  a c t i v i t i e s . &  

The o u t l e t  i s  r e g u l a t e d .  The dam(s) shows no 
e v i d e n c e  o f  damage by f l u c t u a t i n g  w a t e r  1evel.s , 
e v e n  when t h e  co lony  s i , t e  is  abandoned. 

The w a t e r  l e v e l  s t a b i l i t y  i n d e x  was de te rmined  frdm ground f i e l d  obse rv<t ions \  , - 
i* * 

$ 
only .  Three c l a s s e s  were chosen b e c a u s e  o f  t h e  e a s e  o f  d e f i n i t i o n  o f  t h e  

two ex t remes  (163).  A l l  i n t e r m e d i a t e  c o n d i t i o n s  w e r e - t h e n  r e f e r r e d  t o  t h e  

midd le  c l a s s .  
4% b' 

. A s u i t a b l e  s o u r c e  o f  food .and  c o n s t r u c t i o n  m a t e r i a l s  was q u a n t i f i e d  

measurements ( i n  m i l e s )  w i t h  a  "map measure,rl ' ,  o f  p e r i m e t e r s  of 
/ 

. lake s h o r e s  which a r e  l i n e d  ( w i t h i n  100 f e e t  o f  w a t e r )  w i t h  i m p o r t a n t  

. f o r e s t  t y p e s ,  from B r i t i s h  Columbia F o r e s t  S e r v i c e  f o r e s t  cover  map's. 

The s p e c i e s  chosen f o r  a n a l y s i s  were  t h e  f o u r  most p r e f e r r e d  s p e c i e s  from 

~ e n n e y  (1952):  a s p e n ,  wi l low,  cottonwood and a l d e r .  The amount o f  s h o r e l i n e  

c o v e r e d  by a t  l e a s t  10% g r o s s  volume ( t h e  minimum amount c l a s s i f i e d  by the  

F o r e s t  S e r v i c e )  o f  t h e  above s p e c s > a s  measured. The maps a r e  s c a l e d  a t  

1.5 i n c h e s  t o  1 mi le .  The map measurer  i s  a c c u r a t e  t o  113 o f  a  mi le .  

The r e l i a b i l i t y  o f  t h e  f o r e s t  cover  maps was checked d u r i n g  t h e  
4 

summer f i e l d  s e a s o n  o f  1975. The c l a s s i f i c a t i o n s  o f  a s p e n  and cottonwood 
,- 

- 0 

s t a n d s  were found t o  b e  e x t r e m e l y  a c c u r a t e .  Areas o f  a l d e r  and wi l low 



' I  
abundance c o r r e l a t e d  we1 1 w i t h  t h e  t y p e s  termed m K - ~ u U c c t ' l v e  brush"_---- 

/ 

and "swamp1' r e s g e c t i v d y .  I t  was found ,  however, t h a t  "swamp" was 

o f t e n  m i s c l a s s i f  i e d  a s  l 'non-product ive  brush.  I'  These two v a r i a b l e s  

were s e p a r a t g d  and combined i n  t h e  a n a l y s i s  t o  t e s t  f o r  s i m i l a r i t i e s  

1' and d i f f e r e n c e s  between' them. Swampn is  a l s o  commonly a s s o c i a t e d  . . 
w i t h  abundances o f  t h e  a q u a t i c  v e g e t a t i o n  which p rov ide  summer food 

and p o s s i b l y  b u f f e r  t h e  e x p l o i t a t i o n  9 i n t e r  foods.  The ' f o r e s t  3$ 
cover  maps a r e  upda ted  by t h e  F o r e s t  S e r v i c e  a b o u t  e v e r y  10 y e a r s ,  

,/-3 
s o  i n a c c u r a c i e s  due t o  n a t u r a l  s u c c e s s i o n  a r e  r a r e .  I >  

a 
E l e v a t i o n  ( i n  hundreds  o f  f e e t )  was a l s o ,  i n c l u d e d  - i n  t h e  

a n a l y s i s  of  l a k e s  t o  t e s t  p r i m a r i l y  t h e  h a r s h q  c l i m a t e  a t  hi-gh 
\ 

e l e v a t i o n s  which might  l i m i t  Geaver h a b i t a t  q u a l i t y .  U n f o r t u n a t e l y ,  
, 

food s p e c i e s  a r e  a l s o  l i m i t e d  h e r e ,  making t h e  e f f e c t s  h a r d  t o  
C' 

s e p a r a t e .  

A s p e c i a l  food s p e c i e s  v a r i a b l e  was c r e a t e d  ( f o r  a s p e n  on l a k e s )  

by g i v i n g  major  s t a n d s  (more t h a n  20% g r o s s  volume) twice  t h e  

w e i g h t i n g  g iven  minor s t a n d s  (10-20% g r o s s  volume). The purpose 

was t o  t e s t  i f  t h e  F o r e s t  S e r v i c e  c l a s s i f i c a t i o n s  c o u l d  be used a s  
d. 

a  more s e n s i t i v e  i n d i c a t o r  of  food abundance and hence o f  beaver  

abundance. 

2 )  St ream v a r i a b l e &  

1. The amount o f  a q u $ t i c  h a b i t a t  surveyed i n  a  sample u n i t  . 
was q u a n t i f i e d  a s  s t r e a m  s e c t i o n  l e n g t h  ( i n  m i l e s ) .  T h i s  measurement 

i s  ana logous  t o  l a k e  p e r i m e t e r ,  and was measured i n  t h e  same way u s i n g  

a  map measurer  and a i r  photos.  St ream secr t ions  a r e  o f  un i fo rm g r a d i e n t  

a s  d e s c r i b e d  below. 



2. ~ n v i r o n m e n t a l  s t a b i l i t y  was q u a n t i f i e d  by '  3  pa ramete r s :  
r 

J 
s t r e a m  g r a d i e n t ,  f l o w  r a t e ,  and s t r e a m  wid th .  G r a d i e n t  of t h e  s t r e a m  

A ."* 
s e c t i o n s  was c a l c u l a t e d  from 1: 50,000 f e d e r a l  t o p o g r a p h i c  maps by 

- - 
- 

% - 
measur ing  t h e  s t r e a m  - d i s t a n c e  between 100 f o o t  con tour  l i n e s  and 

d i v i d i n g  by a  s c a l a r .  For example ,  a  1% g r a d i e n t  i s  r e p r e s e n t e d  by 
*-  

100 f o o t  con tour  l i n e c ~ h i c h  a r e  1-2/3  i n c h e s  a p a r t .  The g r a d i e n t s  

were t h e n  c l a s s e d  a s  f o l l o w s :  

G r a d i e n t  C l a s s  A c t u a l  G r a d i e n t  - 
- 

0-1% - - --: 
/- 

1 
2  >1- 2% 
3  >2-3% 
4 >3- 6% 
5 >6% f : 

Stream s e c t i o n s  which o r i g i n a l l y  were comprised o f  more than  one 

g r a d i e n t  c l a s s  were d i v i d e d  s o  t h a t  e a c h  s e c t i o n  was c h a r a c t e r i z e d  
L - 

by o n l y  one g r a d i e n t  c l a s s .  

Flow r a t e  was indexed from s u b j e c t i v e  f i e l d  o b s e r v a t i o n s  a s  
J 

f  0 1 lows : 

Flow r a t e  index  D e s c r i p t i o n .  ..- 
s low 
medium 
f a s t  

C 

Stream w i d t h  i s  t h e  . - -average w i d t h  of t h e  s t r e a m  s e c t i o n  ( i>4"  
/' = 

f e e t )  a s  e s t i m a t e d  i n  t h e  f i e l d .  
. % 

3. The amount of  food was a s s e s s e d  i n  b a s i c a l l y  t h e  same way 

f o r  s t r e a m s  a s  f o r  l akes .  The l e n g t h  of  s t r e a m  i n  t h e  sample s e c t i o n  ' 

which was l i n e d  on e i t h e r  s h o r e  by t h e  food s p e c i e s  was recorded .  



Cottonwood was n o t  i n c l u d e d  due t o  i t s  i n f r e q u e n t  o c c u r r e n c e  i n  a  
L 

s t a t i s t i c a l l y  s m a l l  sample o f  s t r eams .  Non-productive b r u s h  and 

swamp were combined f o r  t h e  same r e a s o n .  

F i e l d  work was done from May t o  August i n  b o t h  1974 and 1975 -- _ 
- 1 '. 

a n d  T n - ~ o - - t 9 7 & d l l  1- w e r e e e i t h e r  I----_____ 

E S  
C 

,- by f o o t  o r ,  i f  n a v i g a b l e ,  by b o a t .  
: Q 

,' : ?  , 

/' Data used i n  t h e  l a k e  and s t r e a m  a n a l y s e s  a r e  summarized 
,' 

' 

s? 

L% i n  Appendix C and t h e  sample l o c a t i o n s  a r e  shown%in F ig .  1. 

I n  1974 t h e  s t u d y  was c o n c e n t r a t e d  p r i m a r i l y  i n  t h e  Bulkley 

River  d r a i n a g e .  Th i s  a r e a  c o n s i s t e d  o f  many sma 1 l a k e s  (Tab le  1 )  L 
d' a n d ,  though t h e  l a k e  s i z e s  were r e p r e s e n t a t i v e  f o r  t h e  immediate 

a r e a ,  t h e y  were n o t  r e p r e s e n t a t i v e  o f  l a k e s  o f  B r i t i s h  Columbia i n  
4- 

g e n e r a l  o r  even o f  t h e  n o r t h e r n  i n t e r i o r .  I n  1975,  t h e  s t u d y  a r e a  

was ex tenzed  t o  i n c l u d e  l a r g e  l a k e s  o f  t h e  Bab ine ,  S t u a r t ,  and 

. Endako River d r a i n a g e s .  The complete  sample of  l a k e s  i n c l u d e s  

a l l  s i z p s  up t o  Babine Lake,  t h e  second l a r g e s t  n a t u r a l  l a k e  i n  
&'- 

B r i t i s h  Columbia. The p m p o s e  o f  t h e  f i e l d  work i n  O c t o b e r ,  1974, 

was t o  check some o f  t h e  co lony  s i t e  c o u n t s ,  made t h e  p r e v i o u s ,  , 
-5 

s u m e r  , f o r  accuracy .  It  a l s o  p rov ided  a n  o p p o r t u n i t y  t o .  s t u d y  

food cache c o n t e n t s  i n  r e l a t i o n  t o  the  a v a i l a b l e  food supply .  T 

Streams were a l s o  sampled i n  1975 wiJh t h e  o b j e c t  o f  o b t a i n i n g  
r 

p; * 

a  r e p r e s e n t a t i v e  sample. S i n c e  t h e  major d e t e r m i n a n t  o f  s teoam 

morphology i s  topography,  w i t h  s t r e a m  g r a d i e n t  b e i n g ,  t h e  major  

f a c t o r  i n v o l v e d ,  t h e  sample of s t r e a m s  i n c l u d e d  a  r ange  o f  s t r e a m  . 

g r a d i e n t s  (Table  1 ) .  Beavers  a r e  most l i k e l y  t o  be  found on low & 
r 

g r a d i e n t  s t r eams .  Thus i t  was n e c e s s a r y  t o  b i a s  t h e  sample towards 



Table  1 . - - D i s t r i b u t i o n  of l a k e  s i z e s  and s t r e a m  g r a d i e n t s  
sampled 

e7 

/ 

I* 

Number Sampled 
Lake Area C l a s s  T o t a l  

1-10 a c r e s  

11-100 a c r e s  

101-1,000 a c r e s  ' 

+ 1 , 0 0 1  a c r e s  

T o t a l  '" 56 80 13 6 

-6 

b )  Stream g r a d i e n t  c l a s s e s  

St ream Number 
ma G r a d i e n t  Sampled 

Index  

T o t a l  4 5  



low g r a d i e n t ,  s t r e a m s  t o  o b t a i n  a d e q u a t e  v a r i a b i l i t y  i n  the  o t h e r  

f a c t o r s  which de te rmine  beaver  h a b i t a t  s u i t a b i l i t y  ( f o r  example,  t h e  

abundance o f  food s p e c i e s ) .  The s t r e a m  sample i n c l u d e d  45 s e p a r a t e  

s t r e a m  s e c t i o n s  o f  a p p r o x i m a t e l y  90 m i l e s  t o t a  1 leng th .  

B) Analyses  Used 

I n  o r d e r  t o  r e l a t e  t h e  d i s t r i b u t i o n  and abundance o f  beaver  

co lony  s i t e s  t o  t h e  environment  i n  a n  o b j e c t i v e ,  mean ingfu l  way a 
tt ' 

v a l i d  s t a t i s t i c a l  t e c h n i q u e  must  be used.  The t e c h n i q u e  s h o u l d  n o t  
- 

o n l y  d e s c r i b e  t h e  r e l a t i o n s h i p  o f  c o l o n i a l  s i t ' e s  t o  i n d i v i d ~ l a l  

env i rohmenta l  p a r a m e t e r s ,  b u t  a l s o  t o  a  combinat ion o f  t h e s e  pa ramete r s  - .  

a l l o w i n g  f o r  i n t e r a c t i o n s .  The t echn ique  s h o u l d  a l s o  p rov ide  a  means 

f o r  p r e d i k t i n g  t h e  l o c a t i o n  of  c o l o n i e s  if t h e  n e c e s s a r y  env i ronmenta l  

p a r a m e t e r s ~ r e  known. Such a  t e c h n i q u e  is m u l t i p l e  r e g r e s s i o n  
E 

a n a l y s i s .  \-., 
. 

The use  o f  r e g r e s s i o n  a n a l y s i s  r e d u c e s  s u b j e c t i v i t y  i n  h a b i t a t  -- -- 

assessment  and subsequen t  land c a p a b i l i t y  ' c l a s s i f i c a t i o n .  The 

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

i s  t e s t e d  w i t h  r o b u s t  s t a t i s t i c a l  t e s t s  (F- and t- t e s t s ) .  D e s p i t e  

g a i n i n g  o b j e c t i v i t y  w i t h  a  c l a s s i f i c a t i o n  developed from r e g r e s s i o n  

'% 
a n a l y s i s ,  i t  does no t  demand a  g r e a t e r  i n p u t  o f  t ime and e f f o r t  t h a n  

do t h e  s t a n d a r d  s u b j e c t i v e  methods such  a s  t h e  land c a p a b i l i t y  c l a s s i f  i- 

c a t i o n  methodology f o r  w i l d l i f e  deve loped  by t h e  Canada Land 

I n v e n t o r y  ( P e r r e t  , 1969).  



M u l t i p l e  Regress ion  A n a l y s i s  

The f o l l o w i n g  d e s c r i p t i o n  o f  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  i s  

adop ted  from E z e k i e l  and Fox (1959) and Draper and Smith (1966).  

M u l t i p l e  r e g r e s s i o n  a n a l y s i s  a l l o w s  one t o  s t u d y  t h e  l i n e a r  
32 

r e l a t i o n s h i p  between a  s e t  o f  independent  v a r i a b l e s  and  a  number o f  

dependent  v a r i a b l e s  whi le  t a k i n g  i n t o  accoun t  t h e  i n t e r r e l a t i o n s h i p s  

among t h e  independen t  v a r i a b l e s .  The b a s i c  concep t  of  m u l t i p l e  

r e g r e s s i o n  i s  t o  prodhce a  l i n e a r  combinat ion o f  independen t  v a r i a b l e s  

which w i l l  c o r r e l a t e  a s  h i g h l y  a s  p o s s i b l e  w i t h  the ,dependen t  va r i ab le ' ;  

Thik l i n 6 a r  combina t ion  can t h e n  be used t o  " p r e d i c t r c  v a l u e s  o f  t h e  

dependent  v a r i a b l e .  The d i f f e r e n c e  between t h e  v a l u e  o f  t h e  dependent  

v a r i a b l e  and t h e  v a l u e  p r e d i c t e d  by t h e  l i n e a r  combinat ton o f  the  
-- ~ 

r -  

independent  v a r i a b l e s  is  known a s  t h e  r e s i d u a l .  The r e g r e s s i o n  

e q u a t i o n  i s  w r i t t e n  a s  f o l l o w s :  
1 J 

Equa t ion  1. Y = Po+ BIX1 4 B2X2 -I- . . . . 3- BkXk 

> 

where Y i s  t h e  dependent  v a r i a b l e ,  t h e  X ' S  a r e  t h e  independent  

"; 
v a r i a b l e s ,  the  p r s  a r e  t h e  r e g r e s s i o n  c o e f f i c i e n t s ,  and Po i s  a, 

4 

c o n s t a n t .  
0 

The p r e d i c t i n g  equa t i6$ ,  which e s t i m a t e s  t h e  terms o f  

4 
Equa t ion  1, Fp: 

A 
Equa t ion  2. Y = b o + - b l X 1 + ' b 2 ~ 2 - k .  . . . -kbkXk-t -  r 

f 

where r i s  t h e  r e s i d u a l  o r  e r r o r - o f  e s t i m a t i o n .  

i C 

Many o f  t h e  ' p r o p e r t i e s  o f  m u l t i p l e  r e g r e s s i o n  may be  unders tood  

G 
by c o n s i d e r i n g  t h e  r e s i d u a l .  The r e s i d u a l  has  mean z e r o ,  and t h e  sum 

I -. 6- 



o f G t h e  squared  r e s i d u a l s  i s  t h e  s m a l l e s t  p o s s i b l e  f o r  any l i n e a r  

combinat ion o f  t h e  g iven  independent  v a r i a b l e s .  I n  ocher  words t h e  

"sum o f  s q u a r e s t 1  i s  lowes t  f o r  t h e  b l s  of  t h e  r e g r e s s i o n  e q u a t i o n .  

I n  t h i s  s e n s e  t h e  r e g r e s s i o n  e q u a t i o n  p rov ides  a n  optimum p r e d i c t i o n  

of t h e  dependent  v a r i a b l e .  

s t e p w i s e  r e g r e s s i o n  i s  a  v a r i a t i o n  o f  m u l t i p l e  r e g r e s s i o n  which 

p r o v i d e s  'a  means o f  choos ing  independen t  v a r i a b l e s  which w i l l  p rov ide  

t h e  b e s t  p r e d i c t i o n  p o s s i b l e  w i t h  t h e  fewes t  independen t  v a r i a b l e s .  

t 1 S t e p w f s e  r e g r e s s i o n  adds  ( i . e . ,  forward s t e p w i s e t t )  o r  s u b t r a c t s  

I I ( i . .  , backward s t e p w i s e t t  o r  "el imina' t iont ' )  one indepepden t  v a r i a b l e  
f 

- a t  a  t ime.  I f  a d d i n g ,  one adds  t h e  b e s t  p r e d i c t o r  i n  c o n j u n c t i o n  w i t h  
f 3 . '.. 

t h e  v a r i a b l e s  a l r e a d y  added ,  i f  s u b t r a c g i n g  one s u b t r a c t s  t h e  w o r s t  

p o s s i b l e  p r e d i c t o r  i n  c o n j u n c t i o n  w i t h  the  remain ing  v a r i a b l e s .  
- 

E l i m i n a t i o n  w$s chosen f o r  t h e  p r e s e n t  a n a l y s i s  bdcause  i t  

f 

s t a r t s  o u t  w i t h  a l l  t h e  v a r i a b l e s  i n  , t h e  e q u a t i o n  and d r o p s  t h o s e  t h a t  

do no t  a c t  w e l l  w i t h  t h e  r e s t .  Forward s t e p w i s e  r e g r e s s i o n  b e g i n s  

w i t h  no e q u a t i o n  r a t h e r  than  w i t h  a  " t o t a l  i n t e r a c t i o n "  e q u a t i o n ,  

t h e r e b y  p o s s i b l y  ignbr  i n g  some s i g n i f i c a n t  i n t e r a c t i o n s .  
I 

The d a t a  was a n a l y s e d  u s i n g  a  g e n e r a l  purpose  m u l t i p l e  

r e g r e s s i o n  programme e n t i t l e d  ItREGR07" (J. S. Lewis,  S t a t i s t i c s  

Canada) " i n  a n  IBM 370/155 computer. 

The a n a l y t i c  measures  which a r e  used i n  t h e  R e s u l t s  and 

- D i s c u s s i o n  s e c t i o n s  a r e  d e s c r i b e d  below. 

P r i o r  t o  th; e l i m i n a t i o n  a n a l y s i s  i t s e l f ,  a  c o r r e l a t i o n  m a t r i x  

i s  c a l c u l a t e d .  The c o r r e l a t i o n  m a t r i x  g i v e s  t h e  d e g r e e  t o  which t h e  

% 

v a r i a b l e s  ,3ncluding t h e  dependent  v a r i a b  e ,  a r e  a s s o c i a t e d  i n  a l l  3 



p o s s i b l e  pa i r -combina t ions .  The c o r r e l a t i o n s  between t h e  dependen t  and 

independent  v a r i a b l e s  shou ld  t h e o r e t i c a l b  be  poor a s  t h e  dependen t  

v a r i a b l e  i s  assumed t o  v a r y  randomly w i t h  t h e  independen t  v a r i a b l e s .  
v a 

, High c o r r e l a t i o n s  between any two independent  v a r i a b l e s  a r e  a l s o  
h 

c o n s i d e r e d  t o  be d e l e t e r i o u s ,  a s  o n l y  one o f  t h e  two w i l l  p robab ly  

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

redundan t  informa t i o n .  

The c o r r e l a t i o n  m a t r i x  may a l s o  b e  used  t o  c o n s t r u c t  a  "causa l ,  
h 
*c 

model" which r e f l e z r s  t h e  t o t a l  p r o c e s s  i n  e f f e c t  i n  a d d i t i o n  t o  the- 

s i m p l e  b i v a r i a  t e  r e l a t i o n s h i p s  g i v e n  by t h e  c o r r e l a t i o n  c o e f f i c i e n t s .  

For t h i s  purpose ,  par  t i a  1 c o r r e l a t i o n  c o e f f  i 6 i e n t s  a r e  c a l c u l a t e d  from 

t h e  c o r r e l a t i o n  c o e f f i c i e n t s  u s i n g  normal ized r e g r e s s i o n  c o e f f i c i e n t s  

( i . e . ,  a l lowance  i s  made f o r  t h e  e f f e c t  o f  the  o t h e r  v a r i a b l e s  i n  

t h e  r e g r e s s i o n  e q u a t i o n ) .  

The o v B r a l l  s i g n i f i c a n c e  and l i n e a r i t y  0-f, t h e  r e g r e s s i o n  - 
* 

e q u a t i o n  .is de te rmined  by a n  a n a l y s i s - o f - v a r i a n c e  t e s t .  The r e d u l t a n t  
.r - 

I I r e g r e s s i o n  F" i s  t h e n  compared w i t h  a  t a b u l a r  F -va lue  a t  t h e  d e s i r e d  

l e v e l  o f  s i g n i f i c a n c e .  " P a r t i a l  F -va lues"  t e s t  t h e  l i n e a r i t y  o f  t h e  

i n d i v i d u a l  v a r i a b l e s  i q  t h e  r e g r e s s i o n  model. 

The p r e c i s i o n  o f  t h e  e s t i m a t e d  r e g r e s s i o n  i s  g i v e n  by t h e  

2 c o e f f i c i e n t  o f  m u l t i p l e  d e t e r m i n a t i o n ,  R . This  v a l u e  c o k v e r t e d  
9 

2 t o  a  p e r c e n t a g e  (R x 100%) g i v e s  t h e  p e r c e n t  v a r i a t i o n  i n  t h e  dependent  

v a r i a b l e  which has been e x p l a i n e d  by t h e  independen t  v a r i a b l e s .  

The "b 's"  o f  t h e  r e g r e s s i o n  e q u a t i o n  h e l p  p rov ide  a n  under-  

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

dependen t  v a r i a b l e .  The d i r e c t i o n  ( p o s i t i v e  o r  n e g a t i v e )  o f  t h i s  



r e l a t i o n s h i p  i s  o b t a i n e d  pr imar ; i ly  framl t h e  r e g r e s s i o n  c o e f f i c i e n t s .  - 
\ - 

I t  i s  worthwhi le  t o  t e s t  f o r  iridependence of >he b ' s ,  t h a t  i s ,  t o  s e e  

i f  the  t r u e  v a l u e s ,  o r  p ' s ,  a r e  e q u a l  ' t o  z e r o  (Ho:p = 0 ) .  For t h i s  

purpose  e i t h e r  t h e  p a r t i a l  F - v a l u e s  d e s c r i b e d  e a r l i e r  o r  n u l l  t - v a l u e s  

can be used. Both a r e  g i v e n  i n  t h e  r e s u l t s .  The s t a t i s t i c  "t" can 

a l s o  be used t o  t e s t  the  h y p o t h e s i s  t h a t  p i s  e q u a l  t o  any o t h e r  

t h a n  z e r o ,  and i t  c a n  a l s o  be used  f o r  f i n d i n g  t h e  c o n f i d e n c e  i n t e r v a l  
2 - d 

of  0. 
A 

Confidence l i m i t s  f o r  e s t i m a t e s ,  Y ,  wGe- c a l c u l a t e d  u s i n g  t h e  

e q u a t i o n  
, 

The computat ion method i s  g iven  i n  Reese (1964,  p. 74).  

Although t h e  r e g r e s s a n d  i s  a  d i s c r e t e  v a r i a b l e  t h e  e s t i m a t e ,  

A 
Y ,  w i l l  be  t a k e n  from t h e  s e t  o f  r e a l  numbers. The e s t i m a t e  s h o u l d  

n o t  be rounded o f f  t o  t h e  n e a r e s t  i n t e g e r  v a l u e  a s  t h e  e q u a t i o n  i s  

no t  i n t e n d e d  t o  e s t i m a l e  i n t e g e r  v a l u e s .  Th i s  problem can  b e  
- 

a l l e v i a t e d  by accept$6g a l l  i n t e g e r  v a l u e s  which f a l l  w i t h i n  the  

d 

c o n f i d e n c e  l i m i t s  a s  p o s s i b l e  e s t i m a t e s .  
t 

- I n  pe r fo rming  t h e  r e g r e s s i o n  a n a l y s i s  i t  was assumed t h a t  t h e  

. A  
e r r o r s ,  (Yi - Yi) were independen t ,  have z e r o  mean, have a  c o n s t a n t  

v a r i a n c e  and f o l l o w  a  normal d i s t r i b u t i o n  ( n e c e s s a r y  f o r  making 

9 
F - t e s t s ) .  The v a l i d i t y  o f  t h e s e  assumpt ions  was t e s t e d  by a s s e s s i n g  .& 

p l o t s  o f  t h e  d a t a .  The e r r o r s  were p l o t t e d  1)  i n  a  f r equency  p l o t ,  
ee 

2 )  a g a i n s t  t h e  f i t t e d  v a l u e  ci, and 3 )  a g a i n s t  t h e  independen t  
- 

- -" 
1- 

P * - 
v a r i a b l e s .  



Other  a ssumpt ions  were a l s o  made a b o u t  t h e  a n a l y s i s .  F i r s t ,  i t  

was assumed t h a t  X-values a r e  measured w i t h  no e r r o r .  The f u l f i l l m e n t  

of  t h i s  a s sumpt ion  i s  u n l i k e l y .  It was a l s o  assumed t h a t  t h e  dependent  

v a r i a b l e s  were d i s t r i b u t e d  normal ly  abou t  t h e  r e g r e s s i o n  s u r f a c e .  I f  

t h i s  i s  n o t  t h e  c a s e  a  t r a n s f o r m a t i o n  o r  w e i g h t i n g  p rocedure  i s  

recommended. It  i s  i m p o s s i b l e  t o  p l o t  t h e  d i s t r i b u t i o n  o f  t h e  

independent  v a r i a b l e s  a b o u t  t h e  r e g r e s s i o n  s u r f a c e  i n  m u l t i p l e  

r e g r e s s i o n  a n a l y s i s .  P l o t s  o f  i n d i v i d u a l  independen t  v a r i a b l e s ,  

however, show a  non-homogeneous v a r i a n c e  o f  Y i n  many c a s e s  (Appendix D) .  

I t ' s  p robab le  t h a t  t h e  l a t t e r  and o t h e r  a s sumpt ions  were n o t  

adhered  t o .  To t e s t  t h e  consequences  o f  t h i s  a n  independent  check 

was made on t h e  v a l i d i t y  o f  t h e  r e g r e s s i o n  model f o r  l a k e s .  The 

sample s i z e  f o r  s t r e a m  d a t a  was n o t  l a r g e  enough t o  a l l o w  a  v a l i d  

check t o  be made. Before  t h e  a n a l y s i s  was c a r r i e d  o u t  a  random 

sample o f  34 l a k e s  (Appendix C 2 )  was removed from t h e  t o t a l  sample 

o f  136. Then t h e  p r e d i c t i n g  e q u a t i o n  ( g i v e n  i n  t h e  R e s u l t s )  was 

used t o  p r e d i c t  t h e  number o f  co lony  s i t e s  on t h e  independent  

sample l akes .  The a c t u a l  v a l u e s  f o r  t h e  dependent  v a r i a b l e  were 

then  r e g r e s s e d  on t h e  p r e d i c t e d  v a l u e s .  

The v a r i a b l e s  used  i n  t h e  r e g r e s s i o n  a n a l y s e s  a r e  l i s t e d  i n  

Tab le  2. Most o f  t h e  independent  v a r i a b l e s  were r e l a t e d  t o  t h e  

dependent  v a r i a b l e  i n  a  non- l i n e a r  way, making l i n e a r  t r a n s f o r m a t i o n s  

necessa ry .  The type o f  t r a n s f o r m a t i o n s  used were de te rmined  by 

r u n n i n g  a  r e g r e s s i o n  a n a l y s i s  w i t h  a l l  t h e  p a r e n t  independent  

v a r i a b l e s ,  t h e  X ' S ,  and a l l  t h e i r  common t r a n s f o r m a t i o n s  ( s q u a r e ,  

s q u a r e  r o o t ,  i n v e r s e ,  and common l o g ) .  I n v e r s e  and common l o g  
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t 
t r a n s f o r m a t i o n s  c o u l d  be a p p l i e d  o n l y  t o  those  v a r i a b l e s  w i t h  non-zero  

v a l u e s - - a l l  e x c e p t  f o r e s t  cover  v a r i a b l e s .  A l l  t h o s e  t r a n s f o r m  t i o n s  

,. which improved t h e  r e g r e s s i o n  by i n c r e a s i n g  t h e  c o e f f i c i e n t  o f  m u l t i p l e  

& 4 3 .  

d e t e r m i n a t i o n ,  R ~ ,  beyond t h e  i n c r e a s e  a t t r i b u t e d  t o  t h e  p a r e n r  

v a r i a b l e  were inc luded .  Improvements cou ld  have been due e i t h e r  t o  

an  i n d i v i d u a l  e f f e c t  o r  t o  a  combined e f f e c t  i f  the  f u n c t i o n a l  

~ i l a  t i o n s h i p  o f  independen t  t o  dependent  v a r i a b l e  was complex (e.  g. , 

2 
3 

Y = a  4- blX1 + blX b I n t e r a c t i o n  terms (e. g., X1X2) were  n o t  cons ide red .  

-Appendix D g i v e s  t h e  p l o t s  o f  the  dependent  v a r i a b l e s  (Tab le  2;  COLS) 

a g a i n s t  t h e  independen t  v a r i a b l e s .  

The r e g r e s s i o n  t e c h n i q u e  was used i n  o t h e r  ways t o  a i d  i n  

i n t e r p r e t a t i o n  of  t h e  d a t a .  The aspen  v a r i a b l e s ,  TAL and TASRLk 
0 

were r e p l a c e d  by t h e  weighted v a r i a b l e s  TARANKL and TARANKSRL (p. 30 ) 
- 

t o  t e s t  f o r  s e n s i t i v i t y  o f  t h e  f o r e s t  cover maps a s  i n d i c a t o r s  of  

food abundance. The r e l a t i v e  importance  o f  h a b i t a t  f a c t o r s  may 

d i f f e r  w i t h i n  d i f f e r e n t  p h y s i c a l  t y p e s  of  l a k e s  and s t r e a m s  a s  i t  

t doe-s between l a k e s  and s t r e a m s .  The sample of  s t r e a m s  was n o t  l a r g e  
, t 

enough t o  t e s t  f o r  s u c h  e f f e c t s  b u t  l a k e s  were grouped i n t o  two s i z e  

c l a s s e s , ,  l a k e s  w i t h  a r e a s  l e s s  t h a n  and  eater t h a n  100 a c r e s ,  g i v i n g  

sample s i z e s  o f  52 and 50 r e s p e c t i v e l y .  These s e l e c t e d  samples  were 

t e s t e d  w i t h  t h e  a s p e n  v a r i a b l e s  and w i t h  weighted,  a s p e n  v a r i a b l e s  

s u b s t i t u t e d  f o r  t h e  aspen  v a r i a b l e s .  Unless  i n d i c a t e d  t h e  same 
/ 

v a r i a b l e s  (Table  2 )  were used i n  a l l  t h e  r e g r e s s i o n  runs .  

~ L ~ o n d  the  b i o l o g i c a l  i n t e r p r e t a t i o n  of  t h e  r e l a t i o n s h i p  between 
I 

b e a v e r s  and t h e i r  environment  is  t h e  a p p l i c a t - i o n - o f  t h i s  knowledge t o  

beaver  management. P r a c t i c a l  use  of  t h e  r e g r e s s i o n  model was a s s e s s e d  



f o r  two purposes :  1 )  beaver  i n v e n t o r y ,  and 2 )  beaver  land c a p a b i l i t y  

c l a s s i f i c a t i o n .  The e s t i m a t e s  o f  colony s i t e s  o b t a i n e d  u s i n g  t h e  

+ 
model were compared t o  ground and a e r i a l  i n v e n t o r y  c o u n t s  f o r  a  sample 

& 

of  6 s t r e a m  s e c t i o n s  t o t a l l i n g  11.5 m i l e s  o f  h e a v i l y  used beaver  

h a b i t a t .  

Land c a p a b i l i t y  was a s s e s s e d  by c o n v e r t i n g  t h e  number o f  beaver  

k o l o n y  s i t e s  t o  c a p a b i l i t y  c l a s s e s  ( each  c l a s s  c o n s i s t i n g  of  a  r ange  

o f  s i t e s ,  f o r  example; C l a s s  3:  2-4 s i t e s  per s t r e a m  m i l e ) .  The 

b i o p h y s i c a l  l i m i t a t i o n s  were d e s c r i b e d  f o r  each c l a s s .  Th i s  i s  

s i m i l a ?  t o  t h e  method d e s c r i b e d  f o r  u n g u l a t e s  by t h e  B r i t i s h  

- ~ o l u m b i a  E.L.U.C.  S e c r e t a r i a t  (Blower,  1973). The s t u d y  .%. a r e a  was 

then  mapped. to  i l l u s t r a t e  t h e  land c a p a b i l i t y  c l a s s i f i c a t i o n  system. 



CHAPTER 5  

RESULTS 

A) Simple R e g r e s s i o n s  and C o r r e l a t i o n s  

Of t h e  l a k e  v a r i a b l e s  g iven  i n  Table  2a and d e s c r i b e d  i n  the  

Methods s e c t i o n ,  o n l y  E I L  was n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  

COLSL ( m . 0 5 1 1 ,  t h e  number o f  beaver  colony s i t e s  on l a k e s  (Table  3 a ) .  

The p a r e n t  v a r i a b l e ,  EL, was ,  however, s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  

COLSL. The s i g n i f i c a n t  c o r r e l a t i o n s  were squared  ( t o  g ive  t h e  

2  c o e f f i c i e n t s  of d e t e r m i n a t i o n ,  o r  r ) and p l o t t e d  i n  a  h i s t o g r a m  

(Fig .  4 a )  t o  i l l u s t r a t e  t h e  r e l a t i v e  a b i l i t i e s  o f  i n d i v i d u a l  v a r i a b l e s  

t o  e x p l a i n  t h e  t o t a l  v a r i a t i o n  i n  t h e  number o f  co lony  s i t e s .  The 

food v a r i a b l e s ,  NSL and TASRL, were t h e  most  s i g n i f i c a n t ,  each o f  

which i n d i v i d u a l l y  accoun ted  f o r  71% o f  t h e  v a r i a t i o n  i n  COLSL. A 

p h y s i c a l  v a r i a b l e ,  ASRL, accoun ted  f o r  60% o f  t h e  v a r i a t i o n ,  Most o f  

t h e  o t h e r  v a r i a b l e s  were a l s o  h i g h l y  c o r r e l a t e d  w i t h  COLSL. Much 

l e s s  s i g n i f i c a n t  were WL (16%) and EL (6%). 

Many of  t h e  s t r e a m  v a r i a b l e s  (Tab le  2b)  were n o t  s i g n i f i c a n t l y  

c o r r e l a t e d  w i t h  COLSS (Tab le  3b) .  However, a l l  v a r i a b l e  f a m i l i e s  

( i n c l u d i n g  p a r e n t  v a r i a b l e  w i t h  t r a n s  f o r m a t i o n s )  , w i t h  t h e  e x c e p t i o n  o f  

'~<0 .05  - i s  t h e  l e v e l  o f  s i g n i f i c a n c e  used  th roughout  t h e  t h e s i s '  
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AS and ASS, d i d  have a t  l e a s t  one member which was s i g n i f i c a n t l y  
-, 

c o r r e l a t e d  w i t h  COLSS. The his togram o f  s i g n i f i c a n t  r 2 - v a l u e s  

,(Fig. 4 a )  shows t h e  food v a r i a b l e  NSS t o  have t h e  g r e a t e s t  independen t  

e f f e c t  on v a r i a b i l i t y  i n  t h e  number of  colony s i t e s  on s t r e a k  

s e c t i o n s  (48%). Other  v a r i a b l e s  showed much weaker c o r r e l a t i o n s .  
' ? I  

C o r r e l a t i o n s  o n l y  i n d i c a t e  r e  l a t i o n s h i p s  o f  i n d i v i d u a  1 v a r i a b l e s  

. t o  t h e  s u i t a b i l i t y  of s i t e s  f o r  beaver  h a b i t a t i o n  and do n o t  p rov ide  

a  t b t a l  model r e l a t i n g  t h e  q u a n t i f i e d  components o f  beave; h a b i t a t .  

Thus t h e  d i s c u s s i o n  o f  the  M o r t a n c e  o f  i n d i v i d u a l  v a r i j i b l e s  shou ld  

be  based on t h e  models of  v a r i a b l e s  i n t e r a c t i n g  t o  de te rmine  % i t e  
,i 

s u i t a b i l i t y .  The models a r e  d e r i v e d  from t h e  e l i m i n a t i o n  a n a l y s e s .  

B) E l i m i n a t i o n  Analyses  and F i n a l  Models 
< 

The r e g r e s s i o n s  o f  t h e  numbers o f  beaver  colony s i t e s  on 

env i ronmenta l  v a r i a b l e s  were s i g n i f i c a n t  a t  each s t e p  f o r  b o t h  l a k e s  

and s t r e a m  s e c t i o n s  (Tab les  4a and b, r e g r e s s i o n  F-va lues ) .  The 

2  i n i t i a l  R - v a l u e s  were 0.9332 and 0.8386 r e s p e c t i v e l y .  

A s  a l l  i n d i v i d u a l  v a r i a b l e s  were n o t  s i g n i f i c a n t  i n  t h e  e a r l y  
.. 

s t e p s  o f  e l i m i n a t i o n  (Tab les  4a and b ,  p a r t i a l  F - v a l u e s ) ,  t h e  models. 

o f  i n t e r a c t i n g  beaver  h a b i t a t  v a r i a b l e s  were t a k e n  from t h e  f i r s t  
5 ' 

s t e p s  which c o n t a i n e d  o n l y  s i g n i f i c a n t  v a r i a b l e s .  These a r e  S t e p  10 

f o r  l a k e s  and S t e p  9  f o r  s t r e a m  s e c t i o n s .  The f o l l o w i n g  p r e d i c t i n g  

e q u a t i o n s ,  o r  mocbkls in t h e  form of ~ ~ u a t i o n  2  (p. 35 ),  were c o n s t r u c t e d  
-=3 

from t h e  r e g r e s s i o u  c o e f f i c i e n t s  o f  t h e  v a r i a b l e s  p r e s e n t  a t  t h e s e  
Bi 

s t e p s  (Appendix E).  + 
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(COLS) accounted f o r  by s i n g l e  v a r i a b l e s  

- and groups of va r i ab l e s .  

r 
a )  S ingle  v a r i a b l e s  from simple r e g r e s s i o n s  . , 

J 

(r s i g n i f i c a n t ,  KO. 05),. 

b )  S ingle  v a r i a b l e s  and groups of v a r i a b l e s  - - 

from e l imina t ion  ana lyses  ( a l l  v a r i a b l e s  

inc  l l d e h )  . 



- -I_-.- . ~ !  -a - . LAKES 

STREAM SECTIONS 



VARIABILITY IN COLS 

Total Variability Accounted for by all Variables 193 % 
Eliminate El EL R L  T A L  NSSR, SL CSRL C, 

I 

and P s ~ ( t o  Step 10)  93% ' 
I .  

Eliminate. W, 

Eliminate A P ASR RsL 190 $0 

Eliminate TASRL 0 %  
- 

Q 

I I I I I I I I I 
Total Variability Accounted for by a l l  - 
(variables' '* 84% 

lb . 
I El{minate ASs G Fs .,NSs and FI 183% 
I Eliminaie W I ~ - W ,  and W L S l t o  Step 9 1 1 8 0 %  

A f;' d 

Eliminate LLs  LSS LRFs L s  160% 

Eliminate WS, 154% 

Eliminate GIS 139 % 
I / 

Eliminate NSS s . 0% 



. . - .> i, 52 

A , 

E q u a t i o n  3. Y (Lakes)  = -3.84 - 0. 781(PL) + 1.43E-3(AL) $- 0.555(ASRL) 

4 . @' 

A 
Equa t ion  4. Y (S t ream s e c t i o n s )  = 74.2 +-24,. l ( L S )  - 0. 554(LSS) - 

4 , -., 

98.5(LSRS) + 56.2(LLS) .43E-4(QSS) + 4.42(GIS) 

. 
Fig .  4b shows t h e  r e l a t i v e  a b i l i t i e s  of  v a r i a b l e s  i n  - t h e  - b 

models t o  e x p l a i n  t h e  t o t a l  v a r i a b i l i t y  i n  . the  numbe= o f  co lony  

s i t e s  b_e tween samples.  

The s i g n i f i c a n c e  o m z v a r i a b l e s  i n  the  model ( t h o s e  

remain ing  a t  S t e p  

S t e p  10: 

S t e p  10  

'Step 11 
a 

t 

S t e p s  12-15 

, . 

, s t e p  16 

.- 

LO) i s  shown by t h e  e l i m i n a t i o n  sequence a f t e r  

~ 2  - Difference-  

0.9260 . ? 
0.0078 . I(. 

WL e l i m i n a t e d  0.9182 
0.0209 , 

AL , PL, ASRL and RSL 
L 

e l i m i n a t e d  

NL ' e l i m i n a t e d  0.7102 

TASRL r e m a i n i n g  

C l e a r l y  t h e  most  s i g n i f i c a n t  l a k e  v a r i a b l e s  were those  . 

q u a n t i f y i n g  food ,  N L ,  and ,  i n  p a r t i c u l a r ,  TASRL. Together  t h e s e  

+, 
v a r i a b l e s  e x p l a i n e d  a l m o s t  90% of  t h e  t o t a l  v a r i a b i l i t y  *.in COLSL. R 

The p h y s i c a l  v a r i a b l e s ,  AL,  PLY ASBL, and RSL, e x p l a i n e d  a n  a d d i t i Q n a 1  

2% o f  t h e  v a r i a b i l i t y  w h i l e  WL e x p l a i n e d  l e s s  than  1%. The e l e v a t i o n ,  

cottonwood and swamp v a r i a b l e s  had no s i g n i f i c a n t  e f f e c t  a t  a l l .  



--_ The e l i m i n a t i o n  sequence o f  s t r e a m  v a r i a b l e s  a f t e r '  S t e p  9 i s  __/- 
i- , 
a s  f o l l o w s :  / 

/-- 
/' 

-- --- -- - 1- - - --/--' 
/-- 

~ - -  

, /~- 

-- R2 - D i f f e r e n c e  

S t e p  9 

S t e p  I 0  

S t e p s  11-14 

'0*804g~>0. 0224 

AS e  l'imina t e d  0.7825 > 0.1776 
LLS, LSS, LSRS and LS 

0.6049 
e l i m i n a t e d  

.0638 
WSS e  l imina  t e d  0. 

G I S  e l i m i n a t e d  

. 
\ 

. ,+ 
< 

Again a -  food v a r i a b l e ,  NSSS, had t c e  w e a t s s  t e f f e c t  on the  
1 -< - --- 

* * 
number of  co lony  s i t e s  (COLSS), e x p l a i n i n g  a b o u t  40% o•’ t h e  t o t a l  

- 

v a r i a b i l i t y  i n  COLSS. P h y s i c a l  v a r i a b l e s  were much more impor tan t  i n  

+ * t h e  s t r e a m  model t h a n  i n  the  l a k e  model. Together  t h e y  accoun ted  

f o r  a lmos t  24% o f  t h e  v a r i a b i l i t y  i n  C O G S .  On t h e  o t h e r  hand t h e  
B 

? 
a s p e n  v a r i a b l e s  were l e s s  s i g n i f i c a n t  i n  the ' - s t r eak  model ( c o n t r i b u t i n g  

2%). The flow - r a t e  index  v a r i a b l e  f a m i l y  was c o m p l e t e l y  e l i m i n a t e d  

h 

b e f o r e  S t e p  9. . 

- A l l  v a r i a b l e s  c o n t r i b u t e d  l e s s  i n  t h e  models (Tab le  4  and Fig.  

,3 

46)  than  t h e y  d i d i n d i v i d u a l l y  (Tab le  3 and Fig .  4 a )  a s  a  r e s u l t  o f  

c o r r e l a t i o n s  between t h e  v a r i a b l e s .  Thus a l l  v a r i a b l e s  p rov ided  some 

redundan t  i n f o r m a t i o n .  The cottonwood v a r i a b l e s ,  CL and CSRL, were 
L 

s o  h i g h l y  c o r r e l a t e d  r i t h  PSL and TAL (Tab le  3 )  t h a t  t h e i r  i n d i v i d u  1 "i 
s i g n i f i c a n c e  was l o s t  i n  t h e  model of  i n t e r a c t i o n s .  S i m i l a r l y ,  SL, b h i c h  

A ' was dropped a t  S t e p  7 ,  was h i g h l y  c o r r e l a t e d  w i t h  NL. Many v a r i a b l e i  

a 
C; 



* 
a 

r e l a t e d  through t r a n s  forma t i o n  were a l s o  redundan t  b u t  some d i d  p rov ide  

a d d i t i o n a l  i n f o r m  t i o n  i n d i c a t i n g  a  more comelex f u n c t i o n a l  r e l a  t i o n s h i p  

o f  t h e  h a b i t a t ,  f a c t ' o r  t o  COLS (e .  g. LS a n b  trar&ormations).  , Lake 

e l e v a t i o n  and s t r e a m  f low r a t e  were t h e  o n l y  v a r i a b l e s  which had low 

iY c o r r e l a t i o n s  w i t h  o t h e r  v a r i a b l e s  and w i c h  were a l s o  n o n - s i g n i f  i c a n t  
i3r 

i n  t h e  models. 

C) Causal  Models 

As s t a t e d  e a r l i e r ,  t h e  c o r r e l a t i o n  m a t r i c e s  can* be used t o  

c o n s t r u c t  c a u s a l  models o f  t h e  t o t a l  p r o c e s s e s  u n d e r l y i n g  t h e  r e g r e s s i o n s  

from which e c o l o g i c a l  i n f e r e n c e s  can be made.. By c o n s i d e r i n g  the  

p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  from S t e p  10 o f  t h e  l a k e  ana l y s i s  
: r 

a n d  S t e p  9 o f  t h e  s t r e a m  a n a l y s i s  (Appendix F ) ,  and c o r r e l a t i o n  

c o e f f i c i e n t s  r e l a t i n g  independen t  v a r i a b l e s  t o  t h e  number of colony 

s i t e s ,  t h e  models i n  Fig ,  5 were construct-ed.  The models q u a n t i f y  

t h e  i n t e r a c t i o n s  o f  a l l  cgmponents of  the. r e g r e s s i o n  e q u a t i o n s  

( E q u a t i o n s  3 and 4)+- The r e l a t i v e  importance  o f  v a r i a b l e s  i n .  t h e  
?9 

c a u s a l  models i s  s i m i l a r  t o  t h a t  d e r i v e d  from t h e  sequences  o f  

e l i m i n a t i o n .  I n  a d d i t i o n ,  i t  can be  s e e n  t h a t  most  o f  the  v a r i a b l e s  

* and v a r i a b l e  f amiJ ies  a c t  independen t ly .  Also ,  a  s t r o n g  dependence 
e k  

-. 
.-' +. 

o f  NL on t h e  p h y s i c a l  l a k e  c h a r a c t e r i s t i c s ,  PL, AL, RSL, and ASRL, i s  
'3. 

- shown. The e f f e c t  o f  WSS on COLSS i s  i n d i r e c t  a s  i t  a c t s  th rough  
1) I- 

a n  e f f e c t  on t h e  s t r e a m  s e c t i o n  l e n g t h  v a r i a b l e s .  

D) O t h e ~  E l i m i n a t i o n  Runs 

The weighted a s p e n  v a r i a b l e ,  TARANKL, i s  a s l i g h t l y  more a c c u r a t e  

measure o f  food abundance than  TAL (Table  4a ) .  I t  i n c r e a s e d  t h e  i n i t i a l  



2 ,  * P  
F i g .  5 Causal  models of  r e l a t i o n s h i p s  be tween v a r i a b l e s  

4. ;G 
Lakes--Step 10 ,  Equa t ion  3 r P i  

Stream s e c t i o n s - - S t e p  9 ,  Equatkon 4 



CAUSAL MODELS 

LAKES (Step 10, Equation 3) 

- 
'-. 

< .  

STREAM SECTIONS (Step 9, Equation 4) 

LEGEND.'" 

PARTIAL CORRE?ATIONS~ (Appendix F. P < - 0.05) 

----- SIMPLE CORREL&JtONS (Table 3, P I  0.05) 
& 



2 R - v a l d e  by 0.0010 o v e r ,  t h e  v a l u e  o b t a i n e d  u s i n g  TAL, w h i l e  t h e  s t e p  

2 10 R - v a l u e  was i n c r e a s e d  6y 0.0005. The c o n t r i b u t i o n  o f  TARANKL t o  

a n  e x p l a n a t i o n  o f  t h e  v a r i a b i l i t y  i n  COLSL was a b o u t  t h e  same f o r  l a k e s  

w i t h  a r e a s  g r e a t e r  t h a n  and l e s s  t h a n  100 a c r e s  (Tab les  4c  a n d  d ) .  I n  

a l l  c a s e s  the  e f f e c t  i s  minimal s o  t h a t  the  a d d i t i o n a l  e f f o r t  needed 
\ I ' 

t o  measure  and c a l c u l a t e  t h i s  v a r i a b l e  would n o t  a p p e a r  t o  be worthwhi le .  

The sequence o f  e l i m i n a t i o n - w a s  s i m i l a r  f o r  l a k e s  w i t h  a r e a s  

g r e a t e r  than  100 a c r e s  and t h e  complete l a k e  sample1 ( T a b l e s  4a and c ) .  

However, the  Regress ion  F- and  values were s m a l l e r  and t h e  

t s t a n d a r d  d e v i a t i o n s  o f  t h e  e r r o r s  were l a r g e r ,  i n d i c a t i n g  t h a t  t h e  
, . . 

complete  model is  a  b e t t e r  p r e d i c t o r  of  t h e  number o f  beaver  colony 

s i t e s  on l a r g e  l a k e s .  

* W  Lakes w i t h  a r e a s  l e s s  than  10Q a c r e s  showed a v a s t l y  d i f f e r e n t  

, e l i m i n a t i o n  sequence from t h e  complete  sample (Tab les  4a and d ) .  

Many of the  d i f f e r e n c e s  a r e  a t t r i b u t e d  t o  changes  i n  p o s i t i o n s  of  

c .  

h i g h l y  c o r r e l a t e d  v a r i a b r e s .  Ove n o t a b l e  change,  however, i s  the  

i n c r e a s e  i n  r e l a t i v e  importance  of  ASRL f o r  s m a l l e r  l a k e s  over  b o t h  

the  complete l ake  sample and l a r g e r  l a k e s .  This  may i n d i c a t e  a  

d e n s i t y - d e p e n d e n t  e f f e c t  on t h e  number of  c o l o n i e s  a  s u i t a b l e  ' h a b i t a t  

can s u p p o r t  which would be  e x p e c t e d  f o r  a  t e r r i t o r i a l  s p e c i e s .  Although 

t h e  p a r t i a l  model f o r  s m a l l  l a k e s  showed a  d e c r e a s e d  e r r o r  s t a n d a r d  

d e v i a t i o n ,  the  d imin i shed  Regress ion  F- and R ~ - v a l u e s  show t h a t  t h i s  

e r r o r  i s  p r o p o r t i o n a l l y  h i g h e r  i n  r e l a t i o n  t o  t h e  a c t u a l  v a r  ' b t i o n  i n  i 
4 

 he complete  l a k e  sample does  n o t  i n c l u d e  the  independen t  
sample o f  l a k e s  which was removed b e f o r e  t h e  a n a l y s e s .  



- COLSL t h a n  i t  was w i t h  t h e  complete  model. T h e r e f o r e ,  t h e  complete  

model,  which e x p l a i n s  more v a r i a b i l i t y  i n  COLSL, is  b o t h  a  s u p e r i o r  

model and a  s u p e f i o r  p r e d i c t o r  t h a n  a r e  e i t h e r  o f  t h e  p a r t i a l  models. 
- 

E )  R e s i d u a l  A n a l y s i s  A. 

, 
A 

The r e s i d u a l s ,  o r - e r r o r s  (Yi - Yi), of  t h e  a n a l y s e s  a r e  l i s t e d  

i n  Appendix G. The f requency  p l o t s  (F ig .  6a )  show n o r m a l i t y  w i t h  mean 

z e r o  i n  the  c a s e  o f  b o t h  l a k e  and s t r e a m  s e c t i o n  r e s i d u a l s .  The p l o t s  

A 
. a g a i n s t  the  . e s t i m a t e s ,  Y i  (F ig .  6 b ) ,  show approx imate  h o r i z o n t a l  bands.  

However, the  p l o t s  o f  t h e  e r r o r s  a g a i n s t  t h e  independen t  v a r i a b l e s  

a r e  d i f  f i d u l t  t o  c h a r a c t e r i z e  a s  h o r i z o n t a l  bands a s  assumed (Appendix 

H). Many of  t h e  e r r o r s  may be non-random because  of  n a t u r a l  b i a s e s  
, 

i n  the  h a b i t a t  v a r i a b l e s  themselves .  For example,  t h e  n a t u r a l  
n 

d i s t r i b u t i o n  o f  l a k e  s i z e s  i s  skewed t o  t h e  l e f t  where i t  ends  

a b r u p t l y  a t  z e r o ,  a s  t h e r e  a r e  no l a k e s  of  n e g a t i v e  s i z e .  Many 

o t h e r  f a c t o r s  a l s o  have non-normal f r equency  d i s t r i b u t i o n s .  

The o u t l i e r s ,  o r  samples  w i t h  e r r o r s  which a r e  abnormal ly  

l a r g e  r e l a t i v e  t o  t h e  o t h e r s ,  a r e  e v i d e n t  on t h e  r e s i d u a l  p l o t s  

(F ig .  6b and Appendix H ) .  They a r e  v a l u a b l e  a s s e t s  i n  t h e  i n t e r p r e t a t i o n  

o f  t h e  a n a l y s e s  a s  they  may p r o v i d e  i n f o r m a t i o n  which o t h e r  p o i n t s  

c a n n o t ,  and hence m e r i t  f u r t h e r  inves t iga ' t ion .  ~ 

O u t l i e r s  have been a r b i t r a r i l y  d e f i n e d  i n  t h i s  t h e s i s  a s  

hav ing  s t a n d a r d i z e d  e r r o r s  ( E r r o r  i E r r o r  S tandard  D e v i a t i o n )  g r e a t e r  

than  2. The s t a n d a r d i z e d  e r r o r s  a r e  l i s t e d  i n  Appendix G. The o u t l i e r s  

a r e  l i s t e d  i n  Table  5. 



.-A 

F' ig .  6 ' R e s i d u a l  a n a l y s i s .  

a )  Freque'ncy p l o t s  o f  r e s i d u a ' l s .  

,5\ 

E r r o r s  f rom Appendix G ,  rounded t o  

1 n e a r e s t  f 1.0. 

r, 
b )  R e s i d u a l s  p l o t t e d  a g a i n s t  e s t i m a t e s .  1 

E r r o r s  and e s t i m a t e s  from Appendix G. 
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YS 
The f o u r  l a k e s  w i t h  o v e r e s t i m a t e s  o f  co lony  s i t e s  ( J h l k l e y ,  

X 

Decker,  Trembleur , and N i l k i t w a )  have unique c h a r a c t e r  i s t i c s  among 

t h e  l a k e s  i n  the  a n a l y s i s .  Bulkley and Decker Lakes a r e  b o t h  long  
$ 

and narrow w i t h  r a i l  l i n e s  r u n n i n g  a l o n g  t h e i r  e n t i r e  n o r t h  s h o r e s ,  

making f o o d - t r e e s  i n a c c e s s i b l e  and the  s h o r e l i n e  u n s u i t a b l e  f o r  ' 
lodge cons%ruc t ion .  Burns Lake has s i m i l a r  c h a r a c t e r i s t i c s  b u t  t h e  

s u i t a b l e  h a b i t a t  i s  n o t  un i fo rmly  d i s t r i b u t e d  around t h e  l ake .  

S u i t a b l e  h a b i t a t s  on t h i s  l a k e  were c o p c e n t r a t e d  on t h e  convo lp ted  
9 

s o u t h  shore  s o  t h e  r e s u l t i n g  e s t i m a t e  b 0 . 3 1 )  was v e r y  c l o s e  t o  t h e  
.: 

a c t u a l  number of  p o t e n t i a l  co lony  s i t e s  (53). The r a i l w a y ,  t h e r e f o r e ,  

d e s t r o y e d  p r o p o r t i o n a l l y  l e s s  beaver  h a b i t a t  on Burns Lake t h a n  i t  

d i $  on Bulkley and Decker Lakes. 
* 

Trembleur Lake has  a  unique s h o r e l i n e  of s t e e p ,  s o l i d  r o c k  

p r o h i b i t i n g  lodge c o n s t r u c t i 0 . n  and food g a t h e r i n g .  A l l  b u t  one of  

t h e  13 colony s i t e s  on t h i s  Lake a r e  s i t u a t e d  a t  i n f l o w i n g  s t r eams .  

Ni lk i twa  Lake i s  a l s o  u n i q u e ,  b e i n g  a  f a i r l y  l a r g e  l a k e  w i t h  

wa te r  no more t h a n  10  f e e t  d e e p  i n - t h e  c e n t r e .  I f  lodges  were 

c o n s t r u c t e d  on ' t h e  s h o r e l i n e ,  w i n t e r  i c e  would probably ,  p r e v e n t  
- 

a c c e s s  t o  t h e  food cache i n  w i n t e r .  There  were no lodges  c o n s t r u c t e d  

on t h e  l a k e  shore - -one  co lony  s i t e  made use of t h e  l a k e  a t  a n  I 

1 

i n f l o w i n g  s t ream.  Other  l a k e s ,  -such a s  Ogston ( L 4 l ) ,  Mooseskin 
4 

7- 

Johnny (110) and S t e r n  (128);  a r e  a l s o  ex t remely  s h a l l o w  b u t  e r r o r s  

o f  t h e i r  e s t i m a t e s  were low a s  t h e  number of  co lony  s i t e s  was l i m i t e d  a 

I .  

by o t h e r  f a c t o r s  which were measured (e.g. food s p e c i e s ) .  I n  a d d i t i o n ,  - 

t h e i r  s m a l l  s i z e s  r e s u l t e d  i n  r e l a t i v e l y  low e s t i m a t e s  w i t h  s m a l l  

P 
s t a n d a r d i z e d  e r r o r s .  



~ d d i  /'I i ~ n a l  i n f o r m a t i o n  i s  p rov ided  by t h e  l a k e s  w i t h  under-  

e s t i m a t e s .  Four o f  t h e s e  l a k e s ,  Day, Elwin,  Swans, and P a r r o t  (S.E.), 

have some r e c o g n i z a b i e  s i m i l a r i t i e s :  1 )  They a r e -  r e l a t i v e l y  s m a l l  

B 
(AL<lOOO a c r e s ) ,  2 )  t h e y  have h$h pe r  i m e t e r l a r e a  r a t i o s ,  and- 3 )  

a  c o n s i d e r a b l e  propor  t i o n  of  t h e i r  s h o r e l i n e s  a r e .  l i n e d  w i t h  aspen.  
- 

The i n t e r a c t i o n  o f  t h e s e  e f f e c t s  may be  u n d e r e s t i m a t e d  by t h e  model. 

N a k i n i l e r a k  Lake was , l i n e d  w i t h  more a s p e n  t h a n  was i n d i c a t e d  

- /,' .I 

by t h e  F o r e s t  Cover maps ( f i e l d  o b s e r v a t i o n ) .  F o r e s t  cover  ' - 

measurements f o r  t h i s  l a k e  were t a k e n  from " I n t e r i m  Fore ' s t  cover"  

maps o f  the  ~ a b i n e  P u b l i c  S u s t a i n e d  Yie ld  Uni t  (P.S.Y.U.) which . . 
- 

c o v e r s  Babine Lake and a d j a c e n t  l a k e s  n o r t h  an%&east o f  t h e  m i d -  
\ *.- 

s e c t i o n Y o f  Babine Lake. These maps, d a t e d  pre-1960,  a r e  n o t  - - 2 s  , 
- 

c - -- 
a c c u r a t e  a s  t h e  more re-cent  maps which cover  gll o t h e r  P.S.Y.U.'s 

i n  t h e  s t u d y  a r e a . 1  The e f f e c t  on t h e  colony s i t e  e s t i m a t e s  f o r  

o t h e r  l a k e s  i n  the  Babine P.S.Y.U. was n o t  a s  s e v e r e .  

The s i n g l e  o u t l y i n g  s t r e s m  s e E t i o n ,  T a t i n  , 2 ,  has  no obv ious  
Z 

c h & a c t w i s t i c s  whi"ch d i s t i n g u i s h  i t  from o t h e r s .  E i t h e r  a  / , - 

combinat ion o f  c h a r a c t e r  i s t i c s  , a  G h a r a c t e r i s t i c  u n d e r r a t e d  by vhe 

model' (e.g. a s p e g  on s h o r e l i n e ) ,  or a n  unmeasured c h a r a c t e r i s t i c  - 
* 7 

wa$ r e s p o n s i b l e  f o r  the  u n d e r e s t i m a t e .  

. . 
F )  Independen t  T e s t  of L& W d e l  ---, 

The v a l i d i t y  o f  t h e  l a k e  rnodel1$as Equa t ion  3  
. 

(p. 52)  and d a t a  from a  sample o f  34 randomly hosen t a k e s  (Appendix C2). . \  
-.  ore r e c e n t  &ps were n o t  a v a i l a b l e  a t  

w r i t i n g  o f  t h i s  t h e s i s ,  
-i' 



R e s u l t s  o f  t h e  r e g r e s s i o n  o f  t h e  a c t u a l  numbers o f  p o t e n t i a l  colony 
A 

s i t e s ,  Y ,  on t h e  numbers p r e d i c t e d  by Equa t ion  3 ,  Y ,  a r e  g iven  i n  Table  6. 

The l a k e  model i s  a p p a r e n t l y ,  t h e r e f o r e ,  a  s i g n i f i c a n t  p r e d i c t o r  

o f  beaver  h a b i t a t  s u i t a b i l i t y .  V i o l a t i o n s  o f  any o f  t h e  assumpt ions  

ment ioned i n  t h e  p r e v i o u s  s e c t i o n  and i n  t h e  Methods (Analyses  Used) 

s e c t i o n ,  i f  e x i s t e n t ,  have had mtnimal e f f e c t s  on t h e  v a l i d i t y  

of  t h e  model. 

G) Beaver I n v e n t o r y  by P r e d i c t i o n  

The models g iven  i n  Equa t ions  3 and 4  have v a l u a b l e  a p p l i c a t i o n s  

a s  a i d s  i n  beaver  i n v e n t o r y .  E s t i m a t e s  may be  made w i t h i n  any d e s i r e d  

c o n f i d e n c e  i n t e r v a l .  The 95% conf idence  l i m i t s  f o r  each l a k e  

( i n c l u d i n g  t h e  independent  sampld and s t r e a m  s e c t i o n  a r e  g i v e n  i n  

Appendix G. The p o s s i b l e  e s t i m a t e s ,  i n t e g e r s  w i t h i n  t h e s e  l i m i t s ,  

a r e  a l s o  given.  I t  shou ld  be n o t e d  t h a t  l e s s  p r e c i s e  c o n f i d e n c e  

l i m i t s  g ive  narrower i n t e r v a  1s. 

The sample o f  102 l a k e s  had a  t o t a l  of  580 beaver  colony s i t e s .  

The sum of  i n t e g e r s  r e p r e s e n t i n g  t h e  lower and upper  95% con•’ idence  

l i m i t s  gave a  95% c o n f i d e n c e  i n t e r v a l  of  502-676 co lony  s i t e s .  The 

i n t e r v a l  f o r  t h e  45 s t r e a m  s e c t i o n s  w i t h  145 colony s i t e s  was 94-225. 

The 95% conf idence  i n t e r v a l  f o r  t h e  34 l a k e s  which d i d  n o t  c o n t r i b u t e  

t o  t h e  l a k e  model was 124-175, w h i l e  t h e  sum of  colony s i t e s  was o n l y  

113. The t h r e e  o u t l i e r s  i n  t h i s  s m a l l  sample caused a  n e t  o v e r e s t i m a t e  

(sum o f  conf idence  l i m i t s  of  e s t i m a t e s  l e s s  sum of  a c t u a l  colony s i t e s )  

o f  22-40 colony s i t e s  (Table  5: Decker,  Trembleur ,  and N a k i n i l e r a k  

Lakes).  



T a b l e  6 - - k g r e s s i o n  a n a l y s i s  o f  a c t u a l '  c o l o n y  s i t e s  o n  
p r e d i c t e d  numbers o f  c o l o n i e s  

S t a n d a r d  E r r o r  o f  E s t i m a t e  = 2.31 /. 

-9 @ .  

Stamkard  D e v i a t i o n  , 

A 
Mean Y ' 4.38 6.84' m 

'. * 

Mean Y 3.22 , 3.29 . , 
& 

4 

C o n s t a n t  (bo)  1.80 - --- 
," 

1 

j o e f f i c i e n t  ( b l )  - 0.35 0.06 h ~ u l l  t = 5.94 



, * 
.& 6 

R e s u l t s  0;-*the comparison o f  s t r e a m  f l i g h t  i n v e n t o r y  and ground 

i n v e n t o r y  wsth  s t a t i s t i c a l  p r e d i c t i o n  u s i n g  t h e  r e g r e s s i d n  e q u a t i o n  
I 

f o r  s t r eams  (Equa t i  n  4 ) -  a r e  t a b u l a t e d  i n  Table  7. The p r e d i c t i o n  i. 
.+ I Y 

method i s  f a r  superFor  t o  a e r i a l  r e c o n n a i s s a n c e  where ground 

i n v e a z o r y  i s  no t  pra,c t i c a  1. 

%i 

6 
I 

$!$ H) Beaver Land Capa i l i t y  C l a s s i f i c a t i o n  

Ll -ed 

fl Using t h e  kn&, d e n s i t y  of  beaver  c o t o n i e s  on l a k e s  and s t r e a m  

- - s e c t i o n s  i t  i s  p o s s i b l e '  t o  d i s t i n g u i s h  beaver  l and  c a p a b i l i t y  
H 
i- 

c l a s s e s  a r b i t r a r i l y   resent c a p a b i l i t y ) .  The c l a s s i f i c a t i o n  u n i t s  r, 

1 
a r e  i n d i v i d u a l  l a k e s  Jand s t r e a m  s e c t i o n s  o f  un i fo rm g r a d i e n t  and 

d 
'f 

w i d t K ,  i n c l u d i n g  l a n d  w i t h i n  a n  a r b i t r a r y  d i s t a n c e  o f  100 f e e t  o f  

the  s h o r e l i n e  (where most beaver  c u t t i n g  o c c u r s ) .  . F i v e  ca -@bi l i ty  
. 

c l a s s e s  were d i s t i n g u i s h e d  a s  f o l l o w s  i n  Table  8. 

The l i m i t i n g  s u b c l a s s e s  t o  b e  used i n  the  c l a s s i f i c a t i o n  were 

d e r i v e d  from the a n a l y s e s . .  Only s i g n i f i c a n t  b i o p h y s i c a l  f a c t o r s  

were used.  S p e c i a l  s u b c l a s s e s  were d e r i v e d  •’rom t h e  i n s p e c t i o n  of 

o u t l i e r s  ( r e s i d u a l  a n a l y s i s ) .  

>, 

The c a p a b i l i t y  map (Fig .  7 )  was c o n s t r u c t e d  from t h e  c a p a b i l i t y  

c l a s s e s  and s u b l c a s s e s  of  Tab les  8 and 9. Only t h e  s u b c l a s s e s  w i t h  

major  l i m i t i n g  e f f e c t s  on beaver  p r o d u c t i v i t y  o f  t h e  s p e c i f i c  l a k e  
4 - 

I o r  s t r e a m  s e c t i o n  ~ a f ; e d  a r e  g iven  w i t h  the  c a p a b i l i t y  c l a s s e s .  The 
7 

c a p a b i l i t y  c l a s s  t h u s  r e f l e c t s  t h e  degree  o f  l i m i t a t i o n  imposed by 
d 

the  g iven  s u b c l a s s e s .  



- : 

Table  7--Comparison o f  s t r e a m  f l i g h t ,  gro'und check ,  and p r e d i c t i o n  - 
methods o f  beaver  colony s i t e  i n v e n t o r y  

'\ 

95% Confidence 
Length Colon ies  

' Stream --* I n t e r v a  1 
J- ( M i l e s )  Ground P r e d i c t e d  ~ l i g h t I  foE Predictions 

-f 

& 

T a t i n  1 S 3 0.75 5  ' 4.39 2  3- 6 

T a t i n  2 S2 1.00 12 4.53 2  3- 6 

Duncan S 1 1.50 4  2.94 2  15 

Su t h e r  land. S44 1.75 4  4.25 0  3- 5  

Copper S 9  5.00 14 16.98 x 3- 13-21 
7 &< 

- 4- 

T o t a l s  
E: 

I ~ l o w n  w i t h  a  deHavi land Beaver a i r c r a f t  a k  a b o u t  500'  ( o r  
l e s s )  aboye ground l e v e l  a t  ground speed o f  50-80 m.p.h. 



  able 8 ' - - ~ e a v e r  land c a p a b i l i t y  c l a s s e s  

COLSL per  COLSL per  
C l a s s  D e s c r i p t i o n .  s h s e  1 i n e  m i l e  

s t r e a m  m i l e  *& 
1 No b  i o p h y s i c a  1 1 i m i t a t i o n s  \ 

a f f e c t  beaver  p r o d u c t i o n  3-k 63- 
\ 

2  S l i g h t  1 i m i t a t i o n s  2 -<3 4-<6 

3 Moderate l i m i t a t i o n s  1-<2 

n 
4  Severe  l i m i t a t i o n s  <1 e 

5 L i m i t a t i o n s  p r e c l u d e  
beaver  p r o d u c t i o n  0 e 0 



Table  9--Beaver l a n d  c a p a b i l i t y  l i m i t i n g  s u b c l a s s e s  

S u b c l a s s  D e s c r i p t i o n  Var i a b  l e  
Der iva  t i o n  2 

Lakes S  S h o r e l i n e  con•’ i g u r a t i o n  a l l o w s  R S ~  
, b u i l d u p  o f  waves. 

' 0 O u t l e t  n o t  r e g u l a t e d  by W~ 
b e a v e r   dam(^).^ 

S  tr eams W Width r e s t r i c t s  damming. 3 
3 w s s 

G G r a d i e n t -  r e s t r i c t s  damming. a s 

Both F Absence o f  major food s p e c i e s . 4  TASRL , AS 
NL, NSSs 

Spec ia  1 S u b c l a s s e s  

H Human d i s t u r b a n c e  o f  s h o r e l i n e  * . . 
( e ,  g., r o a d s ,  r a  ' lways,  l and  
c l e a r i n g )  r e s t r i k  food 
ga t h e y n g  and /o r  lodge 
cons  t uc t i o n .  

T Natura 1 topography l i m i t i n g  
a s  above. 

D Lake d e p t h  l i m i t i n g .  F r e e z e s  
t o  bot tom i n  w i n t e r .  

6 

h a y  n o t  be same v a r i a b l e  codes  used  i n  a n a l y s i s .  

' ~ r o m  Equa t ions  3  and 4 ,  p. 52. I 

3 ~ h e s e  f a c t o r s  r e s u l t  i n  w a t e r  l e v e l  i n s t a b i l i t y .  L i m i t a t i o n s  ' 
imposed by s t r e a m  w i d t h  a r e  l a r g e l y  dependent  on s t r e a m  g r a d i e n t  \ 

Ca 
1 

( i . e . ,  f low r a t e ) .  
7 

I 
1 
I 

' ~ s ~ e n ,  a l d e r  and willow. 



CHAPTER 6 

DISCUSSION 

A )  Beaver  , H a b i t a t  R e q u i r e m e n t s  

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

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

we re  t h e m s e l v e s ,  b e a v e r  h a b i t a t  r e q u i r e m e n t s .  A l t h o u g h  t h e  mode l s  

g i v e n  a r e  n o t  d e f i n i t i v e  r e p r e s e n t a t i o n s  o f  b e a v e r  h a b i t a t  r e q u i r e m e n t s ,  

a  more p r e c i s e  d e f i n i t i o n  o f  t h e  h a b i t a t  r e q u i r e m e n t s  c a n  b e  g i v e n  

F$z; ? 

w i t h i n  t h e  r e a l m  o f  t h e  components  of  t h e  models .  The a c c u r a c y  o f  

t h e  mode l s  a s  p = e d i c t i v e  t o o l s  i m p l i e s  a n  a c c u r a c y  o f  t h e i r  

components  a s  m e a s u r e s  o f  h a b i t a t  r e q u i r e m e n t s .  O t h e r  f a c t o r s ,  

whi* c a u s e d  o u t l i e r s  i n  t h e  a n a l y s e s ,  may b e  u s e d  a s  s u b j e c t i v e  

I .  

d e s c r i p t o r s  o f  b e a v e r  h a b i t a t .  Measurement  t e c h n i q u e s  may have  

-in tr 0 & d - & = a B + b ~ ~ ~ f ~ - $ - ~ ^ d ~ v ~ - i T a  b 1 gs . ' " 

- m 

to b e  u n d e r r a t e d .  The h a b i t a t  r e q u i r e m e n t s  o f  t h e  b e a v e r  w i l l  t h u s  
. . 
* . I I .  be  d i s c u s s e d  i n  l i g h t  o f  t h e  l i m i t a t i o n s  o f  t h e  models: '- 

- .  O .  

- *- // 
A q u a t i c  H a b i t a t  

2 .  

- .  
t . 

, * . . 1 j - c d 

i . ,,% 
5 : /' 

-=.. 
, 

.I: 
a .  '2' 

. . 
r ' .  

. \ ,  . 
. , 

s ' I  - ,. / 



t o  p r o v i d e  more beaver  h a b i t a t  t h a n  s m a l l e r  l a k e s  and s h o r t e r  s t r e a m  

s e c t i o n s .  I n  a  s e n s e ,  t h e  above f a c t o r s  a r e  measures  of  s u i t a b l e  

*>; 
I a q u a t i c  h a b i t a t .  S p e c i a l  l i m i t i n g  f a c t o r s  such a s  w a t e r ' a e p t h  (which 

must be  s u f f i c i e n t  t o  a l l o w  a c c e s s  t o  t h e  food cache i n  t h e  w i n t e r ) ,  
-**- 

and s h o r e l i n e  topography (which mast  s u p p o r t  4 lodge o r  den c o n s t r u c t i o n  

and a,llow. a c c e s s  t o  t h e  food s u p p l y )  normal ly  v a r y  i n  a random 

f a s h i o n  a l o n g  t h e  s h o r e s  o f  l a k e s  and s t r eams .  Thus t h e  f a c t  t h a t  

t h e y  were n o t  measured per s e  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  

a c c u r a c y  of t h e  models. Where w a t e r  d e p t h  and s h o r e l i n e  topography *. 

o c c u r r e d  a s  non-random l i m i t a f i o n s ;  a s  t h e y  d i d  on Ni lk i twa  Lake 

(beaver  c o l o n i z a t i o n  l i r n i t ~ d ' % ~  s h a l l o w  w a t e r )  and Trembleur Lake 

(and many l a k e s  o f  t h e  I n t e r i o r  P l a t e a u  from Babine Lake e a s t ,  where 

s t e e p  s h o r e l i n e  was l i m i t i n g ) ,  t h e  e r r o r s  o f  e s t i m a t i o n  showed the  
'F , . 

sample s i t e s  t o  be  out l . i .e rs .  -Other  components o f  s u i t a b l e  a q u a t i c  

h a b i t a t -  f o r  beaver  were measured more d i r e c t l y .  Beavers p r e f e r  a  
, 

sea . sbna l ly / i  t ? b l e  w a t e r  l e v e l .  For t h i s  r e a s o n  low g r a d i e n t  s t r e a m s  

a r e  pr  e r r e d .  The most s t a b l e  environment  f o r  b e a v e r s  i s  one which '# 
/ 

t h e y c a n  c o n t r o l  t h e m s d b e s  by d a w i n g .  Thus, low g r a d i e n t ,  narrow 
/ 

i 
$treams and l a k e s  w i t h  daminable o u t l e t s  ( a l s o  na r raw)  a r e  p r e f e r r e d .  

--l-~--e--p- ---=-- ----- - ----- - 
/ The u n r e g u l a t e d  a q u a t i c  environment  i s  r a r e l y  s t a b l e  ( s e e  s u r f a c e  

*. r 

/ ' w a t e r  d a t a ,  Fig .  3 B). ~ a v i  a c t i o n  on l a k e s  a l s o  h a s  ,? 

a n  e f f e c t  on & a b i l i t y .  A con;oluted s h o r e l i n e  which p r e v e n t s  t h e  
~ 5 

/ buildu*p of  l a r g e  waves o r  p r o v i d e s  r e f u g e s  from . l a r g e  waves f o r  
* .  

~ * - colony s i t e s  i s  a l s o  a  beaver  * h a b i t a t  r e q u i r e m e n t  on l a r g e  l a k e s .  " * 



Food and C o n s t r u c t i o n  M a t e r i a l s  
- 

I n  a d d i t i o n  t o  a  s t a b l e  a q u a t i c  h a b i t a t ,  t he  p r e s e n c e  o f  a n  

a d e q u a t e  s u p p l y  o f  food and b u i l d i n g  m a t e r i a l s  i s  n e c e s s a r y  f o r  t h e  

e s t a b l i s h m e n t  and main tenance  o f  beaver  colony s i t e s . -  Willow and 

a l d e r -  a r e  t h e  key p l a n t s  i n  t h e  b e a v z r s  . h a b i t a t .  These a r e  the  

e d a p h i c  c l imax s p e c i e s  o f  l a k e  and  s t r e a m  s h o r e l i n e s  which a r e  

d i s t u r b e d  by seasona  1 and beaver  caused  wa te r  f l u c t u a t i o n s .  The 

l a t t e r  f l u c t u a t i o n s  a r e  t h e  r e s u l t  o f  c -yc l i c  b e a v e r  h a b i t a t  

occupancy and abandonment (due t o  food d e p l e t i o n  o r  t r a p p i n g ) .  

Willows a l s o  grow w e l l  i n  marshy a r e a s ,  common a l o n g  l a k e  s h o r e s  and - 
* ,a-  

low g r a d i e n t  s t r e a m s ,  i n c l u d i n g  a r e a s  f looded  by b e a v e r s .  T y p i c a l  
f 

C r 
a l d e r - - a n d  wi l low--beaver  h a b i t a t  i s  shown i n  P l a t e s  1, 2 ,  and 3. 

p? 
B e v e r  dams which cause  the  f l o o d i n g  o f  l o w  f o r e s t e d  a r e a s  c r e a t e  

new a q u a t i c  h a b i t a t  ( P l a t e s  4 and 5 ) ,  a s  w e l l  a s  new wi l low 

J h a b i t a t  ( P l a t e s  6 and 7 ) ,  t h e r e b y  i n c r e a s i n g  beaver  land c a p a b i l i t y .  
.< 

Aspen, t h e  most  p r e f c r r c d  food s p e c i e s ,  p r o v i d e s  o n l y  temporary 

beaver  h a b i t a t .   pen depends p r i m a r i l y  on f i r e s  t o  open u p  new 

a r e a s  f o r  i t s  c o l o n i z a t i o n  (Graham e t  a l . ,  i963) .  As t h e  t i m i n g  and 

l o c a t i o n s  o f  f i r e s  a r e  e s s e n t i a l l y  random, a s p e n  s t a n d s  u s u a l l y  
---- - --- -- _ L- _ 

succeed  t o  E o n i f e r  f o r e s t s .  Beaver y ~ i l i z a  t i o n  of  a s p e n  a c c e l e r a t e s  

. t h i s  p rocess .  The magni tude o f  a spen  c u t t i n g  by beaver  i s  shown i n  

P l a t e s  8 and 9. I f  t h e  aspen  i s  n o t  a l lowed  t o  r e g e n e r a t e  ( i . e . ,  

i f  t h e  s u c k e r s  a r e  c u t ) ,  t h e  s t a n d  w i l l  be d e s t r o y e d  and c o n i f e r s  

w i l l  be  a b l e  t o  invade t h e  s i t e  ( P l a t e  10).  The c u r r e n t  h i g h  

p o p u l a t i o n  o f  b e a v e r s  i n  t h e  s t u d y  a r e a  ( e s p e c i a l l y  i n  t h e  CALPDF 
,Pd' 

b i o g e o c l i m a t i c  zone)  i s  dependent  p r i m a r i l y  on t r a n s i e n t  a s p e n  s t a n d s .  



P l a t e  1 C l a s s  1 beaver -wi l low h a b i t a t  on Howsen Creek 

(S29).  Mooseskin Johnny (110,  background)  i s  

C l a s s  4 beaver  h a b i t a t ,  beaver  p r o d u c t i o n  l i m i t e d  

p r i m a r i l y  by s h a l l o w  wate r  ( J u l y  7 ,  1974). - 
9 





P l a t e  2  

- * 

P l a t e  3 

Beaver dam i n  w i l l o w  h a b i t a t  om Copper R i v e r  

a t  i n f l o w  o f  Dennis  Lake ( 1 8 ) .  Dam i s  

c o n s t r u c t e d  o f  wi l low.  T h i s  c o l o n y  made u s e  

o f  b o t h  l a k e  and s t r e a m  (August  2 3 ,  1974).  

Beaver dam i n  a l d e r  h a b i t a t  on Copper R i v e r  

a t  o u t f l o w  o f  'Dennis ~ a k e  (18) .  The dam, 

p a r t i a l l y  d e s t r o y e d  by s p r i n g  f l o o d i n g ,  i s  

c o n s t r u c t e d  o f  a l d e r  (August  23, 1974). 





S t r e a m  n o r t h  of P r i n c e  George (1973) .  P l a t e  4 

P l a t e  5 A l d r i c h  Lake (19;  i u g u s t  2 3 ,  1974).  

i 





P l a t e  6  

P l a t e  7 

New wil low-marsh h a b i t a t  c r e a t e d  b y  

beaver  f l o o d i n g .  

Note a s p e n  ( l i g h t - g r e e n  t r e e s )  c u t  back a b o u t  

100 f e e t  from t h e  ponds and c o n i f e r s  growing on 

dams ( i n d i c a t i n g  age) .  Neta l z u l  Creek,  a b o u t  
r 

6  m i l e s  n o r t h e a s t  o f  ~ l u n t  Lake (116; 

August 26,  1974).  

Beaver lodge i n  marsh. Swans Lake (L8; 

August 20 ,  1974). 





P l a t e  8 

I 

P l a t e  9  

D e p l e t i o n  o f  a s p e n  s t a n d s  by  beaver. .  

Note u n c u t  b i r c h  n e a r  s h o r e .  E l w i n  Lake 

(L6; October  1 8 ,  1974). I 
,Pond (L53; May 25,  1975).  

I 
i 

Note u n c u t  c o n i f e r s  and lodge n e a r  l e f  t - c e n t r e .  i 





P l a t e  10 

P l a t e  11 

White' s p r u c e  and s u b a l p i n e  f i r  i n v a d i n g  

o v e r e x p l o i t e d  aspen  scand.  Some a s p e n  has been 

a b l e  t o  r e g e n e r a t e  by s u c k e r i n g .  Lodge i s  * i 
v i s k b f e  on* t h e  r i g h t .  Elwin Lake (L6; 

August 18, 1974). 

C l a s s  1 beaver  l a k e  h a b i t a t  on Swans Lake (L8). 

Yellow pond l i l i e s ,  w i l l o w s ,  and a s p e n  a r e  

abundant  (October  1 8 ,  1974). 





A r e l a t i v e l y  s t a b l e  b a s e  beaver  p o p u l a t i o n ,  which a c t s  a s  a  n u c l e u s  
3 

1 

f o r  expans ion  i n t o  new a s p e n  a r e a s ,  i s  supphsr ted  by e d a p h i c  c l imax  , 

t h i c k e t s  o f  wi l low and a l d e r .  The s t r e a m  sh$iwn i n  P l a t e  6 was p robab ly  
Y 

i 
o r i g i n a l l y  c o l o n i z e d  by  b e a v e r s  t o  e x p l o i t  t h $  asp&. Al though  the  

i 
aspen* i s  now d e p l e t e d ,  b e a v e r s  a r e  a b l e  t o  s u b $ i s t  on w i l l o w - h a b i t a  t 

I 

whi6h thcy ,  c r e a t e d  themse lves  ( t h e  dams were s q a b l e  and wi l lows  
b 

a s 

r e p l a c e d  t h e  c o n i f e r  f o r e s t  on t h e  ponds edges$ The r e l a t i v e  
C 

: 
r e s i l i e n c i e s  o f '  a l d e r ,  wi l low,  and a s p e n  hab i t a t :  t y p e s  t o  beaver  

e x p l o i t a t i o n  a r e  diagrammed on p. 79. 

~ n ' e x a m ~ l e  o f  C l a s s  1 b e i v e r  l a k e  h a b i t a t  i s  Swans Lake ( P l a t e  

11) .  Favourab le  c h a r a c t e r i s t i c s  o f  t h i s  l a k e  i n t l u d e :  
, . 

; + 

1. A b e a v e r  dam on t h e  o u t l e t  which 
r 

a )  S t a b i l i z e s  t h e  wa te r  l e v e l  . 
b )  C r e a t e s  new a q u a t i c  h a b i t a . t  f o r  beaver  

c )  C r e a t e s  new w i l l o w  h a b i t a t  f o r  beaver  u s e  

d )  Makes onshore  woody s p e c i e s  more a c c e s s i b l e  

2. A s h o r e l i n e  c o n f i g u r a t i o n  which p r e v e n t s  wave b u i l d u p  

and p r o t e c t s  t h e  s h o r e  from wave a c t i o n  

3.  Abundant food s p e c i e s  i n c l u d i n g  a s p e n ,  w i l l o w s ,  and 

ye l low pond l i l i e s  

The C l a s s  1 s t r e a m  h a b i t a t .  o f  Howsen Creek ( P l a t e  1 )  i s  s u i t a b l e  

f o r  beaver  due t o :  

1. Low ~ r a d i e n t  and narrow w i d t h  which p e r m i t  damming; 
-. - 

p r o v i d i n g  t h e  same b e n e f i t s  o f  a  dammed l a k e  o u t l e t  

2. Abundant wil low. 



a) Alder-willow:. permanent beaver habitat . \ 
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b) Aspen: transient' beaver habitat 

destroys stand and leads to permanent 
beaver colony, si te abandonment 

* 4 
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Aspen ( also 'logging,disease - I ! * Regrowth 

Colonization Cutting 
windthrow, etc.) - by Suckering . 
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Willow and a l d e r  r e  u s u a l l y  more abundant  a l o n g  s t r e a m s  t h a n  a l o n g  C - 

l a k e s .  St reams tws prov ide  ' b e t t e r  beaver  h a b i t a t  t h a n  l a k e s  i n  

a r e a s  where a s p e n  .. 
Cottonwood i s  d o t  a; i m p o r t a n t  food s p e c i e s  a s  i t  i s  n o t  

, abundan t  enough t o  $age a  d i r e c t  e f f e c t  on beaver  numbers. I t  i s  
1 

a  p r e f e r r e d  food ,  however, and i s  u t i l i z e d  where found i n  a  s i m i l a r  

way t o  wi l low.  Birc*h ( a l s o  n o t  abundant  i n  s t u d y  a r e a )  a n d  c o n i f e r s  

a r e  r a r e l y  e a t e n ,  a l t h o u g h  t h e y  a r e  o c c a s i o n a l l y  used, i n  c o n s t r u c t i o n .  

A q u a t i c  and t e r r e s t r i a l  he rbaceous  v e g e t a t i q n ,  ma jor  summer f o o d s ,  a r e  

r a r e l y  cached f o r  w i n t e r  use  i f  woody s p e c i e s  a r e  a v a i l a b l e .  Yellow 

pond l i l i e s  were obse rved  i n  a  few caches .  Dennington and Johnson  

. I .  

(1974) no ted  a  cache  e n t i r e l y  composed o f  l i l i e s  on a n  A r c t i c  muskeg 

l a k e  which l a c k e d  o t h e r  food  s p e c i e s .  

Aspen and w i l l o w  were t h e  most  common s p e c i e s  found i n  food 

1 
caches  d u r i n g  t h e  p r e s e n t  s-tudy ( P l m  12 ,  13,  and 14).  Less  

p r e f e r r e d  f o o d s ,  ma'inly a l d e r ,  were o f t e n  cached w i t h  a s p e n  o r  wi l low,  

even  though t h e  l a t t e r  s p e c i e s  were a v a i l a b l e .  .Other  a u t h o r s  
b 

r e p o r t i n g  s i m i l a r  f i n d i n g s  have concluded t h a t  a l d e r  was a  major food 

s p e c i e s .  On t h e  b a s i s  o f  o b s e r v a t i o n s  o f  w i n t e r  food caches  b e f o r e  

and a f t e r  t h e i r  p e r i o d  of  u s e  I would s u g g e s t  t h a t  t h e  s i g n i f i c a n c e  
v 

o f  a l d e r  i n  a  mixed cache  i s  n o t  a s  a  f o o d , . b u t  a s  a  c o n s t r u c t i o n  

m a t e r i a l .  C o n s t r u c t i o n ,  m a t e r i a l  i s  used t o  d e p r e s s  p r e f e r r e d  food 
- 

s p e c i e s  under  w a t e r  where t h e y  w i l l  n o t  f r e e z e  i n t o  t h e  i c e  nor be  

- 

r e n d e r e d  u n a v a i l a b l e  a s  a  w i n t e r  food supply .  I t  may a l s o  h e l p  

T- s e c u r e  t h e  cache i n  p l a c e ,  e s p e c i a l l y  on f a s t  f l o w i n g  s t r e a m s  and on 
9 

l a k e  s h o r e s  which a r e  s u b j e c t  t o  ext reme wave a c t i o n .  The f o l l o w i n g  
.z 
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S t a r t  of food cache ,  c o n s i s t i n g  o f  aspen  and 

i 
* 

willow. A l d e r ,  p r e s e n t  a l o n g  s h o r e l i n e ,  has  

t .  
\ r 

f n o t  y e t m n  cached. Swans Lake (L8;  
i 

P l a t e  12 





9 

Mixed cache' o f  a spen ,  w i l l o w ,  a l d e r ,  b i r c h ,  

r e d  o s i e r  dogwood and y e l l o w  pond l i l i e s .  

A l d e r ,  b i r c h ,  r e d  o s i e r  dogwood and pee l e d  

P l a t e  

a s p e n  l o g s  a r e  on t o p  o f  cache. Seymour Lake 

(L27; October 17 ,  1974). 

Cache o f  a s p e n ,  willow'and a l d e r  n e a r  

complet ion.  Alder  and pee led  a s p e n  l o g s  a r e  

P l a t e  

p l a c e d  on t o p  o f  cache. s u n s e t  Lake (L7; 





o b s e r v a t i o n s  were made on t h e  u t i l i z a t i o n  o f  a l d e r  i n  food caches .  
* 7 

C i t a  t i o ~ s  i n d i c a t e  s i m i l a r  o b s e r v a t i o n s .  
" - 

1. Although a l d e r  bas o f t e n  cached w i t h  a s p e n  and /o r  wi l low,  

r i t  was n e v e r  t h e  s o l e  s p e c i e s  cached (e.g., Novakowski, 

1967; A l e k s i u k ,  1970; N o r t h c o t t ,  1971). 

2, Alder  was u s u a l l y  p l a c e d ,  i n  t h e  c a c h e ,  on t o p  o f  a s p e n  

and/or  w i l l o w  ( P l a t e s  13  and 14).  

3. Pee led  a s p e n  l o g s  were o c c a s i o n a l l y  p l a c e d  on t o p  o f  

food caches  a l o n g  w i t h  o t h e r  l e s s  p r e f e r r e d  s p e c i e s  such  

a s  w h i t e  b i r c h  and c o n i f e r s  ( P l a t e s  13 and 14). Dennington 

and Johnson  (1974, p. 31) n o t e d  two caches  o f  pond l i l i e s  

which were "capped" w i t h  mats  o f  b  a c k  sp ruce .  I n  t h e  o n l y s  
, k 

such  r e f e r e n c e  found i n  t h e  l d a t u r e  t h e y  proposed 

I I s p r u c e .  i s  used o n l y  t o  cover  and submerge more d e s i r a b l e  

I 1  s p e c i e s .  Other  a u t h o r s  have n o t  r e p o r t e d  on t h e  l o c a t i o n s  

( i . e . ,  a v a i l a b i l i t y )  o f  s p e c i e s  i n  food caches .  
<* 

5. Where f l o a t i n g  marshes  o c c u r ,  caches  a r e  o f t e n  p l a c e d  

under t h e  v e g e t a t i o n  mat ,  which is  capped w i t h  mud and 

s t i c k s .  I n  o t h e r  c a s e s  l a r g e r  c u t t i n g s ,  s u c h  a s  a s p e n  

l o g s ,  a r e  f i x e d  i n t o  t h e  s u b s t r a t e  i f  , p o s s i b l e .  Both 

s i r u a  t i o n s  i n d i c a t e  a t t e m p t s  by b e a v e r s  t b  submerge t h e  

cache by o t h e r  means. 9 U 



Beaver Food Cache Remains ( S p r i n g _ O b s e r v a t i o n s )  

1. Many.food caches  a r e  n s t  comple te ly  browsed (Townsend, 

/I 1953; N o r t h c o t t ,  1971; Dennington and Johnson,  1974).  
? ,  

-= 2. The most common unbrowsed s p e c i e s  found i n  cache  r e m a i n s  
.. i . ,< 

was a l d e r  ( N o r t h c o t t ,  1971). The s i g n i f i c a n c e  o f  cache 

remains  h a s  n o t  h e r e t o f o r e  been i n t e r p r e t e d .  I n  n o r e h e r n  . 

l a t i t u d e s  , where a d u l t  beaver  have a  d e p r e s s e d  metabo l i sm 
\. 

i n  t h e  w i n t e r  (Aleks iuk  and Cowan, l 9 6 9 ) ,  beaver  c o l o n i e s  

. . 

a r e  a b l e  t o  s u r v i v e  on s t o r e d  q u a n t i t i e s  (which may 

be mi<imal)  o & a b r e  p r e f e r r e d  food s p e c i e s .  

3. The cache remains  a r e  o c c a s i o n a l l y  l e f t  i n  p l a c e  and 

used t o  s e c u r e  and submerge f r e s h  food  fox t h e  f o l l o w i n g  

w i n t e r  (Townsend, 1953). 

4..4 Cache remains  a r e  more commonly used f o r  lodge and da 
4 - \.+- 

b! r e n o c a t i o n .  
9 

The p r e f e r r e d  use,  o f  a l d e r  f o r  t h e  c o n s t r u c t i o n  and r e p a i r  o f  

beaver  dams and l o d g e s  is w e l l  known. The s i z e  ,of a l d e r  s t ems  

( a v e r a g i n g  a b o u t  2 i n c h e s  i n  d i a m e t e r )  makes i t  a n  i d e a l  b u i l d i n g  

m a t e r i a l  ( 2  i n c h e s  i s  t h e  p r e f e r r e d  s i z e  o f  a s p e n  u s e d  i n  c o n s t r u c t i o n  

(Aldous ,  1938; Hodgdon and Hunt, 1953; H a l l ,  1960)). Al though 

s u c c u l e n t  a l d e r  l e a v e s  and twigs  a r e  o c c a s i o n a l l y  e a t e n  d u r i n g  t h e  

summer ( T e v i s  , 1950; Lawrence, l 9 6 4 ) ,  a l d e r  c u t t i n g  i s  n o t  p r o p o r t i o n a l  

t o  i t s  u s e  a s  a  food ,  b u t  a s  a  s t r u c t u r a l  m a t e r i a l  ( H a z e l t i n e ,  1950; 

J a c k s o n ,  1953 ,  1954). Alder  b a r k  i s  r a r e l y  e a t e n  a t  any time. 0 ' ~ r i e n  

(1938) ,  who r a i s e d  b e a v e r s  on v a r i o u s  f o o d s ,  had t o  remove b e a v e r s  



from an a l d e r  d i e t  a s  they were r a p i d l y  lo s ing  weight and he f ea red  

f o r  t h e i r  l i v e s .  Indeed evidence of  the  use of a l d e r  a s  a  major food 

by beaver i s  s can ty  and has been l imi t ed  t o  i t s  common occurrence G 

i n  food caches. Evidence presented  here i n d i c a t e s  t h a t  a l d e r ,  c o n i f e r s ,  

and poss ib ly  o ther  l e s s  p re fe r r ed  spec i e s  such a s  white  b i r c h  se rve  

p r imar i ly  a s  s  t r u c t u r a  1 components of beaver food caches. Such 

m a t e r i a l s  a r e  a l s o  important  b u f f e r s  t o  the  e x p l o i t a t i o n  of  p re fe r r ed  

win ter  foods. 

- T The feeding h a b i t s  of beaver should thus be eva lua ted  i n  the 

t u r e  w i th  cons ide ra t ion  f o r  the presence of cons t ruc t ion  m a t e r i a l s  -1 r 

i n  winter  food caches. 

C13mate 

Climate i s  probably not a  s i g n i f i c a n t  f a c t o r  in• ’  luencing beaver A "  ." 

h a b i t a t  s e l e c t i o n .  The micro-environment of the beaver pond (o r  

lake)  and lodge e f f e c t i v e l y  i s o l a t e  the animals from the  macro- 

- environment dur i n8  the 
. . 

temperature con 

Appendix A) and a r e  of  

w in te r  (Stephenson, 1969). Extreme , 
b 

regularEy occur i n  the s tudy a rea  ( ~ i g .  -2 ,  

l i t t l e  consequence t o  the beaver popula t ions  

there .  

B) Beaver Inventory 

Appl ica t ion  of t he  r e g r e s s i o n  models a s  an a i d  i n  beaver 
_ a 

inventory  i s  a  l o g i c a l  ex tens ion  of the  r e g r e s s i o n  technique. The- 
- 

p r e d i c t i o n  method i s  supe r io r  t o  a e r i a l  reconnaissance where ground 

inventory  i s  no t  p r a c t i c a l  (Table 7). The wi$azife manager must 

'I 
r e a l i z e ,  though, t h a t  the  models p r e d i c t  the number of p o t e n t i a l  



8 6 . 

colony s i t e s ,  no t  t he  p re sen t  popula t ion  of beavers.  Although colony . 
s i t e s  a r e  r a r e l y  a l l  a c t i v e  s imultaneously (temporary abandonment may 

be  due t o  t rapping ,  food d e p l e t i o n ,  o r  dea th  of the  breeding  female 

(Townsend, 1953)) t h i s  number may be d i r e c t l y  r e l a t e d  t o  t h e  p r e s e n t  

beaver colony c a r r y i n g  capac i ty  of the  land over a  l a r g e  area.  Data 

presented  i n  Appendix I1 shows t h a t  39% of t he  colony s i t e s  on 8 l akes  ' 

(surgeyed $n October,  1974) were a c t i v e .  Dennington and Johnson (1974) 
* 

found a  s h p i l a r  occupancy r a t e  f o r  lake co!ony s i t e s  i n  t he  Mackenzie 

Val ley  and nor thern  Yukon, whi le  75% of the  s t ream colony s i t e s  were 

a c t i v e  ( ~ b ~ e n d i x  12). The r e Ja t ionsh ip  of a c t i v e  s i t e s  t o  t o t a l  s i t e s  
. . -, 

i s  l i r iear  (Appendix 1 3 )  making i t  poss ib l e  t o  e s t i m a t e  t h e  numbers of 

a c t i v e  s i t e s  from counts  of t o t a l  beaver colony s i t e s .  Es t imates  would 

probably only be accu ra t e  f o r  counts  over l a rge  a r e a s  and should not  

be app l i ed  t o  s p e c i f i c  lakes  o r  s t ream sec t ions .  An overes t imate  of 

t o t a l  colony s i t e s  i s  poss ib l e  a s  t h e  d e t e r i o r a t i o n  of lodges w i l l  l a g  

behind a  d e c l i n e  i n  c a r r y i n g  c a p a c i t y  (e.g., a f t e r  d e p l e t i o n  of  a  t r a n s i e n t  
- 

aspen s tand) .  A s  aspen  d e p l e t i o n  has j u s t  s t a r t e d  i n  t h e  s tudy  a r e a ,  

counts  of beaver colony s i t e s  should be accu ra t e  and show a  d i r e c t  

r e l a t i o n s h i p  t o  the  p re sen t  beaver colony ca r ry ing  capac i ty .  Beavers 

a l l  

p r e f e r  t o  reoccupy o l d  lodges r a t h e r  than t o  b u i l d  new ones un le s s  a 

new food source (e. g., aspen) becomes a v a i l a b l e  (personal  obse rva t ion ) ,  

s o  an  overes t imate  from t h i s  source is  unl ike ly .  



Aer ja l  inventory w i l l  be  cons iderably  more accu ra t e  f o r  surveys 

of a c t i v e  s i t e s  than i t  w i l l  be f o r  t o t a l  colony s i t e s .  For example, 
4 

i n  the U.S.S.R., Zharkov (1963) r epo r t ed  t h a t  on s t reams,  44% of the  
=- 

a c t i v e  co lonies  could be seen  (90% f o r  the  r i v e r  proper ,  39% f o r  the 
*.k 

d 
f loodplafn) .  In  the present  s tudy  only  17% of t o t a l  s t ream colony ' 

s i t e s  were seen (Table 7,  p.66). Vato l in  (1970) s u r v e y e ~ l a k e s  

(1,420 mi les  i n  16 f l i g h t  hours)  and observed only 9%,of t he  277 

ac t r ive  co lonies  which were present .  I n  a  d i scuss ion  of some 

unpl/blished Canadian Wi ld l i f e  Service r e p o r t s  by v a r i o u s  a u t h o r s ,  

Dennington and Johnson (1974) r epo r t ed  comparable i naccu rac i e s  f o r  

surveys of a c t i v e  beaver co lon ie s  i n  the  Mackenzie d e l t a .  Active 

colony s i t e s  a r e  b e s t  seen  i n  the  f a l l  when broken dams a r e  recon- 

s t r u c t e d ,  new mud i s  placed on lodges t o  provide a  win ter  s e a l  

a g a i n s t  p reda tors  'and the weather ,  and food caches a r e  b u i l t .  The 

v i s i b i l i t y  of  lodges ,  whether a c t i v e  o r  no t ,  a l s o  depends on 

c h a r a c t e r i s t i c s  of the  s h o r e l i n e  vegetat ion.  A dense f o r e s t  canopy 

l i n i n g  the shore o b s t ~ u c t s  the view of more lodges than a  c leared-of f  

o r  marshy sho re l ine .  The l o c a t i o n s  of s t ream co lon ie s  can a l s o  be 

determined by the presence of a c t i v e  dams. I n a c t i v e  dams may remain 

i n d e f i n i t e l y ,  a s  s i g n s  of  bea;er h a b i t a t  s u i t a b i l i t y  on smal l ,  low 

g rad ien t  headwater streams. No matterahow accu ra t e  surveys of  a c t i v e  

colony s i t e s  a r e ,  they may s t i l l  be poor i n d i c a t o r s  of beaver h a b i t q t  

i s u i t a b i l i t y  because of v a r i a t i o n  i n  degree of h a b i t a t  s a t u r a t i o n  by .  L 

beaver i n  d i f f e r e n t  a r eas .  



. .. 
The use  o f  a e r i a l  photographs  f o r  d e l i n e a t i n g  co lony  s i t e s  

( a c t i v e  o r  p o t e n t i a l )  has  many o f  t h e  l i m i t a t i o n s  f l y i n g  d,oes. Many 

lodges  and dams a r e  n o t  v i s i b l e  on a e r i a l  photographs  because  t h e y  

a r e  obscured  by v e g e t a t i o n  o r  because  t h e y  a r e  t a k e n  from s u c h  a n  
4 . -  

a l t i t u d e  t h a t  t h e y  l a c k  d e t a i l .  I n  a d d i t i o n ,  a i r - p h o t o s  p r i m a r i l y  

show t h o s e  co lony  s i t e s  which were a c t i v e  a t  t h e  t i k e  t h e y  were - 
, 

t aken .  With a  combined knowledge o f  beaver  h a b i t a t  ~ q q u i r e m e n t s  

and a i r - p h o t o  i n t e r p r e t i v e  s k i l l s ,  one can r e c o g n i z e ,  however,  a r e a s  

o f  g e n e r a l  s u i t a b i l i t y  t o  beavers .  The use  o f  a e r i a l  photographs  

f o r  t h e  r e c o g n i t i o n  o f  p o t e n t i a l  co lony  s i t e s  i s  d i s c u s s e d  by 

Dickinson (1971).  The v a l u e  o f  a e r i a l  photographs  l i e s  i n  t h e  
k 

d e t e c t i o n  of  p o p u l a t i o n  t r e n d s  (by  comparing photos  t a k e n  i n  

s u c c e s s i v e  y e a r s )  r a t h e r  than  a s  a  census  t echn ique .  
. +" 

For  an  i n v e n t o r y  o f  p o t e n t i a l  beaver  co lony  s i t e s  and . 

subsequen t  l a n d  c a p a b i l i t y  c l a s s i f i c a t i o n ,  v e r y  l i t t l e ,  i f  a n y ,  

f i e l d  work i s  r e q u i r e d .  As d e s c r i b e d  i n  t h e  Methods s e z t i o n  o f  t h i s  

t h e s i s ,  most of  t h e  v a r i a b l e s  used i n  t h e  models were t aken  from 

r e a d i l y  a v a i l a b l e  government maps ( t o p o g r a p h i c  and f o r e s  t cover  maps) 

and s t a n d a r d  a e r i a l  photographs  (e.g.,  f lown a t  a p a r t i c u l a r  h e i g h t  

f o r  a  p a r t i c u l a r  purpose) .  Only two o f  t h e  s i g n i f i c a n t  v a r i a b l e s  i n  - f 
t h e  models (Equa t ions  3 and 4) r e q u i r e d  ground measurements. These 

were t h e  w a t e r  l e v e l  s t a b i l i t y  index  f o r  l a k e s  (WL) and a  w i d t h  

v a r i a b l e  f o r  s t r e a m  s e c t i o n s  (WSS). When WL was dropped a t  S t e p  11, 

R' dropped by o n l y  0.0078. I n  o t h e r  words ,  a t  t h a t  s t e p  WL was 

a c c o u n t i n g  f o r  o n l y  0.78% o f  t h e  92.60% o f  t h e  v a r i a t i o n  ( i n  COLSL) 

which was b e i n g  e x p l a i n e d  (Table  4a).  When WSs was dropped a t  



S t e p  15  (Tab le  4 b )  t h e  e q u a t i o n  f o r  s t r e a m s  remained s i g n i f i c a n t .  

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

work i s  n o t  r e q u i r e d  f o r  t h e  i n v e n t o r y  o f  t o t a l  beaver  colony s i t e s .  

Anomalies i n  t h e  g e n e r a l  c h a r a c t e r i s t i c s  of  l a k e s  and s t r e a m s  

( o u t l i e r s )  may escape  d e t e c t i o n  i f  f i e l d w o r k  i s  c o m p l e t e l y  abandoned. 

T h e r e f o r e ,  t o  avo id  g r o s s  e r r o r s  i n  e s t i m a t i o n ,  l a r g e  l a k e s  and 

l e n g t h y  s t r e a m  s e c t i o n s  shou ld  b e  surveyed f o r  anomal ies  b e f o r e  t h e  

p r e d i c t i o n  i s  made. The s u r v e y  may i n v o l v e  a e r  i a  1 r e c o n n a i s s a n c e ,  

ground checks ,  o r  communication w i t h  people  f a m i l i a r  w i t h  t h e  a r e a .  

Common c a u s e s  o f  o u t l i e r s ,  such  a s  rocky s h o r e l i n e  topography 

( P l a t e  15)  and many human a c t i v i t i e s  ( P l a t e  1 6 ) ,  shou ld  be  focused  

on i n  t h e  survey.  Roads, r a i l w a y s ,  and land c l e a r i n g s  i n v a r i a b l y  

f o l l o w  waterways and a r e  major l i m i t i n g  f a c t o r s  t o  beaver  h a b i t a t  

s u i t a b i l i t y .  A r t i f i c i a l  w a t e r  r e g u l a t i o n  w i t h  man-made dams and 

t h e  a r t i f i c i a l  removal o f  beaver  dams can  produce s e v e r e  wa te r  

f l u c t u a t i o n s ,  d e c r e a s i n g  t h e  c a p a b i l i t y  o f  many n a t u r a l l y  s u i t a b l e  

a r e a s  t o  s u p p o r t  beaver .  1 

Many of  t h e  v a r i a b l e s  r e q u i r i n g  f i e l d  measurements may be t aken  

more q u i c k l y  ( i . e . ,  economica l ly )  and w i t h  comparable a c c u r a c y  from 

low l e v e l  c o l o u r  a e r i a l  photographs  (e.g. ,  70 m.m. p h o t o s ,  t aken  a t  

400 f e e t  A.M.S.L.). These i n c l u d e  measurements o f  h o r i z o n t a l  

d i s t a n c e s  ( s t r e a m  w i d t h ) ,  h e i g h t s  (water  d e p t h  and s t r e a m  g r a d i e n t ) ,  

and l o c a l  geology,  physiography and bank v e g e t a t i o n  (D.A.  Curr i e ,  

'Beavers a t t e m p t  t o  a c c o m o d a  t e  t h e  f l u c t u a t i o n s  by e x t e n d i n g  
t h e i r  lodges  v e r t i c a l l y  on t h e  s h o r e l i n e ,  t h u s  m a i n t a i n i n g  underwater  
e n t r a n c e s  and above w a t e r  l i v i n g  space  a t  a l l  t imes .  



P l a t e  15 

P l a t e  16 

Colony s i t e  on f a u l t  i n  rocky  s h o r e l i n e  i n  a r e a  
= s 

s h e l t e r e d  from wave a c t i o n .  P i n c h i  Lake 

(L88; June  3 ,  1975). 

A r t i f i c i a l  wa te r  l e v e l  c o n t r o l  by t h e  F i s h e r i e s  

S e r v i c e  (Canada Department o f  t h e  Environment) 

on T a l t a p i n  Lake ( L 4 6 )  produces  s e v e r e  water  

f l u c t u a t i o n s  (May 17,  1975). 





1976,  pe r s .  corn .  ).I P o s s i b i l i t i e s  •’0 L t h e  use of  sue* photographs  

dF 
i n  b e a v e r  h a b i t a t  m o d e l l i n g ,  i n v e n t o r y  and land c a p a b i l i t y  c l a s s i f i c a t i o n  

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

o f  most f o r e s t  cover  maps, t o p o g r a p h i c  maps, e t c . ,  a l t h o u g h  l i m i t e d ,  
r , 

was s u f f i c i e n t  f o r  t h e  p r e s e n t  s t u d y  ( s e e  El iminat ion,  Ana lyses  ,and 
Y 

d 

F i n a l  Models s e c t i o n ) .  Some o f  t h e  s u b j e c t i v e  v a r i a b l e s ;  s u c h  a s  t h e  

wa te r  l e v e l  s t a b i l i t y  (WL) and f low r a t e  (FS) - i n d i c e s ,  might  , i n c r e a s e  

t h e  a c c u r a c y  o f  p r e d i c t i o n  i f  t h e y  c o u l d  be measured more a c c u r a t e l y .  

C )  Beaver Land C a p a b i l i t y  C l a s s i f i c a t i o n  and Beaver Management 

The beaver  l a n d  c a p a b i l i t y  c l a s s i f i c a t i o n  s y s t e m  p r e s e n t e d  

i n  t h i s  t h e s i s  i s  i n t e n d e d  f o r  t h e  f o l l o w i n g . u s e s :  

Land use  p l a n n i n g  i n  t h e  s t u d y  a r e a .  

-As a  methodology f o r  o t h e r y a n d  c a p a b i l i t y  c l a s s i f i G a t i o n  

%r p r o j e c t s  i n v o l v i n g  b e a v e r ,  o t h e r  w i l d l i f e ,  o r  o t h e r  

r e s o u r c e s .  

As a  b a s i s  f o r  beAver reanagement, i n c l u d i n g  beaver  

c o n s e r v a t i o n  and improvement. - 

Land c a p a b i l i t y  c l a s s i f i c a t i o n s  a r e  presumably meant t o  
Y 

major  r o l e  i & 9 l , t i p l e  land u s e  s t u d i e s  where a  d e c i s i o n  must 
'1 

h a b i t a t  

p l a y  a  

be  made 

a s  t o  which r e s & u r c e ( s )  s h o u l d  r e c e i v e  p r i o r i t y  a s  a  l a n d  use.  A 
,-' 
--r 

d i s c u s s i o n  of  t h e  b a s e s  on which t h e s e  d e c i s i o n s  a r e  made, whether  

s o c i a l ,  economic,  o r  a e s t h e t i c ,  is  n o t  w i t h i n  t h e  scope o f  t h i s  s t u d y ,  

a l t h o u g h  c e r t a i n l y  r e l e v a n t  t o  t h e  Eu tu te  of t h e  beaver .  . It i s  l e f t  

t o  t h e  l a n d  use  p l a n n e r s  t o  e v a l u a t e  beaver  i n  t h e  a p p r o p r i a t e  

l ~ e ~ t .  of F o r e s t  Hydrology, F a c u l t y  o f  F o r e s t r y ,  U n i v e r s i t y  o f  
B r i t i s h  Coiumbia, Vancouver. 



c a t e g o r i e s  ( a b o v e ) ,  compare t h e  r e s u l t s  - w i t h  r e s u l t s  from o t 5 e r  

r e s o u r c e s  and make t h e i r  d e c i s i p n s  r e g a r d i n g  l and  use .  U n f o r t u n a t e l y ,  
- \ u - 

c o n f l i c t s  of  b e a v e r  w i t h  o t h e g  l a n d  h$es a r e  common. ~ h e k e  a r e  w e l l  
'. 
v 

documented i n  t h e  l i t e r a t u r e  ( s e e  J a c k s o n , l 9 5 3 b ;  Knudsen, 1954,  1962; 

Laramie,  1963; V e s a l l ,  1947; Yeager and H i l l ,  1954).  Land u s e  d e c i s i o n s  

have t r a d i t i a n a l l y  nok f a v o u r e d  t h e  beaver .  - 
,I-- 

--< < The beaver  l a n d  c a p a b i l i t y  r a t i n g s  g iven  (Fig .  7; .Tables 8 and 

9 )  r e f l e c t  p r e s e n t  l a n d  c a p a b i l i t y .  N a t u r a l  s u c c e s s i o n ,  n a t u r a l  

c a t a s t r o p h e s  ( f i r e ,  windthrow, i n s e c t  o u t b r e a k s ,  e f c .  ) and management - 

p r a c t i c e s  ( s e e  below) may a l t e r  t h e  c a p a b i l i t y  f rom i t s  p r e s e n t  s t a t e .  

Management t e c h n i q u e s ,  i n  f a c t ,  may be u s e d  t o  improve t h e  c a p a b i l i t y  

o f  a  g iven  a r e a  f o r  a  s p e c i f i c  r e s o u r c e ,  s u c h  a s  w i 1 d l i f e . l  For  

example,  Luckhurs t  (1974,  p. 1 )  s p e c i f i e s  the  f o l l o w i n g  t e c h n o l o g i c a l  

,, ., 
c o n t r o l s  t o  improve l a n d  c a p a b i l i t y  f o r  u n g u l a t e s :  

A 

4b 

I I 1 )  p r e s c r i b e d  b u r n i n g  o r  g r a z i n g  

"2) l o g g i n g  o r  s l a s h i n g  
I 

11 3 )  p r o t e c t i o n ,  i n c l u d i n g  p r o t e c t i o n  from f i r e  o r  a n y  
o t h e r  l a n d  u5.e p r a c t i c e  t h a t  w i l l  damage t h e  l a n d  
b a s e  o r  r e d u c e  t h e  p r o d u c t i v i t y  o f  
u n g u l a t e s .  11 

Al though t h e s e  c o n t r o l s  were d i r e e t e , d  towards u n g u l a t e  management, 

- t h e y  a r e . a l s o  r e l e v a n t  t o  o t h e r  h e r b i v o r e s ,  such a s  t h e  beaver .  

S i n c e  a n  ' important  f a c t o r  l i m i t i n g  a n i m a l  p o p u l a t i o n s  i s  

food s u p p l y  (Lack,  1954) ,  i t  i s  t o  be e x p e c t e d  t h a t  management 

improvement o f  t h e  food  base  would have s i g n i f i c a n t  b e n e f i t  t o  an imal  

IA s p e c i f i e d  management i n p u t  i s  assumed i n  many land c a p a b i l i t y  
c l a s s i f i c a t i o n s  (e.g.,  Luckhurs t ,  1974). The t e r m  "presen t"  c a p a b i l i t y  
doesn '  t a p p l y  i n  t h e s e  c a s e s .  



p o p u l a t i o n s .  Th i s  i s  c e r t a i n l y  t r u e  i n  t h e  c a s e  o f  "beaver whe~+e C t h e  
- 1 

a v a i l a b i l h t y  of  food s p e c i e s  d e t e r m i n e s  beaver  numbers on p h y s i c a l l y  
I 

s u i t a b l e  a r e a s .  3 

.. - .. - - 

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

4 
dependen t  changes  i n  m o r t a l i t y  (Lack, 1954). The main e f f e c t  i s  on 

j u v e n i l e  b e a v e r s  which a r e  f o r c e d ,  th raqgh  t e r r i t o k i a l i t ~ ,  t o  s e e k  
-'= 

o u t  unodcupied S u i t a b l e  s i t e s  t o  e s t a b l i s h  c o l o n i e s  ( A l e k s i u k ,  1968). 
r + 

Density-dependency i n  t h i s  c a s e  assumes t h a t  t e r r i t o r - i q s  a r e  s e t  up ?& $ - 
/.- . 

t o  o p t i m i z e  food u t i l i z a t i o n  o v e r  a  l o n g  p e r i o d  of  t i m e  w i t h  t h e  f u n c t i o n  
,: : ' 3 

o f  m a i n t a i n i n g  a  s t a b l e  p o p ~ l a t i o n  a t  o r  below t h e  c a r r y i n g ,  c a p a c i t y  

O afi, t h e  environment.  There -is no e v i d e n c e  i n  t h e  l i t e r a t u r e  which 

c o n t r a d i c t s  t h i s  t h e o r y ,  even though t h e  e x a c t  n a t u r e  o f  t e r r i t o r i a l i t y  

i n  b e a v e r s  i 4 , f t i l l  u n c l e a r  ( H a l l ,  1 9 6 0 ~ ~ ~ l e k s i u k ,  1968).  The major  
. * , I -  I , =- 

m o r t a l i t y  f a c t o r  of  m i g r a t i n g *  i n d i v i d u a l s  i s  o p p o r i u n i s t i c  p r e d a t i o n .  
& 

S t a r v a t i o n  i s  r a r e  i n  a l l  b e a v e r s  (Novakowski, 1967). 

Other  d e n s i t y - d e p e n d e n t  and - independen t  m o r t a l i t y  f a c t o r s  such  

a s  w e a t h e r ,  p a ~ a s i t e s ,  and d i s e a s e  appear  t o  have o n l y  minor e f f e c t s  

on beaver  p o p u l a t i o n s .  Epidemics o f  Tularem'ia and o t h e r  b a c t e r i a  1 

d i s e a s e s  have been n o t e d  i n  e x t r e m e l y  dense  p o p u l a t i o n s  o•’  beaver  

d. . * 
(Longley and MByle,  1963). These were a lways  r a r e  and a r e  even l e s s  

common today  when t r a p p i n g  keeps  p o p u l a t i o n s  a t  moderate l e v e l s .  - 
'7- 

', 
,:>.fl,. 

I n  o r d e r  to- m a i n t a i n '  op~_fdagl p o p u l a t i o n s  o f  beaver  and maximize 
*r 

8- 
p r o d u c t i v i t y  f o r  c o m e r c i a  1 f u r  t r a p p e r s ,  t h e  food s u p p l y  must b e  

+ - 
managed and t h e  p h y s i c a l  h a b i t a t  p r o t e c t e d .  A s  shown e a r l i e r ,  a l d e r  

and wi l low p o p u l a t i o n s  a r e  s t a b l e  a n d . a r e  ablv'to c o e x i s t  w i t h  beaver .  
d 

P Aspen, on t h e  o t h e r  hand, i s  o n l y  a  temporary occupan t  o f  l a k e  and 



s t f e a m  s h o r e l i n e s .  Cont inuous  & d p l o i t a t i o n  o f  a s p e n  by b e a v e r s  
-9 

( u s u a l l y  termed game managers)  a c c e l e r a t e s  

t h e  p rocess  o f  l o c a l  e x t i n c t i o n  o f  aspen.  A p r o l o n g a t i o n  o f  t h e  
I 

l i f e t i m e  of  a s p e n  s t a n d s  i s  p o t e n t i a l l y  t h e  most  powerful  beaver  
P 

management t o o l .  E q u a t i o n s  3 and 4  i n d i c a t e  t K a t  every>-miles of- a 
,+ s h o r e l i n e  t h a t  i s  n o t  a l r e a d y  10% g r o s s  volume a s p e n  c o u l d  s u p p o r t  

r '-> 
-.' 

1.79 x JX-miles C O L S ~  o r  0.954 x X-miles ~ 0 ~ 3 ~ .  
4 

I n  many a r e a s  o f  Nor th  America o v e r e x p l o i t a t i o n  o f  a s p e n  has 

a l ' ready occur red .  T h i s  i s  most  e v i d e n t  i n  e a s t e r n  Nor th  America 

where t r a p p i n g  was banned t o  i n s u r e  repopulcat ion o f  b e a v e r s  i n  a r e a s  

where t h e y  had been e x t i r p a t e d  th rough  u n r e s t r i c t e d  ' t r a p p i n g  d u r i n g  - - * 

c o l o n i a l  t imes .  There  a r e  o n l y  a  l i m i t e d  number o f  a l t e r n a t i v e s  

a v a i l a b l e  f o r  beaver -aspen  management. They i n v o l v e  t h e  s t i m u l a t i o n  

o f  n a t u r a l  r e g e n e r a t i o n ,  p l a n t i n g ,  and beaver  h a r v e s t  s t r a t e g i e s .  . -  

The m a j o r i t y  o f  a s p e n  f o r e s t s  p r e s e n t  i n  Nor th  America today  

7, 
a r e  t h e - r e s u l t  o f  n a t u r a l  f o r e s t  f i r e :  which made a s p e n  h a b i t a t  

- - 
.- - - 

a v a i l a b l e  f o r  c o l o n i z a t i o n .  I n  t h e  p a s t  b e a v e r s  have depended on 

f i r e s  t o  m a i n t a i n  e a r l y  s e r a 1  s t a g e  v e g e t a t i o n .  F i r e  is  e s p e c i a l l y  -? 

i m p o r t a n t  i n  mountainous a r e a s  where s t r e a m  c o u r s e s  a r e  r e l a t i v e l y  - ,  

s t a b l e .  Where ' s t r e a m  c o u r s e s  change f r e q u e n t l y ,  a s p e n  o f t e n  - h, 

r e g e n e r a t e s  on t h e  d i s t u r b e d  sites. I n  B r i t i s h  Columbia: s t a n d s  o f  
A- 

C * 

a s p e n  a r e  t y p i c a l l y  f i r e - i n d u c e d .  The c u r r e n t  p r a c t i c e  o f  p r o v i n c i a l  

and s t a t e  governments t o  a t t e m p t  t o  e x t i n g u i s h  f o r e s t  f i r e s ,  a l o n g  
P 

w i t h  .beaver o v e r u t i l i z a  t i o n  o f  a s p e n ,  w i l l  c a u s e  t h e  e x t i n c t i o n  a f  
/'-' . . 

/ many as$; f o r e s t s  t h r o u w u t  t h e  b e a v e r s  r a n g e  i n  N * ~ $  America. 

I /  

A r e s u l t a n t  d e c l i n e  i n  b e a v e r  p o p u l a t i o n s  can  Be e x p e c t e d  i f  
. - -- ' 



beaver -aspen  management i s  ignored.  Any d i s t u r b a n c e  that, r e s u l - t S  i n  i 
X i -z 

an - i n c r e a s e  i n  s o i l  t e m p e r a t u r e ,  i n c l u d i n g  f i r e ,  c u t t i n g  o f  t r e e s ,  

- removal o f  a s s o c i a t e d  v e g e t a t i o n  and s c a r i f i c a t i o n ,  w i l l  s t i m u l a t e  
___ - - r  

- aspen  s u c k e r i n g  (Main i ,  1968).  T h e - s u c k e r i n g  r e s p o n s e  i n c r e a s e s  

w i t h . a n  i n c r e a s e  i n  th i n t e n s i t y  o f  t h e  f i r e .  The p o s s i b i l i t y  o f  . 
- , =  

u s h g  f i r e  f o r  purposes  o f  a s p e n b r e f o r e s t a t i o n  has  no t  been employed 
-- 

, t o  &ztg  &+her f o r  b e a v e r ,  o t h e r  y i l d l i f e  o r  f o r e s t  rnana-gement. I t  

i s  l i k e l y  t h W - ~ a t i v e  I n d i a n s  a n d ,  more r e c e n t l y ,  even big-game 
> L 3  

g u i d e s  have employed f i r e s  t o  m a i n t a i n  h i g h  q u a l i t y  f o r a p  m a t e r i a l  

A 
( i n  b o t h  the  g r a s s l a n d  and a s p e n  f o r e s t )  . c h a r a c t e r i s t i c  o f  e a r l y  - 

a 
.. 

e 

s e r a 1  s t a g e  v e g e t a t i o n .  i r 
. -, ,"r - , -  - - 

Q1 

 noth her p o s s i b l e  means o f  r e g e n e r a t i n g  aspen  on d e v a s t a t e d  
- -  . 

. wate r sheds  i n v o l v e s  p l a n t i n g .  There  a r e  two major  problems a s s o c i a t e d  
s 

w i t h  t h i s  method: 1 )  It  would be d i f f i c u l t  t o  keep  b e a v e r s  o u t  o f  

a n  a r e a  d u r i n g  r e f o r e s t a t i o n  (Graham e t  a l . ,  1963) a n d ,  2)  Ungula tes  . 

would r e t a r d  r e f o s e s t a t i o n  (Gese a n d . S h a d l e ,  1943).  A r t i f i c i a l  

p r o p a g a t i o n  of a spen  i s  h e s t  done w i t h  c u t t i n g s  r a t h e r  t h a n  w i t h  s e e d s  

o r  r o o t  s u c k e r s  (Gese and S h a d l e ,  1943). ,The  c u t t i n g s  cou1,d be  t a k e n  
<'- 

from s t r a i n s  which a r e  b e s t  s u i t e d  t o  growth i n  t h e  swampy c o n d i t i o n s  

s u r r o u n d i n g  most b e a v e r  c o l o n i e s .  Before  l e t t i n g  b e a v e r s  back i n t o  

, 
a n  a r e a ,  t r e e  s i z e  and d e n s i t y  c o u l d  be op t imized  t o  g i y e  o p t i m a l  

p roduc t ion .  Gese and Shad le  (1943) g i v e  35 y e a r s  a s  t h e  optimum age  

of a spen  from t h e  s t a n d p o i n t  o f  amount o f  heave 
d 

optimum age  of a spen  f o r  complete  u t i l i  
- 

Q u a n t i t y  u t i l i z e d  per y e a r  o f  growth shou ld  be  maximized i n  t h e  p l a n t i n g  
P 

s t r a t e g y ,  b u t  no i n f o r m a t i o n  on t h i s  s u b j e c t  was found i n  t h e  l i t e r a t u r e .  
' d 



Aspen h a r v e s t i n g  and p l a n t i n g  i s  n o t  p r a c t i c e d  i n  B r i t i s h  

Columbia. ' A c c o r d i n g  to ,  Smith (1968) ,  t h i s  i s  because  t h e  merchan tab le  - > 

volume of  a spen  h e r e  i s '  low. He s t a t e s  t h a t  a s p e n  p l a n t i n g  cou ld  be  
%fi " 

j u s t i f i e d  i f  b e t t e r  and more ecofiomica-1 wood was produced.  
- .  

A t h i r d  p o s s i b i l i t y  f o r  < b e a v e r - a s p e n  management i n v o l v e s  

p r e v 6 n t i n g  t h e  d e v a s t a t i o n  of  a s p e n  s t a n d s  by r o t a t i n g  t r a p p i n g  

l o c a l i t i e s .  Th i s  wo,uld p r o v i d e  aspen  w i t h  t h e  chance t o  r e g e n e r a t e  

on some a r e a s  w h i l e  i t  ks b e i n g  h a r v e s t e d  by b e a v e r s  on o t h e r  a r e a s .  

Boyce (1924) s u g g e s t s  t h a t  a  r o t a t i o n  p e r i o d  o f  no l e s s  than  4-5 

y e a r s  i s  r e q u i r e d  t o  g i v e  s u s t a i n e d  y i e l d .  I t  i s  impor tan t  
'I 

t o  p r e v e n t  b e a v e r s  f r ~ m ~ f e e d i n g  o n  t h e  aspen  s u c k e r s  t h a t  f o l l o w  
/a h 

t h e i r  c u t t i n g .  S i n c e  s m a l l  t r e e s  a r e  p r e f e r r e d  f o r ' c o n s t r u c ~ i o n  

m a t e r i a l s  (Aldous ,  1938; H a l l ,  f 9 6 0 ) ,  s u c k e r s  a r e  o f  t e n  ' cu t  and - 
. > 

. .  r e g e n e r a t i o n  t h u s  p reven ted  ( C h r i s t e n s e n  c,&. , 1951).  Graham e t o a l .  
', 

--A - (1963)  proposed i n t e g r a t e d ' b e a v e r - a s p e n  management a s  a s o l u t i o n  t o  '1 
\ 

t h e  problem i n  t h e  G r e a t  Lakes s t a f z s  where b o t h  a r e  commercial  - 
\ 

r e s o u r c e s .  C u t t i n g  p l a n s  f o r  bea.ver c o u l d  be comJarable w i t h  t h e  - 
3 

,? 

- c u t t i n g  s c h e d u l e s  under  a f o r e s t  management p lan .  
1 -  

? 

A f i n a l  p o s s i b i l i t y  - f o r  p n a g e m e n t  exist%.. ff a t r a p p e r  cou ld  
1 

h o l d - t h e  p o p u l a t i o n  on h i s  t r a p l i n e  a t  a  l e v e l  low enough s o  t h a t  i n  

any one yea r  t h e  a n i m a l s  would h a r y e s t  o n l y  t h e  amount o f  a s p e n  
f. 

e q u i v a l e n t  t o  t h e  a n n u a l  growth o f  t h e  f o r e s t ,  t hen  a r o t a t i o n  o f  
9 

a r e a s  b e i n g  t r a p p e d  may n o t  be  needed. 

The l a s t  two s u g g e s t i o n s  seem most p r a c t i c a l  f o r  use  i n  North . 

* America today a s  t h e y  i n v ~ l v e  t h e  l o c a  1 p r o v i n c i a l  and' s t a t e  govern- 
/ 

ments a s  w e l l  a s  t h e  t r a p p e r .  The government bureau r e s p o n s i b l e  f o r  
t 



f u r - b e a r e r  management, t h e  F i s h  and W i l d l i f e  Branch i n  B r i t i s h  

CO-lumbia , c o u l d  r e g u l a t e  t r a ~ p i n g  methods which w i l l  p r e s e r v e  t h e  , .  

aspen-beaver  community. R e g i s t e r e d  t r a p l i n e  s y s t e m s ,  a s  i n  B r i t i s h  

Colum)ia, s t i m u l a t e  t r a p p e r s  t o  be  r e s p o n s i b l e  f o r  thd  management o f  

a n i m a l s  on t h e i r  own l i n e s .  A d i a l o g u e  between government and t r a p p e r  

may b e  a l i  t h a t  i s  nebded t o  i n i t i a t e  i n t e g r a t e d  r e s o u r c e  management 

i n  t h e  i n t e r e s t  o f  b o t h  t h e  t r a p p e r  and t h e  beaver .  

P e r p e t u a t i o n  o f  a spen  f o r  t h e  b e n e f i t  o f  s e v e r a l  w i l d l i f e  

s p e c i e s ,  i n c l u d i n g  d e e r ,  moose, e l k ,  porcup ine ,  g n o w s h ~ e  h a r e ,  and 

~6odg& b i r d s  a s  we 1 a s  b e a v e r ,  i s  a n  a d d i t i o n a l  wor thwhi le  a 



CHAPTER 7 

SUMMARY AND CONCLUSIONS 
"\ 

- 

- 1. The purpose of  the  s tudy was t o  develop a  land c a p a b i l i t y  

c l a s s i f i c a t i o n  system f o r  t h e  beaver.  

2. The na tu re  o f  beaver h a b i t a t  and h a b i t a t  s e l e c t i o n  s a t i s f y  

the  assumption t h a t  a l l  s u i t a b l e  beaver  h a b i t a t  has*been ,  o r  i s  be ing ,  

- ,  

> 3 

exp lo i t ed .  The c h a r a c t e r i s t i c s  of beaver s t r u c t u r e s  i n s u r e  t h a t  v i s i b l e  

a. s i g n s  of e x p l o i t a t i o n  remain.. 

3. The c h a r a c t e r i s t i c s  of beaver h a b i t a t  were desc r ibed  from 

the  l i t e r a t u r e .  
c. 

4. The s tudy  a r e a ,  cover ing  over 10,000 square mi l e s  i n  the 

no r the rn  i n t e r i o r  of B r i t i s h  Columbia, provided a range of b iophys i ca l  

cond i t i ons  s u f f i c i e n t  t o  develop and t e s t  the c a p a b i l i t y  classifA.cat ion 

system. A t o t a l  of 134 lakes  (approximately 266,000 a c r e s ,  1,100 , 

s h o r e l i n e  mi l e s )  and 45 s t ream s e c t i o n s  (90 s t ream mi l e s )  were sampled. 
.E z 2- 

5. Beaver colony s i t e  d e n s i t y  i s  shown t o  be a  p r a c t i c a l  measure 

of the i n t e n s i t y  of  beaver land use. A t o t a l  of 643 lake  colony s i t e s  

and 145 s t ream colony s i t e s  were observed. 



6. Biophysical  Va r i ab l e s  r e p r e s e n t i n g  the h a b i t a t  requi rements  of  

beaver were measured. The v a r i a b l e s  a r e  descr ibed  on p. 40. 

7. The r e l a t i o n s h i p s  of  b iophys i ca l  v a r i a b l e s  t o  beaver  colony s i t e  . 

d e n s i t y  on l akes  and on s t ream s e c t i o n s  were t e s t e d  and modelled u s i n g  

backwards s tepwise  r e g r e s s i o n  a n a l y s i s .  The r e g r e s s i o n  equa t ions  a r e  given 

-. 8. An independent  check o f  t h e  v a l i d i t y  o f  the  l ake  model was made 
C 

on a  random sample o f  34 l akes .  E 

9. Sample s i t e s  which d i d  n o t  f i t  t h e  s i t u a t i o n  desc r ibed  i n  the  

models were i n t e r p r e t e d  i n  t h e  a n a l y s i s  of  r e s i d u a l s  and provided va luab le  

+. in format ion .  
I 

* 

10. S t a t i s t i c a l l y  s i g n i f i c a n t  environmental f a c t o r s  were a q u a t i c  

h a b i t a t  w i t h  a s t a b l e  water  l e v e l  and an adequate  food supply. 

11. Colony d e n s i t i e s  i n d i c a t e d  t h a t  edaphic  c l imax c o m u n i t i e s  

( such  a s  a lder -wi l low a s s o c i a t i o n s )  provided the most s t a b l e  h a b i t a t s  

f o r  beaver while  temporary p l a n t  communities (such a s  aspen a s s o c i a t i o n s )  

suppor t  high b;t t r a n s i e n t  popula t ions .  

12. Evidence was presen ted  which sugges t s  t h a t  a l d e r  i s  important  

a s  a  c o n s t r u c t i o n  m a t e r i a l  n o t  on ly  i n  dams and lodges ,  b u t  i n  food caches 

where i t  i s  used t o  submerge more p r e f e r r e d  food s p e c i e s  (wil low and 

aspen) .  The presence,  
+ 

of  wil low and aspen. 

13. The use -of 

o f  a l d e r  i s  a  s i g n i f i c a n t  b u f f e r  t o  t he  e x p l o i t a t i o n  

t h e  models a s  a n  a i d  i n  beaver  inventory  was d i s cus sed  

and compared w i t h  o t h e r  methods. Inventory  by p r e d i c t i o n  i s  cons idered  
> 

bo th  more a c c u r a t e  and economical than  a e r i a l  reconnaissance and a e r i a l  

photograph inventory  o f  p o t e n t i a l  beaver  colony s i t e s .  



0 

14. A beaver land c a p a b i l i t y  c l a s s i f i c a t i o n  system was devised  

(pp. 67-68) and a  c a p a b i l i t y  map f o r  the s tudy  a r e a  was cons t ruc t ed  (Fig.  7, 

appended). Management techniques  which can be a p p l i e d  t o  i n c r e a s e  beaver  

land c a p a b i l i t y  were d i scussed .  

15. Aspen i s  t he  most impor tan t  beaver management t oo l .  The s t i m u l a t i o n  

of n a t u r a l  r egene ra t i on  and aspen  p l a n t i n g  ajre no t  cons idered  - p r a c t i c a l  

management techniques  u n l e s s  w i l d l i f e  va lues  i n  genera 1 a r e  high. Conservat ion 

of e x i s t i n g  aspen s t a n d s  can beacheived w i t h  v a r i o u s  h a r v e s t  s t r a t e g i e s ,  
.-. 

a s  d i scussed .  
-; i 

u 
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Appendix D P l o t s  of  COLS a g a i n s t  independen t  v a r i a b l e s  " ,  .. 
7- *.. ,* 

w i t h  c o r r e l a t i o n  c a e f ~ i c i e n t s  , l aAd means a n d  8- 

- - 
s t a n d a r d  d e v i a  t i o n s 2  o f  independen t  v a r i a b l e s . .  - 

l ~ r o m  Table  3 .  

2 ~ e a n  = M ,  s t a n d a r d  D e v i a t i o n  = S 





















Appendix E.--Regression c o e f f i c i e n t s  and nu 11 t - v a l u e s  f o r  v a r i a b l e s  i n  
a l l  s t e p s  o f  e l i m i n a t i o n  a n a l y s e s  (Tab les  4a and b )  

El Lakes 

S t e p  1 
V a r i a b l e  C o e f f i c i e n t  

EL -0.106 
E I L  -59.7 
P~ -0.965 
P S ~  -9.83E-4 
*L 1.73E-3 
ASRL 0.719 

R~ -2,73E-2 
R S ~  -5.36E-4 
W~ 1.39 
T A ~  -0.199 
TAS RL 2.31 
C~ 1.31 
CSRL -2.40 

% 6.32 
1.57 

N S ~ R L  -1.74 
Cons tan t  1.45 

S t e p  4 
V a r i a b l e  C o e f f i c i e n t  

PL 
PSL 
AL 
ASRL 
RSL 
WL - 
T*L 
TASRL 

L 
CSRL 
N L 
s L 
NS SRL 

Cons tan t  

N u l l  t 

-0.55 
-0.42 
-2.73' 
-1.44 

2.96' 
3.2Z1 

-0.87 
-4 .311 

3 . 3 1 1  
-0.96 

2. 65h  
2.17h 

-1.80 
8 . 3 5 1  
1.51 

-1.36 
0.14 

N u l l  t 

- 2 . 9 4 1  
-1.92 

3 . 0 5 ~  
4 .12h 

-4 .421  
3 . 3 7 1  

-1.00 
3 . 1 2 i  
2 .161  

- 1.91 
8 . 4 2 1  
1.56 

-1.42 
- 3 . 2 1 1  

2 
Coe'f f i c i e n t  

-2.96E-2 
- - 

-0.993 
- 9.88E-4 

1.76E-3 
0.738 

-2.95E-2 
-5.43E-4 

1.38 
-0.212 

2.37 
1.36 

-2.50. 
6.33 
1.57 

- 1.71 
-2.93 

5 
c o e f f i c i e n t  

-0.808 
- 1.14E-3 

1.56E-3 
0.592 

- 5.33E-4 
1.4 1 

- - 
1.92 
1.00 

-2.18 
6.36 
1.79 

-2.03 
-3.98 

Nul l  t 

-0.50 
- - 

-2 .881  
-1.45 

3.06' 
3 , 3 8 1  

-0.96 
-4.43 1 

3 , 3 2 1  
- 1.04 

2.75 ?' 
2-29?' 

- 1.92 
8.41h 
1.51 

-1.34 
- 1.34 

N u l l  t 

-3.13 
-1.86 

2-89?' 
4.36?' 

-4 .47h 
3 .42h 
- - 

3.50h 
1.92 

-1.74 
8 . 8 4 1  
1.76 

- 1.65 
- 3 . 1 6 1  

- 3 
C o e f f i c i e n t  'Nul l  t 

6 
C o e f f i c i e n t  Nul l  t 



Appendix E. --Continued 

E l  Lakes 

S tep  7  8  9  
Variable Coef f i c i en t  N u l l  t Coef f i c i en t  Null t Coef f i c i en t  Null t 

Constant 

Step 10 11 0 1 2  
Variable Coeff ic ien t  Null t Coef f i c i en t  N u l l  t Coef f i c i en t  Null t 

. P~ -0.781 -3 .821  , -0.695 -3 .281  
A~ 1.43E-3 3.43h ' 1.38E-3 3 .151  
ASRL 0.555 4.81h 0.453 3.91 

RS L -5.10E-4 - 4 , 6 2 1  -4.48E-4 -3.95h 
- W~ 1.24 3 .141  - - - - 

TASRL 1.79 4 .091 1.96 4.31 
*L 6.32 11.23 6.12 10.47 

Constant -3.84 -3.05' -0.160 -0.33 



Appendix E.--Continued 

El Lakes 

S t e p  1 3  
V a r i a b l e  ~ o b f f i c i e n t  Nul l  t 

A S R ~  8.23E-2 2 .69h 
R S ~  -8.16E-5 -3 .49h  
TASRL 2.20 . 4 . 6 9 1  
NL 4.60 14.50 h  

Cons tan t  0.865 <. 2.60h 

14 
~ o e f f  i c i e n t  

I 

s t e p  16 
I- ~ d r l a b l e  C o e f f i c i e n t  N u l l  t 
-., 

TASRL 3.90 15.66 A 
Cons tan t  1.15 1.99 

15 
N u l l  t C o e f f i c i e n t  Nul l  t 



Appendix E. --Continued 
4 .  

E2 Stream Sec t ions  

S t ep  1 2 .' 

Var i ab l e  C o e f f i c i e n t  Null  t C o e f f i c i e n t  Nu l l  t, 
3  

C o e f f i c i e n t  Null  t 

L  s 
=ss 
LSRs 
LLs 
Ws 

s 
WI s 
WLs 
GS 
GIs 
~Fs 
FIs 
AS 
ASS 

- NSS 
NSSS 

Constant  

S tep  
Var iab le  

4  
C o e f f i c i e n t  Null  t 

5  
C o e f f i c i e n t  

6  
C o e f f i c i e n t  Null  t 

3.76 A 
-3.84 A 
-3.58 A. 

3.41 A 
1.57 

-2.51 A 
- 1.29 
- 1.72 
4.75 A 

-0.78 
1.94 
- - 

5.43 A 
3.73 A 

Null  t 

AS 
NS s 
WSSS 

Cons t a n  t 



Appendix E.-'Continued 

E2 Stceam S e c t i o n s  

S t e p  7 8 9 
V a r i a b l e  c o e f f i c i e n t  Null t C o e f f i c i e n t  Null t C o e f f i c i e n t  Null t 

S t e p  10 
V a r i a b l e  C o e f f i c i e n t  Null t 

L s 22.3 3. loX 
L S ~  -0.481 -3.06~ 
LSRS -89.0 -2.861 
L L ~  50.3 2.651 

s -2.25E-4 -6.341 
GIs 4.79 4.541 
NSSs 0.517 4.77h 

Cons t a n t  66.4 2.721 

1. 

11 
C o e f f i c i e n t  Null t 

3.89 1.90 
-0.105 . -1.42 
-7.27 -1.52 

- - - 
-1.94E-4 -5.381 
5.28 4.721 
0.468 4.07~ 
2.00 . 0.76 

.12 
C o e f f i c i e n t  Null t 



Appendix E. - -Cont inued 

E2 Stream S e c t i o n s  

. . 

s t e p  13 14 15 
V a r i a b l e  C o e f f i c i e n t  N u l l  t C o e f f i c i e n t  N u l l  t- C o e f f i c i e n t  Null-  t 

w Ls 0.776 4. - - - - - - - - 
WS s -1.75E-4 -5.14h 2 -6.99E-5 ' -2.57h - - - - 
GI s 4.76 4.49h 5.34 4.29h 4.74 3.64h 
NSSS 0.511 5.19h 0.616 5.47h 0.578 4 .86h 

Cons t a n t  -1.71 -2.07h - 1.23 -1.27 - 1.05 - 1.02 

S t e p  - 1% 
V a r i a b l e  C o e f f i c i e n t  Nul l  t 

NSSS 0.691 5 .31h 
Cons t a n t  2.39 5 . 1 2 ~  



Append ix  F . - - P a t h  c o e f f i c i e n t s  f rom f i r s t  e l i m i n a t i o n  s t e p s  con t ' a in ing  
a l l  s i g n i f i c a n t  v a r  i a b l e s a  

F1 ~ake; ( S t e p  10 )  

2 
F7 S t r e a m  S e c t i o n s  ( S t e p  9 )  - - R 

I .  
'.-, 

%? X 
I e X 

. m 

s Cs 

''.%0.05, v  s 95 ( l a k e s ' )  and  v  = 37 ( s t r e a m  s e c t i o n s ) .  

=From o u t p u t  o f  REGR07 ( S t a t i s t i c s  Canada) ;  P a r t i a l  P - v a l u e s  
o f  a l l  v a r i a b l e s  s i g n i f i c a n t ,  5 0 . 0 5 .  
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Appendix H ' P l o t s  of  r e s i d u a l s 1  a g a i n s t  independen t  v a r i a b l e s .  

'~rorn Appendix G 1  and G3. 





















Appendix 1.--Occupancy r a t e  of b e a v e r  co lony  s i t e s  

I1 Food cache o b s e r v a t i o n  from s e l e c t e d  l a k e s  i n  t h e  s t u d y  a r e a .  
Data c o l l e c t e d  October  16-19, 1974. 

- - 
Number Name COLSL A c t i v e  COLSL % A c t i v e  COLSL 

Maxan 
Day +. 
Elwin 
S u n s e t  
Swans 
Seymour 
Torke l s e n  
G i  lmore 

T o t a l s  8 8 3 4 39  

I 2  Food cache o b s e r v a t i o n s  i n  t h e  Mackenzie V a l l e y  and Nor thern  Yukon 
( a f t e r  Dennington and Johnson ,  1974). 

Lakes Streams 
Survey COLSL A c t i v e  % A c t i v e  COLSS A c t i v e  % Act ive  

Uni t  COLSL COLSL COLSS COLSS 



Appendix I. --Continued 

12 Food cache observa t ions  i n  t h e  Mackenzie v a l l e y  and Northern Yukon 
( a f t e r  Dennington and Johnson, 1974). 

Lakes ' Streams - 
Survey - COLSL Active % Active COLSS Active % Active 

Unit COLSL COLSL COLSS COLSS 

T o t a l s  863 335 3 9 155 117 75 



Appendix I - -Cont inued  

I3  Regress ions  o f  a c t i v e  co lony  s i t e s  on t o t a l  co lony  
s i t e s  ( a f t e r  Dennington and.  Johnson,  1974).  



* Study Area, October 1974 
(not included in regressions) 




