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ABSTRACT 

T?e p l a n C  e c o l w y  of  t h e  f o r e s C  w i s l a n d s ' '  i n  a  s u b a l p i n e  

r e q i o n  ~f + h e  ~ o r ' h ~ r n  Cascade Mo11n+ai3s 3f W a s k i n q t o c  S t a t e  kids 

a x a m i r e d  i r  'be framework o f  e q u i l i b r i u m  i s l a r d  b i o g e o g r a p h i c  

+ h e o r y ,  9 e g r e 7 5 i o c  a 2 a l y ~ e s  were u x d  t o  r e l a t e  + h e  n u a b e r  o f  

v a s c u l a r  p l a n t  s p e c i e s  p r e s e n s :  i r i  a f o r e s t  i s l a n d  u i t h  s e v e r a l  

h a b i t a t  a n d  e ~ v i r o n m e c t a l  v a z i a b l e s ,  P a r t i c u l a r  e m p h a s i s  was 

p l a c e d  o~ i s l a r d  a r e a  a s  a p r e d i c t i n g  v a r i a b l e ,  A d ? l i t i o n a l l y ,  a2 

o r d i c a t i o n  o *  common s p e c i e s  was u s e d  t o  s e p a r a + e  q r o u p s  of 

similar forest  i s1a :ds  i n  o r d e r  t o  e x p o s e  v a r i a b l e s  a f f e c t i n g  

o n l y  a  p o r t i o n  of the fares: i s l a n d s  s a m p l e d ,  The  p o s s i b l i t y  a•’ 

'ime a f f e c t i c g  species diversity t h r o u ~ j h  cl imatic a c d  t r ee  

carlopy c h a n g e s ,  was: e x a m i n e d  b y  a c a l y s i n g  i s 1 a r . d  a g e s .  The 

i s l a n d  a g e s  v e r p  i n f e r r e 3  frora d a t e s  obtained by tree c o r i n g ,  

Island area was f o m d  t o  h a v e  a s i g n i f i c a r t  c o r r e l a t i o n  

w i t h  species  c u ~ b e r ,  This is  c o n s i s S e n t u i ? h  e q u i l i b r i u m  t h e o r y ,  

t i oweve r ,  t h e  effects of a r e a  a p p e a r  t o  b e  expressed t h r o u g h  

c h a z g e s  i n  h a b i t a t  d i v e r s i t y ,  a f a c t o r  i c c o r s i s t e n t  with 

e c ; n i l i h r i u m  t h e o y y ,  As well, t h e  c o r r e l a t i o n  b e t w e e n  a r e a  a n d  

s p ~ c i e s  d i v e r s i t y ,  t h o u g h  s i g n i f i c a n t ,  i s  not z t r o n g ,  l i m i t i n 3  

+he r e l a t i o ~ s k i ~ s '  h i 0 1  c g i c a l  p r e d i c t a b i l i t y ,  I t  a p p e a r ;  t h a t  t h e  

f o r e s t  i s l a s d s  may be i; a c o n t i n u a l  state of c o n e q u i l i b r i u m  d u e  

t o  +he h a r s F - ~ e s s  of t h e  h i q h  a l t i t u d e  e n v i r o n m e n t  a n d  the 

c o c * i n u a l l y  c h a r . 3 i n . j  e f f e c t s  o f  t h e  t r e e  c a n o p y .  T h e  

* 



nor e q u i l i b r i u m  c o c d i t i o n  would  e x p l a i n  t h e  poor s p e c i e s - a r e a  

r e l a t  i o c s h i p s  
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I, O b j e c t i v e s  

T h e  a l p i n e  t i m b e r l i n e  r e g i o n s  of  t h e  w o r l d  h a v e  p r e s e n t e d  

b i o l o g i s t s  w i t h  a  m a j o r  a r e a  o f  s t u d y ,  T h i s  m a j o r  v e g e t a t i o n  

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

m o u n t a i n o u s  r e g i o n s ,  h a s  b e e n  s e p d r a t e d  i n t o  t w o  t y p e s  i n  Europe 

( T r a n q u i l l i n i ,  1 7 7 3 ) .  A f o r e s t  i n  o n e  case may e n d  a b r u p t l y  4s a  

s m o o t h  c o n t i n u o u s  treelice. I n  t h i s  i n s t a n c e  t h e  s e p a r a t i o n  

b e t w e e n  c l o s e d  f o r e s t  a n d  o p e n  , a l p i n e  z o n e  l a c k s  a d i s c e r n i b l e  

e c o t o n e ,  I n  t h e  s e c o n d  form,  t h e  s u b s l p i n e  f o r e s t  b r e a k s  u p  i u t o  
7 

a p a t c h y  p a r k l a n d  a c r o s s  a b road  e c o t o n e ,  W i t h i n  t h i s  t r a n s i t i o c  

z o n e  b o t h  t h e  f o r e s t  c l u m p s  a n d  i n d i v i d u a l  trees are r e d u c e d  i n  

s t a t u r e  w i t h  i c c r e a s i n g  e l e v a t i o n  u n t i l  o n l y  k rummholtz trees 

r e m a i n ,  Waf t e r  (1  3 6 8 )  proposes  t h a t  s h a d e - t o l e r a n t  s p e c i e s  

g e s e r d l l y  fo rm s h a r p  t i m b e r l i n e s ,  w h i l e  l i g h t -  d e m d n d i n g  p r o d u c e  

o p e n  s t a r ; d s  w i t h i n  a w i d e  t r a n s i t i o n  z o n e  i n  t h e  E u r o p e a n  Alps. 

I n  westcrn  Nor th  Amer ica ,  p d r t i c u l a r l y  i n  t h e  P a c i f i c  

N o r t h w e s t ,  w h e r e  t i m b e r l i n e s  a n d  a l p i n e  r e g i o n s  a re l a r g e l y  

u n t o u c h e d  b y  mdn, a s h a r p  t i m b e r l i n e  b o u n d a r y  is absent, Here a 

v i d e  e c o t o n e  w i t h  a mosaic of f o r e s t  c l u m p s  a n d  a l p i n e  meadows 

e x i s t s ,  An u n e v e n  p a t t e r n  of snow a c z u m u l a t i o n ,  b y  a f f e c t i n g  t h e  

l e n g t h  of t h e  g r o w i n g  s e a s o n ,  is t h o u g h t  t o  b e  t h e  m a j o r  r e a s o n  

f o r  t h e  p r e s e n c e  of a w i d e  t r a n s i t i o n  z o n e  ( B r i n k ,  1 3 5 9 ;  B r o o k a ,  
* 



1365; F r a n k l i n  e t  a l , ,  1371 ;  Lowery ,  1 3 7 2 ) .  T h e  f o r e s t  c l u m p s  

a p p e a r  t o  b e  l c c a t c d  o n  r a i s e d  g r o u z d  i z  t h e  meadows, a n d  h a v e  a 

l o n g e r  s r , o w - f r e e  s e a s o r .  ( i r k  1 3 5 3 ;  Brooke, 1965;  Lowery ,  

1 9 7 2 ) -  It a p p e a r s  t h a t  tree s u r v i v a l  i s  only p o s s i b l e  i n  

l o c a t i o n s  b h i c h  become f r e e  of s2ow e a r l y ,  W a r d l e  (1974)  

p r o v i d e s  t b o  p o z s i b l e  e x p l a ~ a t i o n s  f o r  the i m p o r t a n c e  o f  t h e  

length of t h e  g r o w i n g  s e a s o n ,  I n  a t t e m p t i n g  t o  e x ~ l a i n  t r ee  

limits h e  h y p o 4 k e s i s e s  + b a t  i n  o r d e r  f o r  trees t o  s u r v i v e  t h e r e  

n u s t  b e  a d e q u a t e  time f o r  new s h o o t s  t o  r i p e n  i f  %ey a r e  t o  

t o l e r a t e  t h e  w i n t e r  c o l d  a n d  d e s s i c a t i o n ,  I n  a d d i t i o n  t h e r e  must 

O f  a s u f f i c i e c t  t e m p e r a t u x  s u s t a i n e d  i n  t h e  l e a v e s  t o  p e r m i t  

g r o u c h ,  B e c a u s e  t h e  length o f  t h e  g r o u i c g  s e a s o n  i n f l u e n c e s  b o t h  

t h e  r i p e n i n g  p e r i o d  a n d  t h e  p e r i o d  d u r i c g  wb.ich t h e r e  i s  

s u f  f i c i e ~ t  t e m ~ e r a t u r e  f o r  g r o w t h ,  a v a r i a b l e  w h i c h  i r i f l  u e ~ c e s  

+ h e  g r o w i n g  s e a s o n  musf i n f l u e x e  t zee s u r v i v a l ,  T h i s  v a r i a b l e  

is  + h e  a c c u m u l a X i o n  o f  snow, Trees are  a b l e  t o  s u r v i v e  on rises 

w h i c h  become  f ree  o f  snow e a r l y  but no? i n  d e l ; r e s s i o c s  where 

scow a c c u m u l a t e s  and  l i n g e r s  l a t e  i n t o  t h e  summer mocths, 

Trees a t  s u b a l p i n e  + i m h e r l i c e s  are c h a r a c t e r i z e d  by a v e r y  

s l o w  g r o w t h  rate a ~ d  s ~ o r a d i c  r e p r o l u c 5 o n ,  T h i s  i s  t o  b e  

e x p e c + e d  f o r  p l a ~ t s  g r o w i n g  a t  t h e  l i m i t  o f  t h e i r  s x v i v a l  

c a ; a b i l i t i e s ,  n3i le  t h i s  is  a l s o  t r u e  o f  trees w i t h i n  f o r e s t  

c l u m p s ,  tree g r o u p s  h a v e  a d e f i z i t e  e c o l o g i c a l  a d v a n t a g e  o v e r  

i s o l a t e d  i n d i v i d u a l s  ( T r a n q u i l l i n i ,  1 9 7 3 ) -  A tree g r o u p  ~ r o d u c e s  

m o r e  f a v o f a b l e  g r o w i n g  c o n d i t i o c s  b y  c r e a t i n g  i t s  cwn m o d e r a t e d  



microclimate ( T r a n q u i l l i n i ,  1979). T h i s  was d e m o n s t r a t e d  i n  the 

C a s c a d e  n o u n t a i n s  of  N o r t h  America b y  L o w e r y  ( 1 9 7 2 )  who, t h r o u y h  

a d e t a i l e d  a n a l y s i s  of t w o  fores t  c l u m p s  f o u n d  t h a t  t h e  t ree  

a g e s  a n d  growth r a t e s  were h i g h e s t  i n  t h e  c e n t e r  of t h e  c l u m p s .  

I+ is a t  t h e  c e n t e r  t h a t  o n e  w o u l d  e x p e c t  t h e  m o d e r a t i o n  o f  

c l i m a t i c  e x t r e m e s  t o  b e  t h e  g r e a t e s t ,  L o w e r y  ( 1 3 7 2 )  u s e d  h i s  

o b s e r v a t i o n s  t o  d e v e l o p  a h y p o t h e s i s  f o r  the d e v e l o p m e n t  of t h e  

f o r e s t  c l u m p s ,  A f o r e s t  c l u m p  i n i t i a l l y  begins w i t h  t h e  

e s t a b l i s h m e n t  of a f e w  s e e d l i r i g s ,  As these t r c o s  modify t h e  

meadow microclimate, t h e  ra te  of s n o w  melt i s  a c c e l e r a t e d  dad 

t h e  g r o w i n g  s e a s o n  e x t e n d e d  ( F r a n k l i n  e t  a l , ,  1 3 7 1 ) .  T h e  

a c c e l e r a t i o n  o f  scow melt is  the r e s u l t  of a c o m b i n a t i o n  of snow 

m e l t i r i g  w h i l e  it  i s  r e t a i n e d  o n  t h e  tree c a n o p y  and  r z r a d i d t i o n  

of a b s o r b e d  s o l a r  energy f r o m  the d a r k  c o l o r e d  b a r k  a n d  l e d v l s ,  

I n  a d d i t i o c ,  the s n o w  w h i c h  f a l l s  f r o m  t h e  t ree t e r , d s  t o  f a l l  

a w a y  from t h e  tree stem, A l l  o f  t h e s e  f a c t o r s  c rea te  a s n o w  melt 

crater a r o u n d  t h e  tree ( L o w e r y ,  1972) .  T h e  e x t e n s i o n  o f  t h o  

j r o w i n j  s e a s o n  a l lows new s e e d l i n g s  t o  b e c o m e  e s t a b l i s h e d  a n d  

t h e  f o r e s t  c l u m p s  d e v e l o p .  

L o w e r y l s  h y p o t h e s i s  i s  n o t  t h e  o n l y  e x p l a n a t  i o n  f o r  t h e  

d e v e l o p m e c t  of t h e  f o r e s t  c l u m p s ,  O t h e r  p o s s i b i l i  t i e s  include 

t h ~  d e v e l o p m e n t  o f  t ree  c o l o n i e s  t h r o u g h  v e g e t a t i v e  ra p r o d u c t i o r .  

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

a n i m a l s ,  A f u r t h e r  e x p l a n a t i o n  may ba t h a t  c e r t a i n  f o r e s t  c l u m p s  

d e v e l o p  en masse from a major i n v a s i o n  o f  a l p i n e  meadows b y  tree 



s e e d l i n g s ,  M a j o r  i ? v a s i o c s  of s e e d l i n g s  h a v e  b e e n  o b s e r v e d  ic 

t h e  O l y m p i c  a n d  C a s c a d ~  Houn',air,s of N o r t h  America ( s r i n k ,  1353; 

F r a z k l i n  e t  a l . ,  1 9 7 1 ;  Lowery ,  1 9 7 2 )  b a t  t h e  d e v e l o p m e n t  o f  

t h e c e  s e e d l i n g s  i n t o  f o r e s t  g r o u p s  h a s  z o t  b e e n  f o l l o w e d ,  '?be 

n o t e d  m a j o r  i r v a s i ~ n  o f  s e e d l i n g s  a p p e a r s  t o  h a v e  c c c u r r e d  

d u r i 2 g  a p e r i o d  o f  m i l d  w i n t e r s  i n  +he l a t e  1 9 2 3 ' s  a n d  e a r l y  

1930 's  [ B r i c k ,  1959 ;  F r a n k l i n  e t  a l * ,  1 9 7 1 ) -  

T h e  p r e s e p c e  o f  d i s t i n c t  f o r e s t  c l u m p s  raises s e v e r a l  

q u e s t i o n s  c o n c e r n i n g  t Ce makeup o f  t h e  s u b a l  p i n e  f o r e s t  

v e g e t a t i o r . ,  If o n e  n c c e p + s  t h e  h y p o t h e s i s  t h a t  t h e  p a t t e r n  of  

snow a c c u m u l a t i o n  c o r , t r o l s  +ree g r o w t h ,  ther ,  t h e  same f a c t o r  

likely a l s o  a f f e c t s  t h e  u n d e r s t o r y  f o r e s t  v e g e t a t i o n -  T h e  

urders tory  must a l s o  b e  i c f l u e n c e d  b y  the p r e s e n c e  o f  t h e  t r ee  

c a c o p y ,  Is t h e  floristic c o a p o s i t i o n  cf t h e  f o r e s t  u n d e r s t o r y  

i c  f l i l e c c e d  rnair .1~ b y  t . o p o g r a p h i c  v a r i a b l e s  s u c h  a s  s l o p e ,  

a s p e c t ,  e l e v a t i o r i  a n d  + h e  effects o f  a v a l a n c h e s ,  streams a r d  

s n o w p a t c h e s  o r  a r e  b i o l o g i c a l  f a c t o r s  n o r e  i m p o r t a n t ?  These 

b i o l o g i c a l  f a c t o r s  = e l a t e  s p e c i f i c a l l y  t o  t h e  e f f e c t s  of t h e  

t ree  c a n o p y  on t h e  a n d e r s t o r y ,  F u r t h e r m o r e ,  wha t  are t h e  effects 

o n  t h e  u n d e r s t o r y  t h r o q g h  time a s  t3e t r e e s  g r o w  and  p r o d u c e  a 

f u l l e r  c a c o p y ?  

The f r a g m e n t a t i o n  of t h e  forest  may  a l s o  i n f l u e ~ l c e  t h e  

u n d e r s + o r y -  What i s  t h e  e f f e c t  of t h e  s i z e  a n d  c h a n g e s  i n  t h e  

s i z e  o f  t h e  f o r e s t  c l u m p s ?  What is  t h e  e f f e c t  o f  t h e  i s o l a t i o n  

o f  the f o f e s t  c l u m p s  a r d  i s  t h e r e  a 2 y  l i m i t a t i o n  t o  t h e  



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

w h i c h  + h e  f o r e s t  c l u m p s  a r e  c ? s t a b l i s \ . e d  a f f e c t  t h e  u n d e r s t o r y ?  

F o r  e x a m p l e ,  i' i s  p o s s i b l e  + h a t  a f o r e s t  c l u m p  w h i c h  h a s  

g r a d u a l l y  d e v e l o p e d  o v e r  time will i n f l u e n c e  t h e  u n d e r s t c r y  i n  a 

3 i f  f e r e n t  n a n r e r  t h a n  when t h e  c a n o p y  d e v e l o p s  ec masse, 

Ir. t h i s  s t u l y  I i c % e n d  d i r e c t i n g  t h e  r e s e a r c h  t o w a r d s  

a n s w e r i n g  s e v e r a l  o f  +he% p e s t i o n s ,  T w i l l  e x a m i n e  the 

i n f l u e n c e s  o f  s l o p e ,  a s p e c t  a n d  e l e v a t i o r ,  on t h e  c o m p o s i t i o n  o f  

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

s u b a l p i n e  h a b i + a C s  s u c h  a s  a v a l a n c h e  s l o p e s ,  s t r e a m  e d g e s  a n d  

s n o w  p a t c h e s  will b e  i n c l u d e 3  i n  t h e  s t u d y -  Any c h a f i g e s  i n  + h e  

u n d e r s t o r y  w h i c h  c a n  b e  r e l a t e d  t o  ? h e  age o f  t h e  t r e e s  w i l l  

a l s o  b e  e x a m i n e d ,  The a g e  o f  t h e  t r e e s  i s  + a k e n  a s  a r  estimate 

o f  +.he l e n g t h  of +ime Che  u z l d e r s t o r y  h a s  b e e n  i n f l u e n c e d  b y  t h e  

+re€ c a n o p y ,  T h e  e f f e c t s  of f o r e s t  c l u m p  s i z e  a n d  i s o l a t i o n  a r e  

t o  be  e x a m i ~ e d  a n d  re la ted  t o  t h e  s p e c i e s  d i v e r s i t y  o f  t h e  

v e g e + . a t i o n  of t h e  f o r e s t  c l u m p s ,  I n  a d d i t i o n  I w i l l  a t t e m p t  t o  

i n c l u d e  a meaFllre of habits+ r i c h n e s s  i r ,  e x p l a i n i n g  s p e c i e s  

diversity, 1 will pot  be a b l e  t o  d o c u m e a t  a n y  c h a n g e  i n  + h e  

s p e c i e s  c o i n p o s i t i o n  3f t h e  f o r a s t  c l u m p s  w i t h  t h e i r  d e v e l c p m c n t  

b e c a u s e  this w o u l d  r e q u i r e  a long term o n g o i n g  s t u d y ,  H o w e v e r ,  I 

w i l l  l o o k  a' ? h e  age  d i s t r i b u t i o n  o f  t$e t rees  w i ' h i c  t h e  Cree 

c l u m p s  i n  a n  a t t e n p t  ' o  d i s c o v e r  the m a c n e r  i n  w h i c h  t h e y  

d e v e l o p e d ,  The + h e o r e + i c a l  f r a m e w o r k  i n  w h i c h  I w i l l  e x a ~ i r - e  

t h e s e  q u e ~ t i o n s  is t h e  e q u i l i b r i g m  ' h e o r y  of i s l a n d  



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

a p p l i c a b l e  t o  znba: p i ? ? e  f o r e s t  c l u m p s  by  e x t e n s i o n ,  

T h e  a p p a r e r +  i ~ s u l a r i t y  o f  t h e  s u b a l ~ i n e  f o r e s t  c l u m p s  

suggests t h a t  aI! a n a l y t i c a l  a p p r o a c h  s i m i l a r  t o  t h a t  u s e d  i n  

loany i s l a n d  b i o g e o g r a p h i c  s t u d i e s  i~1 a p p f o p r i a + e -  By c o r r e l a t i n g  

species d i v e r s i t y  with i s l a n d  s i z e ,  i s o l a t i o r ,  a g e  a n d  a  number  

o f  e n v i r o c m e r ? a l  v a r i a b l e s ,  the a n s w e r s  t o  t h e s e  q u e s t i o o s  may 

b e  f o u r , L  

W i t h i n  t h i s  framework - h e  g e c e r a l  o b j e c t i v e s  o f  t h e  th3si.s 

are :  

1, T o  p r o d u c e  a n  e x p l a n a t i o n  f o r  v a r i a t i o x  i n  t h e  species 

d i v e r s i t y  of t h e  s u b a l p i n e  forest i s l a n d s ,  with p a r t i c u l a z  

a + t e r b i o 9  p a i d  t o  i ' l a n d  area. 

2, T o  c o r i d u c t  a d e t a i l e d  a n a l y s i s  o f  t h e  v e g e t a t i o n  

c o m p o s i t i o n  o' *he f o r e s t  i s l a n d s  a t  t h e  +ime of s a u p l i n g ,  

T h e  f o r e s t  i s l a n d s  wi'h s i m i l a r  c a m p o s i t i o n  w i l l  b e  g r o u p e d  

i n t o  c lasqes  a n d  + h a  s i m i l a r i t i e s  o f  " e s e  g r o u p i c g s  

e x p l o r e d ,  

3 .  To e x a m i 2 e  +he a g e s  of the s u b a l p i c e  f o r e s t  i s l a n d s  a ~ i  

s p e c u l a t e  o n  a c y  e f f e c t s  o f  i s l a z d  a g e  on species 

d i v e r s i t y .  The  p o s s i b l e  modes of forest i s l a ~ d  f o r m a t i o n  

w i l l  als:, b e  c o ~ s i d c r e d ,  

T h e  s t u d y  will b e  c o ~ d u c t e d  o n  *he v e g e t a t i o n  of the 

s n b 3 l p i z e  p a r k l a n d  i n  ' h e  N o r t h e r r  r a s c a d e  Mour' ,ains of 

W a s h i n y t o ?  State, 



T h e  a p p l i c a b i l i + y  c f  + h e  e q u i l i b r i u m  t h e o r y  +o t h e  s t u l y  

a r d  the h i s t o r y  of i ts  d e v e l o p m e n t  a r e  e x a m i n e d  i n  t h e  n e x t  

c h a p t e r ,  I n  C h x p t e r  T h r e e  I d i s c u s s  t h e  fieldwork l n e t h o d o l o q y  

a n d  t h e  d a t a  a n a l y s i s ,  T k e  f o u r t h  c h a p t e r  w i l l  pre3eT.t and 

d i s c u s s  the r e ? u l ? s  o b + a i c e d  l e a d i n g  + o  t h e  c o f c l u s i o r s  i n  

C h a p t e r  Five, 



11, Island Biogeographic T h e o r y  

A v i s u a l  cha rac t e r i s t i c  of s u b a l p i c e  forest  c l u r n p s  is C-5dr 

t h e y  of teri resemble i s l a n 3 s  i n  t h e  z n b a l ~ i ? e  meadows ,  S ? e c i f i c  

r e f e r e n c e  *o s X x k  q ~ a t o r c s  a s  i . 3 l a n d s  i s  made  b y  b o t 5  

T r a n q u i l l i n i  ( 1373) arid Ilac A r t h u r  a n d  W i l s o x  (1967). 3cicAr:huz 

a2d W i l s o n  reqarR i n s u l a r i t y  a s  a u c i v e r s a l  f e a t u r e  of a l l  

r , a t . u r a l  h a b i t a t s  a n d  refer  to n a b i t a t s  i s o l a t e 3  w i t h i n  a n o t h e r  

corJ-ex?.  t h e r e f o r e  g o e s  b e y o n d  + h e  commor. c o n n o + a + . i o n  of l a r . 3  

e n v e l o p e d  b y  water a z d  i c c l - r d e s  t e r r e s t r i a l  h a b i t a t  

d i s c o n t i n u i t i e s ,  T h e  s u b a l p i n e  f o r e s t  c l u m ~ s  r e p r e s e c t  a n  

e x c e l l e n t  e x a m ~ l e  of  s u c h  d i s c o n t i n u i t y .  H o w e v e r ,  t h e  b i c l o g i c a l  

d e f i n i ' i o c  o f  ac island m u s t  t a k e  i n t o  a c c o u c t  t h e  b e h a v i o r  of 

+ h e  m e m b e r s  of t h e  c o n n u n i t v ,  O r g a n i s m s  w h i c h  r e a d i l y  d i s p e r s e  

a s  p l r o p a q u l e s  o r  a d u l t s  3cross h a b i t a t  b a r r i e r s  d o  30% recogn i s e  

the insularity of tfie h a b i t a t  w h i c h  we p e r c e i v e ,  T h e  h d ~ i t a ?  

d i s c o n t i n u i t i e s  w h i c h  p r o d u c e  ?he i s l a  rid b o u n d a r i e s  a r e  a l s o  

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

s p e c i e s  w h i c h  o c c u p y  b o t h  t5e habits+ i s l a n d  a n d  t h e  b a r z i e r ,  

* 



T h i s  s i t u a t i o c  may a l s o  e x i s t  w i t h  i s l a n d s  o f  + h e  s t a n d a r d  

d e f i n i t i o n ,  b u t  i? p r o b a h l y  o c c u r s  ;nore f r e q u e n t l y  i n  t h e  c a s e  

o f  h a b i t a t  i s l a n d s ,  

Rany of  +he  q u e s t i . 0 2 ~  I r a i s e d  i n  C h a p t e r  3 n e  a r e  r e l a t e d  

t o  the a s s u m p L . i c f , s  of & h e  e q u i l i h r i u i a  t h e o r y  of i s l a n d  

b i o g e o g r d ~ h y  d e v e l o p e d  b y  MacArthur a n 3  a i l s o n  ( 1  '367). T h e  

rnar,?er iri w h i c h  t h e y  studied o c e a n i c  i s l a n d s  i s  s i m i l a r  $0 t h e  

a p p r o a c h  1 w i l l  a d o p t  h e r e ,  T h e  s i z e  a?.d i s o l a t i o r  o f  t h e  

i s l a n d s  a r e  k e y  e l e m e n t s .  P r e s t o n  ( 1 3 6 0 ,  1962)  a n d  MacArChur  and 

R i l s o n  (1  9fj7 ,  1967) d e v e l o p e d  a h y p o t h e s i s  50 e x ~ l d i n  o b z e r v e d  

v a r i a t i o n s  i n  ~ ~ e c i e s  d i v e r s i t y .  T h e y  p r o p o s e d  + h a t  t h e  s p e c i e s  

n u m b e r  r e a c 3 e d  a: ~ q u i  l i b r i u m  c o n d i + i o n  where t h e  i r n m i 3 r a t i o n  o f  

new s p e c i e s  t o  a n  i s l a n d  b a l a c c e s  the l o c a l  e x t i n c t i o n  of 

s p e c i e s  on t h e  i s l a n d ,  A l ? h o u g h  t h e r e  is a t u r n o v e r  of s p e c i e s  

on t h e  i s l a c d ,  t h e  t o t a l  n u m b e r  of s p e c i e s  r e m a i n s  t h e  same, T h e  

r a t e  of i r n m i g r a t i o a  t o  a? i s l a a d  is see3 to be d e p e n d e n t  o r  t h e  

d i s ' a ~ c e  o f  t h c  i s l a n d  from t h e  species s o u r c e  p o o l  a n d  

i n d e p e r - d e n ?  of i s 1 a r . d  area,  E x c i n c ' - . i o r ,  r a t e s  are  c o n s i d e  red 3 s  

h e i ? g  i n v e r s e l y  p r o p o r t i c n a  l t o  t h e  s p e c i e s  p o p u l a + . i o n  s i z e ,  

which i s  i n  t u r n  p r o p o r t i o n a l  t o  area ( H a c A t h u r  a n d  W i l s o n ,  

1 3 6 7 ) -  C o n s i R e r i n q  csly t h e  effects  of area, smal l  i s l a n d s  

s h o u l d  h a v e  smaller p o p u l a t i o n  s i z e s  and t h e r e f o r e  h i g h e r  

e x t i n c t i o n  r a t e s  ?.ha> l 3 r 3 e r  a r e a s .  M o r e  s p e c i e s  u o u l d  the,? b e  

p r e s e n t  02 l a r q e  i s l a n d s  t h a n  small i z l a n d s ,  



O'her h y p a C k . e s e s  h a v e  b e e n  d e v e l o p e d  t o  e x p l a i n  t h e  

r e l a t i o n s h i p  betwee? a r e a  a n d  d i v e r ~ i t y ,  Wil l iams ( 1 9 6 4 )  

d ~ v e l o p e d  a t a b i t a e - d i v e r s i t y  h y p o t h o s i c ;  w h i c h  p r o p o s e s  t h a t  a s  

t h e  a a o o n t  of  area s a m p l e d  i n c r e a s e s ,  n e w  h a b i t a t s  w i t h  new 

s p e c i e s  a r e  s a m p l e d ,  Area i z  t h e r e f o r e  s i m p l y  a s u r r o g a t e  

m e a s u r e  o f  h a b i t a t  d i v e r s i L , y ,  a s  A b e l e  (1974) d e m o n s t r a t e d  is  

his wcrk o n  m a r i n e  crustaceans, H o w e v e r ,  S i r n b e r l o f f  ( 1  376a) , i n  

e x a n i n i n g  i m m i g r a t i o n  and s p e c i e s  T u r n o v e r  r a t e s  o r  man7 r o v e  

i s l a n d s ,  s h o w e d  that a r e a  h a s  af, e f f e c t  i n d e p e n d e n t ,  of h a b i t a t  

d i v e r s i t y -  

A third h y p o t h e s i s  i g n o r e s  b i o l o g i c a l  p r o c e s s e s  s u c h  a ?  

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

r e g a r d s  a n y  o b s e r v e 3  a rea-divers it.^ r e l a t i o r ,  s h i p  a s  p u r e l y  a 

s a m ~ l i n g  a r t i f a c i  ( ? 0 n L 0 r  and f lcCoy,  1379) .  Greater effort is 

p u t  i n t o  s a m p l i ~ g  l a r g e  a reas  a n d  more s p e c i e s  are  f o u n d .  

Developmen: qf g q l ~ i l i b f  i u m  T h e o r y  --- 

? h e  e x a m i n a t i o n  of t h e  b i o t a  o f  i s l a n d  microcosms h a s  b e e n  

p a r t i c u l a r l y  f r u i t f u l  f o r  t h e  d e v e l o p m e n t  of e c o l o g i c a l  a n d  

e v o l u t i o n a r y  t h e o r y ,  T h e  d e v e l o p m e n t  of t h e  D a r w i n - H a l l a c e  

t h e o r y  o f  e v o l u t i o n  b y  n a t u r a l  s e l e c t i o n  is c l o s e l y  l i n k e d  w i t h  

t h e  w o r k  o f  t5e f o r m e r  i c  t?e G a l a p a g o s  a n d  t h e  l a t t e r  i c  

I n d o n e s i a ,  D a r w i n  a b a n d o n e d  h i s  v i e w  t h a t  + h e  G a l a p a g o s  Islands 

were a snrqll s e p a r a t e  w o r l d  w h e r  h e  n o + e d  t h e  s i m i l a r i t y  Dec,weer, 



s ~ e c i e s  prescr? 09 t h e  G a l a p a g o s  I s l a n d s  a n d  t h o s e  i n  d i f f e r e n t  

h a k i + a t s  i n  S o n t 3  America. T h i s  s i m i l a r i t y ,  a l o n g  w i t h  t h e  lack 

of s p e c i e s  s i m i l a r i t y  w i t h  c l i m a C i c a l l y  a n d  g e o l o g i c a l l y  s l m i l a r  

i s l a 2 d s  a n 3  t h e  d i f f e r e 9 c e s  b e + w e e n  d i f f e r e n t  i s l a c d s  i n  t h e  

G a l a p a g o s  g r o u p ,  l e d  D a r w i n  to b e l i e v e  t h a t  the i s l a n d s  were 

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

s e l e c t i o n  i n  r l n l i k e  p h y s i c a l  a n d  b i o t i c  e n v i r o s m e n t s  ( D a r w i n ,  

1 8 5 9 ) -  

floderc t h e o r i e s  of i s l a n d  b i o g e o g r a p h y  t e n d  t o  f o l l o w  

Darwill i f l  l o o k i c g  a t  +he p r o c e s s e s  of m i g r a t i o r ,  a n d  e v o l u t i o n  

( S a u e r ,  1 9 6 3 ) .  T h e  c a t u r a l  h i s t o r y  f r a m e w o r k  h a s  b e e n  3 e x a m i n e  

+ h e  h a b i t a t s  a s d  d i s p e r s a l  of l o c a l  species i n  t h e  d i v e r s e  

h a b i t a t s  w h i c h  make u p  ar, i s l a n d .  R e s e a r c h  u s i n g  t h i s  m e t h o d  h a s  

o f t e n  e x p l a i n e d  s i m i l a r i t i e s  a x d  d i f f e r e ~ c e s  b e t w e e x  i s l a n d ;  

t h ~ m s e l v e ~  (ec~, C a r l q u i s ? ,  1967)  - A s e c o n d  a p p r o a c h  i n  a n a l y s i n g  

i s l a n d  b i o t a  i z v o l v e d   lotting t h e  ?umber o f  species p e r  i s l a n d  

a s  a f u n c t i o n  of s o m e  common c h a r a c t e r i s t i c  of t h e  i s l a n d s ,  

u s u a l l y  a rea ,  It i s  f r o m  t h e s e  d i v e r s i t y - a r e a  p l o t s  t h a t  t h e  neiJ 

f i e l d  of b i o g e o g r a p h y  d e v e l o p e d .  M a c A r % h u r  acd W i l s o n ' s  ( 1 9 6 7 )  

e q u i l i b r i u m  t h e o r y  b e c a a e  i t s  f o u n d a ? i o r ,  

M a c A r t h u r  a n d  W i l s o n  b e g a n  L, h e  d e v e l o p m e n t  of e q u i l i b r i u m  

+ h e o r y  by u s i n g  P r e s t o n ' s  I19631 t reatrncn? o f  i s l a n d  a r 3 a  and 

e q n i l i h r i u r r ,  s p e c i e s  number ,  P r e s t o n  s u g g e s t e d  * h a t  i s o l a t e d  

a r e a s  h a v e  a n  e q u i l i b r i u m  s p e c i e s  n u m b e r  r e l a t e d  t o  t h e  zumker 

of s p e c i e s ,  +be i s l a n d  cac  s u p p o r t ,  st e q u i l i b r i u m  tliere is a 



b a l z c e  i n  t h e  a d d i t i o n  o f  new s p e c i e s  t 5 r o u g h  i m m i g r a t i o n  and  

e v o l u t i o r ,  a r .d  'ke l o s s  o f  spcie .5  b y  e x t i n c + , i o c ,  The g r a ~ h i c a l  

m o d e l  p r e s e n t e d  by rlac Ar 'hur  a n d  W i l s o r ,  r e l a t e s  i m m i g r a t i o n  a.?d 

e x L i n c * i o r  r a t e s  t o  tte n u n b e r  o f  si>ecies p r e s e n t ,  A h i g h  

spec ies  number  p r o d u c e s  l o w e r  i m m i g r a t i o n  r a t e  a n d  a  h i g h e r  

e x t i n c t i o n  = a t e ,  H i q k  species n u m b e r s  l i m i L .  the number o f  new 

c o l o n i s t s  a c 3  + h e r e b y  l o w e r  t h e  i i c m i g r a t i o n  rate. 'The e x t i ~ c t i o r ~  

r a t e  is a l s o  h i g k  d u e  t o  l o w  p o p u l a t i o n  s izes.  T h e  e q u i l i b r i u m  

s p e c i e s  n u m b e r  i s  + a t e c  a s  + h e  oumber  a t  t h e  i n t e r s e c t i o n  o f  the 

i m m i g r a t i o c  and exL i n c t i o n  c u r v e s ,  I m m i g r a t i o n  r a t e s  are a l ~ o  

h i g h  o n  n e a r  i s l a c d s  acd  e x t i n c L i o r z  r a t e s  low on l a r g e  i s l a n d s ,  

T h e r e f o r e  t h e r e  w i l l  b e  more s p e c i e s  o n  n e a r  l a r g e  i s l a n d s  t h a n  

o n  r e m o t e  small  i s l a n d s ,  Y a c A r t h u r  a x d  W i l s o n  ( 1 9 6 7 )  t h e n  

d i s c u s s  t h e  i m ~ o r k a 3 c e  of  d i f f e r e n c e s  i n  s ~ e c i e s  d i s p e r s a l ,  

d e m o g r a p h y  a n d  e c o l o g i c a l  n i c h e s ,  t h e  e f f e c t s  o f  s t e p p i n g - s t o n e  

i s l a n d s ,  t h e  s t r a t e g y  o f  c o l o n i s a t  i o n  acd e v o l u t i o c a r y  c h a r q e s  

f o l l o w i n g  c o l o r , i s a + i o n  w i t h  r e g a r d s  t o  t h e i r  t h e o r y ,  

S e v e r a l  a s s u m p t i o n s  a r e  i m p l i c i t  ir t h e  e q u i l i b r i u m  t h e o r y ,  

T h e r e  b a s i c  a s s u m p t i o c s  a r e :  

1, t h e  number  of s p e c i e s  on  a n  i s l a n d  i s  c o n s t a n t  t h r o u g h  

time, b u t  there i s  a c o n s t a n t  t u r n o v e r  of s p e c i e s  

2, t h e  i ~ r e i g r a t i o r .  r a t e  ta a c  i s l a n . 7  i s  a n  i 3 v e r s e  f : l n c t i o n  o f  

s p e c i e s  number  

3, t h e  e x t i n c ' i o n  r a t e  is a x  e x p o n e n ' i a l  f u n c t i o n  of s ~ e c i e s  

numbqr 



4, f o r  any  s ~ e c i e s  ~ u r n b e r ,  t h e  i m m i g r a t i o r ,  r a t e  i s  d e p e n d e n t  

o n  i s l a n d  i s o l a t i o r  

5, f o r  a r , p  s p e c i e s  n u n b e r ,  t h e  e x c i n c t i c r ,  r a t e  i s  d e p e n d e q t  o r  

i s l a n d  area 

6 e q u i l i b r i u m  s p e c i e s   umber i s  t h e r e f o r e  a f u n c t i o n  o f  

i s l a n d  a r e a  a n 3  i s o l a t i o n  

? l a c A r t h u t  a n d  Wilsor, (1367)  s u g g e s t e d  t h e  u s e  o f  t h e  power  

f u n c t i o n :  s = c d . ,  w h e r e  S e q u a l s  t h e  s p e c i e s  n u m b e r ,  R t h e  a r e a  

and c and  z a r e  ?he c o e f f i c i e n t  a n d  e x p o n e n t  r e s p e c t i v e l y ,  to 

m a + h e m a t i c a l l y  e x p r e s s  t h e  s p e c i e s - a r e a  r e l a t i o n s h i p  a t  

e q u i l i b r i u m ,  F.t+emp+,s t o  d e f i n e  +,he  b i o l o g i c a l  m e a n i n g  of  t h e  

c o e f f i c i e n +  a n d  p a r + i c u l a r l  y t h e  e x p o n e n t  are c u m e r o u s  i n  t h e  

l i t e r a t u r e ,  T h e  e x p o n e n t  z is  t h e  s l o p e  of t h e  l o g  s p e c i e s / l o g  

a rea  r e g r e s s i o n  l i n e  t h a t  i s  u s e d  t o  a p p r o x i m a t e  t h e  power 

f u r c Y i o n ,  T h i s  i n d i c a t e s  t h e  r a t e  a t  w h i c h  s p e c i e s  a c c u m u l a t e  

w i t h  i r \ . c r e m e n t s  o f  a r e a  f t o n n o r  and  EcCoy,  1973 ) .  T h e  v a l u e  of z 

h a s  b e e c  remarkably c o m t a n +  for most d e m c c s t r a t e d  s p e c i e s - a r e a  

r e l a ?  i ~ n s h i p s .  F r e s t o r ,  ( 1 9 6 2 )  p r e d i c t e d  a  c a n o z i c a l  v a l u e  o f  

0 . 2 6 2  b u t  b e c a u s e  o f  p o s s i b l e  s a a p l i n g  errcrs a c c e p t e d  v a l u e s  i n  

t h e  r a n g e  o f  0 -17  t o  0 - 3 3  a s  p o s s i b l e  v a l u e s  f o r  z- f l a c A r t h u r  

a n d  Wilsor (1967)  a c c e p t ~ d  v a l u e s  of b e t w e e n  0.20 a n d  0 . 3 5 ,  

Howevez, C o c n o z  acd  i?lcCoy ( 1 9 7 3 )  feel t h a t  w i t h  t h e  a b u n d a c c e  o f  

z v a l u e s  b e t w e e c  0 - 2 0  a n d  0 - 4 0  a  c o r r e l a t i o r  betweec s p c c i e s  

number  a n d  a r e a  w i t h o u t  a f u n c t i o n a l  r e l a t i o n s h i p  is o f t e n  

i n d i c a + e 3 ,  A r e g u l a r  occurrecce of  s l o p e  v a l u e s  i n  t h i s  r a r g e  



mav b e  an e x p e c t e d  c h a r a c t e r i s t i c  o f  a n y  r c q r e s s i o n  s y s t e m  u i t h  

a h i g h  c o r r e l a t i o ; :  c o e f i c i e n t  {r)  v a l u e  a n d  a r e l a t i v e l y  smal l  

r a n a e  i n  the d e p e n d e n t  v a r i a b l e  c o m p a r e d  t o  +he i n d e p e n d e n t  

v a r i a b l e  ( C o n c o r  a r . 4  McCoy, 1 9 7 9 ) -  

T h e r e  h a v e  been s e v e r a l  e x p l a n a t i o c s  f o r  o b s e r v e l  

d e v i a t i o n s  i r  'he s l o p e  v a l u e  f r o m  t h e  e x ~ e c + e d  r a n g e ,  Preston 

(1960)  a t t r i b u t e s  h i g h e r  v a l u e s  t o  a n  i n c r e a s e  i n  h a b i t a t  

d i v e r s i t y  a c d  l o w e r  v a l u e s  t o  t h e  s a m p l i n g  of n o n i s o l a t e d  a reas ,  

H a c A r t k u r  a n d  W i l s o n  ( 1 3 6 7 )  p r o p o s e d  t h a t  f o r  n o n i s o l a t e d  a reas  

t h e  r a n g e  i r .  s l o p e  s h o u l d  S e  i n  t h e  r a n g e  cf 0.12 t o  0.19, T h i s  

d e c r e a s e d  s l o p e  v a l u e  w o u l d  b e  t h e  r e s u l t  of t h e  many t r a n s i e n t  

s p e c i e s  t h a t  w o u l d  b e  e n c o n r i t e r e d  i n  n o n i s o l a t e d  areas- T h e  

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

+ h e  s l o p e  of + h e  c u r v e  ( M a c A r t 5 u r  arid V i l s o n ,  1 3 6 7 ) .  T h e r e f a r 2 ,  

i t  i s  t h e  r a t e  a +  w?-tich s p e c i e s  d i v e r s i + y  i n c r e a s e s  w i t h  a r ea  

+ h a t  d i f f e r s  b e t w e e ?  i s I a n 9  a n d  c o n t i c e n t a l  a reas ,  w i t h  islar.38 

r e p r e s e n t i n g  a c  i s o l a t e d  a c d  c o n t i n e n t s  a n o n i s o l a t e d  s i  t u a  tian, 

T h i s  + r a c s i e n ?  h y p o t h e s i s  h a s  g a i n e d  much a c c e p t a r c e ,  but 

i+ is no: w i t h o u t  critics,  C o n n o r  arid ? c C o y  ( 1 9 7 3 )  c la im t h a t  

many of t h e  i s o l a t e / n o n i e o l a t e  c o m p a r i s o n s  may n o t  b e  v a l i d  d u e  

t o  a l a c k  o f  s u f f i c i e n t  o v e r l a p  i n  area r a n g e s ,  T h e y  a l s o  p o i n t  

o u t  a n u m b e r  o f  s t u d i e s  w h e r e  low s l o p e  v a l u e s  h a v e  b e e n  

o b t a i n e d  f o r  t r u e  i s o l a t e s ,  

S t u d i e s  o f  d i s t a n t  archipelagos h a v e  a l s o  p r o d u c e d  

c o n  t r a d i c $ i o n s  i n  t h e s e  c i r c u m s t a n c e s ,  M a c A r t h u r  a n d  b f i l s o n  



( 1 9 6 7 )  p r e d i c + e d  t 5 a t  + h ~  s l o p e  o f  t h e  s ~ e c i e s - a r e a  c u r v e  s h o u l d  

b e  3 i g h e r  b e c a u s e  i s o l a c i o r ,  restr icts  t h e  n u m b e r  cf t r a n s i e n t s  

w h i c h  are F ~ ~ s P P I . ,  T h i s  h y p o t b . e s i s  > .as  o f + e r :  beer c o r . t r a d i c t e 4 ,  

S c l - o e n e r  ( 1 9 7 6 1 ,  i n  p a r t i c u l a r ,  h a s  s h o w c  t h a t  the s l o p e  

d e c r e a s e s  w i t h  i s o l a t i o n  i n  many i n s t a ? c e s ,  

U h i l e  t h e  u n d e r s t a n d i n g  o f  t h e  e x p o n e ~ t  h a s  r e t r e a t e d  f r o m  

b e i c g  g e n e r a l l y  a g r e e d  upon  t o  a m o r e  q u e s t i o n a b l e  p o s i t i o n ,  t h e  

coefficient ha: r ? e v e r  been  f u l l y  s t u d i e d  o r  e x p l a i n e d ,  Ifaas 

(1975)  a t t r i b u t e s  t h e  l a c k  of d i s c u a s i o r ?  to t h e  l a r g e  a m c u r ?  of 

v a r i a t i o n  + E a t  t h e  c o e f f  i c e n t  exhibits, M a c h r t b u r  and W i l s o n  

( 1 9 6 7 )  c o n s i d e r e d  the c o e f f i c i e n t  t o  d e p e n d  g r e a 4 1 j  o n  

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

+axor., They c la im t h a t  c ~ h o u l d  b e  smal le r  i r  r e s o u r c e - p o o z  

r ~ 3 i o n s  w h e r e  the t o t a l  number of o r g a n i s m s  i n  the t a x 0 2  i s  

less, I n c r e a s e d  i s o l a t i o r  s h o u l d  a l s o  c a u s e  a d e c r e a s e  i n  t h e  

value of c ( M a c A r t h u r  ar.d W i l z o n ,  1 '367) .  P r o b l e m 5  i c  e x p l a i n i n g  

?ke c o e f f i c i e n '  a r e  p r o d c c e d  b y  t h  d e p e n d e n c e  o f  c on :he scale 

u s e d  i n  m e a s u r i ~ g  a r ea  ( C o n n o r  a n d  !?cToy,  197'3)-  

T h e  u ~ e  of  t h e  p o w e r  f u r , c t i o r ,  h a s  g a i n e d  g e n e r a l  h u t  K G ?  

r i c i v e r s a l  a c c e p t a n c e  a s  t h e  e m p i r i c a l  m o d e l  u s e d  t o  e x p l a i n  t h e  

s p e c i e s  a r e a  r e l a t i o n s h i p  ( G o u l d ,  1 9 7 9 ) -  O t h e r  m o d e l s ,  hcwever, 

h a v e  a l s o  been  a p p l i e d ,  Ic e a r l y  work +he e m p i r i c a l  m o d e l  

s = l o g  k + z('Lo3 A )  

r e c e i v e d  a l o t  of a t t e ~ t i c n  f r o m  plat: e c o l o g i s t s ,  O t h e r  

~ o s s i b i f i f i e s  b e s i d e s  + h e  p o w e r  f u n c t i o r ,  s h o u l d  t h e r e f o r e  b e  



t e s t e d  when a n a l y s i n g  s p e c i e s - a r e a  d a t a .  C o n n o r  a n d  McCoy (1'379) 

t e s t e d  100 p u b l i s h e d  d a t a  sets b y  f i t t i n g  t h e  l o g  s p e c i e s / l o g  

a r e a  ( p o w e r  f u n t i o n ) ,  s p e c i e s / l o g  area  ( e m p i r i c a l ) ,  l o g  

s p e c i e s / a r e a  a n d  s p e c i e s / a r e a  r e g r e s s i o n s  t o  t h e m -  They 

c o n c l u d e d  t h a t  t h e r e  w a s  n o  s i n g l e  b e s t  f i t  model ,  For a 

p a r t i c u l a r  model t h e  m o s t  a p p r o p r i a t e  s p e c i e s - d r e d  m o d e l  can  

o n l y  b e  d e t e r m i n e d  e m p i r i c a l l y .  

o c e a n i c  I s l a n d  S t u d i e s  

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

e q u i l i b r i u m  t h e o r y  a p p e a r s  t o  be c o n c e n t r a t e d  i n  a n u m b e r  of 

areas,  C o m p r e h e n s i v e  r e v i e w s  h a v e  b e e n  c o m p i l e d  b y  S i m b e r l o f f  

(1974)  a n d  G i l b e r t  (1980) .  T h e  m a j o r i t y  o f  s t u d i e s  examined 

o c e a n i c  i s l a n d s  b u t  a few were c o n d u c t e d  u s i n g  h a b i t a t  i s l a n d s .  

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

h a b i t a t  i s l a c d  and b o t a n i c a l  s t u d i e s  b e c a u s e  t h e y  a r e  more 

d i r e c t l y  r e l a t e d  t o  t h i s  t h e s i s ,  

C r i t i c i s m  of many o f  t h o  d s s ~ m p t i o n s  o f  t h e  e q u i l i b r i ~ l a  

t h e o r y  were q u i c k l y  b r o u g h t  f r o m  b i o g e o g r a p h e r s  r o o t e d  i n  the 

n a t u r a l  h i s t o r y  t r a d i t i o n  o f  b i o g e o g r a p h y .  S a u e r  (1969)  r a i s e d  

s e v e r a l  v a l i d  criticisms. H i s  overall o p i n i o n  was t h a t  t h e  
* 



e q u i l i b r i l ~ m  moZel s u f f e r s  f r o m  e x t r e m e  o v e r s i m p l i f i c a t i o n  

b e c a u s e  i t  t r e a t s  i s l a n d s  a s  a  w h o l e  with l i t t l e  a t t e n t i o n  F a i d  

t o  i r . + c r r . a l  h a h i t a t  d i v e r s i + - y  acd b e c a u s e  s p e c i e s  a r e  t r e a t e d  

i n t e r c h a n g e a b l y  w i t h o u t  c o n s i d e r i n g  g e n e t i c  a n d  q e o g r a p h i c  

d i v e r s i t y ,  More specifically, S a u e r  f i n ' i s  f a u l +  i n  t h e  

a s s u m p % i o n s  t h a t  i m m i g r a t i o n  a n d  e x + i n c t i o n  rates v a r y  a s  a 

f u ~ c t i o ~  o f  the s u m b e r  o f  s p e c i e s  p r e s e n t *  The number  of s p e c i e s  

p r e s e n t  o n l y  se+ a l i m i t  on t h e  p o t e n t i a l  new i m a i g r a n t s  which 

r e m a i n  i 2  a f i x e d  p o o l  a n d  t h e  number  of s p e c i e s  which c o u l d  

b e c o n e  e x t i c c t .  The a c t u a l  rates f a l l  a 2 y w h e r e  b e t w e e n  ze ro  a 3 d  

this u p p e r  c e i l i n g ,  C r i C i c i s m  i s  a l so  p ~ i ? ~ t e d  a t  the a s s u m p t i o n  

? h a +  d i s t a n c e  a f f e c t s  onfp 'he i m m i q r a y i o n  ra'e a n d  n o t  t h e  p o o l  

o f  s p e c i e s  c a p a b l e  o f  r e a c h i n g  a n  i s l a n d  o r  e x t i n c t i o n  r a t e s  ar .3  

+ h a t  s i z e  a f f e c t s  o n l y  e x t i n c t i o n  r a t e s  a n d  n o t  i m m i g r a t i o n  

r a t e s ,  A c t u a l l y ,  t h e  l a r g e r  + h e  i s l a n 3  the g r e a t e r  t h e  c h a s c e  o f  

a ~ r o p a g i i l e  h i t + i r . g  iC. The c l o s e r  t h e  i s l a n d  i s  + o  t h e  s o u r c e  

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

p r e  vert i n g  e x ' i n c t i o n ,  T h e r 3 f  ore, r e m o t e n e s s  a c d  s i z e  o a l y  

l o o s e l y  c o r r e l a t e  w i t h  i n t l o i g r a t i o n  a n d  e x t i n c t i o n  r a t e s  (Sauer, 

1 9 6 9 ) -  

T h e  b u l k  of t h e  r e s e a r c h  i o v o l v e s  o n l y  the d e m o n s t r a t i c n  o f  

t h e  s p e c i e s - a r e a  r e l a t i o n s h i p .  MacArt  h u r  a n d  W i l s o n  (1 3 6 7 )  

a p p r o p r i a t e l y  c i t e d  s e v e r a l  e x a m p l e s  i c  s u p p o r t  o f  t h e i r  t h e o r y ,  

However ,  t h e y  map h a v e  been c a r e f u l l y  selecting t h e i r  e x a m p l e s  

t o  i n c l u d e  o n l y  s p e c i a l  cases u h i c h  g a v e  a good  f i t  t o  t h e  



s p e c i e s - a r e a  c a r v e  [ G i l b e r t ,  1 3 8 0 ) .  I n  %is s u r v e y  of t h e  

literature, Gilbert ( 1 9 8 0 )  claimed t o  f i n d  o n l y  one s t u d y ,  t h a t  

o f  Diamond a t 4  n a y =  ( 1 ' 3 7 6 ) ,  w h i c h  s h o w e 3  a r e a  a s  t h e  e x c l u s i v a  

p r e d i c t o r  o f  s p e c i e s  number,  Yore commozly  a m e a s u r e  of  

i s o l a t i o n  i s  i r c l n d e d  leg. Yeismar,  a n d  Rentz, 1 9 7 6 ;  H a m i l t o n  a n d  

A r m ~ t r o n g ,  1 9 6 5 ) .  Jot. .nson a n d  S i m b e r l o f  f ( 1 9 7 4 )  found t h a t  t h e  

n u m h e r  of p l a n t  species or, S r i t i s h  i s l a n d s  c o r r e l a t e d  u i t h  t h e  

c u m b e r  o f  s o i l  t y p e s ,  l o q  o f  l a t i t u d e ,  l o g  a rea  a c d  l o g  o f  ' h e  

c u m b e r  o f  s o i l  +ypcs i~ t h a :  o r d e r ,  Tn a d d i t i o n  t h e  c u m b e r  o f  

s o i l  t y p e s  was c o r r e l a t e d  w i t h  a r e a ,  T h r e e  s t u 3 i e s  h a v e  used t h e  

f l o r a  o f  t h e  G a l a p a g o s  I s l a n d s  and  h a v e  come t o  v e r y  d i f f e r e n t  

c o n c l u s i o n s ,  Johnson a n d  S a v e n  ( 1  973 )  f o3lnd e l e v a t i o r .  t h e  bzst 

predictor of species n u m b e r ,  S impson ( 1 3 7 4 )  f o u n 3  o n l y  a rea ,  

[ e s p e c i a l l y  P l e i s t o c e n e  a r e a )  c o r r e l a t e d  uith s p e c i e s  n u n b e r ,  

d n d  f i r - a l l y  t o n r o r  arid Sirnberloff  ( 1 3 7 9 )  c c n c l u d e d  t h a t  the 

n u s b e r  of c o l l e c t i r , . j  + r i p s  e x p l a i a e d  t h e  m o s t  diversity 

v a r i a + i o 2 .  

A s e c c c d  major  " h r u s t  i n  i s l a 3 d  b i o g e o g r a p h i c  r e s e a r c h  came 

f r o m  c x a m i c i n q  t3e r e d u c t i o n  of s p e c i e s  nnmber d u e  to a 

r e d u c t i o n  i n  i s l a n i l .  a rea  (q.. 3 i a m o n d  1971 ,  1972,  1974;  T e r b o r g h  

1974; Y i l l c o x ,  1 3 7 8 ) .  T h e s e  s t u d i e s  h a v e  a t t e m p e d  t o  show t h i s  

r e l a x a t i o n  e f f e c t  o n ,  f o r  e x a m p l e ,  l a n d - b r i d g e  i s l a n d s  wkich 

h a v e  become i s c l a A c d  due *o i n c r e a s e s  i:: sea l e v e l s  f o l l c w i n g  

t h e  P l ~ i s t o c e n e  i i e g l d c i a * i o n ,  However ,  the l o n g  r e l a x a t i o n  5 n e s  

mear. t h a t  , c l i m a + i c  a n d  g e o l o g i c  c h a n g e s  h a v e  l i k e l y  t a k e n  p l a c e ,  



c h a n g i n g  t h e  e q u i l i b r i u m  number  ( A b b o t t  a a d  G r a n + ,  1 9 7 6 ) -  As 

well ,  t h e  f i 2 d i c g s  o f  H i l l c o x  ( 1 9 7 8 )  h a v e  b e e n  d i s p u t e d  b e c a u s e  

o f  ~ r o b l e m s  i r  t5e m e t h o d o l o g y ,  e s p e c i a l l y  i n  d e t e r m i n i n g  i s l a n d  

a g e  ( F a e t h  a n d  Car,r?or, 1 3 7 9 ) .  S i m b e r l o f  f ( 1 9 7 6 a )  p r o v i d 3 d  t h e  

only d i r e c t  e x g e r i r n c n t a l  e v i d e n c e  o r  t h e  e f f e c t s  cf a r e a  c h a n g e s  

whe r  h e  r e m o v e d  s o r t i o n s  c ~ f  r e d  m a n q r o v e  i s l a c d s  a n d  w a t c h e d  t h e  

c h a n g e  i n  s p e c i e s  r u m b e r ,  However, h i s  f i n d i n g s  d i d  n o t  E u p p o r t  

t . 3 ~  e q u i l i k r i u m  t k c o r y ,  

T h e  t h i r d  a?ld p e r h a p s  o n l y  t r u e  tes t  of t h e  e 3 u i l i b r i u m  

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

effects of i m m i g r a t i o n  a c d  e x t i n c t i o n ,  T h e  most e x t e n s i v e  work 

a l o 3 q  + h e s e  l i v e s  were t h e  d e f a u n a t i o c  e x c e r i m e n t z  of  S i m b e r l o f f  

a n d  W i l s o ~  ( S i m k e r l o f f  a n d  U i l s o ~ ,  1963,  1970; W i l s o n  acd 

S i m b e r l o f  f ,  1969 ;  S i m b e r l o f f ,  1 9 6 9 ) .  They i n t i a l l y  f o u n d  good 

c u p ~ o r t  f o r  t h e  e q u i l i b r i u m  t h e o r y  hu+  S i m b e f l o f f  ( 1 3 7 6 b )  h a s  

since r e - e x a a i r e d  t h e  d a t a  a n d  c o n c l u d e d  t h a t  t h e  trge f a t e s  of  

t u r n o v e r  are  v e r y  low,  T h e  i c i t i a l l y  c a l c u l a t e d  h i g h  t u r n o v e r  

r a t e s  were a c c o n n t e d  f o r  b y  a 9 p s e u d o + . u r n o v e r *  p r o d u c e d  b y  

t r a n s i e n t s  'he i s l a n d s  ( S i m b e r l o f  f ,  l 9 7 6 b ) .  L a c k  ( 1  3 7 0 )  f o u ? d  

a s i m i l a r  base o f  criticisms whec hc n o t e d  t h e  l a r g e  n u m b e r s  of 

n o n t r e e d i n g  b i r d s  p r e s e n t  on a n u m b e r  of i s l a n d  g r o u p s ,  

Ar! a l t e r n a t e  m e t h o 3  of a t C e m p t i n g  t o  a n a l y s t ?  t u r c o v e r  r a tes  

c o m e s  f r o m  t h e  e s ? a a S l i s h m e n c  of  p e r m a n e c t  v e g e t a t i o r .  p l o t s .  

H o l l a n d  ( 1 9 7 8 )  s t u 3 i e d   lots m a r k e d  i n  a ha rdwood  f o r e s t  a n d  

c o r c l u d e d  + t h a t  + h e   umber o f  s p e c i e s  p r e s e n t ,  r ema i r . ed  c o z s t a r t  



b u t  t h a t  ?%ere was a c o n t i n u o u s  r e a r r a n g e m e n t  o f  s p e c i e s  i n  

snail q u a d r a t s .  Y o u e v e r ,  h i s  p l o t  size may h a v e  be&n o f  s u c h  a 

s n = ~ l l  s i z e  a s  t o  o v e r e s t i a a + e  t u r n o v e r ,  

T h e  p r o p o s i : i o ?  :ha5 t h e o r i e s  of i n s u l a r i e y  s h o u l d  b e  a p p l i c a b l e  

to d i s c o ~ ~ i n u i ' l i e s  i n  t h e  h a b i t a t  a s  well a s  l a n d - w a t e z  k r e a k s  

h a s  been  t e s t e d  i n  a n u m t e r  of d i f f e r e - ? +  se t t ings ,  C a v e  d w e l l i n g  

a r e k o p o d s  were y t u d i e d  b y  C a l v e r  e L  a l .  (1973)  a n d  V u i l l e l l l a i ~ r  

1 1  573)- However ,  %ye f i r s t  s t u d y  seemed  t o  be  p l a g u e d  b y  

problems i? d e 9 e i n i : i n g  a rea  azd t h e  s e c c n d  a p p e a r e d  t o  g i v e  

s c a z t  s u p p o r t  t c  t h e  e c ; n i l i b r i u m  t h e o r y  ( G i l b e r t ,  1380)  Botk 

V u i l 1 e u a i e r  (1970)  a n d  Ha11riello a n d  R o s k o s k i  ( 1 9 7 4 )  examiced 

d a t a  o r  b i r3 . s  l i v i z g  i n  the P a r a m o s  i s l a z d s  o f  S o u t h  A m e r i c a  dqd 

c o r . c l u d e d  t h a +  a r e a  a n d  +fie d i s t a n c e  t o  t h e  s p e c i e s  s o u r c e  pool  

u e z e  t h e  best p r e d i c t o r s  o f  s p e c i e s  r u m h e r .  S i m p s o n  ( 1 3 7 4 )  

z C u d i e d  the f l o r a  of the same i s l a n d s  azd c o z c l u d s d  t h a t  

P l e i s t o c e n e  a r e a  was t h e  b e s t  p r e d i c t c r  of s p e c i e s  d i v e r s i t y ,  

J c h r s o r ,  (1375)  s t u 4 i e d  borea l  b i r d s  a n 1  c o r . c l u 4 e d  t h a t  a m e a s u r e  

o f  habitat d i v e r s i t y  r a t h e r  t h a r ,  a r e a  was the best p r e d i c t o r ,  

E r o u n  (1971)  f o u z d  t h a '  area >ad a n  effect o n  + h e  c u m b e r  o f  

mammals l i v i n g  cn  m o u n t a i n  t o p s  i n  the Sierra Nevada  a rAd  Rocky 

M o l ~ n + a i n s ,  T h e  ~ q n i l i b r i t t m  t h e o r y  was e v e n  a p p l i e d  t o  a r t h r o p o d s  

l i v i n g  on s i r g l e  p l a n t s ,  The  i d e a  was i c t r o d u c e d  b y  J a n z e n  
* 



( 1 9 6 0 ,  1 3 7 3 )  a r d  h a s  b e e n  a 2 p l i e d  b y  Brown a r d  K o d z i c - B r c w n  

( 1 9 7 4 )  a n d  S e i f e r t  (1 9 7 5 ) .  

Well d o c u n e c t e d  e x a i n p l e s  have beer t3e a p p l i c a t i o n  o f  t h e  

e q u i l i b r i u m  t h e o r y  'o n u m b e r s  of b r e e d i n g  b i r d s  i n  woods ,  A g a i n ,  

n o ?  a l l  h a v e  f o u ? d  consistent r e s u l t s  ( G i l b e r t ,  1980) .  Exam~les  

i n c l u d e  t h e  w o r k s  o f  W h i t c o ~ b  et 51, ( 1  9 7 6 ) ,  M o o r e  a n d  f looper 

( 1 9 7 5 )  ar?d ' I e l l i u e l l  (1376)  . 
In b o t h  o c e a n i c  a n d  h a b i t a t  i s l a n d  s t u d i e s  +-he m a j o r i . l y  of 

r e s e a r c h  h a s  been i n  a c a l y s i n g  s p e c i e s - a r e a  r e l a t i o n s h i p s ,  A 

s c a * i s t i c a l l y  qood  f i +  o+ t k c  power f u n c t i o n  s h o u l d  n o t  he t a k e r ,  

a s  v e r i f i c a t i o ?  of +he e q u i l i b r i u m  m o d s l ,  T o  e x a m i c e  t h e  

a s s u m p t i o n s  o f  i m m i g r a t i o n  a r d  e x t i r c t i o n  r a t e s  t h e  - u r n o v e r  of 

species t h r o u g h .  time m u s t  b e  m e a s u r e d ,  T n  the few s t u d i e s  were 

* F i s  h a s  teen a t t e m p + e - l  c o n ? r a d i c t o r v  r e s u l t s  5 a v e  b e e n  f o u n d .  

T h e r e f o r e ,  t+e  o n l y  a s s u m p t i o r ,  w h i c h  car! b e  tested w i t h  a l a c k  

o f  + u r n o v e r  4 a 4 a  is  t h e  r e l a t i o n s h i p  b e t w e e n  i s l a r d  a rea  ar .3  

i s c l a 5 o r  a r ,d  species d i v e r s i t y ,  S u c h  s t u d i e s  s h o u l d  no: a + t e m p t  

t o  f a l s i f y  n o r  v e r i f y  the e ~ ? l i l i b r i u m  m o d e l  b u t  u s e  i t s  

t r e a t m e c t  o f  i ~ l a n 3 3  a s  f u n c t i o n a l  ~ l n i t s  a s  a b a s i s  f o r  t h e  

s t u 3 y -  

The s ' u d y  of t h e  s u b a l p i 3 e  f o r e s t  c l u m p s  w i l l  t r e a t  t h e  

f o r e s t  c l u a p s  as  f u n c t i o n a l  u r i i t s .  n y  e x a m i n i r , ;  t h e  

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

v a r i a t i o n s  ir. s p e c i e s  d i v e r s i t y  w i l l  be s o u g h t ,  T s l a ~ d  s i z e  a24 

i s o l a + i o n ,  v a r i a b l e s  i m p c r + a 3 ?  i n  t h e  e q u i l i b r i u m  t $ e o r y ,  w i l l  



t e  t e s t e d  f o r  + h e i r  p r e d i c t i z l g  c a p d b i l i + i e s ,  O + h e r  e n v i r o n m e n t a l  

v a r i a b l e s ,  ir. b a r l ' i c u l a r  c l e v a t i o r ? ,  w i l l  hc i r . c l u d e d  w i t h  t h e  

v a r i a b l e s  'esLed as  w i l l  a measure of + h e  h a b i t a t  diversity of 

+he i s l a n d s ,  "he f l o r i s t i c  c o m p o s i t i o n  o f  t h e  h a ~ i ' a t  i s l a n d s  

will be e x a m i n e d  t o  assess  s imi l a r i t i e s  between t h e m ,  I f  islands 

a r e  t o o  d i f  ferect  b i o l o g i c a l l y ,  d i f  fcrecces b e t w e e n  s p e c i e s  

assemblaqes  may o v e r s h a d o w  a n y  f u n c ' i o n a l  d i f f e r e n c e  between 

i s 1 a r . d ~  ic e x p l a i n i n g  species d i v e r s i t y -  



111. n e t h o d o l o g y  

T h e  area chosen f o r  s t u d y  is l o c a t e d  03 the n o r t h w e s t  s l o p e  

o f  Goat M o u n t a i n  (2100 meters) i~ Mount  Baker N a t i o n d l  F o r e s t ,  

W a s h i n g t o n ,  F i e l d  d a t a  were c o l l e c t e d  f r o m  a s m a l l  b a s i n  a r -d  t h e  

e n c l o s i n g  r i d g e s -  F i g u r e  3,  1 s h o w s  J map of t h e  s t u d y  a r e a .  

E l e v a t i o n s  r a n g e  f r o m  1500 meters i n  t h e  b a s i n  t o  2000 meters on 

t h e  ridges. G e o l o g i c a l l y  t h e  area consists o f  v o l c a n i c  bedrock 

which o u t c r o p s  o v e r  much of  t h e  a r e a .  I! smal l  g l a c i e r  is  p r e s e n t  

o n  t h e  n o r t h  s l o p e  of G o a t  R o u n t a i n  a n d  a series o f  r a c e s s i o n a l  

m o r a i n e s  a r e  d e p o s i t e d  across t h e  b a s i n  f l o o r .  

F o r e s t  i s l a n d s  are p r e s e n t  o n  a l l  o f  t h e  r i d g e s  u2 t o  ar, 

e l e v a t i o n  of  a p p r o x i m a t e l y  2000  meters, I n  t h e  b a s i n  i t s e l f  t h e  

f o r e s t  i s l a n d s  a r c  o n l y  p resen t  a s  s m a l l  i n d i v i d u a l  trees, F i e l d  

work w a s  c o n d u c t e d  or, a l l  of t h e  r i d g e s  e x c e p t  t h e  vest r i d g e  

w h e r e  t h e  s t e e p n e s s  of s l o p e  p r e v e n t e d  s a m p l i n g ,  F o r e s t  i s l a z ~ l s  

i n  t h e  b a s i n  were a l s o  s a m p l e d .  



- - -  Koad KEY 

1 G o a t  ~ o u n t ~ l i r t  3 N o r t h  R i d g e  5 T w i n  L a k e s  - S t r e a m  
2 E a s t  R i d g e  4 R a s i n  

0 G l a c i e r .  C o n t o u r  rntervdl * I 

0 S c a l e  1 M i .  - 4 0 0  ft. 



Field S t u d i e s  ---- ----- 

D l l r i ~ g  J u l y  a r d  Augcs': o f  1 3 7 3  i n f o r a a t i o r ,  o n  t h e  p h y s i c a l  

a n d  v e g e t a t i o c a l  c h a r a c + e r i s t i c s  o f  s e l e c t e d  f o r e s t  i s l a n d s  was 

c o l l e c t e d ,  T h e  f o r e s t  i s l a n d s  s t u d i e d  were s e l e c t e d  t o  g i v e  as  

w i d e  a v a r i e t y  o f  s i z e s  and  l o c a t i o c s  a s  ~ o s s i b l e ,  F a c t o r s  u s e d  

t o  se lect  f o r e s t  i s l a n d s  f o r  s t u d y  i n c l u d e  a c c e s s i b i l i t y  arid 

ease o f  s a m p l i n g  o f  t h e  t e r r a i n  w h e r e  t h e  f o r e s t  i s l a n d  i s  

l o c a t e d ,  and t h e  number o f  f o r e s t  i s l a n d s  similar ir, s i z e  a n d  

l o c a t i o n ,  P o r e s ?  i s l a ~ l d s  which were v e r y  d i f f i c u l t  t o  g e t  t o  

a c d / o r  s a m p l e  were r o t  i n c l u d e d  a s  were t h o s e  w h e r e  s im i l a r  

f o r e s t  i s l a n d s  had k e e n  a l r e a d y  r e p e a t e d l y  s a m p l e d .  I n  t o t a l  107 

f o r e s t  i s l a n d s  were s e l e c t e d .  T h e s e  r a ~ l g e d  i o  s i z e  f rom 0.5 ta 

5 8 2 - 1  a y u a r e  ~ e t e r s  and h a d  aI: e l e v a t i o n a l  r a c g e  o f  1 4 8 6  t o  1 3 7 6  

meters a b o v e  s e a  l e v e l ,  The b o u n d a r y  of a  forest  i s l a n d  has 

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

t rees,  It d i d  r o 3 i n c l a d e  s e e d l i z g s  s c a t t e r e d  a w a y  f r o m  t h e  

a c t u a l  cluster a l t h o u g h  some l a r g e r ,  s o l i t a r y  trees were 

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

The p h y s i c a l  p r o p e r t i e s  m e a s u r e d  were t h o s e  t h a t  v o u l d  

a l l o w  the fo res t  i n l a n d s  +o b e  s e p a r a t e d  i n t o  s p e c i f i c  h a b i t a t  

types. A l l  m e a s u r e m e n t s  were made i~ U.S. units a n d  t h e n  

c o r v e r t e d  icto metric u n i t s ,  E l e v a t i o n ,  s l o p e ,  a s ~ e c t ,  d i s t a c c e  

t o  t h e  two n e a r e s t  fozest  i s l a n d s ,  a d  a r e a  were n e a s u r e d ,  

E l e v a t i o n  , r e a d i n g s  v e r e  t a k e n  w i t h  a Thommen 3B5.01.2 a l t ime te r ,  



S l o p e  a n 3  a s p e c t  were m e a s u r e d  w i t h  a S o k k i s h a  c o m F a s s ,  The 

s l c ~ e  r e a d i ~ g s  were t a k e n  to a p p r o x i m a t e  t h e  a v e r a g e  s l o p e  t h a t  

a f o r e s t  was or.. D i s ? a r . c e s  +o t h e  n e a r e s t  t w o  f o r e s t  i s l a n d ?  

wet€ m e a s u r e d  to r e c o r d  t h e  d e g r e e  of i s o l a t i o n .  4 h u n d r e d  feat 

c h a i c  was u s e d  a z d  m e a s u z e a e n t s  were t a k e n  t o  t h e  n e a r e s t  f o o t ,  

T h e  a rea  of  t h e  islands was e s t i m a r e d  b y  m e a s a r i c g  t h e  aaxirnua 

w i d t h  a n d  maximum l e n g t h  w i t h  t h e  h u ~ d f e d  f o o t  c h a i n .  B y  t a k i n g  

ic" a c c o u n t  t h e  s h a p e  o f  the i s l a r d s  a n d  a p p l y i n g  t h e  c o r r e c t  

g e o m e t r i c  f o r m u l a ,  the a r e a  waq c a l c n l a t e r l ,  P o s a i b l e  s h a  ~ e s  

i c c f u d e d  c i r c u l a r ,  e l l i p s o i d a l ,  t e a r - s h a p e d ,  'L * - s h a p e d  and 

r e c t a n q u l a r .  

Two f u r t h e r  p h y s i c a l  c h a r a c t e r i s t i c s  were r e c o r d e d .  T h e s e  

were a c o u c t  of the n u m b e r  o f  d i s t i n c t  h a b i t a t s  f o u n d  i n  a 

f o r e s t  i s l a n d  a n d  a n  e s t i m a t i o n  of 'he s o i l  m o i s t u r e ,  Habitat 

+ype was i r c l u d e d  t o  s e p a r a t e  b e t w e e n  'he v e r y  d i s t i n c t  g r o u i c g  

c o c d i t i o c s  a n d  soif  m o i s t u r e  was e s t i m a t e d  t o  d i s t i ~ g u i s h  

betweer, t t e  t h e  I r i s 5  m o i s t  a r eas  a n d  ? h e  s p a r s e r  dry s i t e s ,  

Possible t y p e s  of h a b i t a t s  i n c l u d e :  

1, v e r y  e x p o s e d  r o c k  ridges 

2, m ~ i s t  cracks i n  rocks  

3, m o r a i n a l  3 e b r i s  

4, stream edces 

5, a v a l a n c h e  s l o p e s  

6, a reas  o f  o F e n  meadows  

7, areas, o f  s e e p a g e  o r  d e p r e s s i o r s  w h e r e  water collec+s 



8, small  rises i n  t h e  g r o u n d  w i t h o u t  extreme e x p o s u r e  

An i c d e x  f o r  e . ? t i m a t i r g  s o i l  n o i s ~ u r e  was e s t a b l i s h e d  with f o u r  

l e v e l s ,  T h e  criLerid iC was b a s e d  o r  were: 

1, H y d r i c  - 3 e e p a g e  si'es f r o m  s n o w p a t c h e s  w h i c h  l i n g e r  w e l l  

i c t o  + h e  summer arid a r e a s  a l o c q  water c h a n n e l =  

2. l e s i c  - s l o p e s  w i + h  2 o r t h  a s p e c t s ,  wetter e a s t e r l y  a n d  

w e s t e r l y  s l o p e s  a n d  a v a l a n c h e  s l o p e s  

3. Xeric - s o u t h e r l y  s l o p e s  a n d  e x p o s e d  w e s h e r l y  s l o p e s  

4, Very Xeric - v e r y  e x p o s e d  s l o p e s  a r d  r i d g e  tops 

T h e  v e g e t a t i o r a l  a n a l y s i s  i n v o l v e d  c e n s u s i n g  t h e  species 

c o m p o s i t i o r :  o f  +he f o r e s t  i s l a n d s  a c d  stem c a r i n g  t o  d e t e r m i c e  

t h e  a g e  o f  t h e  o l d e s t  Crees, T h e  t o + a l  number  o f  v a s c u l a r  p l a n t  

species  a n d  the name o f  e a c h  s p e c i e s  were r e c o r d e d ,  S a m p l e  

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

t h e  l a b o r a t o r y ,  T h e  tree, o r  trees, w h i c h  a p p e a r e d  t o  b e  t h e  

o l d e s t  were cored, U s u a l l y  ",e tree w h i c h  was t h e  l a r g e s t  was 

a s s u m e d  L-o b e  * h e  o l d e s t ,  

A more d e t a i l e d  s t u d y  o f  t h e  a g e  d i s t r i b u t i o n s  f o r  a s11kset 

of the f o r e s t  i s l a n d s  was a l s o  u n d e r t a k e n ,  T h e  i s l a r i d s  s t u d i e d  

were c h o s e n  t o  o b t a i n  a  r e p r e s e n t a t i v e  c r o s s - s e c t i o n  of  island 

t y p e s  wi'h p r e f e r e n c e  g i v e n  t o  t h o s e  i s l a n d s  w h e r e  r e g e n e r a t i o n  

was e v i d e n t ,  Alo?g t w o  p e r p e n d i c u l a r  t r a n s e c t s  r u r . r , i c g  t h r o u g h  

the c e n t e r  of 5 C e  f o r e s t  i s l a n d s  e v e r y  t ree was c o r e d  o r  a 

c u t t i n g  was t a k e n ,  i f  the t z e e  w a s  t o o  small  t o  core, T h e  t r e e s  

were c o r e 9  a s  c l o s e  L O  the g r o u r ' l  a s  p o s s i b l e ,  T h e  h e i g h t  o f  t h e  



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

t r i a n q u l a t i o r .  using a c o m p a s s ,  F i n a l l y  + h e  d i s t a n c e  a n d  

d i r e c ' i o ?  a l o n g  the ? r a n ? e c 4 s  were r e c o r d e d  f o r  e a c h  tree, 

L a b o r a t o r y  S t u d y  -- 

I n  9 e  l a b  t h e  p l a n t  s a m p l e s  were i d e n t i f i e d -  T e r m i n o l c g y  

u s e d  was t h a t  of H i t c h c o c k ,  C r o n q u i s t ,  Ownbey and 

T h c m p s o n  ( 1  969 )  , T h e  tree cores a r d  cu+. . t , ings  were a g e d  i i s i n c j  a 

s t e r e o - m i c r o s c o p e ,  T h e  raw a g e s  were t h e n  a d j u s t e d  t o  t a k e  i n t o  

a c c c u n t  the c o r i r . ?  h e i q h t ,  T h e s e  a d j u s t m e n t s  w a d e  use of g r o w t h  

ra+es c a l c u l a t e d  f o r  t h o s e  f o r e s t  i s l a n d s  u s e d  i n  the d e t a i l e d  

a g e  s t g d y ,  G r o w t h  r a t e s  were c a l c u l a t e d  f o r  t h o s e  trees k i t h  a 

c o r i c g  k e i g h t  + h a t  was n o t  more than 0.25 meters by d i v i d i n g  t h e  

tree h e i g h t  by  t h e  s u m b e r  of tree r i c g s ,  I f  t h e  c o r i n g  h e i g h t  

was g r e a t e r  thac ze ro ,  +.he c o r i n q  h e i g h t  was s u b t r a c t e d  i r o n  the 

t r e e  h e i g h t ,  A v e r a g e  g r o w t h  r a t e s  were o b t a i n e d  f o r  e a c h  species 

f o r  e a c h  f o r e s t i i s l a ~ d ,  T f  trees were present  w h i c h  a p 2 e a r u i l  t o  

be s t u n t e d ,  + h e i r  g r o w t h  r a t e s  were a v e r a g e d  s e p a r a t e l y *  For 

e a c h  'ree w i t h  a c o r i x g  h e i g h t  g r e a t e r  t h a a  z e r o  t h e  c o r i n g  

h e i q h t  was d i v i d e d  by t h f  a v e r a g e  g r o w t h  ra te  f o r  *ha t  s p e c i e s .  

T h e  r e s u l t  was a d 4 e d  'o 'he raw a g e  + o  u i v e  t h e  f i r i a l  a d j u s t e d  

a g e ,  POT t h o s e  F o r e s t  i s l a n d s  w h e r e  n o  g r o w t h  r a t e s  were 

c a l c u l a t e d ,  t h o  a v e r a g e  g r o w t h  r a t e  u s e d  was t h a t  c a l c u l a t e d  f o r  

t h e  s e l e c ; e d  forest  i s l a n d  w h o s e  p h y s i c a l  c h a r a c t e r i s t i c s  most 



c l o s e l y  r e s e m b l e d  t h o s e  of t h e  fore:?  i s l a n d  ~ l r d e r  s t u d y .  

An e x p : a c a ? i o c  f o r  t h e  v a r i a t i o n s  i n  s p e c i e s  d i v e r s i t y  was 

s o u g h t  r i s i n g  a  series of r e g r e s s i o z a l  a n a l y s e s .  A l l  r e g r e s s i o n s  

u t i l i z e d  the BilDP b i o m e d i c a l  c o m p u t e r  p r o g r a m s  (Brown,  1 5 7 7 ) -  

I n  + _ h e  i n i t i a l  s t a g e  of t h e  a n d l y s i s  a s t e p w i s e  m u l t i p l e  

r e g r e s r ; i o r .  was c o n d u c t e d ,  The nurrtber o f  s p e c i e s  was  t h e  

d e p e n d e n t  v a r i a b l e .  I s l a n d  a r e a ,  t h e  number  of habitats, s l o p e ,  

e l e v a t i o n ,  the d i s t a n c e s  to t h e  n e a r e ~ t  two f o r e s t  i s l a n d s ,  

a s p e c t  an3 the a g e  of t h e  o l d e s t  tree were u s e d  a s  i n d e p e n d e ~ t  

v a r i a b l e s ,  Two r e ~ r e s s i o n s  yere r u n  a c d  ocae o f  t h e  v a r i a b l e s  

were t r a n s f  crmed, The f i r s t  r e g r e s s i o n  i n c l u d e d  all of t h e  

i n d e p e n d e n t  v a r i a b l e s  b u t  t h e  second e x c l u d e d  h a b i t a t  cumkex 

frcm the a n a l y s i s ,  A t h i r d  m ~ l t i p l e  r e g r e s s i o n  was t h e r .  

c o n d u c t e d  t o  assess t h e  r e l a t i o n s h i p s  o f  t h e  v a r i a b l e s ,  

e x c l u d i 2 g  s p e c i e s  ~ a n b e r ,  t o  h a b i t a t  d i v e r s i t y . ,  

T h e  s e c o n d  s t a q e  of  t h e  a ~ a l y s i s  i n v o l v e d  using a s e r i e s  of 

s i m p l e  l i n e a r  r c g r e s s i o ? ! ~  50 d e t e f m i n e  t h e  bes? f i t  o f  t h e  four 

p o s s i b l e  c o m b i - a t i o n s  o f  u n * r a n s f ~ r m e 3  and l o g a r i t h m i c a l l y  

t r a - s f o r m e d  v a r i a b l e s  ic e x p l a i n i a g  v a r i a t i o n s  i n  s p e c i e s  

:umber, I n  C_fiis a r a l y s i s  a r e a  was u s e d  a s  t h e  i 3 d e p n d e ~ t  

v a r i a b l e  a n d  s p e c i e s  n n n ; k e r  a s  t h e  d e p e ~ d e n t  v a r i a b l e ,  



A f t e r  + h i ?  i n i t i a l  a r i a l y s i s  was c o m ~ l e t e  t h e  d a t a  were 

e x a m i n e d  to d e ' e ~ n i n c  i f  3 better f i t  c o u l 3  p o s s i b l y  b e  

ac!- , ieved.  * h i s  involved e x a m i c i n q  + h e  e n v i r o n m e n t a l  d a t a  o f  

e v e r y   fore^': i s l a z l d  w i & h  v e r y  l a r g e  r e s i d u a l s  f rom t h e  p r e d i c t e d  

l ir?e,  'o a s s e s s  i f  a n y  s imilar i t ies  e x i s t e d  b e t w e e n  i s l a n d s .  I f  

a n y  p a t t e r r s  e x i s t e d ,  c e r t a i n  forest i s l a n d s  c o u l d  v a l i d l y  b e  

e x c l u d e d  or t h e  d a t a  s u b d i v i d e d ,  I n  a c c o r d a n c e  w i t h  C h i s  a 

n u ~ k e r  of forest  i s l a n d s  were e x c l u d e d  a n d  s i m p l e  r e g r e s s i o n s  

re rur . ,  I n  t h i s  a c a l y s i s  area a n d  t h e  number  of h a b i t a t s  were the 

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

T h e  effects of i s l a n d  a g e  OR t h e  s p e c i e s  d i v e r s i t y  a n d  a r e a  

o f  t h e  fo re s t  i s l a r d s  were t h e r .  a n a l y s e d ,  A l i c e a r  r e g r e s s i o n  of 

s p e c i e s  znmber v e r s u s  i s l a n d  a y e  was c o n d u c t e d  w i t h  s p e c i e s  

z u m b c r  a s  + h e  d e p e c d e n t  v a r i a b l e ,  # h e n  i t  a p p e a r e d  tha: a secoad 

o r  t h i r d  d e g r e e  p o l y n o m i a l  model  wou ld  p r o v i d e  a better f i t  of 

t h e  4 a + a ,  t h e s e  were +ested, P i n a l l y  the d a t a  was s u b d i v i d e d  by 

age  i n t o  t w o  g r o u p s ,  Those forest i s l a n d s  w i t h  t rees o l d e r  t h a n  

200  y e a r s  a r d  t hose  w i t h  t r ees  e x c l u s i v e l y  y o u r i g e r  t h a n  200 

y e a r s  o l d  were p u t  i n t o  s e p a r a t e  g r o u p s ,  Aga in  s i m p l e  lirrear 

r e q r e s s i o n s  were run  u s i n g  no t r a n s f o r m a t i o n s  a n d  k o f h  d e p e n d e n t  

v a r i a b l e s ,  



O r d  i n a ' i o n  

T o  d e t e r m i r e  i f  t h e r e  were any  d i s t i n c t  g r o u p i c g s  o f  f o r e s t  

i s l a r d s  b a s e d  o r  t h e i r  v e q e t a t i o n a l  c o m ~ o s i t i o n ,  the f o r e s t  

i s l a n d s  were o z d e r e d  m u l ? i d i m e n s i o n a l l y  u s i n g  Bra y - C u r t i s  

o r d i n a t i o r ,  t e c h c i q u e s ,  T h e s e  a re  d e s c r i b e d  b y  Y u z l l e r - D o r r b o i s  

asld E l l e n b e r g  (1974) .  I? 4 h i s  t e c h n i q u e  t h e  f o res t  s t a r ids  are  

p l a c e d  i x  a m u l * i d i m e n s i o n a l  s p a c e  g e o m e t r i c a l l y ,  b a s e d  on t h z i r  

d e g r e e  of s i m i l a r i t y ,  a n 3  v e g e t a t i o E  c l u s t e r s  a r e  t h e n  

~ u t  jecc i v e l y  d e l i m i t e d -  

T h e  o r d i n a t i o n  p r o c e s s  b e g i n s  w i t h  t h e  c a l c u l a t i o n  of 

s i l t i l a r i t y  i n d i c e s  f o r  e v e r y  fores t  i s l a n d  p a i r ,  The i c d e x  u s c d  

was +hat d e v e l o p e d  by S o r e n s o n  ( 1 9 4 5 )  : 

I S  = 2 c  / ( A + 9 )  X 100 

w h e z e  I S  i s  t h e  s i m i l a r i t y  i n d e x ,  c is t h e  n u m b e r  of s p e c i e s  i n  

common b e t w e e r  +wo s a m p l e  a reas ,  A is t h e  t o t a l  n u m b e r  of 

s p e c i e s  presec t  i n  o x  a r e a  a n d  B is 'he t o t a l  number of  s p e c i e s  

p r e s e n t  i n  the s e c o n d  area, B e c a u s e  s i m i l a r i t y  i n d i c e s ,  k h e n  

u s e d  i n  o r d i n a t i o r  c a l c u l a t i o n s  p l a c e  "he most s im i l a r  s t a n d s  

f a r + h e s t  a p a r t ,  i n d i c e s  o f  d i s s i m i l a r i t y  are s u b s t i t u t e d ,  T h e  

i n d e x  o f  d i s s i m i l a r i t y  is  s i m p l y  100  m i n u s  t h e  i x 3 e x  of 

s i ~ i l a r i t y .  

The first o r J i n a t i o n  o r  t h e  t h e  l i c e a r  s e q u e n c e  of the 

f o r e s t  i s l a c d s  i s  c o n s t r u c t e d  a l o n g  t h e  x - a x i s  u s i n g  t h e  t w c  

l eas t  simi>ar s t a r d s  a s  the a x i s  e n 3 p o i z t s ,  T o  a v o i d  p r o b l e m s  



r e s u l t i n g  f r o m  u s i n g  3 i s s i m i l a c  s t a n d s ,  a n y  e n d p o i n t  o f  t h c  

x - a x i s  o r  a r . y  s u b s e q u e n t  a x i s  mus t  ahow a s i m i l a r i t y  o f  a t  l e a s t  

50 p e r c e n t  w i t h  a' l e a s t  th ree  o t h e r  forest i s l a n d s  (Swan a n d  

D i x ,  1 9 6 6 ) -  T h e  l exq 'h  of  a r y  axis i s  t h e  d i s s i m i l a r i t v  be+ween  

t h e  t w o  e n d p o i r t s ,  

T h e  r e n a a i c i r g  s tar i t . ;  a r e  then p o s i t i o 3 e d  a l o n g  t h e  x-ax is  

hy +heir d i s s i m i l a r i t y  t o  t h e  t w o  e n d p o i n t s ,  T h e i r  r e l a t i v e  

p o s i t i o n  is d e ' e r ~ i ~ e d  b y  u s i n g  the P y t h a q o r e a n  t h e o r e m  wh ich  

was r e w r i t t e n  b y  Deals  (1360)  i n  +he form: 

x = [L + ( 1 A )  - (dB)  )/2L 

I n  * h e  e q u a t . i o ? ,  L i s  t h e  l e n g t h  o f  t h e  a x i s ,  d 9  i s  t h e  

d i s s i m i l a r i ' p  f r o m  t h e  f i r s t  e n d p o i n t  a x d  dB i s  +lie 

d i s s i m i l a r i + y  f r o m  t h e m  second  e 2 d p o i n t .  T 5 e  r e l a t i v e  p o s i t i o n  , 

x ,  is m e a s u r e d  from t h e  f i r s t  e n d p c i n t ,  

TO g e l  a t e ' t e r  g e o m e t r i c  a p p r o x i m a t i o n  o f  t h e  s i m i l a r i t y  

of the fo res t  i s l a n d s ,  + h e y  were s e p a r a t e 3  i r t o  a s e c o c d  

d i m e n s i o n  w i t h  t h e  c o n s t r u c t i o n  o f  a y - a x i s ,  T h e  f i r s t  e n d p o i n t  

o f  *fie y - a x i s  was c h o s e n  f o r  i t s  d i s s i m i l a r i t y  frcm b o t h  

x - e n d p o i n t s ,  This d i s s i m i l a r i t y  i s  b a s e d  oc t h e  c a l c u l a 5 o r .  o f  

an e - v a l u e ,  T h e  f o r m u l a  f o r  c a l c u l a t i ~ g  e is: 

e = d A - x ,  

T h e  f i r s t  y-er . ; fpoin+.  i s  c h o o s e n  a s  ? h a +  s t a n d  w i t h  t > e  h i g h e s t  

e - v a l u e  p r o v i d e d  i t  f a l l s  wit hi^ t h e  m i d  50 percent r a -ge  of t h e  

x - a x i s  (Mevsome a n d  D i x ,  1 9 6 8 ) -  T h e  s e c o n d  e n d p o i n t  i s  t h a t  

s t a n d  w i t ?  t h e  lowest s i m i l a r i t y  w i t h  t h e  f i r s t  e n d p o i n t ,  It, 



a l s o  must b e  w i t b i ? .  10 p e r c e n t  of  t h e  p o s i t i o r .  of the f i r s t  

y - e n d p o i n t  o n  &he x - a x i s  ( ? l c n l l e r - D o i n b o i  s and E l l e n b e r g ,  1 3 7 4 )  , 

T h i s  i s  + O  k e e p  t h e  y - a x i s  a s  p e r p e n d i c u l a r  w i t h  3 2  x - a x i s  a s  

p o s s i b l e .  The f o r e s t  i s l a n d s  a re  'her, p o s i t i o 9 e d  along t h e  

y - a x i s  u s i ? g  E e a l s  f o r m u l a ,  T h e  p o s i t i o n s  o f  t h e  i s l a n d s  a l o n g  

b o c h  axes c a n  cow be  p l o t t e d  a n d  q r o u p i r g s  made,  

To a l i q r .  t h e  f o r e s t  i s l a ~ d s  i n  a t h i r d  d i n e r - s i o n  a z - a x i s  

i s  c o n s t r u c t e d ,  "he first e n d p o i n t  o n  'he z - a x i s  s h o u l d  be t h e  

i s l a n d  w?-,ich has t h s  greatest d i s s i m i l a r i "  f r o m  b o t h  t h e  x- a n d  

y - e r l p o i n + s ,  This i s  d e t e r m i n e d  a s  t h e  forest i s l a n d  w i t h  t h e  

h i g h e s t  v a l u e  f o r  e + e , w i t h  e c a l c u l a t e d  ir, t h e  same a a r a e r  

a s  e , T h i s  e n d ~ o i r t  must be w i t h i n  t h e  mid 50 p e r c e z t  r a n g e  of  

b o t h  t h ~  x- a n d  y - a x i s  (Newsome a n d  D i x ,  1968 ) ,  T h e  s e c o 2 d  

z - e n d p o i n t  is t k a t  s t a n d  w h i c h  i s  t h e  most d i s s i m i l a r  t o  t h e  

f i r s t  e n d - p o i n t ,  A g a i ~  t h e  f o r e s t  i s l a n d s  a re  p o s i t i o n e d  a l o r g  

z - a x i s  u s i n g  B e a l s  f o r m ? i l a -  Two f u r t h e r  p l o t s  c a n  b e  

o b + a i n e d ,  z / x  a n d  z/y, 

F o r e s +  &g Analysis --- 

All of +he 'rec a g e s  were a 2 a l y s e d  t o  detect a n y  

c o 2 c e c t r a t i o n s  o v e r  time w h i c h  w o u l d  i c d i c a t e  a s ~ u r t  o f  t r e e  

e s C l a b l i s 5 l r ; e n t  i n  C Z c  area, T h e  a y e s  were  lotted a l o n g  a +.irne 

series frcm z e r o  to 2 0 0  y e a r ;  b e f o r e  presect, F r e q u e n c y  of 

occurrence, was  lotted a s  + .he  y - v a r i a b l e ,  T h e  a g e s  were s m o o t h e d  



w i t h  a f i v e  yeax  moving a v e r a g e  be fo re  p l o t t i n g .  

T3e data  from those f o r e s t  i s l a n d s  which were more 

i n t e c s c l y  sampled f o r  t z e e  ages was p l o + t e d  t o  show p o s i t i o g  anJ  

a g e s  of +he t r e e s  T h c z e  plots were t h e r  s ~ l b  j e c L . i v e l y  examined 

f o r  a r y  pa t+e r r s  i n  'he d i s t z i b u ' i o ?  of a g e s ,  any e v i d e n c e  of 

r e g e n e r a t i o n  a n d  'Ee p o s s i b i l i t y  of e x p a n s i o n  o f  t h e  f o r e s t  

i s l a n d s ,  



IV, R e s u l t s  

TR & h i 3  c Y , a p t e f  an e x 2 l a x a t i o n  f o r  v a r i a t i o n s  i~ s p e c i e s  

d i v e r s i t y  i s  s o u g h t ,  Tke h a b i t a t ;  of  the f o r c s t i i s l a n d s  a r e  

i n i t i a l l y  d e s c r i b e d  w i t h  i m p o r ' a s ?  v a r i a b l e s  a a d  c h a r a c t e r i s t i c s  
& 

toted, T h e  e x p l o r a L o r y  m u f + i p l e  r e g r e s s i o n  i c v e s t i g a t i o n  i c+o  

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

d i s c u s s e d ,  T f i s  is fol20we-l  b y  a  more l e t a i l e d  l i s c u s s i o n  of t h e  

s p e c i e s - a r e a  r e l a t i o n s h i p ,  its d e f i c i e x c i e s  a n d  t h e  reascns f o r  

t h e  d e f i c i e n c i e s ,  T h r o u q h o u ?  the c h a p t e r  the u s e f u l n e s s  o f  t h e  

e q u i l i b r i u m  m o . l e l  i s  c o n s i d e r e d  c u l m i n a t i n g  w i t h  t h e  c o n c l u , l i n q  

T h e  forest i s l a c d s  s t u d i e d  a r e  l o c a t e d  oo t h e  n o r ' h e r n  

s l o p e s  of GoaC MounL_ain and 01.. the e a s t e r n  a r d  n o r t h e r n  r i d g e s  

s u r r o u ~ d i n g  t h e  central basin, A f e w  f o r e s ?  i s l a s d s  were a l s o  

s a m p l e d  i n  t h e  b a s i n  itself, T h e  p a t t e r n  of s n o w  a c c u m u l a t i o n  is 

p r o b a b l y  the mcst i m p o r t a n t  v a r i a b l e  i r  f l : i enc i3g  t ree  l o c a t i o s .  

Trees a r e  present i s  a r e a s  which became fzee o f  snow e a r l y ,  I n  

a d d i t i o n  t o  t h e  a p p a r e n t  p r i m a r y  c o n 9 r o l  o f  s c o w  d e p t h  on +,re+ 

l o c a t i o n ,  the m o r p 5 o l o g y  o f  t h e  t rees  t h e a s e l v e s  v a r i e s  k i t h  

* 



e l e v a t i o n ,  a s p e c t  a n d  s l o p e  s t e e p n e s s ,  On t h e  n o r t 5 e r n  s l o p e  of 

Goat M o u n t a i r  acd  o r  '5e e a ~ t e r n  r i d g e  t h e  trees a r e  s t r u n g  o a t  

a l c r g  t h e  r i d q e  c o p s  ar.d c l u s t e r e d  i n  g r o u p s  o n  s t e e p ,  r o c k y  

slopes, On t h e  r i d g e  crests t h e  t rees a r e  v e r y  t w i s t e d  a n d  

s t u n t e d ,  Here 'key s p r e a d  o u t  l a t e r a l l y  a s  i f  c l i n g i n g  t c  t h e  

e d g e  of t h e  cliff. 

T h e  n o r t 3 e r n  r i d g e ,  w i t h  a g e n t l e r  s l o p e ,  h a d  t rees 

r e s t r i c t e d  + o  t o p o g r a p h i c a l  rises ic the meadows, T h e s e  r i s e s  

become free o f  snow e a r l y  i n  t h e  summer w h i l e  t h e  s u r r o u n d i n g  
I 

d e p r e s s i o ~ s  remaic c o v e r e d  w i t h  snow, It was r.o% u n t i l  l a t e  J u l y  

t h a t  these d e p r e s s i o n s ,  a l o n g  w i t h  a v a l a n c h e  s l o p e s  a n d  t h e  

b a s i n  itself became f r e e  o f  snow. T h e  r i d g e s  a n d  h i g h e r  

l o c a t i o n s  were f r e e  o f  snow by  l a t e  Jme, 

O n  + h i s  n o r t h e r n  r i d g e  t h e  f o r e s t  i s l a n d s  c a n  b e  

s u b j e c t i v e l y  d i v i d e d  into two  g r o u p s ,  Q n  the h i g h e s t  rises a r e  

t h e  l a r g e s t  a n d  o l d e s t  t r ees  a n d  t h e r e f o r e  p r e s u m a b l y  the oldest 

f o r e s t  i s l a n d s ,  T h e  l a r g e s t  trees i n  t h e s e  f o r e s t  i s l a n d s  a r e  

a p p r o x i m a t e l y  200 + o  g r e a t e r  t h a n  700 y e a r s  o l d ,  Often d ~ a d  a n d  

b r c k e n  trees a r e  p r e s e n t ,  T 5 e  s e c o n d  g r o u F  of f o r e s t  i s l a n d s  dze 

muc3 y o u n g e r ,  u s u a l l y  with trees less t h a n  1 2 5  y e a r s  o l d ,  T h e s e  

f o r e s t  i s l a n d s  a r e  f o u n d  i n  less p r o n o u n c e d  rises i n  the 

m e a d o w s  T h i s  s u g g e s t s  t h a t  a p e r i o d  of m i l d e r  wirters may h a v e  

o c c u r r e d  w i t h i n  t h e  l a s t  1 2 5  y e a r s  w h i c h  a l l o w e d  t h e s e  t r e e s  t o  

become e s t a b l i e h e i l ,  O v e r a l l ,  i t  a p p e a r s  t h a t  trees w i l l  grow i n  

a l n o s t  a: y l o c a L i o r  w i t h  s u i t a b l e  p h y s i c a l  c o n d i t i o n s ,  T h e y  d o  



co t  a p p e a r  t o  h e  r e s t r i c t e d  i n  a 2 y  way b y  o t h e r  f o r m s  of 

v e g e ' a t  i o n .  

W i t h i ?  ?Lh b a s i n  ic-self the f o r e s t  i s l a n d s  a r e  o f t e n  

r e s t r i c t e d  t o  s i c g l e  tree? w h i c h  a r e  much y o u n g e r  t h a c  t h e  

o l d e s t  trees or.  ' h e  r i d ~ e s ,  T h e  t rees  a r e  v e r y  scat tered a n d  are 

l o c a t ~ d  oc t h e  r e c e s s i c n a l  m o r a i n e s ,  A 3  t h e  d i s t a n c e  o f  t h e  

m o r a i n e s  from t h e  g l a c i e r  i n c r e a s e s  t h e  trees prese3t o n  t k e a  

i n c r e a s e  i n  a g e  a n d  s t a t u r e .  T h i s  s u g g e s t s  a g r a d u a l  

c o l o n i z a t i o n  of t h e  b a s i n  d u r i n g  a p e r i o d  of c l i n a t i c  m o d e r a t i o s  

w h i c h  may h a v e  p r o d u c e d  t h e  g l a c i a l  re treat  from t h e  basin- 

T r e e s  p r e s e n t  on t h e  y o u z g e s t  of the m o r a i n e s  s h o w  minimum a g e s  

of 22 t o  $ 9  pais i n d i c a t i n q  t h a t  t h e y  were most l i k e l y  

e s t a b l i s h e d  d u r i r g  the r e l a t i v e l y  warm climatic p e r i o d  be tween  

1 9 2 0  arrd 1950 { M a t h e w s ,  1 3 5 1 ;  H u b l e y ,  1 3 5 6 ) -  Minimum a g e s  f o r  

trees o n  o l d e r  m o r a i n e s  r a n 3 e  f r o m  4 8  to 1 0 1  y e a r s  i n d i c a t i ~ g  a 

g r a d u a l  i > v a s i o n  of t h e  b a s i n  after ?he l a s t  l a r g e  g l a c i a l  

a d v a n c c  w h i c h  e r d e d  a p p r o x i m a t e l y  300  years b, p- ( R a t h e w s ,  

1 9 5 1 ) -  T h e  smaller trees i n  + h e  b a s i x  may d e v e l o p  w i t h  time ii:,to 

l a r g e r  f o r e s t  i s l a ~ d s  z i m i l a r  t o  t h o ~ e  p r e s e n t  on t h e  r i d g e s .  

T h e  makeug of t h e  subalpine f o r e s t  i n  t h e  s t u d y  a r e a  

c o n s i s t s  e x c l u s i v e l y  of s u b a l p i n e  f i r  [ A b i e s  l a s i o c a r ~ a )  a n d  

moun 'a in  h c m l o c l c  (Tsuqa R e y t e n s i a r + a ) .  P a c i f i c  s i l v e r  f i r  ( R b i e g  

ama b i l i s )  ar rd  A l a s k a - c e d a r  ( C h a m a e c y ~ a r i s  n o o t k a t  ers&s) were ----- 
f o u n d  by  L o w e r y  ( 1 9 7 2 )  o n  a n  a d j a c e n t  m o u n t a i n  b u t  were a b s e r i t  

a s  t r e e s  ip t h e  s t u d y  area, T h e  o c c a s i o ~ a l  p r e s e n c e  of 



A l a s k a - c e d a r  a s  a s h r a b  ill t h e  s t u d y  a r e a  was r o t e d ,  h o w v e x ,  O f  

t h e  + w o  d o m i c a ~ t  t rees,  s 1 l S a l p i n e  f i r  h a s  b e e r .  found t o  b e  t h e  

mos' p r z v a l e c +  ir d r i e r  s i t e s  w i t h  \ i g h  r a d i a t i o n  e n p o z u r e s ,  

s u c k  a s  v e r y  s t e e p ,  h i g h  t . l e v a + . i o n ,  s o u t  h - f a c i n g  s l o p e s  ( L o w e r y ,  

1 9 7 2 ) .  Y o u n + a i ?  E c m l o c t  is  Fourid p r i m a r i l y  o n  mesic sites w h i c h  

t e n d  t o  b e  less i c c l i n e d  a n d  h a v e  more r c r t h e r l y  e x p o s u r e s  

( L o w e r y ,  1 9 7 2 ) -  Ir, t h e  s t u d y  area m o u n t a i n  h e m l o c k  a p p e a r s  t o  be 

the d o m i n , a n t  t ree  i n  m o s t  o f  t h e  f o r e s t  i s l a n d s ,  I t  is  u s u a l l y  

t h e  l a r g e s f  t ree  i z  t h e  i s l a r d s  a n d  i s  p r e s e n t  i n  96 p e r c e n t  of 

a l l  + h e  i s l a n d s  studied, O n  t h e  w e s t - f a c i n g  e a s t e r l y  r i d g e  

m o u n t a i n  h e m l o c k  i s  t h e  s o l e  tree ir; mast o f  the h i g h e r  

e l e v a t i o z  f o r e s t  i s l a n d s ,  Tn l o c a t i o n s  where s u b a l p i n e  f i r  and  

m o u n t a i s  h e m l o c k  a r e  p r e s e n t  t o g e t h e r ,  t h e y  are often f o u n d  

g r o w i n g  w i t h i n  i n c h e s  of eac3 o t h e r ,  I n  t h e s e  s i t u a t i o n s  t h e  

a o u 2 t a i . n  h e m l o c k  t ree i s  l a r g e r  a n d  o l d e r ,  T h e s e  f i n d i n g s  

c o n t r a d i c t  t h o s e  o f  L o w e r y  (1972)  who foun.3 t h a t  s u b a l p i n e  f i r  

p r e d o m i n a t e d  ir t h e  c e n t e r  of the f o r e s t  c l u m p s ,  

A n u m b e r  o f  t h e  s p e c i e s  p r e s e n *  i n  the u n d e r s * o r y  o f  t h e  

f o r e s t  i s l a n d s  a re  a l s o  common ir! t 5 e  n e a r b y  meadows,  O f  t h e s e ,  

Y ~ c c i n i u m  d e l i c i o s u m ,  C a s s i o ~ g  m e r t e n s i a c a ,  E?hy&&oUg~ 

g m ~ e t r i f o r r n i s , a n d  L u e t k e a  p e c t i n a t a  were f o u n d  i n  85, 83,  31  and 

7 8  per c e E t  of the f o r e s t  i s l a r d s  r e s p e c t i v e l y .  They were a l s o  

v e r y  ccmmon i n  t5e meadows, Ir! many i n s t a n c e s  ' h e s e  s p e c i e s  

4 o m i n a t e  t h e  u n d e r s ' o r y  of  t3e f o r e s t  i s l a n d s ,  O b v i o u s l y  t h e  

h a b i t a t  r a p q e s  m u s t  o v e r l a p  t o  i o c l u l e  b o t h  meadow a n d  forest 



c o n  3 i  t i o n s ,  T h i s  h a b i t a t ,  o v e r l a p  F r o b a b l y  r e d u c e s  + h e  i s c l a t i o r ,  

o f  t h e  f o r e s f  i s l a ; l s l s  f o r  t b . ~  u n d e r s + o r y  s p e c i e s ,  

L o c a l i s e d  pla.n+, c o a m ' i c i t i e s  a r c  f o n n - l  i n  s p e c i a l  h a k i t a t s ,  

T h e s e  i n c l u d e  ! + i m u I u c  l ewi i ; i i ,  E E i l o b i i l m  l q t i f o l i u ~  arid 

m i l o b i u r n  q l a n ~ u 1 o s u m - d o r n i n a + e ~ ~  s t r e a m b e d  a n d  s e e p a g e - a r e a  

c o m a u m i 5 i e s ,  Veratrm v i r i d e ,  E r v t h r o n i ~  q r a s d i f l o r u m  a c d  Viala 

q l a b e l l a  a r e  common on a v a l a c c f i e  s l o p e s ,  P i o ~ e e r i n g  s p e c i e s  o n  

the m o r a i c e s  a n d  r o c k  o u c c r o p s  i n c l u d e  P e n s t e a o n  d a v i d s o r i i ,  

a n t e n n a r i a  a l ~ i n ~ ,  P h l o x  h m d e r s o 3 i L  and s e v e r a l  S a x i f  r a g p  ------ 
s p e c i e s ,  T h e s e  s p e c i e s  were o n l y  p r e s e n t  i n  t h e  f o r e ? ?  i s l a n d s  

i f  t h e i r  s p e c i a l  h a b i t a t  h a p p e 3 e d  t o  o c c u r  t h e r e ,  

T h e  v a r i a b l e s  d e t e r m i n i n g  t h e  s p e c i e s  c o m p o s i 5 o n  a n d  

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

a c c u m u l a t i o n  p a t t e r n ,  s l o p e ,  a s p e c t ,  a n d  e l e v a + i 3 n  a p p e a r  t o  b e  

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

t r ee s  themselves, T h e  u n d e r s t o r y  v e g e t a t i c z  a p p e a r s  t o  b e  

s t r o n g l y  i n f l u e c c c d  by + 5 e  f l o r i s t i c  c h a r a c t e r i s t i c s  of t h e  

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

h a b i t a t s  a ~ d  +he s u i ? a b i l i + y  o f  t h e  s u b s t r a t e  t o  s u p p o s t  

vegeta"on,  T h e  v a r i a b l e s  w h i c h  i n f l u e n c e  tree l o c a t i o n  and form 

a l s o  p l a y  s t r o n g  roles i r  d e t e r m i n i ~ g  t h e  t y p e  o f  meadow 

v e g e t a + i o n ,  t h e  p l a c e m e n t  o f  l o c a l i z e d  h a b i t a t s  a n d  s i t e  

~ s c d n c t i v i ? y ,  The  v e g e t a t i o n  s h o u l d  t h e z  b e  t r e a t e d  3s a whole- 

Community c h a r a c t e r i s t i c s  r a + h e r  t h a a  tke d i s t r i b u t i o n  o f  

i n d i v i d n a l ,  s p e c i e s  w i l l .  therefore  b e  t h e  ~ z i m a r y  f o c u s  of the 



f o l l o w i n g  d i s c u s s i o n .  

T h e  r e s u l t s  o f  t h e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  of  specit.:; 

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

i s l a n d  a g e ,  h a b i t a t  d i v e r s i t y ,  e l e v a t i o n  a n d  i s l a n d  i s o l a t i o n )  

a r e  g i v e n  i n  T a b l e  4 - 1 ,  The  o n l y  two v a r i a b l e s  shown a s  

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

T h e  a b s e n c e  of area  a s  a s i g n i f i c a n t  p r e d i c t o r  o f  s p e c i e s  

number  i n  t h e  m u l t i p h ?  r e g r e s s i o n  a n a l y s i s  a p p e a r s  t o  b e  d u e  t o  

t h e  i n t e r - r e l a t i o n s h i p  b e t w e e n  the h a b i t a t  d i v e r s i t y  a n d  area 

v a r i a b l e s .  Uhen h a b i t a t  d i v e r s i t y  i s  removed  f r o m  the n u l t i p l d  

r e g r e s s i o n ,  area b e c o m e s  t h e  o n l y  s i g n i f i c a n t  v a r i a b l e  r e l a t e d  

t o  s p e c i e s  number,  I t  i s  t h e r e f o r e  a p p a r e n t  t h a t  h a b i t a t  number  

dnd  a r e a  dre e x p l d i n i n g  a l m o s t  e x a c t l y  t h c  same v d r i a t i o n  i n  

s p e c i e s  number ,  A m u l t i p l e  r e g r e s s i o n  t o  show t h e  r e l a t i o n s h i p  

of h a b i t a t  d i v e r s i t y  t o  t h e  o t h e r  i n d e p e n d e n t  v a r i a b l e s  

i n d i c a t e s  t h a t  a r e a  e x p l a i n s  55 p e r c e n t  o f  t h e  v a r i a t i o n  ir, 

h a b i t a t  n u m b e r  ( T a b l e  4.2)- A g r a p h  o f  t h i s  r e l a t i o n s h i p  is 

shown i n  F i g u r e  4,1 ,  T h e  o t h e r  two s i g n i f i c a n t  v a r i a b l e s ,  d g e  

a n d  t h e  i n d e x  o f  i s o l a t i o n  e x p l a i n  o n l y  a f u r t h e r  t h r e e  ~ e r c e n t  

of t h e  v a r i a t i o n  e a c h ,  T h e s e  two v a r i a b l e s ,  a l t h o u g h  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  a r e  of v e r y  l i t t l e  use i n  p r e d i c t i n g  

h a b i t a t  nymber ,  



T a b l e  4 - 1  - ? e e c u l t s  of m u l t i p l e  r e g r e s s i o ?  a c a l y s i s  

u s e d  to e x p l a i r .  v a r i a t i o n s  i n  s p e c i e s  number  

No, of h a b i + a L , s  0.6208 0,395U 0. 3850 

E l e v a 5 i o n  0,6673 0,4453 0. 059 3 

Table 4.2 - P e s u l t s  of 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  

u s e d  to e x p l a i n  v a r i a t i o n  i n  habitat number  

Area 

I s l a ~ d  a g e  0 ,7598  0,5757 

T h e  f a i l u r e f o f  a r e a  a s  a  p r e d i c t o r  ca r i  t h e r e f o r e  h e  

e x i ; l a i r , c d  b y  i t s  c o v a r i a ' l i o r .  w i t h  h a b i t a t  3 i v e r s i t y .  Reasozs f o c  

t h e  a b s e n c e  of c t k e r  v a r i a b l e s  a r e  n o t  a s  apparer .? ,  E l e v a t i c n  

and isolation, i n  p a r t i c u l a r  might a l s o  h a v e  been e x p e c t e d  t o  

h a v e  a h i g h e r  c c r r e l a t i o c  w i t h  species diversity, 

E l e v a t i c n  was f o u r d  t o  b e  t h e  second mos+ i m p o r t a n t  

v a r i a b l s  e x p l a i n i n g  s p e c i e s  d i v e r s i t y  from t h e  m u l t i p l e  

r e g r e s s i o q  resttlts, Ao w e v e r ,  i t  only e x p l a i n e d  a n  a d d i + , i c r . a l  s i x  
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p e r c e n t  o f  +he v a r i a + i o n  i n  s p e c i e s  n u a b e r  o n  t o p  o f  t h e  

e x p l a n a t i o r !  p r o v i d e d  b y  h a b i t a t ,  An i n c r e a s e  i n  e l e v a t i o n  r n i l h t  

b e  e x p e c t e d  t o  c o r r e z p o ~ d  w i t h  a decrease i n  s p e c i e s  number  a s  a 

r e s u l t  o f  * h e  i n c r e a s i ~ g l y  h a r s h  e n v i r c n m e 2 + ,  However  t h i s  d o e s  

n o t  a p p e a r  t o  b e  o c c u r r i z g ,  Many of + h e  p l a n t  s p e c i e s  h a v e  an 

a l t i t u d i n a l  razge a t  l e a s t  e q u a l  t o  t h e  r a n g e  o f  the f a r e s t  

i s l a 9 d s  s a m p l e d .  :t t h e r e f o r e  a p p e a r s  t h a t  the re  a r e  few s p e c i e s  

removed w i t h  a n  i n c r e a s e  in a l t i t u d e ,  o r  t h a t  i n  those 

s i t u a t i o ~ s  wheze  s p e c i e s  a r e  n o t  a b l e  t o  s u r v i v e ,  t hey  a r e  

r e ~ l a c e d  b y  new s p e c i e s  w h i c h  c o u l d ,  A r ~ y  e f f e c t s  of d e c r ~ a s i n j  

s p e c i e s  d i v e r s i t y  c o r r e s p o n d i n g  t o  e l e v a t i o n a l  i n c r e a s e s  nay  

o n l y  show u p  i f  a l a r g e r  e l e v a d o n  r a n g e  i s  s a m p l e d ,  w h i c h  might  

h a v e  to e x t e n d  a l m o s t  t o  t h e  l i m i t s  of the a l p i n e  r e g i o n ,  

T n t e r e s t i n g l y ,  e l e v a t i o c  d i d  n o t  e x p l a i n  a c y  o f  t h e  v a r i a t i o n  ic 

h a h i t a t  d i v e r s i t y ,  T h i s  may b e  i n t e r p r e t e d  a s  f u r t h r  s u F p o r " ,  

f o r  t h e  i d e a  + h a 5  the e l e v a t i o c a l  r a n g e  :ampled r e p r e s e n t s  o n l y  

a s ~ a l l  i n c r e a s e  i~ e n v i r c 2 m e n t a l  s'rass, . 
I s o l a t i o n  d o e s  n o t  a p p e a r  t o  b e  i m p o r t a c t  i n  p r e d i c t i n ~ ]  a n y  

o f  t h e  v a r i a t i o n  i n  s p e c i e s  number, T h e  r e a s o r  may b e  t h a t  ? h e  

d i s t a n c e  t o  +-,be n e a r e s t  forest  i s l a n d  may n o t  b e  a good  measure 

o f  t h e  i s o l a t i o n  of t te  f o r e s t  i s l a n d .  T h e r e  seems 50  b e  a 

h a b i t a t  o v e r l a p  of many o f  t h e  meadow s p e c i e s  i n t o  t h e  f c r e s t  

i s l a n d s ,  1% a p p e a r s  t h a t  o ~ l y  t h e  two t ree s p e c i e s ,  s e v e r a l  of 

the t a l l  s h r u b s  a n d  s p e c i e s  ic l o c a l i z e d  h a b i t a t s  a r e  p o t e n t a l l y  

i s o l a t e d ,  ,Of t h e s e  + h e  s p e c i e s  p r e s e n t  i n  l o c a l i z e d  h a b i t a t s  a re  



m o r e  d e p e n d e n t  on the p r e s e n c e  o r  a b s e n c e  of t h e i r  h a b i t a t  'ha2 

i s o l a t i o r . ,  1': is a l s o  l i k e l y  t h a t  t h e  t r e e  s p e c i e s ,  i r  

p a r t i c u l a r ,  a n d  p o s s i b l v  n a n y  of t h e  n n d e r s + o r y  s p e c i e s  h a v e  

s e e d - d i s p e r s a l  d i s c a ? c e s  w h i c h  a r e  y r e a L e r  +bar d i s t a n c e s  

b e t h e e c  p a t c h e s  of s u i ' a k l e  h a b i t a t -  P n r  e x a m p l e ,  t h e  seeds of 

9 b i e s  l a s i o c a z q ,  a r e  p r e d o m i n a n t l y  d i s p e r s e d  b p  wind, S e e d  may -- ------ 
b e  c a r r i e d  f o r  several h u n d r e d  meters away from t h e  p a r e r ?  s t a n d  

w i + f i i r  one gece raL- ion ,  S u c h  l o n g  d i s t a l l c e  d i s p e r a l  is a i d e d  b y  

t h e  h i g h  d e g r e e  of e x p o s r l r e  i n  the s u b a l p i n e  areas, Therefore ,  

i s o l a C i o n  may o n l y  be  i m p o r - a n t  o n  v e r y  i s o l a t e 3  i s l a n d s  on t h e  

r i d g e s  o r  t h e  m r a i n e s ,  ~ a r t i c a l a r l y  a ? h i i g h - a l t i t u d e s ,  whe re  

v e g e t a t i v e  r e p r o d u c t i o n  is cninmoc. T h e s e  f ores+ i s l a n d s  a r e  

u s u a l l y  s p a r s e l y  p o p u l a t e d  b u t  t h i s  s p a r s e n e s s  may a l s o  he d u e  

t o  t h e  p o o r  q u a l i t y  of the h a b i t a t  rather :ban t o  i s o l a t i o n ,  

I s l a ~ d  Area a n 3  Species D i v e r s i t y  --- -- -- 

The p o o r  c o r r e l a t i o n  of area t o  s p e c i e s  c u s b e r  t h r o u g h  t h e  

effec+,s  o f  h a b i t a t ,  is + h e  s e c c n d  c o m p l i c a t i o n  i n  r e e d  o f  

d i s c u s s i o n ,  B e c a u s e  031y t h e  n o n t r a a s s f o r m e d  lir,ea r m o d e l  h a d  

b e e n  tes'red t h e  t h r e e  p o s s i b l e  l o g a r i t h m i c  + r a n s f o r m a t i o n s  were 

a l s o  t e s t e d ,  T h e s e  l i n e a r  r e g r e s s s i o n s  of s p e c i e s  cumber  t o  a rea  

a l s c  showed  t h a t  a r ea  o n l y  e x p f a i n e 4  a s m a l l  a m o u n t  of t h e  t o t a l  

v a r i a t i o n  i n  s p e c i e s  d i v e r s i t y  ( T a P l e  4.3). A l t h o u g h  a l l  of t h e  

c c r r e l a t i o ? ~  o b t a i n e d  were s t a t i s t i c a l l y  s i g n i f i c a g t ,  D - s q u a r e d  



T a b l e  4.3 - Linear a c a l y s i s  o f  t h e  n u a b e r  of  s p e c i e s  v e r s u s  a r e a  

s p e c i e s / a r e a  0,4636 0,2149 2 7 - 1 0  C,OOOO 

l o g  s p e c i e s / a r e a  0.3899 0,1520 17-75 0,0001 

s p e c i e s / l o g  a r e a  0,3494 0 , 1 2 2 1  1 3 - 7 7  0,0003 

l o g  s p e c i e s / l o g  a r e a  0.3230 0,1043 1 1 - 5 3  0.0010 

v a l u e s  were low, Of t h e  f o u r  r e g r e s s i o n s  t e s t e d ,  t h e  

r!cntrar.sformed moOel still p r o d u c e d  the b e s t  r e s u l t s ,  Here, azea 

e x p l a i n e d  2 1  percent of the v a r i a t i o n  i n  species number ,  A p l o t  

o f  t h i s  r e g r e s s i o c  is shown i n  F i q ,  4-2, The d o u b l e  l o g a r i ? h m i c  

r e g r e s s i o n ,  which i s  commonly  u s e d  t o  a p p r o x i m a t e  the p o w e r  

f u n c t i o r .  i n  t h e  e q u i l i b z i u m  model e x p l a i n e d  o n l y  10 p e r c e n t  o f  

t h e  v a r i a t i o n ,  TL, t h e r e f o r e  mus t  b e  c o n c l u d e d  t h a t  the power 

f u - c t i o n  is ac i n a p p r o p r i a t e  m o d e l  t o  e x p l a i n  t h e  f l o r i s t i c  

c c m p s i t i o n  of the s r l b a l ~ i n e  f o r e s t  i s l a n d s .  

T o  e x p l a i 3  ? h e  p o o r  c o r r e l a t i o c  of a r e a  4 0  s p e c i e s  numkcr a 

nl~mber of v a r i a k l e s  were f u r t h e r  e x a m i n e d ,  T h e  r e l a t i o n s h i p  

- k e t u e e n  habi-at a n d  a r e a ,  a n d  the fact that h a b i t a t  p r e d i c t e d  

s l i g h t l y  mcre o f  "he v a r i a t i o c  i n  s p e c i e s  number  tha3  a rea ,  

sugges+s t h a t  h a b i t a t  s h o u l d  b e  f u r t h e r  examir ,ed ,  As well, a  

more d e t a i l e d  look a t  +he aqe of the f o r e s t  islands may h e  

u s e f u l .  , 
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-00 , 10.91 21.82 32.73 U3.6U 5%. 55 
AREA ( M ~ I  ~ i o l  



F o r e s t  T s l a r d  S a b i f - a t s  ---- ----- ------ 

I n  t h e  i r i ' i a l  m u l t i p l e  r e g r e s ~ i o :  a n a l y s i s  t h e  number of 

h a t i t a t s  e x p l a i n e d  38 F e r c e n t  of t h e  v a r i a t i o r ,  i r  s p e c i e s  number 

a n d  was s + a ? i s t i c a l l y  s i g r i f i c a n + ,  T h e  r e l a t i v e l y  low 8- quar red 

v a l u e  r e s u l t s  f r o m  + h e  l a r g e  r e s i d u a l s  f c u n d  i r  a r e a s  o f  l o w  

h a k i t a t  d i v e r s i t y  ( P i g .  4 - 3 1 .  These r e s i d u a l s  may k e  t h e  r e s u l t  

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

up i n  t o + a l  s p e c i e s  rumber t o  a g r e a t e r  d e g z e c  i n  f o r e s t  

i s l a n d s  w i t h  o n l y  a few h a b i t a t  t y p e s  r e p r e s e n + e d -  Y i t h  a  l a r g e  

h a h i t a t  d i v e r s i ' y ,  the r e l a t i v e  s p e c i e s  d i v e r s i t i e s  w o u l d  b e  

a v e r a g f d  a n d  +beref o r e  p r o d u c e  a more p r e d i c t a b l e  r e s u l t ,  

S u p p o r t i v e  evidence c o m e s  f r o m  e x a m i n i n g  t h o s e  f o r e s t  i s l a n d s  

t h o u c ~ h t  t c  be res'iricte3 t o  one  h a b i t a t  t y p e  ( T a b l e  4.4)-  Xr? t h e  

f o u r  d i f f e r e 2 t  + y p e s  of h a b i t a t s  *.he a v e r a g e  s p e c i e s  c u m t e r  

ranges  from a p p r o x i n a t e l y  s i x  t o  f o u r t e e n ,  T h e s e  differe2ce.s dre 

p r o b a b l y  due + o  t h e  e x c l a s i o n  o f  maoy o f  t h e  u c d e r r t o r y  s p e c i e s  

by e n v i r o n m e n t a l  c o n d i ' i o n s ,  The 2rese~tce of a l a t e - l y i n g  s n o w  

p a c k  o? the a v a l a 3 c h e  s l o p e s  o r  e x ~ o s e 3  u o r a i n a l  d e h r i s  may 

r e d u c e  " h e  c o m ~ e t i t i o ~  from many o f  t h e  h e a t h  p l a n t s  a ~ d  a l l o w  a 

g r e a t e r  d i v e r s i t y  of s p e c i a l i s t  plants t o  g r o w ,  T3ere w o u l d ,  

t h e r e f o r e ,  b e  ac i z c r ea se  i n  the s ~ e c i e s  3 i v e r s i t y  i r :  s i t e s  

where t h e  h e a t k  plazts were e x c l u d e d ,  H o w e v e r ,  w h e r e  j u s t  t w o  

d i f f e r e n t  , h a b i t a t  t y p e s  a r e  r e p r e s e x ' e d  i n  t h e  same fores t  
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Table 4 . 4  - A v e r a g e  s p e c i e s  diversity for  f o r e s t  islands 

r e s t r i c + e d  t o  oqe h a b i t a t  5 y ~ e  

g a b i t a t  Tygg - X S e c i e s  No, -- S .  E IsLpgG kJp= --- Pangs 

Pock r i d g e s  5 - 9  0 - 4  4  6 5- 8 

M o r a i n a l  d e b r i s  13.3 1 - 4  1 7 10-22  

A v a l a n c h e  slopes l a .  3 1 - 5 6  4 9- 1 7 

Rises i n  meadow 9 . 6  0 . 4 2  4  1 4-18 

T a b l e  4 . 5  - A v e r a g e  s p e c i e s  d i v e r s i t y  for  forest islands with 

t w o  h a b i t a t  types 

n i s e s  i n  mealow/ 
Moist rock cracRs 11.1 

OFen meadows/ 
S i s e s  i n  meadow 1 1 . 6  

A v a l a n c h e  s l o p e s /  
Moist rock cracks 1 1 - 0  

Rock r i d g e s /  
Moist rock c r a c k s  10.0 



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

t o  t w e l v e ,  ( T a b l e  4 - 5 )  - While this q e n e r a l i s a t i o r .  f a i l s  t o  

c o n s i d e r  macy f a c t o r s  it d o e s  s u g g e s t  t h a t  an a v e r a g i n g  i n  

s p e c i e s  number  o c c u r s  w i t h  an i n c r e a s e  i n  +P.e c u m b e r  o f  h a h i t a '  

t y p e s  present, 

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

i s l a n d s  were t h e n  e x a m i n e d  + o  d e t e r m i x  i f  a  r e a s o n  f o r  t h e  poor  

f i t  of b o t h  t h e  s p e c i e s - a r e a  a n d  s p e c i e s  h a b i t a ? r e e g r e s s i o n s  

c o u l d  b e  f o u n d ,  R aumber o f  a t t e m p t s  were made t o  e x a m i n e  a n d  

m o d i f y  t h e  d a + a  set +o p r o d u c e  a  b e t t e r  b u t  s t i l l  v a l i d  f i t  f o r  

t h e  r e g r e s s i o n  model ,  T h e  i 9 i t i a l  a p p r o a c h  was t o  e x a m i n e  3 e  

h a b i t a t  i n f o r m a t i o c  f o r  t h o s e  fores t  i s l a n d s  w i t h  e x - r e m e  

r e s i d u a l s  f r o m  t h e  r e g r e s s i o c  l i n e ,  T h i s  e x a m i n a t i o n  was  made  

f o r  b o t h  t h e  h a b i t a + / s p e c i e s  number a n d  t h e  a r e a / s p e c i e s  n u a b e r  

r e g r e s s i o n s ,  In b o t h  i n s t a n c e s ,  t h e  same f c r e s t  i s l a c d s  kere 

u s u a l l y  e x a m i n e d ,  W h i l e  i t  was f o u n d  t h a t  s e v e r a l  f o r e s t  i s l a r i d s  

n i i ~ h +  b e  v a l i d f p  e x c l u d e d ,  no s i n g l e  o r  group o f  f e a t u r e s  s e e a e d  

t o  c h a r a c t e r i s e  t h o s e  f o r e s t  i s l a n d s  e x a m i ~ e d ,  

E x a m ~ l e s  of t h o s e  f o r e s t  i s l a n d s  w h i c h  snowed  u n i q u e  

f e a t u r e s  i n c l u d e d  f o r e s t  i s l a n d s  wh ich  h a d  e x t r e m e l y  d e n s e  

c a r o p y  c o v e r ,  This f e a t u r e  is p r o b a b l y  t h e  e x p l a n a t i o n  f c r  the 

d e ~ a u p ~ r a t e  f l o r a  w h i c h  t h e z e  forest i s l a ~ d s  showed-  A ~ o t h ~ r  

p o s s i b l e  r e a s o n  f o r  l o w e r  s p e c i e s  3 u m b e r s  t h a r  e x p e c t e d  co71 ld  b e  

t h e  result of the forest i s l a n d  b e i n g  l o c a t e d  i n  an u n u s u a l l y  

h a r s h  env i$onmecc  i n  c o a j u n c t i o n  w i t h  e x t r e m e  i s o l a t i o n .  I s l a a d s  



' l o c a t e d  o n  r o c k  c l i f f s  wkere t h e  s l 1 r r o a c d i r . g  v e g e t a t i o n  c o v e r  

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

S e v e r a l  of t h o s e  f o r e s t  i s l a n d s  w i + b  a much h i g h e r  s p e c i e s  

n u m h e r  ?Can  expected c o u l d  b e  e x p l a i n e d  b y  "e p r e s e n c e  c f  a 

c o m b i n a t i o ~ l  of a l a r g e  number o f  h i q h l v  d i v e r s e  h a k i ' a t s .  F o r  

e x a m p l e ,  t h e  p r e s e n c e  of small  streams o r  ~ o o l s  o f  s t a n d i n g  

wa+er a d j a c e n t  t o  o r  w i t h i n  a fo res t  i s l a r d  g r e a t l y  i n c r e a s e s  

t 3 e  n u m b e r  of s p e c i e s  p r e s e n t ,  H o w e v e r ,  naany of t h e  d e v i a t i o n s  

o n  b o t h  s i d e s  of t h e  r e q r e s s i o n  l i n e  a r e  n o t  r e a d i l y  

e x p l a i n a b l e ,  T h e  e x c l u s i o n  o f  t h o s e  f o r e s t  i s l a n d s  w h o s e  l a rge  

r e s i d u a l a  c a n  b e  e x p l a i n e d  d i d  n o t  iccrease the f i t  of the 

r e g  r e s s i o ?  l i n e ,  T h i s  u n e x p e c t e d  o c c u r e n c e  may be  b e c a u s e  t h e  

s m a l l  i n c r e a s e  i n  the fit of the r e g r e s s i o r ,  l i r e  was c o m p e s s a t e d  

for b y  t h e  d e c r e a z e  i n  d e q r e e s  o f  f r e e l o m  w h i c h  a c c o m p a n i e d  the 

d e c r e a s e  i n  s i z e  of t h e  d a t a  set, T h e r e f o r e ,  a l l  o f  the f o r e s t  

i s l a z ~ d s  were k e p t  i n  + h e  d a t a  set, 

T h e  s i m i l a r i t y  of the f o r e s t  i s l a n d s  b a s e d  or commor  

f l o r i s t i c  specie?  was + h e n  e x a m i r e d ,  This a l l o w e d  g r o u p i n g s  o f  

s i r r i f a r  i s l a n d s  t o  be made, When t h e  h a b i t a t  t y p e s  f o r  C,keze 

q r o u p s  a r e  c o m ~ a r e d  d i s c r e p a n c i e s  i n  t h e  h a b i t a t  c l a s s i f i c a t i o n  

may b e  show?,  As w e l l ,  d i s t i n c t  c l u s t e r i n g s  of o n e  o r  more 

g r o u p s  o f  i s l a n z s  away f r o m  + h e  r emai~ le r  may i n d i c a t e  t h a t  

cercair, i s l a n d s  s h o u l d  b e  s e p a r a t e d  o u t ,  T h i s  e x a m i n a t i o n  was 

c o n d u c t e d  t h r o u g h  t h e  u s e  of a n  o r d i ~ a ' i c n  based on s i m i l a r i t y  

i n d i c e s  c a , l c u l a t e d  f o r  i s l a n d  p a i r s ,  T h e  s i m i l a r i t y  i n ; l i c e s  



a l l o w e d  t h e  i s l a n d s  t o  h e  a r r a n g e d  a l o n g  t h r e e  a x e s  a c c o r 3 i n q  t o  

t h e  r u l e s  o u t l i r e d  i n  C h a p t e r  3, 

The c a l c u l a * i o ? .  o f  s i m i l a r i t y  i n i l i c e s  f o r  ? h e  f o r e s t  

i s l a n d s  s h o w e d  a  n u m b e r  of forest, i s l a 2 d  p a i r s  w i t h  z e r o  

s i m i l a r i t y ,  T h i s  i ? d i c a t e s  Cha? t h e y  h a v e  co s p e c i e s  i r ,  commcn, 

A l l  o f  t h e s e  f o r e s t  islands f a i l e d  t o  s h o w  a s i m i l a r i t y  o f  

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

i s l a n d s ,  This e l i m i n a t e ?  t h e m  a s  e n d p o i r t s  for C h e  o r d i n a t i c r ,  

a x i s ,  T h e  f o r e s t  i s l a n d  p a i r  w i t h  the lowest s i m i l a r i t y  bu+ t h e  

r e q u i r e d  a s s o c i a t e d  s i a i l a r i t i e s  were f o r e s t  i s l a n d s  6 3  a n d  78, 

T h e s e  two i s l a n d s  s h o w e d  t e n  p e r c e n t  s i m i l a r i t y ,  T h e r e f o r e  f h e  

l e c g t h  of t h e  x - a x i s  w?s 90 u n i t s ,  Fo re s t  i s l a n d s  Y3 a n d  4 5  were 

c h o s e n  a s  the e c d p o i n t s  f o r  t h e  y - a x i s .  T h e y  s h o w e d  a s i m i l a r i t y  

of 2 5  percent, ~ r o d u c i ~ g  a n  a x i s  75  u n i t s  l o n g ,  The z - a x i s  

e n d p o i n t s  were f o r e s t  i s l a n d s  11  dxd 6 3  w i t h  a l e n g t h  of 8 2  

u n i t s ,  

T h e  t h r e e  p o s s i b l e  plots o f  t h e s e  t h r e e  a x e s  are show3 i n  

F i g u r e s  4-4 to 4 . 6 ,  1 n these p l o t s  t h e  f o r e s t  i s l a n d s  a r e  

s u k j e c t i v e l y  d i v i d e d  i n t o  two g r o u p s  b a s e d  or t h e  t y p e s  cf 

h a b i t a t s  p r e s e z t .  T h i s  s e p a r a t i o a  is most c l e a r l y  shown cn t ha  

x/y a n d  y / z  p l o t s ,  ?!he f i r s t  g z o u p  c o n t a i n s  a l l  of t h o s e  fo res t  

i s l a n d s  m a d e  u p  o f  a n y  c o m b i n a t i o n  of o n l y  + h e  f o l l o w i n j  d a t a  

t y p e s :  

1, v e r y  e x p o s e d  r o c k  r i d q e s  

2 ,  m o i s t , c r a c k s  i r  r o c k  f a c e s  



3. s m a l l  rises i n  t h e  7 r o u c d  w i c h o u t  e x t r e m e  e x p o s u r e  

T h e  s e c o q d  grol l t ,  con 'a i r .5  forest i s l a n d s  w h i c 5  h a v e  a t  l e a s t  Jne 

o' t h e  f o l l o w i - g  habits* + v p e s  presezt ir i + s  b o u n d a r i e s :  

1, m o r a i n a l  d e b r i s  

2,  s t r e a m  e 3 g e s  

3, a v a l a n c h e  s l o p e s  

4 , a r e a s  of o p n  meadows 

5, a r e a s  o f  s e e p a g e  o r  3 e p r e s s i o n s  which co l l ec t  water 

T h i s  g r o u p i c g  s u b d i v i d e s  t h e  h a b i t a C  ? y p e a  by c e r t a i n  common 

f e a t u r e s ,  Group o w  i o c l ' ~ d e s  r e l a t i v e l y  ccmmon h a b i t a t  L- ypes 

w h e r e a s  + h o s e  i n  q i o u p  two a r e  r e l a t i v e l y  r a r e ,  A s  well, t h o s e  

h a b i t a t  t y p e s  i r  g r o u p  two are more l i k e l y  t o  be a s s o c i a t e d  w i t h  

a v e r y  d i s t i n c t i v e  a x d  p e r h a p s  r i c h e r  f l o z a .  T h e s e  d i s t i r c t i v d  

f l o r a s  would e x p l a i r ,  the way t h e  g r o u p  twc f o r e s t ,  i s l a n d s  a re  

not  c l u s t e r e d  ir. the p l o ?  a l t h o u g h  t h e y  a r e  s e p a r a t e d  fzcm the 

g r c u p  o n e  i s l a ~ d ~ ,  

T h e  species c o m p o s i t i o r .  o f  * h e  t w o  f o r e s t  i s l a c d  g r c u p s  i s  

v e r y  similar ir, t e r m s  of the most comnor, s p e c i e s ,  Tables 4 - 6  a3d 

4.7 l i s t s  t h e  sgecies present i n  g r e a t e r  t h a n  twecty p e r c e n t  of  

t h e  f o r e s t  i s l a n d s  o f  t 5 e  t w o  g r o u p s  and t h e i r  p e r c e c ' a g e  

o c c u r e n c e ,  '?be same s e v e n  s p e c i e s  h a v e  t h e  h i g h s  t p e r c e n t a g e  

o c c n r e ~ c e s  ir. bcth g r o u p s ,  T h e  d i f f e r e n c e  b e t w e e n  t h e  Cuic g r o u p s  

is show2 by Lhc g r e a t e r  number o f  species present  i n  g r o u p  two  

f o r e s t  i s l a r d s  and t5e g r e a t e r  v a r i a b i l i t y  o f  + h e  f l o r 3 ,  
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Table 4.6 - G r o u ; ,  1 Forest  Islands - 5 3  spec ies  total 

Species Name Percentage Qccurence 

Table 4-7 - G r o u p  2 Forest  Xslands - 75 spec ies  total 

Species Name Percentage Q c c n r e n c e  

T s n q a  mer te rs ianq  
Leutkea ~ e c t i n a t a  
II_- -I__- 

Phjl  l lcdoce mge tr i  f orm is zjes l a s ioca rpa  
C a s s i m  m e ~ ~ ~ n r i a c a  
Fr iggron  a c f i s  -- -- -- 
Vacsinium geiubranacs t lm 
Valeriana s i t c h e n s i s  
Arnkq b t i f o l i a  -- 
Pol y g o ~ u m  h & s t o f t o i  des - 
E r i q e r o n  aureus - 
Trisetum ggicaCu3 ------ 
Luzula hi tchcocki i  ---- ---- 
f l i te l la  breweri  -- ----- 
R h o d o d e z d r o r  a lbif lorum --------- ---- 
Poten t i l l a  f labellif013 ----- -- 
S a x i f  r a s  f e r r u q i n e a  ---- 
R u h u s  pedatqs ---- 
Descham~sig a + r c ~ u r ~ u r e a  --- 



T h e  s e p a r a t i o r ,  o f  t h e  f o r e s t  i q l a n j s  i n t o  t w o  g r o u p s  b y  'he  

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

+ y F e  c l a . ~ ; s i f i c a + i o r .  s y s t e m ,  H o w e v e r ,  i C  d i d  n o t  p r o v i d e  a n y  

i n s i g h t  i n + o  s t r e n g t h e n i - g  t h e  s p e c i e s - a r e a  c o r r e l a t i o n ,  S p e c i e s  

v e r s u s  a rea  regress io r ! . ?  f o r  t h e s e  t w o  y r o t l p s  p r o v i d e  R - s q u a r e d  

v a l u e s  of 0 , 3 2 5 7  f o r  g r o u p  o n e  a n d  0,1339 f o r  g r o u ~  two ,  T h i s  

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

h a b i t a t ,  W i t h  ? h e  r u r n b e r  o f  h a b i t a t  C y p e s  p a r t i a l l y  e x p l a i f i i n g  

species d i v e r s i t y  the s e p a r a t i o 3  o f  f o r e s t  i s l a n d s  w i t h  a l o w  

n u g h e r  o f  h a b i t a t  types in+.o  g r o u ~  o n e  a c d  t h o s e  w i t h  n u n e r o u s  

h a b i t a t s  i n t o  g r o u p  two c o u l d  h a v e  the same e f f e c t  a s  i s o l a t i n g  

a s i r g l e  h a b i t a t .  T o r  a single h a b i - ?  t y p e  t h e r e  bas E O  

c o r r e l a t i o n  of s p e c i e s  nunber v i + b  area a n d  t h e r e  is n o  

c o r r e l a t i o n  - b e t w e e n  s p e c i e s  n u m b e r  ar id  area for the t w o  g r o u p s .  

F o r e s t  I s l a n d  Aqe ----- --- 

T h e  a g e  of t h e  s u b a l p i n e  • ’ o r e s +  was a n a l y s e d  i n  twa ways. 

F i r s t ,  %he maximum a g e  cf t he  3 e e s  i n  e a c h  f o r e s t  i s l a n d  was 

u s e d  as  a n  i n d i c a ' i o n  o f  t h e  a g e  o f  the i s l a n d ,  T h e  a g e s  o f  t h e  

f o r e s t  i s l a n d s  were t h e n  u s e d  i c  a n  a t t e r n ~ t  t o  e x ~ l a i n  s p e c i e s  - 

d i v e r s i t y ,  S e c o n d ,  t h e  t r e e  a g e s  were nzed t o  assess t h e  a m o u c t  

of t ree  r e g e n e r a 5 i o n  a c d  p o s s i b l e  e x p a n s i o n s  o f  t h e  f o r e s t  

i s l a n d s ,  T h i s  i n f o r m a t i o n  w i l l  b e  e ~ p l o y e d  t o  d i s c u s s  t h e  

e g u i l i b r i y m  s t a + e  o f  t h ~  f o r e s t  i s l a n d s ,  



I c i t i a l l y  t h e r e  a p p e a r e d  + o  b e  n o  r e l a t i o n s ! - i p  b e t w e e n  

i s l a r d  a 7 ~  ar .d  ~ p e c i e s  rl l?lber, A l i n e a r  r e g r e s s i o n  f o r  t h e s e  

v a r i a b l e s  s h o w ~ 3  zero c o r r e l a + i o n  k e t w e e n  t h e  t w o  v a r i d b l e s .  Ac 

e x a m i n a t i o r  o f  t h e  p l o '  cf t h i s  r e g r e s s i o n  ( F i g -  4 -7 )  i n d i c a t e d  

t h a t  a s e c o z r l  o r  +!.ird p o l y n o m i a l  r e g r e s s i o n  may p r o d u c e  a 

t e t t e r  r e l a t i o n s h i p ,  T t i s  was ?.ot t h e  ~ ; i t u a t i o n ,  h c w e v e r ,  a s  

n e i t h e r  o f  these r e g r e c s i c n s  s h o w e d  a z e l a + i o c s h i ~  of 3rea:er 

* h a n  t h r e e  p e r c e ~ t .  T h e r e f o r e  t h e r e  was 20 d i r e c t  e f f e c t o f  age 

02 s p e c i e s  n u ~ h e r ,  f Iowever ,  b y  s u b d i v i d i n g  t h e  d a t a  set  i n t a  

o l d e r  a n d  y o n n q e r  forest i s l a n d s  t h e  c o r r e l a t i o n s  k e t w e e n  

s p e c i e s  n u m b e r  ar.d i s l a n d  a r ea  ar?d s p e c i e s  c u m b e r  a n d  h a k i t a t  

were a l t e r e d ,  Becaase a  n a t 9 3 r a l  b r e a k  o c c u r r e d  in t h e  l i s t  of 

t ree a g e s  b e t w e e -  ?he a g e s  of a p p r o x i m a + e l y  150 t o  200 y e a r s ,  

* h e  200  y e a r  m a r k  was t a k e 2  a s  t h e  d i v i d i n g  line, I n c l u d c ?  ir, 

t h e  ol,ler a g e  q r o u p  were t h o s e  forest i c l a l l d s  c o m ~ c s e d  o c l j r  of  

y c u n g e r  t rees b u t  w h e r e  l a r g e  d e a d  t r e e s  o r  srumps i n d i c a t e d  a 

qreaLer a g e ,  T h e  r e s u l t s  of the l i n e a r  r e g r e s s i o n  a ~ a l y s e s  u s i n q  

t h e s e  -0 d a t a  sets a r e  s h o w n  i c  T a b l e  4.8 ar,d p l o t s  o f  t h e  

s p e c i e s - a r e a  r e l a ? i o n s C i p s  a r e  showr.  i c  F i g u r e s  4 - 8  and 4-9.  

When t h e s e  resal ts  were c o m p a r e d  t o  t h o s e  f o r  the u ~ i i i v i d e 3  d a t a  

set  t h e  s ~ e c i e s / h a h i t a L :  r e l a t i o n s h i p  were v e r y  s imi la r  h u t  t h e  

s p e c i e s / a r e a  r e l a t i o n s h i p s  z h o w e d  b i g  % l i f  f e r e n c e s ,  f o r  t h o s e  

f o r e s t i i l a ~ d s  a g e d  less + E a z  200 y e a r s  t5ere is a n  i m p r o v e m e n t  

i r  the s p e c i e s / a r e a  r e l a t i o n s h i p ,  H o w e v e r ,  f o r  t h e  f o r e s t  

i s l a n d s  a q e d  g r e a t e r  +%an 200 y e a r s ,  ?here  i s  a l a r g e  d e c r e a s e  
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T a b l e  4.8 - B e g r e s s i o n  a n a l y s i s  f o r  t h e  d a + a  set d i v i d i . d  b y  

f o z e s t  i s l a n d  a g e  

a )  F o r e s t  i s l a n d s  less t h a n  2 0 0  years 

s p e c i e s / h a b i t a A  3 - 6  3 8 3  0,4674 3 7 - 1 2  

s p e c i e s / a r e a  0 . 5 1 5 3  0.3784 3 2 - 3 0  

b f  P o r e s ?  i s l a n d s  g r e a t e r  t h a n  200 y e a r s  

s p e c i e s / h a b i t a +  0 , 5 9 3 7  0,3567 2 3 - 8 4  

s p e c i e s / a r e a  3.2887 0 , 0 8 3 4  3 - 9 1  

i n  +he f i +  o f  t h e  r e g r e s s i o n  line so t h a t  i t  is n o  l o n g e r  

s t a + i s ' . _ i c a l l y  s i g c i f i c a n t  at. t h e  9 5  p e r c e n t  l eve l ,  T h i s  

i n d i c a L e s  t h a t  f o r  t h e  y c u n g e r  f o r e s t  i s l a n d  t h e r e  i s  a c t r o c g e r  

r e l a t i o 2 s h i p  b e t w e e r ,  s p e c i e s  n u n b e r  a n d  a r e a ,  F o r  t h e  o l d e r  

i s l a n d s ,  a rea  a p p e a r s  % o  h a v e  l i t t l e  i n f l u e n c e  o n  s p e c i e s  

auwber, T h i s  may b e  d u e  t o  the i ~ f f r r e n c e  of t h e  c a a o p y  c o v e r  and 

o v e r  a l o n g e r  period of time a s  t h e  trees g e t  l a r g e r  w i t h  a g e ,  

T h e  d e v e l o p m e n t  of a fores t  i s l a n d  may i r d u c e  a s e q u e n c e  o f  

e v e n t s ,  A s  t h e  t r e e  s e e d l i n g s  a r e  ofter,  i n v a d i r i g  meadow r a t h e r  

+ban bare  g r o u r , ?  a certair. number of  s p e c i e s  w i l l  b e  p r e s e n t  

when the forest i s l a n d  i s  i n t i a l l y  r e c o g n i z a b l e ,  Such a 

s i t u a t i o r  , w o u l d  no+ occtlr i n  the case of trees i n i t i a l l y  



c o l o n i z i n g  a b a r e  p a C c h  cf 3 r o n n d .  snch a s  a m o r a i n e ,  I n  t h e  

meadow s i t u a t i c n  f e y  c h a n g e s  i n  s p e c i e s  c u m b e r  c o u l d  o c c u r  u r t i l  

t h e  t r ee  c a n o p y  d e v e l o p s  e ~ o u g h  t o  b e g i r .  a f f e c t i n g  t h e  

e n v i r o n m e n t  b e n e a t h  it, 3 u r i n g  this d e v e l c p m e n t  s t a g e  a n y  c h a n g e  

i n  +he s p e c i e s  c o m p o s i t i c n  w o u l d  be  due t o  a t u r n o v e r  i n  thz 

meadow s p e c i e s ,  W i t h  t h e  d e v e l o p m e n t  of 'he t ree c a n o p y ,  t h e  

l o c a l  e x t i c c t i o n  ra+e o f  the meadow s p e c i e s  a n d  t h e  i m m i g r a t i o n  

r a t e  of n e w  s p e c i e s  should i n c r e a s e .  W i t h  t h e  m a t u r a t i o n  o f  t h e  

f o r e s t  t h e  e f fec t s  of z h a d i ~ g  a n d  t h e  modification of t3e f o r e s +  

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

r e m o v a l  o f  s p e c i e s  w h i c h  c a m c t  t o l e r a+e  t h e  new c c n d i t i c n s ,  

T h e r e  i s  a l s o  t h e  2 o s s i h i l i : y  o f  a d e c r e a s i n g  r a t e  of 

e s t a b l i s h m e a t  4 u e  t o  the p o a r e r  h a k i t a t  b e ~ e a t h  tke c a n o F y ,  T h i s  

 YOU^,^ a l s o  p r o d u c e  a d e c r e a s e  i n  s p e c i e s  d i v e r s i t y  w i t h  t h e  

a g i n g  o f  t \ e  f o r e s t ,  

T h e  p l o t  cf s p e c i e s  r u m b e r  v e r s u s  a g e  ( F i g .  4-71 showe-1 

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

i n t o  t h r e e  g e n e r a l  d o m a i n s ,  T h e  f i r s t  area i n c l u d e s  t h o s e  f o r e s t  

i s l a n d s  a g e d  less t h a n  200 y e a r s ,  T h e s e  a r e  the f o r e s t  islands 

w h i c h  s h o w e d  a s l i g h t  i n c r e a s e  i n  t h e  c o r r e l a * i o n  b e t w e z n  

s p e c i e s  n u ~ b e r  a n d  area. W i t h  the e x c e p t i o n  o f  f i v e  f o re s t  

i s l a n d s  t h e i r  r a n g e  ii? s p e c i e s  numf;er  i s  b e t w e e n  4 and 1 7  

s p e c i e s  w i t h  'Lbe  n a j o r i t y  l a v i ~ g  less t h a n  1 2  s p e c i e s .  The f i v e  

e x c e p + i o n s  c a n  be e x p l a i n e d ,  T h e  fores t  i s l a n d  w i t h  a v e r y  low 

s p e c i e s  c u p b e r  has an u n c o a m o z i y  d e r s e  +fee c a n o p y  a n d  almost co  



u n d e r s + o r y ,  T h r e e  O F  ' h e  %ur f o r e s t  iqlands w i t h  l a r g e  s p e c i e s  

n u m b e r s  a l s o  h a v e  a  l a r g e  number  of  h a b i t a t  t y p e s  p r e s e n t  w i t h i n  

'hem. T h i s  w o u l 3  t e n d  t o  i c c r e a s e  t 5 c  s p e c i e s  d i v e r s i t y  cf tk.csc 

i s l a n d s ,  T h e  f i n a l  f o r e s t  i s l a n d  i s  a ;mall i s l a n d  l o c a ? e d  near 

a  s t r e a m  i? the ba::ir-* T h e  p r e s e n c e  o f  many s p e c i e s  comnon t o  

s t r ~ a ~  e d g e s  i ~ c r a a s e s  i + s  species c a m b e r ,  W i t h  the e x c e p t i o n  o f  

t h e s e  f i v e  f o r e s t  i s l a n d s ,  i n  t h e  r e m a i n i n g  forest i s l a n d s  'ha 

c h a r a c t e r i s t i c s  of + h e  a l p i n e  meadow o r  the h a r s h n e s s  of n e w l y  

c o l c n i z e d  g r o u ~ d  w o u l d  b &  p r e s e n t ,  

The  s e c o r 3  g r o u p  a r e  t h o s e  f o r e s t  i s l a n d s  w i t h  ages  be tweer i  

2 0 0  a n d  6 C O  y e a r s ,  T h e  species n u m b e r s  i n  these i s l a n d s  

f l u c + , u a t e s  w i d e l y .  T h i s  i s  p o s s i b l y  Che time when t h e  e f f e c t s  of 

t h e  f o r e s :  c a c o p y  a r e  b e g i n n i 3 g  t o  h e  f e l t  and  a  t c r n o v c r  i n  

s p e c i e s  is o c c u r r i n g  i n  a n  u n p r e d i c t a b l e  a a n n c r ,  

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

o v e r  600  y e a r s ,  The  s p e c i e s  n u m b e r s  f o r  t3ese i s l a n d s  a r e  

c l u s * e r e d  be'weer, Y an3 12, T h e s e  c o u l 4  ~ o s s i b l y  b e  o n l y  t h o s e  

s p e c i e s  with v e r y  b r o a d  h a b i t a t  r a n y e s ,  The s p e c i e s  p r e s e n t  i2 

+ h e  v e r y  o l d  forest i s l a n d s  a r e  u s u a l l y  c c ~ p o s e r l  05  v e r y  common 

s p e c i e s  p r e s e n '  i n  m o s t  i s l a n d s  a n d  o f t e ~  f o u r d  i n  t h e  meadows. 

T r e e  Age A n a l y s i s  

T h e  a n a l y s i s  of t k e  a g e  0 5  t h e  • ’ o r e s *  i s  i m p o r + a n t  b e c a u s e  

it allows t h e  s t a t e  of r 2 g e n e r a t i o n  a n d  t h e  p o s s i b l e  e S J u i l i b r i u m  
* 





o f  + h e  f o r e s *  i s l a l d s  t o  b e  a s s e s s e 3 ,  

Tree r e g e r e r a t i o n  a p p e a r s  t o  De moyt s u c c e s s f u l  i 2  area;  o f  

l o w e r  e l c v a t i o r  a ~ d  less exposare ,  "3is i s  e v i d e c t  from t h e  

g e n e r a l  lack of  yoyzr ,ger  t r e e s  i n  'he h i q h e r  a n d / o r  c x p o s e d  

sifes,  Whec * h e  c o m p l e t e  l i s t  of :r+e ages  was ;mootbed w i t h  a 

f i v e  y e a r  movicg a v e r a g e ,  t h e  ~ s t a b l i s h m e n t  o f  t r ee  secd l i cgs  

a p F e a r s  t o  b e  i r r e g u l a r l y  s p a c e d  o v e r  'ime ( F i g u r e  4 . 1 0 ) .  

P e r i o d s  of s e e * I l i > q  e s t a b l i . : \ m e n t  a p p e a r  t o  be p r e s e n t  i r !  t h e  

e a r l y  1 9 6 0 8 s ,  195C19s, 1 9 4 3 ' ~ ~  1 9 3 0 9 s ,  1920's-  T h e r e  i s  n c  

t empora l  paCL-ern  v i s i b l e  b e f o r e  t h i s ,  p r e s u m a b l y  d u e  t o  t h e  

c o m b i n e d  a c t i o r .  of u ~ e q u a l  +ree s u r v i v a l ,  a n d  c o r i ~ g  a2d a g i n g  

e r r o r s *  

A nurcber o f  f o r e s t  islands were subjected t o  more i c t e c i v e  

a g e  s a r n p l i z g ,  a h e c  the ~ o s i t i o x i  a n d  a g e s  o f  'Ee t rees  were 

p l o + t e d ,  s ~ v e r a l  ~ L a r a c t s r i s t i c s  e m e r g e ,  These a r e  s l l m m a r i s e d  i r ;  

T a S l e  4.9, Two d i f f e r e n ?  t y p e s  of f o r e s t  i s l a n d s  a r e  p r e e e z t ,  

Saxe forest i s l a n d s  c o n t a i n e d  a m i x t u r e  of old a n d  y o u n ?  t rees  

w h i l e  others showed l a z q c  n u m b e r s  o f  e v e p l y - a g e d  youf.3 treds. 

F i g u r e s  4 - 1  1 a c d  4 - 7 2  s5ow c 3 a r a c ~ e r i s t i c  e x a m p l e s  of  these t w o  

t y p e s  cf forest i s l a s d s ,  

One o f  the common fea?t i res  e x f i i b i t e d  b y  t 5 e  f o r e s t  i s 2 a r . d ~  

was t h e  l a c k  o f  c o r . c e r - t r i c  age g r o u p i r , g s  w i t h  'he c l d e s t  t r e e s  

n e a r  t h e  cecter a n d  t h e  y o u Q g e s t  a t  t h e  p e r i m e t e r s .  T h i s  has 

p r e v i o u s l y  beer found (Lowery ,  1 9 7 2 )  ar,d was u s e d  fo e x p l a i n  the 

d e v e l c p m e q t  cf t h e  f o r e s t  i s 1 a n . d ~ .  Tn those f o r e s t  i s l a n d s  



S - Subalpine Fir 

M - Mountain Hemlock 



T a b l e  4 - 9  - F e g e n e r a L i o x ?  c h a r a c t e r i s t i c s  o f  s e l e c t e d  

f o r e s t  islands 

Island O l d e s ?  Tree S e e d l i n g  E x p a n s i o n  I z f i l l i n g  E l e v a t i o n  
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ACE: CLASSES 

M - Mountuin Hemlock 

S - S u b a l p i n e  Fir 



s t u d i e d  t h e r e  a p 2 e a r s  'o b e  a  m i x t u r e  of t r e e  a g e s  t h r o u g h o u t  

t h e  f o r e ~ t  islar?, T h i s  c o u l d  mean + h a t  + 5 c r e  h a s  b e e n  a n  

i c f i l l i n g  wi+h  y o u c g e r  trees o r  a r e c j e n e r a + i o n  of t h e  i o r e s t s ,  

T? is p o s s i b l e  t h d +  t h e  f o r e s t  i s l a c d s  were n o t  i n i t i a l l y  

e s t a b l i s h e d  f r o m  a core o f  trees, P o s s i b l y  t h e r e  c o u l d  b e  e i t h e r  

a n a s s i v e  i r v a s i o n  o f  s e e d l i n g s  i n t o  a meadow a rea  or  a  aumber  

o f  i n d i v i d u a l  +rces c o u l d  become e s t a b l i s h e d  f o l l o w e d  by a n  

i n f  i l l i n g  t o  f o r m  a l a r g e r  forest i s l a n d ,  The  i n i t i a l  

p o s s i b i l i t y  is s u p p o r t e d  b y  t h e  number  o f  y o u n g  f o r e s t  i s l a n d s  

w i t h  trees o f  'he s a m e  a ~ p r o x i m a ' e  a g e ,  S u p p o r t  f o r  t h e  s e c o n d  

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

s c a L + e r e d  o l d e r  trees u i + h  y o u n g e r  trees i n  b e t u e e n ,  B o t h  types 

o f  f o r e s t  i s l a r 0 s  were f o n d  i n  t h e  area,  

The  s c a t t e r i c g  cf pounq  trees amorig o l d  woold  s e e n  t o  

i n d  i c a + e  t f i a t  +be forest i s l a n d s  a r e  r e g e n e r a t i n g  t h a n s e l v e s -  

S i m i l a r l y  t h e  p r e s e n c e  of f o r e s t  i s l a n d s  composed  s o l e l y  o f  

y o u c g   tree^, u c u a l l y  l e s s  t h a n  f i f t y  y e a r s  o f  a g e ,  i ~ ~ d i c a t e s  t h e  

~ o s s i b i l i t y  of new f o r e s t  i s l a n d s  b e c o m i n g  e s t a b l i s h e d .  

One o f  t h e  o b j e c t i v e s  ic c o r d u c t i n g  t h e  i n t e n s i v e  t ree  

c o r i n g  was t o  d e t e c t  a  p o s s i b l e  c h a n g e  i n  t h e  area  o f  + h e  f o r e s t  

i s l a n d s ,  A c o o c e n + , r a t i o n  of y o u n g  t rees  or s e e d l i n g s  a t  the 

p ~ r i m e t e r s  cf f o r e s t  i s l a n d s  would i n d i c a t e  a g r o w t h  o f  +he  

f o r e s t  i s l a c d s ,  TI! many c f  t h e  f o r e s t  i s l a n d s  e x a m i n e d  there 

were a few y o u c g e r  trees p r e s e ~ t  a t  t h e  e d g e s ,  T h i s  may i n d i c a t e  

a v e r y  s lpw e x p a r s i o a  o f  t h e  f o r e s t  i s l a n d s ,  



T h e  o t h e r  p o s s i b i l i L y ,  a r e d u c t i o ?  i n  a r e a ,  was n o t  e v i d e n ~  

a s  t h e r e  ua;. no  e v i d e n c e  o f  d e a d  *Eees a+- t h e  p e r i m e t e r s .  T h e  

v a s C  ma j o r i + y  of d e a d  o r  Iying +rees  a p p e a r e d  t o  be  v e r y  ol3,  

To s u m m a r i s e  &he age a n a l v s i s  of the f o r e s t  i s l a n d s ,  i t  

w o ~ l l d  a p p e a r  ? t a t  t k e r e  i s  a n  o n g o i r . 3  r e g e n e r a t i o z l  i n  t h e  

p r e s e n t  f o r e s t  i s l a n d s ,  t h e  e s t a b l i s h m e n t  o f  new f o r e s t  i s l a n d s  

and the possible e x p a n s i o n  o f  both. T h e  establishment of  new 

trees d u e s  z o t  a p p e a r  t o  be  e v e n l y  s p a c e 1  o v e r  t ime hut, 

c o n c e n 2 r a t e d  i x  a f ew  y e a r s  s c a t t e r e d  o v e r  t h e  a g e  history. 

T h e r e  was e v i d e n c e  for t h e  r e g e n e r a t i o n  a n d  e s t a b l i s h m e n t  of 

b o t h  m o u n t a i ~  h e m l o c k  a-d s u b a l p i n e  f i r ,  

T h e  slow g r o w t h  of +he trees, by  p r c d u c i n g  c o n t i n u a l  

changes i n  t h e  fores t  floor e n v i r c n m e n t ,  a ~ d  t h e  s u d d e n  b u t  

m a j o r  c h a t y e s  following the d e a t h  o f  o n e  c f  t h e  l a r g e r  trees, 

may n e v e r  a l l o w  t h e  s p e c i e s  n u a b e r  i n  the f o r e s t  i s l a n d s  t o  

s t a b i l i z e ,  T h e  f a i l u r e  o f  v a r i a b l e s  s u c h  a s  i s l a n d  a rea ,  

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

v a r i a t i o n s  i n  s p e c i e s  d i v e r s i t y  a p p e a r s  t o  s ~ l g g e s ?  t h a t  t h e  

f o r e s t  i s l a n d s  are i n  a n o c c g u i l i b r i u m  s i t u a t i o n .  T h i s  i s  

further s u p p o r k e d  b y  + _ b e  a n a l y s i s  ef t r e e  a g e s .  The s t r o n g e r  

c o r r e l a % i o n  o f  s p ~ c i e s  nrlmber to a r e a  f o r  y o u n g e r  i s l a n d s  

corn F a r e d  t o  older i s l a n d s  an3 t h e  p o s s i b l e  e n v i r o n m e n t a l  cb-ar -ges  

+hat w o u l 3  accompazy  t rec  r r p l a c e m e q t  ir +he f o r e s t  i n d i c a t e  

t h a t  there may k e  a n u m b e r  of e q u i l i b r i ! r m  s tages  f o r  t h e  f o r e s t  

islands d g ~ e n l i n g  o n  t h e  d e g r e e  o f  d e v e l o p m e n t  o f  t h e  t r ee  



c a F o p y ,  E y  l o o k i x q  a t  f o r e s t  i s l a n d s  w i t h  a w i d e  r a n g e  ir, a g e s  a  

g e r e r a l  ~ o r e q 7 1 i ? i b r i u m  s i ' u a t i c n  c c u l d  b e  ~ r o d u c e d .  

Abbot? a n 1  G r a n t  ( 1  5 7 6 )  C h i r , k  C h a t  z o n c r ; u i l i b r i u m  

s i t u a t i o r s  s ' l o u l d  a c c a r  i n  l r e a s  w i t h  ~ t r o n g  cl imdtic 

C l u c + u a t i o n s ,  There i s  t h e  p o s s i b i l i t y  + h a c  small scale clima'ic 

c h a r q e ~  h a v e  s u b t l e  ef f e e t 3  o n  d i s p e r s a l  pa t t e rns  a n d  h a k i - a t ;  

w h i c h  produce f l u c t u a t i o n s  i n  s p e c i e s  n u m b e r ,  Rbbof,? a n d  G r 3 c t 9 s  

s t u d y  was b a s e d  on p a s s e r i n e  b i r d s  on  h i g h  l a t i t u d e  i s l a n d s  b u t  

t h e  t h e o r y  o f  climatic f 1 u c : u a t i o n s  s h c u l d  b e  t r a n s f e r a b l e  t o  

h i g h  a l t i t u d e  c o n d i t i o r s ,  I n  t h e  s u b a l p i n e ,  c l i m a t i c  c a n d i ' i o . l s  

p r o b a b l y  f l u c t t l a t e  as  much or more t h a n  a?  h i g h  l a ? i t u 3 e c ,  T h e s e  

c l imat ic  c k a n q e s  i n  + h e  k a r s h  s u b a l p i z e  e n v i r o ; ? m e n t  may p r e v e n t ,  

h a b i t a t  s a t u r a t i o r ,  a n d  e q o i l i b r i u m  f r o m  o c c u r r i c g ,  T h e  

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

c h a r g i ~ g  t r e e  c a h o p v  may r e - i n f o r c e  the n o n e q n i l i b r i u m  s ~ e c i e s  

n u m b e r  of the s u b a l p i z e  f o r e s t  i s l a n d  flora w h i c h  was i n d u c e d  b y  

t h e  c l i m a t i c  f l u c t u a L - i o n s .  I n  t h i s  situation t h e  e q u i l i b r i u n  

m o d e l  w o ~ l d  not be a p p r o p r i a t e ,  



T h e  e q u i l i b r i u m  m o 3 e l  o f  3 a c A z t h n r  an3 W i l s o r  was f c u ~ 7  t c ~  

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

i s l a n d s  o f  *he s t u d y  area. T h e  c e n t r a l  t e c e t  of t h e  model i s  

?ha+: f o r  an i s l a n d  of give? a r e a  C - h e ~ e  i s  a + e m p o r a l l y  c o n s t a n t  

n u m b e r  of s p e c i e s  of a g i v e n  t a x o n  t h a t  can c c c u p y  t h e  i s l a n d ,  

T h i s  e c j u i l i b r i u n !   lumber i s  j e t e r m i n e d  b y  d y n a m i c  i n * e r a c t i 9 n s  

bet ween i m m i g r a t i o n  of c o l o n i s t s  and e x t i ~ c t  i o n  of r e s i d e n z s ,  

T h e  s i z e  of + h e  e q u i l i b r i u m  s p e c i e s  p o a l  is t h u s  c lose ly  

co r re la t ed  w i t h  i s l a ~ d  area  ar.1 i t s  i s o l a t i o n  from t h e  m a i n l a n d  

and o the r  islanfls,  

Tke w e a k  c o r r e l a t i o ?  b e t w e e n  s p e c i e s  d i v e r s i t y  acd i s l a n d  

s i z e ,  i c  t h e  s'urlv a r e a ,  w o u l d  seem t o  make t h e  ! n o d e l  

i n a p ~ l i c a b l e  i n  t h i s  c o n t e x t .  I suggest these a r e  t h r e e  r e a s o n s  

f o r  t h i s  f a i l u r e :  

1, The effec*s of v a r i a b l s  h a b i t a t  u t i l i z a t i o n ,  c o m p o u n d e , l  

w i t h  t t e  ~ f f e c t s  of h a b i t a t  d i v e r s i t y  

2, T h e  effec's o f  a f l 3 l c : u a t i r - g  c n v i r o c a e r ?  

3, T h e  e f f e c c s  9f i n c o m ~ l e t e  b i o l o g i c a l  i s o l a + i o n  

T h e  s p e c i e s - a r e a  r e l a t i o n s h i p  w h i c h  was f o u n d  to exist, 

a p F e a r s  * o  b e  t k e  r e s u l t  of v a r i a h l e  h a b i t a t  utilization by t h e  

s u b a l p i n e  p l a n '  s p e c i e s .  T h e  relations hi^ b e t w e e n  h a b i ' a  t 



d i v e r s i t y  a r d  s p e c i e s  d i v e r s i t y  c o u p l e d  with 'Ce c o l i n e a r i t y  o f  

h a b i t a t  d i v e r s i t y  a n d  i s l a n d  area p r o d m e s  ?he a p F a r e n t  

 specie^-area r e l a + . i o n s h i ~ .  H o w c v e r ,  a r e l a t i o n s h i p  p r o d u c e d  b y  

h a t i t a t  u t i l i z a + i o n  r a t h e r  t h a c  p o p u l a t i c n  d y n a m i c s  is 

i n c o n s i s t e n t  wi t ! :  e q u i l i b r i u a  t h e o r y .  I 3  a j d i t i o n ,  t h e r e  a r e  

u n p r e d i c t a b l e  i n c r e a s e s  i n  h a h i + a t  d i v e r s i t y ,  w h i c h  c a n n o t  b e  

e x p l a i n e d  b y  a rea  i n c r e a s e s  a loce  a n d  t h i s  c o m p o u ~ d s  the e f f e c t s  

o f  v a r i a b l e  h a b i t a t  u t i l i z a t i o n ,  T h e s e  i n c r e a s e s  i n  h a b i t a t  

d i v e r s i t y  a r e  r e l a t e d  t o  t h e  p l a c i n g  o f  t o 2 o g r a p h i c  

i r r e g u l a r i t i e s ,  S u c h  f edt-,llres a s  streams, p o n d i n g s ,  s n o w  paCches 

arid a v a l a c c h e  s l o p e s  may h a v e  g r e a t  i n f l u e n c e  over  h a b i t a t  

d i v e r s i t y  b u t  they are  n o t  c o n ? r o l l e d  b y  t h e  area o f  t h e  fores t  

i s l a n d s  a n d   her^ to e x p l a i n  the h i g h e r  c o r r e l a t i o c  o f  s ~ e c i e s  

d i v e r s i t y  w i t b  h a b i t a t  d i v e r s i t y  t h a n  w i t h  area, The o r d i n a t i o n  

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

s u p p o r t s  t h i s  c o c c l u s i o r ,  W h i l e  n o  d i s t i c c t  c l u s t e r s  o f  f o r e s t  

i s l a n d s  a r e  r e c o q n i z a b l e  i n  t h e  o r d i n a t i o n ,  i s l a n d s  c o n t a i c i c j  

h a b i t a + s  ~ r o d u c e d  b y  s p e c i a l  t o p o g r a p h i c  f e a t u r e s  were s e p a r a t e d  

f r o m  i s l a n d s  that d i d  n o t ,  

A' s e c o n d  reasos. f o r  t h e  f a i l u r e  o f  t h e  M a c A r t h u r  a n d  I J i l s o a  

m o d e l  may b e  d u e  4 0  t h e  e f f e c t s  of a f l u c t u a t i c g  s u b a l p i n e  

e n v i r o ~ r n e ~ t ,  i n  t e r n s  o f  b o + h  local c l i m a t i c  t r e n d s  and  t h e  

microclimate 0 . F  t h e  i s l a n d  c o e i m u n i t i e s ,  Stich a  f l u c t u a t i n g  

e n v i r o z r n e c t  c o u l d  result i n  t h e  forest i s l a n d s  n o t  b e i n g  i n  

e q u i l i b r i p m ,  I f  a n o n e q n i l i b r i u m  s t a t e  e x i s t s ,  t h e n  o b v i o u s l y  3 



mode l  b a s e d  o c  a c e c t r a l  t e n e t  o f  e q u i l i b r i u m  c a n n o t  b e  e x p e c t e d  

t o  m i r r o r  r e a l i + y .  A n o n e q a i l i b r i u m  s i t u a t i o n  c o u l d  e i t h e r  

r e s u l t  from t h e  e f f e c t 5  of t h e  h a r s h  p h y s i c a l  e n v i r o n m e n t  i n  t h e  

s u k a l p i g e  r e g i o n s ,  o r  f r o m  t h e  c o n t i n u a l  m i c r o c l i m a ~ i c  changes 

t h a *  a c c o m p a n y  the aging o f  ? h e  f o r e s t  i s l a n d s ,  T h e  c l i m a t e  o f  

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

y e a r - t o - y e a r  v a r i a t i o n s  a n d  a l s o  u n d e r g o i n g  l o n g e r  ?e ra  u a r m i n g  

a n d  c o o l i n g  t r e r d s ,  T h e s e  i n s t a b i l i t i e s  a c c o m p a n i e d  b y  t h e  

r e l a t . i v e l y  l o n g  l i f e -  s p a s s  and h a r d i n e s s  o f  t5e e s t a b l i s h e d  

s u b a l p i n e  f l o r a  may n o t  a l l o w  t h e  p l a n t  s ~ e c i e s  t o  r e s p o n d  to 

c l imat ic  c h a n g e s  i n  time f o r  e q u i l i b r i u m  t o  be  r e a c h e d .  T h i s  i s  

a s i t u a t i o c  of n o  f i x e d  e q u i l i b r i a ,  a  h y ~ o t h e s i s  which  A b b o t t  

a c d  G r a n t  ( 1 9 7 0 )  made f o r  h i g h  l a t i t u d e  i s l a n d s .  'In b o t h  h i y h  

a l t i t u d e  an3 h i g h  l a t i t u d e  a reas  c l i m a t i c  c o n d i t i o n s  f l u c t u a t e  

i r r e g u l a r l y  a n d  so, c o r r e s p o ~ l d i n g l y ,  d o  e q u i l i b r i  urn s i z e s ,  

C h a n q e s  wh ich  a c c o m p a n y  t h e  a g i n g  a n d  d e v e l o p m e n t  of + h e  

trees i n  + h e  f o r e s t  i s l a r d s  may a l s o  p r e v e c t  a? e q u i l i b r i u m  

s p e c i e s  number  k e i r g  o b t a i n e d ,  S u c h  c h a r g e s  would  b e  due t o  t h e  

d e v e l o p m e n t  o f  t h e  t ree  c a c o p y ,  which  would  i n d u c e  microclimatic 

v a r i a t i o n s  on  t h e  f o r e s t  f l o o r  a n d  t h e r e f o r e  c r e a t e  a  

c o n t i n u a l l y  c h a r g i n g  u x d e r s t o r y  h a b i t a t .  S i m i l a r l y ,  the maxner  

i n  which  the f o r e s t  i s l a ~ d s  d e v e l o p  wou ld  h a v e  e f f e c t s  o n  

e q u i l i b r i u m  a c d  s p e c i e s  3 i v e r s i t y .  I f  a f o r e s t  i s l a n d  g r a d u a l l y  

d e v e l o p s  f r o n  a  s i n g l e  o r  a s n a l l  number o f  t r e e s  a  

~ r o g r e s s i p e l  y c h a n g i n g  u n d e r s t o r y  microclimate may b e  e x p e c t e d  



a s  t h e  Forest  i s l a n d  e x p a n d s ,  However ,  i f  t h e  f o r e s t  i s l a n d  

d e v e l o p s  f r o m  a q r o u p  o f  s e e d l i c g s  a l l  o f  t h e  same a g e ,  t h e  

h a h i + a c  c J d r . q e s  maay b e  o f  e iCher  a  m i n o r  o r  a d r a m a t i c  n a t u r e ,  

d e p e c d i n g  on  t \ e  a g e  o f  + h e  trees, A l t h o u 3 h  n o z e q u i l i b r i v m  

s i t u a t i o ~ s  would be e x p e c t e d  i:: b o t h  cases t h e  s p e c i e s  

d i v e r s i t i e s  may be  s u b c t d n t i a l f y  d i f f e r e n t ,  As t h e r e  was 

e v i d e n c e  f o r  b o t h  t y p e s  of d e v e l o p m e n t  i n  the s t u d y  drea t h i s  

w c n l d  s u g g e s t  'Eat + h e r e  wou ld  b e  p r o b l e m s  i n  a p p l y i n g  t h e  

e q u i l i b r i u m  mode l ,  p a r t i c u l a r l y  i n  a t ' . e m ~ f i n g  t o  f i t  a 

s p e c i e s - a r e a  r e l a t i  o n s h i p .  

F i n a l l y ,  + h e r e  may b e  e f f e c t s  of i r - c o m p l e t e  b i o l o a i c a l  

i s o l a t i o n ,  T h e  meadows which i s c l a t e  'be f o r e s t  i s l a w l s  a r e  

e a c i l y  c r o s s e d  k y  seed d i s p e r s a l  of macy o f  t h e  s u b a l p i n e  

p l a ? t s ,  As well, many o f  t h e  u i i d e r s t o r p  s p e c i e s  a r e  a b l e  t o  

i n h a b i t  b o t h  t h e  forest • ’ l oo=  a n d  t h e  meadows, t h e r e b y  

e l i m i n a t i ~ g  a r y  i s o l a t i o r . ,  T h e  effect  of the l a ck  o f  i s o l a t i o n  

wou ld  b e  to i n c r e a s e  c o l o n i z a t i o n  a n d  p o s s i b l y  t o  i n f l a t e  t 3 e  

s p e c i e s  n u m b e r s  p r e s e n t ,  

T h e  study o f  t 4 e  s l l b a l p i n e  f o r e s t  i s l a n d s  w i t h i n  a ?  i ~ l a n d  

b i o g e c q r a p h i c  f r a m e w o r k  r e a f f i r m s  some  o f  the a r g u m e r t s  r h i c h  

h a v e  keen made a g a i n s t  +he b l i n d  a p p l i c a t i o n  o f  t h e  e q u i l i b r i u m  

t h e o r y  t o  all s i t u a t i o n s ,  T h e  s p e c i e s - a r e a  r e l a t i o n s h i p ,  which  

f o r a s  t h e  b a s i s  of e , ~ u i l i b r i u m  t h e o r y ,  h a s  b e e c  f r e q u e n t l y  

o v e r e m p h a s i z e d  a ~ d  i n c o r r e c i - , l y  a c c e p t e d  a s  p r o o f  o f  + h e  model, B 

s t a + i s + i c a , l l p  s i g z i f i c a n t  s p e c i e s - a r e a  relations hi^ may a l s o  be  



a s s o c i a ' e d  w i t h  a low 3e7ree o f  c o r r e l a t i o n  b e t w e e n  t h e  o t h e r  

v a r i a b l e s ,  I n  s u c h  a s i t u a t i o n ,  i t  w o u l d  b e  b e + t e r  t o  i g n o r e  the 

s t a t i s t i c a l  s i g ~ i f i c a r c e  a ? d  t o  s e a r c h  f o r  a more r e a l i s t i c  

m o d e l ,  It w o u l d  a p p e a r  though 'ha? many r e s e a r c h e r s  a r e  

c o n t i c u i c g  CC a p p l y  t h e  t r a d i t i o ~ d l  m o d e l  (eg- H o l l a n d  and J a i a ,  

1 9 8  1) P u r c h e t m o r e  ? h e  c1;uil  i b r i u m  2 e o r y  may n o t  be s u i t a b l e  :or 

many h a h i + a t  i s l a n d  s i t u a t i o n s  a s  i*: + e n d s  Co  i q n o r e  i m p o r t a c t  

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

s p e c i e s  d i v e r s i t i e s ,  w h i c h  o v e r r i d e  xiany o f  t h e  p o ~ u 1 a : i c n  

i n t e r a c t i o n s ,  

Ar.y p r e d i c t i v e  a o d e l  for + h e  s p e c i e s  d i v e r s i t y  o f  t b e  

s u b a l p i n e  forest i s l a n d s  w o u l d  h a v e  t o  i n c l u d e :  

1, a  m e a s u r e  o f  the i c f l u e n c e  a n d  c h a n g e s  p r o d u c e d  b y  t h e  

d e v e l o p i n g  tree c a n o p y  o v e r  time 

2, a m e t h o d  o f  a s s e 9 s i r . g  ?he i a p o ? - + a c c e  of u n i q u e  h a b i + a b s  to 

tte t o t a l  species c o m p o s i t i o n  of the forest  i s l a n d  

3, a c o 2 s i d e r a t i o n  cf 'he i m p o r t a n c e  o f  c l imatic f l u c t u a ? i . o n ~  

Icformatio~ o r  t h e  c l i m a t i c  i n f l u e c c e  of +he tree c a n o p y  

c o u l d  h e  o k t a i r e i l  b y  taking c l imat ic  m e a s ~ ~ r e m e n ~ s  b e n e a t h  + h e  

c a n c p i ~ s  of forest i s l a n d s  o f  d i f f e r e n t  ages, I f  t h e  i n t e r v a l s  

s e p a r a t i n g  'he i s l a n d s  a re  s h ~ r t  e n o u g h  i n  terms of t h e  i s l a n d  

a g e ,  the c l ima t i c  ir.formatiort s h o u l d  a l low a n  assessment +_o b e  

made  of the  changes t h a t  5 a v e  o c c u r r e d  s i m u l + a ~ e o u r l y  w i t h  

c a r o p y  d e v e l o p m e r t ,  T h e  c o r , t r i b u t i o n s  from u c i q u e  h a b i t a t s  m i g h t  

b e s t  be  o p t a i n c d  by e n u m e r a t i ~ q  t h e  s p e c i e ?  c o m p o s i t i o n  cf t h e  



d i f f e r e n t  types of habi'nts a l o n g  w i t h  t h e i r  p h y s i c a l  conditions 
\ 

a n d  proper ' ies ,  T h i s  t y p e  of i n f o r m a % i o ~  would  3enaate a h i g h l y  

c o ~ p l i c a t e d  model, h u t  it a p p e a r s  t h a t -  t h i s  is n e c e s s a r y  as  the 

p r e v i o u s l y  u s e d  simpler models  h a v e  b e e r  i n a p p r o p r i a t e .  



Appendix A - Habitat  Character i s t i c  of Forest Islands 
\ 

A - Forest Isla~d Namber 
B - Species Number 
C - n r e a  (S juare  Meters) 
C - Aspect (From True  N o r t h )  
E - Elevation (Meters) 
P - S l o p e  (Deqrees) 
G - I s o l a t i r , . ~  D i s t a - ? c e  # 1  (Meters) 
R - I s o l a t i q g  Distance # 2  (Reters) 
I - Moisture Tndex 
J - Habitat Diversity 
K - Age of  Oldest Tree (Years) 
L - Maximum Tree T3eiqhL- (fleters) 
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