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A b s t r a c t  

An i n v e s t i g a t i o n  i n t o  p a t t e r n  i n  c o l o n i z i n g  v e g e t a t i o n  was u n d e r -  

t a k e n  on p a r t  of t h e  Hope L a n d s l i d e ,  B r i t i s h  Columbia, which occur red  

January  9 ,  1965.  The o b j e c t i v e  of t h e  r e s e a r c h  was t o  e x p l a i n  p a t t e r n  i n  

t h e  v e g e t a t i o n  and i n  s o  do ing ,  t o  a n a l y s e  t h e  r e l a t i v e  s i g n i f i c a n c e  of 

some of t h e  p r o c e s s e s  invo lved  i n  p i o n e e r  c o l o n i z a t i o n .  

The s t u d y  a r e a  s e l e c t e d  was a mud f l o w :  caused by t h e  main r o c k  

f a l l ,  on which v e g e t a t i o n  c o l o n i z a t i o n  had been p a r t i c u l a r l y  r a p i d  d u r i n g  

t h e  2% y e a r s  s i n c e  t h e  s l i d e .  V e g e t a t i o n  was d i s t r i b u t e d  i n  p a t c h e s  of 

d i v e r s e  s i z e ,  i n t e r s p e r s e d  w i t h  many a r e a s  of b a r e  s u b s t r a t e .  Micro- 

topography was of a n  i r r e g u l a r  hummock and ho l low n a t u r e .  An a s s o r t m e n t  

of s u b s t r a t e  t y p e s  were p r e s e n t .  

It was hypo thes ized  t h a t  t h e  v e g e t a t i o n  p a t t e r n  was t h e  r e s u l t  of 

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

The h a b i t a t  i n f l u e n c e  could  v a r y  i n  i t s  p o t e n t i a l  f o r  t h e  s u p p o r t  of 

c o l o n i z i n g  v e g e t a t i o n  and i n  t h e  compos i t ion  and d i s t r i b u t i o n  of t h e  

i n v a d i n g  s e e d :  i n c l u d i n g  t h e  b u r i e d  s e e d .  

Microtopography was grouped i n t o  11 c l a s s e s  and s u b s t r a t e  i n t o  5 

t y p e s .  These were r e c o r d e d  w i t h  t h e  v e g e t a t i o n  and s p e c i e s  cover  a l o n g  40, 

f i f t y - f o o t  t r a v e r s e s  on t h e  mud f l o w .  Non-randomness was demons t ra ted  

f o r  v e g e t a t i o n  and h a b i t a t  c h a r a c t e r i s t i c s  by v a r i a n c e  : mean r a t i o s .  

The r e l a t i o n s h i p  between h a b i t a t  c h a r a c t e r i s t i c s  And v e g e t a t i o n  w a s  

examined by mapping t h e i r  d i s t r i b u t i o n s  and then  t e s t e d  by 

l i n e a r  c o r r e l a t i o n s .  Both v e g e t a t i o n  cover  and cover  of 4 

s p e c i e s  were found t o  be  p o s i t i v e l y  c o r r e l a t e d  w i t h  one of 

t y p e s :  y e l l o w  brown t i l l s .  

a  s e r i e s  of 

of i t s  component 

t h e  s u b s t r a t e  

An a t t e m p t  was made t o  t r a p  invad ing  wind blown s e e d ,  by l o c a t i n g  

( i i i )  

e 



seed  t r a p s  on a l l  mic ro topograph ic  c l a s s e s .  Samples of s u b s t r a t e  were 

t a k e n  from s o i l  p i t s  t o  e v a l u a t e  t h e i r  b u r i e d  v i a b l e  seed c o n t e n t .  Seed 

t r a p s  an? s u b s t r a t e  samples were kep t  i n  a  greenhouse  f o r  6 months and a l l  

g e r m i n a t i o n s  were no ted  and s p e c i e s  i d e n t i f i e d .  

V a r i a t i o n  was found i n  t h e  q u a n t i t y  and compostion of t h e  s u b s t r -  

a t e ' s  b u r i e d  seed  p o p u l a t i o n s .  However, i n c o n c l u s i v e  r e s u l t s  from t h e  

seed t r a p  g e r m i n a t i o n s ,  and t h e  l a c k  of m u t u a l l y  e x c l u s i v e  p o p u l a t i o n s  

i n  t h e  invad ing  a n d . b u r i e d  seed  s o u r c e s ,  made e s t i m a t i o n s  of t h e i r  

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

It was concluded t h a t  t h e  r a t e  and n a t u r e  of t h e  c o l o n i z a t i o n  was 

dependent  on t h e  s u i t a b i l i t y  of t h e  s u b s t r a t e  t o  supporc  v e g e t a t i o n ,  and 

t h e  a v a i l a b i l i t y  of b o t h  i n v a d i n g  seed  from e x t e r n a l  s o u r c e s  and b u r i e d  

v i a b l e  s e e d .  



F i g .  2 The Hope Landsl ide:  view from t h e  S.E. January 10. 1965' 
Mud f l o w  study a r e a  i n  the  fore-ground. 
B r i t i s h  Columbia Government Photograph, ~ e ~ a r t m e n :  of ~ a n d s  
and F o r e s t s .  
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Chapter I 

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

P l a n t  c o l o n i z a t i o n  on s u r f a c e s  r e c e n t l y  exposed a s  a  r e s u l t  of a 

major l a n d s l i d e ,  poses  s e v e r a l  problems when approached from t h e  t r a d i t i o n a l  

concep t s  of pr imary and s e c m d a r y  s u c c e s s i o n .  Problems a r e  r e l a t e d  t o  t h e  

v a r i e t y  of s u r f a c e  m a t e r i a l s  on which c o l o n i z a t i o n  may t a k e  p l a c e .  Primary 

s u c c e s s i o n  o c c u r s  on s u r f a c e s  which have never  p r e v i o u s l y  been occupied by 

v e g e t a t i o n  (Oost ing 1956) ,  w i t h  a l l  p l a n t  i n p u t  b e i n g  from e x t e r n a l  s o u r c e s .  

Secondary s u c c e s s i o n  however, o c c u r s  on a r e a s  which have p r e v i o u s l y  

suppor ted  v e g e t a t i o n ,  and much of t h e  c o l o n i z i n g  v e g e t a t i o n  can be  assumed 

t o  have i t s  o r i g i n  i n  b u r i e d  v i a b l e  seed o r  o t h e r  p l a n t  o rgans  a l r e a d y  

p r e s e n t  a t  t h e  b e g i n i n g  of t h e  s u c c e s s i o n  (Clements 1916) . Hence, t h e  

s o u r c e s  of p l a n t  i n p u t  on a  l a n d s l i d e  could  be  e x t e r n a l  t o  t h e  a r e a ,  o r  

v i a b l e  m a t e r i a l  i n  s i t u  i n  t h e  l a n d s l i d e  d e b r i s .  I n  a d d i t i o n ,  a  l a c k  of 

un i fo rmaty  i n  t h e  h a b i t a t  c o n d i t i o n s  may cause  v a r i a t i o n  i n  t h e  r a t e  of 

e s t a b l i s h m e n t  and growth of  c o l o n i z i n g  v e g e t a t i o n .  

C o l o n i z a t i o n  on t h e  mud f low,  caused by t h e  1965 Hope L a n d s l i d e ,  

was f i r s t  obse rved  2% y e a r s  a f t e r  t h e  l a n d s l i d e .  I n t e r e s t  was a roused  by 

t h e  uneven d i s t r i b u t i o n  of t h e  v e g e t a t i o n  on t h e  i r r e g u l a r  hummocky micro-  

topography.  P a t c h e s  of v e g e t a t i o n  &' v a r i a b l e  cornposit i o n  and d e n s i t y  

were n o t e d ,  and i n  a d d i t i o n ,  a  v a r i e t y  of d i s t i n c t i v e  s u b s t r a t e s  also 

d i s t r i b u t e d  i n  p a t c h e s  could  be  observed a t  t h e  s u r f a c e .  

With a  l a n d s l i d e  of such magni tude,  t h e  s u r v i v a l  of any s t a n d i n g  

v e g e t a t i o n  was improbable .  T h e r e f o r e ,  t h e  d u r a t i o n  of c o l o n i z a t i o n  was 

known t o  be  s h o r t  and v e r y  few changes i n  t h e  v a l l e y  environment  o r  t h e  

p h y s i c a l  p r o p e r t i e s  of  t h e  mud f l o w  h a b i t a t  would have o c c u r r e d  s i n c e  t h e  

s t a r t  of c o l o n i z a t i o n .  



  he p a t t e r n  of p l a n t  cover  on some p a r t s  of t h e  mud f l o w  i n d i c a t e d  

g r e a t  v a r i a t i o n  i n  t h e  c o l o n i z a t i o n  p r o c e s s .  It was dec ided  t h a t  t h e  a r e a  

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

of p l a n t  i n p u t  and t o  t e s t  some of t h e  p o s s i b l e  r e l n k i o n s h i p s  between 

c o l o n i z i n g  v e g e t a t i o n  and h a b i t a t ,  which may have r e s u l t e d  i n  t h e  observed 

I_ v e g e t a t i o n a l  p a t t e r n .  

V e g e t a t i o n  p a t t e r n  

Research i n t o  p a t t e r n  i n  v e g e t a t i o n  h a s  been r e s t r i c t e d  mainly  t o  

examina t ions  of p a t t e r n  i n  t h e  d i s t r i b u t i o n  of i n d i v i d u a l  s p e c i e s  u s i n g  t h e  

mean square  - b l o c k  s i z e  a n a l y s i s  ( e .g .  Grieg-Smith 1961) .  Three major 

t y p e s  of p a t t e r n  have been d i s t i n g u i s h e d  from t h i s  work. Morphological  

p a t t e r n  i s  a lmos t  u n i v e r s a l l y  obse rved  a t  a  smal l  s c a l e  and r e p r e s e n t s  t h e  

s i z e  of t h e  i n d i v i d u a l ,  and a medium s c a l e  which o c c u r s  when t h e r e  is  an 

e x t e n s i v e  rhizome sys tem.  Environmental  p a t t e r n  and s o c i o l o g i c a l  p a t t e r n  

a r e  found a t  a v a r i e t y  of s c a l e s  (Kershaw 1963) .  No r i g i d  d e f i n i t i o n  of 

s c a l e  i s  adhered  t o  i n  t h e s e  s t u d i e s  and t h e  d i s t i n c t i o n  between s m a l l ,  

medium and l a r g e  s c a l e s  made by t h e  a u t h o r s  depends mainly  on p r o p e r t i e s  

of t h e  s p e c i e s  s i z e ,  d i s p e r s a l  and rhizome s p r e a d ,  o r  c h a r a c t e r i s t i c s  of 

t h e  environment .  

There  a r e  few s t u d i e s  on p a t t e r n  i n  p i o n e e r  v e g e t a t i o n .  Barnes and 

S tanbury  (1951) r e p o r t  t h a t  e a r l y  c o l o n i z a t i o n  on c h i n a  c l a y  r e s i d u e  h a s  a 

random d i s t r i b u t i o n ,  fo l lowed  by v e g e t a t i v e  s p r e a d  r e s u l t i n g  i n  smal l  s c a l e  

morphological  p a t t e r n .  F o r  c o l o n i z i n g  s p e c i e s  i n  he te rogeneous  environments  

i n  Northwest  I c e l a n d  a n d  South and C e n t r a l  A u s t r a l i a ,  Anderson (1967) f i n d s  

t h a t  b o t h  morpho log ica l  and env i ronmenta l  p a t t e r n  a r e  s i g n i f i c a n t l y  

r e p r e s e n t e d .  Morphological  p a t t e r n  and s o c i o l o g i c a l  p a t t e r n  d e f i n e d  by 

Kershaw (1963) as a  p roduc t  of  t h e  i n t e r a c t i o n  between s p e c i e s ,  may be  
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assumed t o  be of l e a s t  s i g n i f i c a n c e  i n  p i o n e e r  c o l o n i z a t i o n  on a  s u r f a c e  

devo id  of v e g e t a t i o n .  Eoth  would p robab ly  i n c r e a s e  i n  s i g n i f i c a n c e  w i t h  

t i m e .  However, s i n c e  c o l o n i z a t i o n  on t h e  mud f low had o c c u r r e d  f o r  on ly  

25 y e a r s  a t  t h e  t ime of sampl ing,  e x p l a n a t i o n  of p a t t e r n  i n  v e g e t a t i o n  was 

sought  i n  t e rms  of environrnen$al i n f l u e n c e s .  

O r i g i n s  of f  l o r a ( l )  

I n v a s i o n  of p l a n t  d i s s e m i n u l e s  from e x t e r n a l  s o u r c e s  i s  o f t e n  

assumed i n  c o l o n i z a t i o n  s t u d i e s .  On s u r f a c e  m a t e r i a l s  which have n o t  

suppor ted  v e g e t a t i o n  p r e v i o u s l y ,  such a s  p i t  heaps  ( B r i e r l y  1956,  H a l l  1957) 

o r  c h i n a  c l a y  r e s i d u e  (Barnes and Stanbury 1951) ,  t h e  v a l i d i t y  of t h i s  

a s sumpt ion  cannot  be  c h a l l e n g e d .  However, Clement s (1916) n o t e s  t h a t  i n  

secondary s u c c e s s i o n  much of t h e  c o l o n i z i n g  v e g e t a t i o n  may have i t s  o r i g i n  

i n  b u r i e d  v i a b l e  seed  a l r e a d y  p r e s e n t  a t  t h e  b e g i n i n g  of t h e  s u c c e s s i o n .  

E g l e r  (1954) p o i n t s  o u t  t h e  need f o r  more r e s e a r c h  i n t o  t h e  o r i g i n  

of  c o l o n i z i n g  v e g e t a t i o n .  I n  p a r t i c u l a r ,  he s t a t e s  t h a t  t h e  r e l a t i v e  

s i g n i f i c a n c e  of t h e  r o l e s  p layed  by b u r i e d  v i a b l e  seed and seed  from o t h e r  

s o u r c e s  r e q u i r e s  more s t u d y .  He p r e s e n t s  two models f o r  secondary  

s u c c e s s i o n  on abandoned f i e l d s .  The f i r s t  model, which he terms 'Relay 

F l o r i s t i c s ' ,  i s  dependent  e n t i r e l y  on e x t e r n a l  i n v a s i o n s ,  and t h e  second,  

' I n i t i a l  F l o r i s t i c  Composi t ion ' ,  on b u r i e d  v i a b l e  s e e d .  Both a r e  capab le  

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

e x t e r n a l  i n v a s i o n s  a  more l e n g t h y  t ime p e r i o d  might be i n v o l v e d .  E g l e r  

s u g g e s t s  t h a t  p l a n t  s u c c e s s i o n  i s  a  combinat ion of b o t h  p r o c e s s e s .  

Research i n t o  p ropagu le  d i s p e r s a l  h a s  g e n e r a l l y  been t r e a t e d  on t h e  

l a r g e  s c a l e  of c l a s s i c a l  p l a n t  geography (e . g .  Good 1964) . When t r e a t e d  

(1) Throughout t h i s  t h e s i s ,  f l o r a  of t h e  mud f l o w  i s  d e f i n e d  a s  t h o s e  
p l a n t s  which a r e  growing on t h e  mud f l o w  

i 
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on a  more l i m i t e d  s c a l e ,  s t u d i e s  have been r e s t r i c t e d  t o  one o r  a  smal l  

number of s p e c i e s :  u s u a l l y  t r e e s  of economic importance  ( e . g .  I s a a c  1930, 

He the r ing ton  1 9 6 5 ) .  Very l i t t l e  i s  known concern ing  t h e  range  and 

e f f i c i e n c y  of seed d i s p e r s a l  f o r  most o t h e r  s p e c i e s  (Webb l 9 6 6 ) ,  o r  t h e  

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

The e x i s t e n c e  of b u r i e d  seed  i s  w e l l  documented and r e t e n t i o n  of 

v i a b i l i t y  over  long  p e r i o d s  h a s  been r e p o r t e d  ( e . g .  D a r l i n g t o n  1922 and 

1931, P o r s i l d ,  Har r ing ton  and Mull igan 1967) .  Assessments of t h e  d e n s i t y  

and f l o r i s t i c  composi t ion of b u r i e d  seed p o p u l a t i o n s  have been made f o r  a  

v a r i e t y  of h a b i t a t s  under  c u l t i v a t i o n  (e .g .  Brenchley and Warington 1930, 

Champness and Morr i s  1948) .  However, g e n e r a l l y  a poor  c o r r e l a t i o n  between 

v e g e t a t i o n  and t h e  b u r i e d  seed  p o p u l a t i o n  has  been recorded  ( e . g .  Major 

and P y o t t  1966,  Kellman 1970) .  

Some r e s e a r c h  h a s  been done on t h e  r o l e  p layed  by b u r i e d  seed i n  

secondary  s u c c e s s i o n  (e .g .  Numata e t  a l .  1964a,  b  and c ,  1966, 1967) .  

Mueggler (1956) r e p o r t s  a  l a c k  of a  wind i n f l u e n c e d  s p a t i a l  p a t t e r n  i n  t h e  

d i s t r i b u t i o n  of sagebrush  r e c o l o n i z a t i o n  on burned a r e a s .  On t h e  b a s i s  

of seed  g e r m i n a t i o n s  o b t a i n e d  from s o i l s  of t h e  burned a r e a s ,  he concludes  

t h a t  sagebrush  r e g e n e r a t i o n  a f t e r  f i r e  i s  t h e  r e s u l t  of growth f rom seed  

r e s i d u a l  i n  t h e .  s o i l ,  Oos t ing  and Humphreys (19LO) r e p o r t  t h a t  i n  o l d  

f i e l d  s u c c e s s i o n a l  s e r i e s  ip Durham, N.C. t h e r e  i s  a  s u c c e s s i o n  of s p e c i e s  

i n  t h e  b u r i e d  seed  p o p u l a t i o n  as i n  t h e  s u r f a c e  v e g e t a t i o n .  However, 

s e e d s  f rom p r e c e e d i n g  s t a g e s  of t h e  v e g e t a t i o n  s u c c e s s i o n  a r e  found i n  t h e  

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

v e g e t a t i o n .  A f t e r  i n v e s t i g a t i n g  a  s i m i l a r  s u c c e s s i o n ,  L i v i n g s t o n  and 

A l l e s s i o  (1968) conclude t h a t ,  on d i s r u p t i o n  of t h e  f o r e s t  c o v e r ,  seed of 

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



s i t e  and need no t  be  c a r r i e d  i n t o  t h e  d i s t u r b e d  a r e a .  

Although t h e  mud f l o w  s u r f a c e  exposed t o  p l a n t  c o l o n i z a t i o n  was 

p robab ly  devoid  of v e g e t a t i o n ,  i t  cannot  be assumed t h a t  s u c c e s s i o n  would 

b e l o n g  whol ly  t o  e i t h e r  pr imary o r  secondary c a t e g o r i e s  s i n c e  some of t h e  

t o t a l  d e b r i s  had suppor ted  v e g e t a t i o n  p r i o r  t o  t h e  s l i d e .  F o r  example, 

v e r y  f i n e  t e x t u r e d  p e a t ,  t y p i c a l  of a  marshy v a l l e y  s i t u a t i o n ,  was observed.  

Hence, t h e  source  of p l a n t  i n p u t  on t h e  mud f l o w  could  be a  combinat ion of 

e x t e r n a l  s o u r c e s  a s s o c i a t e d  w i t h  pr imary s u c c e s s i o n ,  and i n t e r n a l  s o u r c e s  

sugges ted  f o r  secondary s u c c e s s i o n .  

The problem: a n  e x p l a n a t i o n  of p a t t e r n  i n  c o l o n i z i n g  v e g e t a t i o n  

Two f a c t o r s  would appear  t o  be c r i t i c a l  t o  t h e  u n d e r s t a n d i n g  of t h e  

v e g e t a t i o n  c o l o n i z a t i o n  of any newly exposed s u r f a c e :  t h e  f i r s t  b e i n g  

a c c e s s i b i l i t y  of seed  t o  t h e  a r e a ,  whether  t h i s  be from a  b u r i e d  source  o r  

f rom a n  e x t e r n a l  s o u r c e ,  and t h e  second,  a  p r o c e s s  of ' env i ronmenta l  s i f t i n g '  

(Gleason 1939).  The env i ronmenta l  s e n s i t i v i t y  of many s p e c i e s  i s  w e l l  

documented. I n  a d d i t i o n ,  a n  e lement  of env i ronmenta l  s i f t i n g  h a s  been 

r e p o r t e d  t o  be o p e r a t i v e  i n  seed  i n p u t ,  from b o t h  i n t e r n a l  and e x t e r n a l  

s o u r c e s .  For  example,  M i l t o n  (1948) s u g g e s t s  t h a t  the d u r a t i o n  of 

v i a b i l i t y  i n  b u r i e d  s e e d s  i s  a f f e c t e d  by s o i l  t e x t u r e  ahd d r a i n a g e .  

Harper ,  W i l l i a m s  and Sagar  (1965) demons t ra te  t h a t  t h e  h e t e r o g e n e i t y  of t h e  

s o i l  s u r f a c e  may d e t e r m i n e  t h e  chance of a  seed  f i n d i n g  a  s u i t a b l e  c r e v i c e  

f o r  g e r m i n a t i o n .  

P a t t e r n  i n  c o l o n i z i n g  v e g e t a t i o n  on a  b a r e  s u r f a c e  may t o  a  l a r g e  

e x t e n t  be  e x p l i c a b l e  i n  terms of t h e  above f a c t o r s :  v a r i a t i o n  i n  t h e  degree  

of a c c e s s i b i l i t y  t o  seed., which i s  dependent on h a b i t a t  and chance,  and 

v a r i a t i o n  i n  t h e  h a b i t a t  p o t e n t i a l  i n  terms of s u p p o r t i n g  g e r m i n a t i o n  and 

subsequent  growth of s p e c i e s .  
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The r e s e a r c h  was d i v i d e d  i n t o  two ma jo r  s e c t i o n s .  The f i r s t  was a 

t e s t  f o r  non-random p a t t e r n  i n  t h e  d i s t r i b u t i o n  of  s p e c i e s ,  v e g e t a t i o n  and 

h a b i t a t ,  which was c l a s s i f i e d  a c c o r d i n g  t o  s u b s t r a t e  and  mic ro topography .  

The second c o n s i s t e d  of a n  e x a m i n a t i o n  of t h e  r e l a t i o n s h i p  be tween 

v e g e t a t i o n a l  and h a b i t a t  c h a r a c t e r i s t i c s  on t h e  mud f l o w .  The n a t u r e  of 

t h i s  r e l a t i o n s h i p  was f u r t h e r  s t u d i e d  by t e s t i n g  f o r  v a r i a t i o n  w i t h  

h a b i t a t  i n  t h e  q u a n t i t y  and c o m p o s i t i o n  of  t h e  b u r i e d  s e e d  and i n v a d i n g  

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



Chapter 2 

The Hope L a n d s l i d e  

The Hope   and slide i s  l o c a t e d  12 m i l e s  s o u t h e a s t  of Hope, B r i t i s h  , 

~ o l u m b i a ,  on t h e  v a l l e y  watershed between Nicolum Creek which flows n o r t h -  

west  towards Hope and t h e  Sumallo River  which f l o w s  s o u t h e a s t  i n t o  Washington. 

The l i n e  of t h e  v a l l e y  forms t h e  r o u t e  of t h e  Hope-Princeton highway. 

( F i g s .  1 and 2) . 
G l a c i a t i o n  h a s  a f f e c t e d  t h e  e n t i r e  Nicolum - Sumallo v a l l e y  and till 

i s  p r e s e n t  up t o  t h e  top  of t h e  p r e s e n t  s l i d e  s c a r  a t  5670 f e e t  (Mathews 

and McTaggart 1969) .  The v e r t i c a l  i n t e r v a l  between t h e  t o p  of Johnson Peak, 

e l e v a t i o n  6630 f e e t ,  t o  t h e  n o r t h e a s t  of t h e  v a l l e y  and t h e  v a l l e y  f l o o r  is  
i 

approx imate ly  4300 f e e t .  A p r e v i o u s  s l i d e  on t h e  same s i t e  which occur red  

a t  an  undetermined p o s t - g l a c i a l  d a t e ,  was of comparable dimensions  t o  t h e  

1965 s l i d e .  The e a r l i e r  s l i d e  had formed a  hummocky v a l l e y  f l o o r  topography 

of permeable d e b r i s ,  i n  some a r e a s  o v e r l a i n  by a  cover  of a l luv ium and 

swamp, embracing Outram Lake,  a sha l low i r r e g u l a r  body of w a t e r  approximately  

1000 f e e t  square  w i t h  no s u r f a c e  o u t l e t  ( i b i d . ) .  

The l a n d s l i d e  of January  9 t h ,  1965, which invo lved  about  130 m i l l i o n  

m e t r i c  t o n s  of r o c k ,  i s  b e l i e v e d  t o  ha& b e e n  t r i g g e r e d  by two e a r t h q u a k e s  

w i t h  e p i c e n t r e s  w i t h i n  1 0  m i l e s  of t h e  s l i d e .  The r o c k  s l i d e  descended 
. 

t o  t h e  v a l l e y  f l o o r , , b u r $ i n g  much of t h e  d e b r i s  from t h e  p r e v i o u s  s l i d e  t o  
,P 'P 

a'maximun d e p t h - o f  260 f e e t .  Genera l ly  t h e  r o c k  d e b r i s  d i d  no t  move f a r  
% 

a c r o s s  t h e  v a l l e y  f l o o r ,  b u t  a  mud f low,  g e n e r a t e d  by t h e  passage of t h e  

s l i d e  m a t e r i a l  i n t o  Outram Lake and t h e  su r rounding  a r e a ,  swept s o u t h w e s t e r l y  

a g a i n s t  t h e  o p p o s i t e  v a l l e y  w a l l  t o  a h e i g h t  of 60 f e e t  above t h e  p r e s e n t  

v a l l e y  f l o o r .  The m a j o r i t y  of t h e  f low was t h e n  d e f l e c t e d  s o u t h e a s t  
-' 

down t h e  Sumallo River  v a l l e y  and t e rmina ted  i n  a tongue shaped 
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p r o j e c t i o n ,  on average 50 f e e t  i n  depth ( i b i d . ) .  A mud f low a l s o  occurred 

t o  t he  northwest ,  where i t  was r e s t r i c t e d  i n  width by t h e  narrow v a l l e y  of 

Nicolum p e e k  but  extended down the  v a l l e y  f o r  up t o  3  miles. 

Climate 

Climatic  condi t ions  on the  l ands l ide  were d i f f i c u l t  t o  i n t e r p r e t  

from e x i s t i n g  datar.  However, some at tempt  was made t o  e s t a b l i s h  approximate 

temperature  and p r e c i p i t a t i o n  l e v e l s  i n  o rde r  t o  c l a r i f y  t he  c l a s s i f i c a t i o n  

of t h e  r e g i o n a l  v e g e t a t i o n ,  and t o  a c t  a s  a  guide f o r  l a t e r  experimental  

germinat ion  cond i t i ons ,  

The c l o s e s t  meteoro logica l  s t a t i o n s  t o  t h e  l a n d s l i d e  a r e  those 

l oca t ed  a t  Hope and A l l i s o n  Pass ,  t h e  l a t t e r ,  20 m i l e s  sou theas t  of t h e  

l a n d s l i d e ,  Of t he se  t he  d a t a  from Al l i son  Pass  i s  most c l o s e l y  comparable 

t o  t he  cond i t i ons  a t  t h e  l a n d s l i d e  (Table 1) .  The e l e v a t i o n  of A l l i son  

Pass s t a t i o n  i s  4400 f e e t  A.S.L. ( l a n d s l i d e  v a l l e y  f l o o r  approximately 

2250 f e e t  A.S.L.), but i t  i s  s i m i l a r l y  l oca t ed  i n  a  v a l l e y  f l o o r .  

Table I 
Temperature and p r e c i p i t a t i o n :  A l l i s o n  Pass ,  La t i t ude  49O 08'  N,  
Longitude 120•‹ 50'  W ,  E l eva t ion  4400 f e e t  A.S.L. (1) 

Element Jan  Feb Mar Apr May June J u l y  Aug Sept O c t  Nov Dec Y r  

Mean d a i l y  19.0 23.7 26.1 34.2 39.4 46.8 54 .1  52.5 45.6 38.5 25.3 20.3 35.5 , 

temp . (OF) 
Mean d a i l y  26.0 32.1 36.2 43.1 49.4 58.5 67.6 64.9 57.7 47.9 31.8 26.6 45.2 
max temp. (OF) 

.Mean d a i l y  12.0 15 .4  16.0 25.4 29.5 35.0 40.5 40.2 33.6 29.0 18.7 14.0 25.8 
min temp. (OF) 

' Mean r a i n -  0.79 0.94 0.81 0.92 1.56 2.05 1.39 2.32 2.62 2.99 1.92 1.18 18.89 
f a l l  ( inches)  
Mean snow- 8.05 5.43 4.72 2.61 1.15 - - - 0.07 1.27 6.41 7.05 3.76 
f a l l  : water  equ iva l en t  ( inches)  
Mean t o t a l  8.84 6.38 4.90 3.53 2.71 2.06 1.39 2 .3  .71 4.26 8.61 8.23 5.94 
p r e c i p i t a t i o n  
( inches)  

Data from: Monthly Record, Meteorological  obse rva t ions  i n  Canada, 
Canada Department of Transpor t ,  Meteorological  Branch, 1966. 



With the differences in elevation between Allison Pass and the 

landslide, temperatures may be expected to be higher at the landslide. 

Assuming a normal lapse rate of 3.5'~ per 1,000 feet , or an increase of 

7.g01?, estimates may be made of temperatures at the landslide (Table 11). 

Table I1 
Temperature estimates: Hope Landslide, Elevation 2250 feet A.S.L, 

Element January July Year 

Mean daily 
temperature (OF) 
Mean daily maximum 
temperature (OF) 
Mean daily minimum 
temperature (OF) 

Precipitation is probably between the 62.27 inch mean annual 

precipitation at Hope and the 55.94 inch mean annual precipitation at 

Allison Pass, although estimates are difficult to make in such mountain 

valley situations. 

Wind direction, a significant influence in the dispersal of some 

seeds, can only be inferred from personal observatioos and records of wind 

speed and direction taken at Hope meteorological station. No wind 

directions or speeds are recorded ay Allison Pass. 

Between August 21, 1967 and November 3, 1967, during field sampling, 

winds at mid-day were invariably from the northwest. In the latter half of 

August and early September, early morning wind conditions were often calm 

or a light south-easterly, but these changed to north-westerlies during the 

morning and continued to blow from that direction throughout the remainder 

of the day. Wind records taken at Hope (Table 111) show north-westerlies 

to be infrequent throughout the year but it can be assumed that all 

westerlies would be channeled through the northwest-southeast Nicolum- 



Sumal lo  v a l l e y  a s  n o r t h - w e s t e r l i e s .  Mean monthly  wind d i r e c t i o n s  f o r  t h e  

p e r i o d  1963 t o  1968 (Tab le  111) show t h a t  f rom May t o  September ,  w inds  

a r e  p r e d o m i n a n t l y  from t h e  w e s t  and a l s o  t h a t  t h e s e  months  have  winds  of a 

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

t h e  p e r i o d  of  g r e a t e s t  s e e d  o u t p u t ,  (summer t h r o u g h  e a r l y  f a l l  and d u r i n g  

t h e  p e r i o d  be tween dew e v a p o r a t i o n  and d u s k ) ,  w inds  o v e r  t h e  l a n d s l i d e  and 

t h e  mud f l o w  a r e  c o n s i s t e n t l y  f rom t h e  n o r t h w e s t .  

T a b l e  I11 
Wind r e c o r d s :  Hope, L a t i t u d e  4g0 23'  N ,  L o n g i t u d e  121•‹ 26 '  W ,  
E l e v a t i o n  152 f e e t  A.S.L .  1963  t o  1968 (1) 

Month Speed (mph) :Mean No. d a y s  D i r e c t i o n :  Mean No. d a y s  
39+ 13-38 1-12  Calm N NE E SE S SW W NW 

J a n u a r y  0  1 22 8 1 5 8 1 2 2 1 0  
J?ebruaiy 0 
March 0 
A p r i l  0  
May 0  
June 0  
J u l y  0 
August  0  
September 0 
O c t o b e r  0 
November 0 
December 0 

(1) Data f rom:  Monthly Record ,  M e t e o r o l o g i c a l  o b s e r v a t i o n s  i n  Canada, 
Canada Depar tment  of  T r a n s p o r t ,  M e t e o r o l o g i c a l  Branch,  1966.  

Reg iona l  v e g e t a t i o n  

The lower  s l o p e s  o f  t h e  Nicolum-Sumallo v a l l e y  have been  c l a s s i f i e d  

a s  b e l o n g i n g  t o  t h e  ' C o a s t a l  Wes te rn  Hemlock b i o g e o c l i m a t i c  z o n e ' ,  a s u b -  

d i v i s i o n  of t h e  ' P a c i f i c  C o a s t a l  Mesothermal F o r e s t  b i o g e o c l i m a t i c  r e g i o n ' ,  

w h i l s t  t h e  u p p e r  s l o p e s  b e l o n g  t o  t h e  ' ~ o u n t a i n  Hemlock z o n e '  o f  t h e  

' P a c i f i c  C o a s t a l  S u b a l p i n e  F o r e s t  r e g i o n '  ( K r a j i n a  1 9 6 5 ) .  The ' C o a s t a l  

Wes te rn  Hemlock zone '  i s  t o  be  found  a t  a l t i t u d e s  o f  up t o  3 , 0 0 0  f e e t ,  where 

a n n u a l p r e c i p i t a t i o n  t o t a l s  70 - 262 i n c h e s ,  i n c l u d i n g  a n  a n n u a l  s n o w f a l l  of  
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5  - 295 i n c h e s .  The l a n d s l i d e  p r o b a b l y  h a s  a  lower  a n n u a l  p r e c i p i t a t i o n  

t h a n  t h e  norm f o r  t h i s  zone  b u t  t e m p e r a t u r e s  f a l l  w i t h i n  t h e  r a n g e  of mean 

a n n u a l  t e m p e r a t u r e s  of  41•‹ t o  4 9 O ~  ( J a n u a r y  21•‹ t o  41•‹F, J u l y  55O t o  640F).  

The ' ~ o u n t a i n  Hemlock z o n e '  i found a t  h i g h e r  e l e v a t i o f i s :  be tween 3 ,000  

and 6 , 0 0 0  f e e t  which e x p e r i e n c e  lower  mean t e m p e r a t u r e s  and a g e n e r a l l y  

g r e a t e r  a n n u a l  s n o w f a l l  ( i b i d . )  , 

Aerial p h o t o g r a p h s  t a k e n  p r i o r  t o  1965 show much o f  t h e  v a l l e y  s i d e s  

cove red  by hemlock f o r e s t  w i t h  two ma jo r  e x c e p t i o n s :  t h e  f i r s t ,  a s e r i e s  

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

s c a r ,  and t h e  second ,  5920 a c r e s  of  f o r e s t  a c c i d e n t a l l y  bu rned  i n  1945,  

l o c a t e d  t o  t h e  n o r t h  o f  t h e  main a r e a  a f f e c t e d  by  t h e  1965 s l i d e  

(Anderson,  F.W. 1 9 6 5 ) .  T h e . f o r e s t  a d j a c e n t  t o  t h e  lower  p o r t i o n s  of  t h e  

r e c e n t  s l i d e  s c a r  and t h e  mud f l o w  c o n s i s t e d  of  Tsuga h e t e r o p h y l l a  w i t h  

P s e u d o t s u g a  m e n z i e s i i ,  T h u j a  p l i c a t a  and A b i e s  a m a b i l i s .  

The v a l l e y  f l 6 o r  p r i o r  t o  t h e  s l i d e  was marshy w i t h  a s h a l l o w  l a k e .  

Marshy areas rema in  t o  t h e  n o r t h e a s t  o f  t h e  mud f l o w ,  be tween i t  and t h e  

v a l l e y  s i d e  and a l s o  a d j a c e n t  t o  t h e  Sumal lo  R i v e r .  The r e m a i n d e r  of  t h e  

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

as c a t t l e  p a s t u r e .  

H a b i t a t s  exposed  t o  p i o n e e r  c o l o n i z a t i o n  a f t e r  t h e  s l i d e  

The 1965 s l i d e  l e f t  a v a r i e t y  of  h a b i t a t  t y p e s  exposed  t o  p i o n e e r  

c o l o n i z a t i o n ,  wh ich  may b e  d i v i d e d  i n t o  t h r e e  ma jo r  c a t e g o r i e s .  

I, The s l i d e  s c a r .  T h i s  i s  be tween 3 ,000  and 5 , 0 0 0  f e e t  wide  and i s  

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

It i s  s t i l l  s u b j e c t  t o  f r e q u e n t  r o c k  f a l l s  and t h e r e  i s  no v i s i b l e  

c o l o n i z a t i o n  by  v e g e t a t i o n  ( F i g .  3) 

11, Rock d e b r i s  i n  t h e  v a l l e y  f l o o r .  The d e b r i s  fo rms  a n  uneven 



F i g .  3 The s l i d e  s c a r  

L 

F i g .  4 Rock d e b r i s  i n  t h e  v a l l e y  f l o o r  
- - - -  - 6 -  

F i g .  5 Douglas f i r  s e e d l i n g  on t h e  r o c k  d e b r i s  
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topography of a n  impermeable n a t u r e ,  demons t ra ted  by numerous ephemeral  

l a k e s  and ponds which have no v i s i b l e  o u t l e t  and a r e  consequen t ly  

accumula t ing  a  l a y e r  of s i l t  ( F i .  4 ) .  P l a n t  growth on t h i s  m a t e r i a l  may 

be  i n h i b i t e d  by a  l a c k  of a v a i l a b l e  n u t r i e n t s ,  s e v e r e  d e s s i c a t i o n  i n  

t h e  summer, and f l o o d i n g  o r  w a t e r l o g g i n g  i n  t h e  d e p r e s s i o n s  d u r i n g  t h e  

w i n t e r .  o c c a s i o n a l  p a t c h e s  of h e r b s ,  g r a s s e s ,  and s m a l l  s h r u b s  have 

e s t a b l i s h e d ,  g e n e r a l l y  on p o c k e t s  of f i n e r  m a t e r i a l  some of which o b v i o u s l y  

have a  v e r y  h i g h  o r g a i n i c  m a t t e r  c o n t e n t .  S c a t t e r e d  t r e e  s e e d l i n g s  a r e  t o  

b e  found w i t h  i n c r e a s i n g  f r e q u e n c y  towards  t h e  c o n t a c t s  between t h e  s l i d e  

m a t e r i a l  and t h e  f o r e s t  such a s  t h e  Pseudotsuga m e n z i e s i i  s e e d l i n g  shown 

i n  F i g .  5 .  

111. The mud f l o w ,  On t h e  s o u t h e a s t  s i d e  of t h e  s l i d e ,  t h i s  h a b i t a t  h a s  

been e x t e n s i v e l y  c o l o n i z e d  and i s  composed of a  v a r i e t y  of p a t c h i l y  

d i s t r i b u t e d  sed iments  i n  i r r e g u l a r  hummocks and hol lows (F ig .  6 ) .  The 

sed iments  i n c l u d e  g leyed  s i l t s ,  p e a t s ,  more sandy sed iments  and v e r y  s t o n e y  

m a t e r i a l s .  The n o r t h w e s t e r n  mud f l o w  i s  composed of s i m i l a r  m a t e r i a l s  b u t  

i n  t h i s  c a s e  t h e y  had been w e l l  mixed and consequen t ly  formed a  more 

homogeneous h a b i t a t .  The s i l t s  and p e a t s  a r e  assumed t o  have been e j e c t e d  

f rom t h e  v a l l e y  f l o o r  i n  t h e  v i c i n i t y  of Outram Lake by t h e  r o c k  s l i d e .  

When b o r i p g s  were t a k e n  t o  a  d e p t h  of 6 f e e t  i n  t h e  v a l l e y  f l o o r  + m i l e  

s o u t h e a s t  of t h e  mud.f low,  s i l t s  i n t e r c a l a t e d  w i t h  t h i c k  l a y e r s  of p e a t  

similar i n  appearance  t o  t h o s e  on t h e  mud f l o w  were found .  The sandy 

sed iments  p robab ly  o r i g i n a t e d  i n  t h e  valQy%-side  t i l l  d e p o s i t s  and t h e  

s t o n e y  m a t e r i a l s  f rom some of t h e  main r o c k  s l i d e  d e b r i s .  



Fig.  6 Vegetation coloniza t ion  on the mud flow 



C h a p t e r  3 

F i e l d  s a m p l i n g ,  e x p e r i m e n t a l  p r o c e d u r e  and r e s u l t s  

F i e l d  s a m p l i n g  t e c h n i q u e s  were  d e s i g n e d  t o  i d e n t i f y  t y p e s  of  

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

be tween them. A t r a v e r s e  s u r v e y  o v e r  a  l a r g e  a r e a  of  t h e  mud f l o w  was 

u n d e r t a k e n  (method a d a p t e d  f rom Wilde 1954) ,  w i t h  one t r a v e r s e  s t u d i e d  i n  

g r e a t e r  d e t a i l .  I n  a d d i t i o n ,  a n  e x p e r i m e n t a l  s t u d y  was made of t h e  compo- 

s i t i o n  of b u r i e d  s e e d  and wind blown i n v a d i n g  s e e d .  

Sample a r e a  

An a r e a  1000 f e e t  by 500 f e e t ,  na r rowing  t o  300 f e e t ,  was s e l e c t e d  

on t h e  mud f l o w  and l a i d  o u t  as a g r i d  w i t h  i n t e r s e c t i o n s  a t  e v e r y  100 f e e t  

( F i g s .  7 and 8 ) .  An a t t e m p t  was made t o  encompass a  s u f f i c i e n t l y  l a r g e  

p o r t i o n  of t h e  mud f l o w  t o  a l l o w  i d e n t i f i c a t i o n  of any  o v e r a l l  p a t t e r n  i n  

t h e  v e g e t a t i o n  o r  h a b i t a t ,  and sampl ing  of  a l l  t y p e s  of  s u b s t r a t e ,  m i c r o -  

t o p o g r a p h y ,  and v e g e t a t i o n .  Some areas of t h e  mud flow were  a v o i d e d  when 

t h e  g r i d  was l o c a t e d  b e c a u s e  o f  t h e i r  a s s o c i a t i o n  w i t h  human a c t i v i t y  o r  

a t y p i c a l  p h y s i c a l  p r o c e s s e s .  These  a r e a s  i n c l u d e d :  

I .  The n o r t h e r n  p o r t i o n  o f  t h e  mud f l o w  where t h e  s e a r c h  f o r  

b o d i e s  a f t e r  t h e  s l i d e  was c o n c e n t r a t e d .  

11. The s o u t h w e s t  p o r t i o n  of  t h e  mud f l o w  which was  s l i g h t l y  

d i s t u r b e d  d u r i n g  t h e  c o n s t r u c t i o n  of  t h e  new highway 

111. P e r i m e t e r s  of t h e  mud f l o w  where m a t e r i a l  was p o s s i b l y  n o t  

i n c o r p o r a t e d  i n t o  t h e  f l o w  b u t  pushed up i n  f r o n t  of t h e  flow(') 

(1) Mathews and McTaggert (1969) i n f e r  t h a t  t h i s  was a r e l a t i v e l y  
i n s i g n i f i c a n t  p r o c e s s  f rom t h e  u n d i s t u r b e d  snow c o v e r  on t h e  
v a l l e y  f l o o r  a f  t e r .  t h e  s l i d e .  
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I V .  Mounds covered by w e l l  e s t a b l i s h e d  v e g e t a t i o n  on t h e  s o u t h e r n  

margin of t h e  mud f low.  These were p robab ly  l e f t  by t h e  

p r e v i o u s  s l i d e  and surrounded by t h e  mud f low,  o r  l e s s  l i k e l y ,  

were moved i n t a c t  d u r i n g  t h e  f l o w .  

T r a v e r s e  s u r v e y  

F i e l d  sampl ing was c a r r i e d  o u t  between August 2 2  and November 4,  

1967.  F o r t y  t r a v e r s e s  were l o c a t e d  on t h e  g r i d  u s i n g  random numbers bo th  

f o r  a  base  p o i n t  and f o r  t h e  o r i e n t a t i o n  of e a c h  of t h e  5 0 - f o o t  t r a v e r s e  

l i n e s  ( F i g .  8 ) .  No p r e c a u t i o n s  were t a k e n  t o  a v o i d  i n t e r s e c t i n g  t r a v e r s e s  

a s  t h i s  would have i n t e r f e r e d  w i t h  t h e  o v e r a l l  randomness. The f o l l o w i n g  

d a t a  was r e c o r d e d  f o r  each  f o o t  l e n g t h  of t h e  t r a v e r s e s :  

I .  T o t a l  v e g e t a t i o n  cover  and i n d i v i d u a l  s p e c i e s  c o v e r ,  

measured i n  i n c h e s .  

11. Microtopography, c l a s s i f i e d  a c c o r d i n g  t o  r e l a t i v e  h e i g h t  and 

a s p e c t .  The predominant type  of t h e  f o o t  l e n g t h  w a s  no ted .  

111. S u b s t r a t e ,  c l a s s i f i e d  a c c o r d i n g  t o  c o l o u r  and t e x t u r e .  The 

predominant type  of t h e  f o o t  l e n g t h  was no ted .  

I: V e g e t a t i o n  and i n d i v i d u a l  s p e c i e s  c o v e r ,  Cover v a l u e s  were recorded  

r a t h e r  t h a n  t h e  number of i n d i v i d u a l s  s i n c e  some of t h e  c o l o n i z a t i o n  was by 

s p e c i e s  w i t h  underground rhizomes o r  s t o l o n s .  F o r  a l l  t h e  cover  d a t a ,  

o n l y  s h o o t s  emerging from a n  a r e a  w i t h i n  2 i n c h e s  of t h e  t r a v e r s e  l i n e  were 

i n c l u d e d  i n  t h e  sampl ing.  Any p o r t i o n  of t h e  f o o t  l e n g t h  which had a  

v e g e t a t i o n  c o v e r ,  whether  i t  c o n s i s t e d  of one o r  a  number of s p e c i e s ,  was 

measured c o r r e c t  t o  t h e  n e a r e s t  h a l f  i n c h .  The p r o c e s s  was r e p e a t e d  f o r  

(1) e a c h  s p e c i e s  o c c u r r i n g  i n  t h e  v e g e t a t i o n  of t h e  f o o t  l e n g t h  , 

(1) Bryophytes  were i n f r e q u e n t l y  encoun te red  d u r i n g  t h e  s u r v e y  b u t  were 

no t  i n c l u d e d  i n  t h e  s t u d y .  



11: Microtopography. Microtopography was c l d s s e d  i n t o  11 groups .  These 

were based on h e i g h t  i n  r e l a t i o n  t o  t h e  n e a r e s t  hol low,  f o r  example,  J 

hummock was c l a s s e d  a s  h i g h  i f  i t  were over  3 f e e t  above the  n e a r e s t  hollow, 

and a s p e c t :  n o r t h ,  e a s t ,  s o u t h  o r  west. The groups  were a s  f o l l ~ ~ s :  

High hummock, subd iv ided  i n t o :  t o p ,  n o r t h ,  e a s t ,  s o u t h  or west 

f a c i n g  s l o p e s  

Low hummock, subd iv ided  i n t o :  top ,  n o r t h ,  e d s t ,  s o u t h  or west 

f a c i n g  s l o p e s  

Hollow 

Any ev ideoce  of w a t e r l o g g i n g  (Fig.  9) o r  the  e x i s t e n c e  of s u r f a c e  

wa te r  was a l s o  recorded .  

111: S u b s t r a t e .  S u b s t r a t e  was c l a s s i f i e d  i n  tlie f i e l d  i n t o  5 t y p e s  

based on Munsell s o i l  c o l o u r  c h a r t s  and t e x t u r e .  rtit* s u b s t r a t e  t y p e s  

were a s  fo l lows :  

Grey s i l t s  

Organic  m a t t e r  

Grey s i l t s  i n t e r m i n g l e d  w i t h  o r g a n i c  m a t t e r  

Yellow brown t i l l s  

Stoney m a t e r i a l  ( c o n t a i n i n g  a  large propor t ion of  p a r t i c l e s  over 

2 m i l l i m e t r e s  i n  d iamete r :  from g r a v e l s  t o  

bou lde rs )  

It was found t h a t  t h e  s u b s t r a t e  had been s u b j e c t  t o  much mixing 

d u r i n g  t h e  s l i d e  and t h e  5 t y p e s  were t o  be found on t h e  m a j o r i t y  of ttlc 

t r a v e r  s e s  (Appendix A).  I n  s p i t e  of t h i s  mixing p r o c e s s ,  t h e  patchg 

s u b s t r a t e  d i s t r i b u t i o n  was composed of  b locks  of  m a t e r i a l  w ~ t h  e a s i  l y  

r 'ecognized margins.  (Fig.  1.0). Hence, the  c l a s s i f i c a t i o n  of t h e  s u b s t r a t e s  

and i d e n t i f i c a t i o n  of  t h e  p redomina t ing  s u b s t r a t e  over  each  f o o t  l e n g t h  



~ i ~ .  9 Grey silts showing evidence of previous waterlogging 

Fig. 10 Section through substrates showing margins of substrate types 
1. Stoney material 
2. Grey silts 
3. Grey silts intermingled with organic matter 
4. Organic matter 
Section approximately 2 feet by 1J2 feet 



was r e l a t i v e l y  easy .  

To demons t ra te  the  r e a l i t y  o f  t h e  c l a s s i f i c a t i o n ,  20 s u b s t r a t e  

samples  were t aken  from t h e  s u r f a c e  a t  5 f o o t  i n t e r v a l s  over  100 f e e t  o f  

randomly s e l e c t e d  g r i d  l i n e .  Three samples  of grey s i l t s ,  6 of grey s i  

a 

I t s  

i n t e r m i n g l e d  w i t h  o r g a n i c  m a t t e r ,  6 o f  ye l low brown t i 1  l ,  and 5 o f  s toney  

m a t e r i a l  were o b t a i n e d  by t h i s  method. Four samples of o r g a n i c  m a t t e r ,  

which d i d  no t  occur  a l o n g  t h e  100 f o o t  l i n e ,  were o b t d i n e d  on an e x t e n s i o n  

of  t h e  l i n e .  

The samples were t e s t e d  i n  the  l a b o r a t o r y  f o r :  wa te r  c o n t e n t  (oven- 

d r y  b a s i s ) ,  pH ( c o l o u r m e t r i c a l l y ) ,  and carbon c o n t e n t  (using the  La Motte 

'modi f i ed  d ichromate  o x i d a t i o n '  method). A l l  p a r t i c l e s  ovtsr 2 m i l l i m e t r e s  

i n  d iamete r  were removed p r i o r  t o  t e s t i n g .  In add l  t run ,  t e x t u r t *  was 

de te rmined  by d e c a n t a t i o n  (Leeper 1964) f o r  a l l  b u t  t he  o r g a n i c  m a t t e r  

samples  which were g r e a t e r  t h a n  90% carbon.  Howt.vt.r, a s  samples were f i r s t  

passed  th rough  a  2 m  s i e v e ,  t h e  main d i s t i n g u i s h l n g  c h a r a c t e r i s t ~ c  of  t h e  

s t o n e y  m a t e r i a l  was n o t  i n c l u d e d  i n  the  t e x t u r a l  a n a l y s i s .  R e s u l t s  of   he 

l a b o r a t o r y  a n a l y s i s  of  s u b s t r a t e s  a r e  g iven  i n  Table  I V .  

A l l  s u b s t r a t e  v a l u e s  o b t a i n e d  from the l a b o r a t o r y  a n a l y s i s :  pH, 

wa te r  c o n t e n t , c a r b o n  c o n t e n t ,  and pe rcen tage  by weight of sand ,  s ~ l  t ,  and 

c l a y ,  were t e s t e d  f o r  s i g n i f i c a n t  d i f f e r e n c e s  u s i n g  Snedecor ' s  Var iance  R a t i o  

T e s t  (Gregory 1963). ' F' r a t i o s  and p r o b a b i l i t i e s  a r e  shown i n  Table I V .  

S i g n i f i c a n t  d i f f e r e n c e s  between the  s u b s t r a t e s  were found i n  mois tu re  

c o n t e n t  and p e r c e n t a g e  ca rbon ,  bo th  of which had been obse rved  d u r i n g  f i e l d  

work. A l l  s u b s t r a t e  samples  were o b t a i n e d  a f t e r  2 days  of  heavy r a l n f a l l  

and water c o n t e n t  v a l u e s  i n d i c a t e d  t h a t  t h e  g rey  s i l t s ,  o r g a n i c  m a t t e r ,  and 

g rey  s i l t s  i n t e r m i n g l e d  w i t h  o r g a n i c  m a t t e r  were most prone t o  wa te r logg ing :  

a n  impor tan t  h a b i t a t  c h a r a c t e r i s t i c .  D e s s i c a t i o n ,  sugges ted  a s  an, 
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inl i ibi t ln!:  f a c t o r  i n  p lan t  growth on the  rock. d tsbr is ,  would be most 

s e v e r c  on the stoncJv m a t e r i a l .  

R e s u l t s  of  t h e  t e x ~ u r a l  a n a l y s i s  a l s o  tended t o  s u b s t a n t i a t e  f i e l d  

o b s e r v a t i o n s .  A l ~ i g h e r  pe rcen tage  of  s i l t  was f o ~ l n d  i n  the  grey s i l t s  

and g rey  s i l t s  i n t e r m i n g l e d  w i t h  o r g a n i c  m a t t c r .  A l s o ,  t h c  ycl low brown 

t i l l s  wcre found t o  have a  h igher  p e r c e n t a g e  u f  sand.  

When compared w i t h  a t e x t u r a l  t r i a n g l e  based on tI1c1 At t c r b e r g   stern 

of  c l a s s i f i c a t i o n  (Leeper 1964),  grey s i l t s  wer t  f-ound t o  bclong between 

t h e  sandy loams and s i l t s ;  ye l low brown t i l l s  t o  t h e  s i l t v  c l a y  loams; 

and grey s i l t s  i n t e r m i n g l e d  w i t h  o r g a n i c  rnattcr  b e t ~ t . ~ ~ n  tfit s ~ l t y  c l a y s  

and s i l t y  c l a y  loams. Stoney m a t e r i a l  was impossi l ) lL to c l a s s i f y  under 

t h i s  sys tem a s  samples f e l l  w i t h i n  s i l t y  loams, s i l t y  c l a y  loams dnd 

c l a y  loams. However, a s  ment ioned p r e v i o u s l y ,  s t o w y  mater i a1 was 

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

over  2 w i n  d iamete r .  

Some degree  o f  v a r i a t i o n  must be assumed t o  e x i s t  w i t h i n  t h e  

c l a s s i f i c a t i o n  groups  over  t h e  e n t i r e  sampl i n n  a r e a .  However, t h e  samples 

t aken  proved t o  be s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  c h a r a c t e r i s t i c s  obse rved  

i n  t h e  f i e l d ,  v e r i f y i n g  t h e  r e a l i t y  of  t h e  r l a ~ s i f i c a t i o n .  

R e s u l t s  of  t h e  t r a v e r s e  s u r v e y  

A summary of  t h e  o c c u r r e n c e  o f  v e g e t a t i o n  and h a b i t a t  c h a r a c t e r  ist  i c s  

i s  g iven  i n  Table  V. A t o t a l  o f  51 s p e c i e s  were rccordcd  on t h e  t r a v e r s e  

su rvey ,  w i t h  f r e q u e n c i e s  and t o t a l  cover  l e n g t h s  a s  summarized i n  Table V I .  

T o t a l  v e g e t a t i o n  cover  and h a b i t a t  c h a r a c t e r i s t i c s  a r e  o u t l i n e d  i n  

Appendix A. 



'Idblp \' 
S u m ~ a r y  of vc.gcta t ion and  h a b i t a t  c h a r a c t e r i s t i c s  r ecorded  on  the  t r a v e r s e  
s u r v e y  

Tota l  l e n g t h  of 
c h a r a c t e r i s t i c  Mean l e n g t h  S tandard  
o n  t r a v e r s e  f o r  c ac h d t . v i a r  ion  
s u r v e y  as % of  t r a v e r s e  f c'r t r a v e r s e  
t o t a l  t r a v e r s e  l e n g t h s  
l e n g t h  -- 

Ho 1  low 46. 7 2 ~ .  3 6 .  2 

Low huramoc k s  ide  : 

n o r t h  f a c i n g  8. 7 4 . 4  4 .  / 

e a s t  f a c i n g  8 . 3  4 . 2  3 .  3 

s o u t h  f a c i n g  11.9  5.9 5 . 2  

8 . 8  west  f a c i n g  , . -, . :. 4 .  A 

LOW h ~ m c k  top 12 .8  O.  8; 1 . 1  

High hummock s i d e :  

n o r t h  f a c i n g  

e a s t  f a c i n g  

! I .  I Recarded on o n l y  
1 t r a v e r s e  

0.4 1 . 1  

s o u t h  f a c i n g  1 .6  0 . 8  2 . 2  

west  f a c i n g  1 .0  0 . 5  1.; 

High hummock t o p  

Grey s i l t s  

Organic  m a t t e r  7 . 3  ' 3 .  b 5.0 

Grey s i l t s  w i t h  o r g a n i c  m a t t e r  14 .6  1 . 3  6 . 2  

Yellow brown t i l l  17.9  9 . 0  b .  3 

Stoney marer ia l  35 .3  17.6 10.9 

~ a t e ' r  logged 8 .0  4.0 9 .9  

V e g e t a t i o n  cover  39.1 234.5 ( i n c h e s )  129. 7 



Table VI 28 
s p e c i e s 1  frequency and cover recorded on t h e  t r a v e r s e  survey 

Frequencv Z Cover 
(per  2000, one-foot  (sum of the cover 

Species  (1) l engths)  va lues  for  the  

spec i e s  I n  a l l  
t r aLe r se s ,  i n  
inches)  

Equisetum arvense L. 37.7 3346 
Phleum pra tense  L. 11.0 806 
Epilobium wa t son i i  Barbey. 
Agrost is a l b a  L. - 
Geum macrophyllum Willd. - 
Ranunculus a c r i s  L. 
Eriophyllum lanatum (Pursh) Forbes. 
Oenothera ? 
Rumex a c e t o s e l l a  L. 
Gal ium t r  i f  idum L. 
Poa p r a t e n s i s  L. - 
Hanunculus repens L. 
Cerast  ium vulgatum L. 
Tr i f 01  ium repens L. 
Deschampsia e longa t a  (Hook) Munro. 
Juncus e n s i f o l i u s  Wiks. 1 .8  
Tr i fo l ium hybr idum L. 
Cirsium arvense (L. ) Scop. 
Calamagrostis canadensis  (Michx.) Beauv. 1.: 
Sp i raea  d o u g l a s i i  Hook. var .  menz ie s i i  (Hook. ) 

Pres l .  1 . 1  
Carex r o s t r a t a  Stokes. - 0.9 
Rorippa i s l a n d i c a  (Oeder) Bor bas. 0 . 8  
Montia p e r f o l i a t a  (Donn) Howell. 
Agros t i s  scabra  Willd. 
Carex m e r t e n s i i  P re sco t t .  - 
Glycer i a  paucif l o r a  Pres  1. 
Carex a thros tachya  Olney. 
Rubus p a r v i f l o r u s  Nutt. 
Sambucus? racemosa L. 
Carex d iandra  Schrank. - 
Ur t i ca  l y a l l i i  Wats. 
Tolmiea menzies i i  (Pursh) 
Montia s i b i r i c a  (L.) Howe 
Cirsium edule  Nutt. 
S a l i x  s i t c h e n s i s  Sanson. 
Carex bebb i i  Olney. - 
Agrost i s ?  p a l u s t r  i s  Huds. 
Aster conrpicuus Lindl .  - 
Alopecurus a e q u a l i s  Sobol. 
Aira caryophyl lea  L. - 
Rubus l e u c o d e m i s  Dougl. - 
Anaphal is  margar i t a c e a  (L. ) B. & H. 



Table  V I  (sent.) 

Frequency :/, Cover 
S p e c i e s  (pe r  2000, one- foo t  (sum of the  cover 

l e n g t h s  j v a l u e s  f o r  t h e  
s p e c i e s  i n  a l l  
traverses i n  inches  

Rubus s p e c t a b i l i s  Pursh.  0 . 1  6 
Myosot is  l a x a  Lehm. 0 .1  4 
C a s t i l l e i a  m i n i a t a  Dougl. 0 . 1  4 
Penstemon s e r r u l a t u s  Menz. 0 .1  4 
S p e r g u l a r  i a  r u b r a  (L.) P r e s l .  0 . 1  4 
Veronica  amer i c a n a  (Raf) Schw. 0 . 1  2 
Er i g e r o n  p h i l a d e l p h i c u s  L. ' 0.1  2 
P r u n e l l a  v u l g a r i s  L. v a r .  l a n c e o l a t a  (Bar ton)  

Fern.  0.1 2 

(1) Specimens of  a l l  s p e c i e s  were d e p o s i t e d  i n  the  Herbarium sf t h e  
U n i v e r s i t y  of B r i t i s h  Columbia. 

D e t a i l e d  s t u d y  of  one t r a v e r s e  

I n  o r d e r  t o  demons t ra te  t h e  p a t c h  d i s t r i b u t i o n  of  a l l  measured 

pa ramete r s  and t o  slow t h e  r e l a t i o n s h i p  between vege :a t iona l  and h a b i t a t  

c h a r a c t e r i s t i c s  and t h e  r e c o r d e d  d a t a ,  one t r a v e r s e  was s t u d i e d  i n  g r e a t e r  

d e t a i l .  V e g e t a t i o n  and s p e c i e s  c o v e r ,  s u b s t r a t e  t y p e ,  and mic ro topograph ic  

c l a s s ,  were r e c o r d e d  i n  t h e  normal manner f o r  t r a v e r s e  No. 15. I n  a d d i t i o n ,  

s u b s t r a t e s  were  r e c o r d e d  a l o n g  a 1 f o o t  t r e n c h  (Fig .  11) and micro- 

topography was measured by means o f  a p lane  t a b l e  su rvey .  

S p e c i e s  d i s t r i b u t i o n  showed bo th  mixed and  s i n g l e  s t a n d s  as w e l l  a s  

a r a n g e  of  cover  v a l u e s .  A l l  t h e  s u b s t r a t e  c l a s s e s  were p r e s e n t  i n  

b l o c k s  of  v a r i o u s  s i z e .  The t r a v e r s e  was a t y p i c a l  o n l y  i n  the  p resence  

o f  a h i g h  humnock i n  a d d i t i o n  t o  t h e  low hummocks and hollows.  No 

e v i d e n c e  of  w a t e r l o g g i n g  was found on t h i s  t r a v e r s e .  S p e c i e s  cover ,  

s u b s t r a t e  and microtopography a r e  shown d i a g r a m n a t i c a l l y  i n  F ig .  1 2 ,  and 

f i e l d  d a t a  is g iven  i n  Appendix B. 

Invad ing  s e e d  



Fig. 11 Trench along t r a v e r s e  N o .  15: from t h e  h igh  hummock a t  
20 feet to the end of the t r a v e r s e  at 50 f e e t  





3 2 

Invad ing  v i a b l e  seed  cou ld  be t r a n s p o r t e d  by wind, w a t e r ,  animals :  

i n c l u d i n g m a n ,  o r  t h e  mud f low i t s e l f .  Some of  t h e s e  means of t r a n s p o r t  

were imposs ib le  t o  t e s t .  Those s e l e c t e d  were: wind blown seed ,  and 

v i a b l e  m a t e r i a l  b u r i e d  i n  the  s u b s t r a t e s  and t r a n s p o r t e d  d u r i n g  t h e  

s l i d e .  Although t h e  remain ing  a g e n t s  o f  t r a n s p o r t a t i o n  were undoubtedly 

a c t i v e ,  no a t t empt  was made t o  e v a l u a t e  t h e i r  s i g n i f i c a n c e  due  t o  t h e  

d i f f i c u l t y  of t r a p p i n g  t h e  seed.  The in • ’  luence of man had been l e s s e n e d  

by t h e  s e l e c t i o n  of t h e  g r i d  l o c a t i o n ,  though c u r i o u s  t o u r i s t s  cou ld  not  

be e l i m i n a t e d .  During f i e l d  work on t h e  s l i d e  very l i t t l e  w i l d  l i f e  was 

observed.  There was a l s o  a marked absence o f  d ropp ings  on t h e  mud flow. 

A t  t h e  beg inn ing  o f  August t h e r e  was no r u n n i n g  wate r  on t h e  g r i d  a r e a  

though by October s e v e r a l  small s t r e a m s  were observed.  

Sampling Z t h o d s  

Techniques were des igned  t o  demonstra te  both  t h e  e x i s t e n c e  of 

invad ing  seed  and any v a r i a t i o n  i n  q u a n t i t y  o r  composi t ion w i t h  h a b i t a t .  

Wind-blown i n v a d i n g  seed  was t e s t e d  by means of 11 seed t r a p s  which 

were p l a c e d  on t h e  r e l a t i v e l y  b a r r e n  r o c k  d e b r i s ,  approximately  1 / 3  m i l e  

from t h e  nor thwest  margin  of t h e  g r i d .  The l o c a t i o n  was s e l e c t e d  i n  an  

a t t e m p t  t o  e l i m i n a t e  seed  w i t h  a source  i n  t h e  c o l o n i z i n g  v e g e t a t i o n  on 

t h e  mud flow. The assumption w a s  n e c e s s a r y  t h a t  t h e  seed  r a i n  born by 

t h e  predominant n o r t h  w e s t e r l i e s  over  t h e  r o c k  d e b r i s  was s i m i l a r  i n  

composi t ion t o  t h a t  over  t h e  mud f low a t  t h e  s tar t  of c o l o n i z a t i o n .  

The s e e d  t r a p s  c o n s i s t e d  of 9 inch  by 9 inch  aluminum t r a y s  w i t h  

d r a i n a g e  h o l e s  punched i n  t h e  bottom. The were f i l l e d  t o  a  d e p t h  of 1% 

i n c h e s  w i t h  v e r m i c u l i t e  and covered by two l a y e r s  o f  w i r e  n e t t i n g :  the  top  

l a y e r  w i t h  a k i n c h  mesh and t h e  bottom l a y e r  w i t h  a 1/10 i n c h  mesh. The 

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

f o r  t r a p p i n g  t h e  seed  (Fig.  13). One seed  t r a p  was l o c a t e d  on e a c h  of the  

* 



micro topograph ic  c l a s s e s  w i t h  t h e  aim o f  i n d i c a t i n g  t h e  r e l a t i v e  e f f e c t i v e -  

n e s s  o f  the  c l a s s e s  i n  t r a p p i n g  seed  (Fig .  14). An a t t e m p t  was made t o  

a v o i d  con tamina t ion  from v e g e t a t i o n  i n  t h e  i m w d i a t e  v i c i n i t y  of t h e  t r a p s  

by t h e  removal o f  a l l  f l o w e r i n g  o r  s e e d i n g  heads  w i t h i n  a 50 yard  r a d i u s  

of  t h e  t r a p s ,  and r e p e a t i n g  t h i s  p r o c e s s  e v e r y  week. The seed  t r a p s  were 

p o s i t i o n e d  on August 21, 1967 and removed on November 4 ,  1967. 

S i n c e  any seed  i n  t h e  upper l a y e r s  o f  t h e  s u b s t r a t e  c o u l d  have 

a l r e a d y  germinated and be  i n c l u d e d  i n  t h e  c o l o n i z i n g  v e g e t a t i o n ,  sampl ing  

of  t h e  seed  c o n t e n t  o f  t h e  s u b s t r a t e s  had t o  be c o n c e n t r a t e d  a t  a  g r e a t e r  

depth .  F o r t u n a t e l y ,  i n  t h e  c a s e  o f  t h e  mud f low,  t h e  s u b s t r a t e s  below 

t h e  s u r f a c e  were of  a  similar compos i t ion  t o  t h e  s u r f a c e  s u b s t r a t e s .  

Hence, t h e  b u r i e d  seed  c o 2 t e n t  o f  s u b s t r a t e s  a t  d e p t h ,  would be similar t o  

t h a t  at t h e  s u r f a c e  i n m e d i a t e l y  p r i o r  t o  c o l o n i z a t i o n .  Excep t ions  might 

be due t o  a  normal l o s s  of v i a b i l i t y  over  t ime,  o r  p o s s i b l y  v a r i a t i o n  i n  

t h e  m o i s t u r e  c o n t e n t  of  t h e  s u b s t r a t e s  w i t h  dep th ,  and a  consequent  l o s s  of 

v i a b i l i t y .  

Twenty s o i l  p i t s ,  approx imate ly  12  c u b i c  f e e t  i n  volume, were dug 

a t  random l o c a t i o n s  a l o n g  t h e  g r i d  l i n e s  d u r i n g  September and October ,  1967 

(Fig .  8  and F ig .  15).  On November 3, 1967, 60 samples  of  s u b s t r a t e  were 

t a k e n  f rom t h e  18 p i t s  which were f r e e  o f  w a t e r .  Samples were t aken  from 

below 6 i n c h e s  i n  d e p t h  t o  a v o i d  c o n t a m i n a t i o n  from s e e d s  and r o o t s  of 

c o l o n i z i n g  v e g e t a t i o n  and above t h e  w a t e r  t a b l e  on t h a t  d a t e .  The o u t e r  

i n c h  o f  t h e  s u b s t r a t e  w a s  a l s o  d i s c a r d e d  t o  remove any s e e d s  blown i n t o  t h e  

p i t s  d u r i n g  September and October .  Each sample was s e l e c t e d  a s  b e i n g  

homogeneous w i t h  r e s p e c t  t o  ,one of  t h e  s u b s t r a t e  types .  The number of 

samples t aken  o f  e a c h  s u b s t r a t e  t y p e  was as fo l lows :  grey s i l t s ,  12 

samples ;  o r g a n i c  m a t t e r ,  8 samples ;  grey s i l t s  i n t e r m i n g l e d  w i t h  o r g a n i c  



F i g .  

,e located on low hummock 



c o n s i s t s  of grey s i l t s ,  
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m a t t e r ,  1 l . s a m p l e s ;  ye l low brown t i l l s ,  13 samples;  and s toney  m a t e r i a l ,  

15 samples.  The s u b s t r a t e  samples had a  s u r f a c e  a r e a  of approximately  9.6 

square  i n c h e s  and a  d e p t h  of one inch.  

The seed  t r a p s  and s u b s t r a t e  samples were s t o r e d  a t  approximately  

0 
32 F. f o r  14 days  b e f o r e  removal t o  a greenhouse,  where they  were k e p t  a t  a 

C 
c o n s t a n t  65 F. and 16 hour day l e n g t h  p e r i o d  f o r  6 months. The c o l d  

t r e a t w n t  and greenhouse c o n d i t i o n s  were des igned  t o  s i m u l a t e  w i n t e r  and 

sumner c o n d i t i o n s  on t h e  s l i d e .  I n  a d d i t i o n ,  ge rmina t ion  has  been found 

t o  be s t i m u l a t e d  by c o l d  t r e a t m e n t  i n  many s p e c i e s  (Numata and Hayashi 1967). 

The seed  t r a p s  were l e f t  i n t a c t  excep t  f o r  t h e  removal o f  t h e  s u r f a c e  

w i r e  n e t t i n g .  S u b s t r a t e  samples were s p r i n k l e d  over  t h e  s u r f a c e  of 9 inch  

by 9 i n c h  germina t ion  f l a t s ,  f i l l e d  t o  a d e p t h  of 2 i n c h e s  w i t h  v e r m i c u l i t e .  

The average d e p t h  o f  s u b s t r a t e  w a s  o n l y  .166 i n c h e s ,  and i t  w a s  b e l i e v e d  

t h a t  a l l  v i a b l e  m a t e r i a l  c o u l d  germinate  wi thou t  f u r t h e r  d i s t u r b a n c e .  

Both t h e  seed  t r a p s  and t h e  ge rmina t ion  f l a t s  were p e r i o d i c a l l y  t r e a t e d  

w i t h  a  m i l d  s o l u t i o n  o f  10-10-10 commercial f e r t i l i s e r  and kept c o n t i n u a l l y  

moist. A c o n t r o l  was no t  used. 

R e s u l t s  of t h e  invad ing  seed  s t u d y  

A to ta l  of 49 germina t ions  were recorded .  The numbers of 

ge rmina t ions  o b t a i n e d  from d i f f e r e n t  s u b s t r a t e  t y p e s  and seed  t r a p s  p laced  

o n  t h e  11 micro topograph ic  c l a s s e s  a r e  g iven  i n  Table  V I I .  



Table  VII 
Results of the germination tests 
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I Species: number of germinat ions 

* 
Species a l so  recorded on the traverse survey 

(1)' 9 seed traps from microtopographic c lasses  with no germinations 
not included 



Chapter 4 

A n a l y s i s  of r e s u l t s  

Tes t  o f  non-randomness of v e g e t a t i o n  and h a b i t a t  c h a r a r  t e r i s t i c s  

I n i t i a l l y  nun-randomness was t e s t e d  f o r  a l l  s u b s t r a t e s ,  micro- 

topography, v e g e t a t i o n  cover  and cover  of t h e  10 most f r e q u e n t  s p e c i e s  by 

v a r i a n c e  : mean r a t i o s  (Kershaw 1964). A s l i g h t  m o d i f i c a t i o n  i n  t h e  

h a b i t a t  d a t a  was made f o r  t h i s  and f o l l o w i n g  a n a l y s e s .  H i g h  hummock 

v a l u e s  were inc luded  w i t h  t h e  low humnock v a l u e s ,  s i n c e  t h e  high humnocks 

o c c u r r e d  i n f r e q u e n t l y ,  and c o u l d  n o t  be t e s t e d  s t a t i s t i c a l l y  w i t h  any 

accuracy.  Var iance : mean r a t i o s  and p r o b a b i l i t i e s  a r e  shown i n  Table  V I I .  

Most of t h e  t e s t e d  paramete rs  demonstra ted a h igh  degree  of con tag ion  w i t h  

t h e  e x c e p t i o n  of hummock t o p s  which were randomly d i s t r i b u t e d ,  and hollows 

which d i d  no t  demons t ra te  a h i g h l y  s i g n i f i c a n t  degrecb of con tag ion .  Thus, 

a non-random p a t t e r n  w a s  d e t e c t e d  i n  t h e  v e g e t a t  iou and h a b i t a t s  i d e n t i f i e d  

on t h e  mud flow. 

Types and c a u s e s  o f  p a t t e r n  on t h e  mud f low 

The remainder  o f  t h e  a n a l y s i s  r e p r e s e n t e d  an a t t e m p t  t o  d e f i n e  t h e  

n a t u r e  and c a u s e s  of t h e  c o n t a g i o n  demonstra ted by t h e  v a r i a n c e  : mean 

r a t i o s .  

Rerea rch  i n t o  p a t t e r n  i n  v e g e t a t i o n  a t  a  small s c a l e  has  mainly been 

under taken  u s i n g  mean s q u a r e  : block s i z e  a n a l y s e s .  However, t h e  v a r i e t y  

of t h e  s p e c i e s  i n d i c a t e d  t h a t  any a t t e m p t  t o  a n a l y s e  p a t t e r n s  by t h i s  

t echn ique  would be a t ime consuming and p o s s i b l y  unrewarding e x e r c i s e .  

Moreover, a smaller sample a r e a  would have been n e c e s s a r y  i f  con t iguous  

t r a v e r s e s  had been used (Kershaw 19631, and t h e  r e s u l t s  would n o t  y i e l d  an  

e x p l a n a t i o n  of any env i ronmenta l  p a t t e r n  d e t e c t e d  w i t h o u t  a  d u p l i c a t e  

a n a l y s i s  of h a b i t a t  c h a r a c t e r i s t i c s .  Consequent ly ,  an a n a l y s i s  o f  t h i s  



type was abandoned i n  favour of map ana lyses  f o r  o v e r a l l  d i s t r i b u t i o n a l  

t r ends ,  and vege ta t ion  : h a b i t a t  c o r r e l a t i o n s  a t  a more d e t a i l e d  l eve l .  

~ a p s  of the t h r e e  h a b i t a t  c h a r a c t e r i s t i c s  f o r  which i t  w a s  poss ib le  

t o  d i s t i n g u i s h  o v e r a l l  p a t t e r n  ( a r eas  showing evidence of waterlogging, 

stoney m a t e r i a l ,  and yellow brown t i l l s )  a r e  shown i n  F ig .  16. 

~t would appear t h a t  dur ing  the  s l i d e ,  s u p e r f i c i a l  ma te r i a l  from 

the  v a l l e y  s i d e s  t r a v e l l e d  f u r t h e r  than more stoney ma te r i a l .  The r e s u l t  

was a concen t r a t ion  of stoney ma te r i a l  i n  the c e n t r a l  and northwestern 

p o r t i o n s o • ’  t hemud  flow, ad jacent  t o  t h e r o c k d e b r i s ,  and yellow brown ' 

t i l l s  on the  remaining margins of the  mud flow. The r o l e  of the grey s i l ts  

and organic  matter  dur ing  the flow remained unclear  s ince  no o v e r a l l  

d i s t r i b u t i o n s  could be de tec ted .  Areas showing evidence of water logging 

were only f requent  i n  t he  northwestern po r t ion  of tire gr id .  

The d i s t r i b u t i o n  of waterlogged a r e a s  demonstrated the most L r k e d  

degree of contagion when p l o t t e d  on the  gr id .  A t o t a l  of 160 f e e t  on 7 

t r a v e r s e r  loca ted  i n  thk northwestern por t ion  of the g r i d  were recorded a s  

showing evidence of waterlogging. When sur face  water was mapped (October 

19, 1967), t hese  a r e a s  were foudd t o  be e i t h e r  under water o r  very c lose  t o  

t he  sur face  water.  Therefore,  the  a r e a s  which were c l a s s i f i e d  a s  showing 

evidence of water logging dur ing  some pa r t  0.f the year were probably 

seasonal ly  inundated. 

On the  waterlogged po r t ions  of t he  t r a v e r s e s ,  a t o t a l  vege ta t ion  

cover of only  33 inches w a s  recorded. This  r ep re sen ted  a mean of l e s s  

than inch per foot of the waterlogged a r e a s ,  compared t o  a mean cover of 

approximately 5 inches f o r  a l l  the  t r a v e r s e s .  This was considered 

s u f f i c i e n t  evidence t o  assume t h a t  es tab l i shment  of s eed l ings  was poor 

under these  condi t ions .  I n  a d d i t i o n ,  f l u c t u a t i o n  in  the moisture content  



Fig 16. Distribution of some habitat and vegetation characteristics on tho 
grid as recorded on the traverse survey 
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of s o i l  has been shown t o  reduce seed v i a b i l i t y  more than a  high but 

cons tan t  moisture content  (S te iner  1968). The a reas  i n  ques t ion  were 

r e l a t i v e l y  dry below the  sur face  when recorded on the  survey. aecause of 

the unce r t a in ty  of the margins of the waterlogged a r e a s ,  and evidence t o  

suggest t h a t  seed v i a b i l i t y  and seed l ing  es tab l i shment  was poor under these 

cond i t i ons ,  the  7 t r a v e r s e s  on which evidence of water logging was recorded 

were e l imina ted  from a l l  f u r t h e r  s t a t i s t i c a l  ana lys i s .  

Overa l l  p a t t e r n  i n  t he  vege ta t ion  cover appeared t o  be negat ive ly  

r e l a t e d  t o  bhe s toney ma te r i a l  and water logging,  and p o s i t i v e l y  r e l a t e d  t o  

t he  d i s t r i b u t i o n  of yellow brown t i l ls ,  wi th  a  very marked decrease i n  

vege ta t ion  cover towards the  c e n t r e  and northwestern por t  ions of the gr id .  

The marginal d i s t r i b u t i o n  of dense vege ta t ion  cover a l s o  suggested t h a t  

d i s t ance  from the va l l ey  s i d e  and v a l l e y  f l o o r  vege ta t ion  could be a 

s i g n i f i c a n t  f a c t o r  i f  co lon iza t ion  were by invading seed. Strong o v e r a l l  

p a t t e r n  w a s  d i f f i c u l t  t o  d e t e c t  fo r  the  10 spec i e s  p l o t t e d  on the g r id .  

Species  cover tended t o  be l e s s  dense i n  the c e n t r a l  and northwestern 

po r t ions  of t he  g r id ,  r e f l e c t i n g  the d i s t r i b u t i o n  of vege ta t ion  cover.  

Vegetat ion cover d i s t r i b u t i o n  and d i s t r i b u t i o n s  of the cover of 4 of the 

s p e c i e s  a r e  shown i n  Fig. 16. The remaining 6 spec i e s  cover d i s t r i b u t i o n s  

a r e  given i n  Appendix C. 

Rela t ionsh ips  between vege ta t ion  and spec i e s  cover and h a b i t a t  

c h a r a c t e r i s t i c s  were tesGed by means of l i n q a r  c o r r e l a t i o n  c o e f f i c i e n t s .  

These were c a l c u l a t e d  us ing  the  percentage of a  t r a v e r s e  covered by a  

vege ta t ton  and h a b i t a t  v a r i a b l e  as d a t a  p a i r s ,  y i e l d i n g  33 p a i r s  i n  each 

ana lys i s .  

These c o e f f i c i e n t s  provide a measure of t he  co-occurrence of 

vege ta t ion  and h a b i t a t  v a r i a b l e s  f o r  the  33 t r a v e r s e s  throughout the sample 



Tab le  VIII 
V a r i a n c e :  mean r a t i o s  f o r  4 0  t r a v e r s e  v a l u e s  o f  v e g e t a t i o n  a n d  s p e c i e s  
cover, r l b s t r a t e  t y p e ,  and  m i c r o t o p o g r a p h i c  c l a s s  o c c u r r e n c e  

C h a r a c t e r i s t i c  t e s t e d  V a r i a n c e  : mean r a t i o  P r o b a b i l i t y  

Grey s i l t s  4 . 8  P<O. 17. 

O r g a n i c  9 t t e r  7.0 P<O. 1% 

Grey s i l t s  i n t e r m i n g l e d  w i t h  o r g a n i c  matter 5 . 3  PtO. 1% 

Yellow brown t i l l s  4.4 P<O. 1% 

Sroney material 6.8 P<O. 1% 

Hunmocks: n o r t h  f a c i n g  5 . 3  PcO. 1% 

Hummocks: east f a c i n g  3.7 P(0. 1% 

Hunnoocks: s o u t h  f a c i n g  4 . 4  P<O. 1% 

Hunanocks : we  s t  f a c  i n g  4 .5  P<O. 1% 

Hummocks: t o p  0 .5  P>5% 

Hollow 1 . 7  5%>P)1% 

Water Logged 24.5  P(O.!l% 

V e g e t a t i o n  71.  7 P<O. 1% 

Equ ise t urn ar vense  34.3 PtO, 1% 

Phleum p r a t e n e t  

E p i l o b i t u i  w a t s o n i i  

58.6 P(0.1% 

37.2 PtO. 1% 

Ranunculuo acris 63.8 P(O.l% 

Er iophy 1 luol l a n a t u m  

O e n o t h e t a ?  

R w ~ e x  acetosella - 
Gal ium tr  i f  idum - 



a r e a .  They a l s o  s e r v e  t o  v e r i f y  s t a t i s t i c a l l y  any c o r r e l a t i o n s  i n  o v e r a l l  

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

The c o r r e l a t i o n  c o e f f i c i e n t s  between t o t a l  v e g e t a t i o n  cover  and 

h a b i t a t  c h a r a c t e r i s t i c s  a r e  p r e s e n t e d  i n  Table  I X  t o g e t h e r  w i t h  t h e  

s i g n i f i c a n c e  l e v e l s  of t h e s e .  

Table  I X  
Linear  c o r r e l a t i o n  c o e f f i c i e n t s  between s u b s t r a t e  type occur rence  and 
v e g e t a t i o n  cover ,  and micro topograph ic  c l a s s  occur rence  and v e g e t a t i o n  cover  

H a b i t a t  c h a r a c t e r i s t i c  ' r '  v a l u e s  P r o b a h i l  i t y  

Grey s i l t s  - , 090  Py 5% 

Organic  m a t t e r  - .072  P>5X 

Grey s i l t s  i n t e r m i n g l e d  w i t h  o r g a n i c  m a t t e r  - . O O 5  

Yellow brown t i l l s  . 6 2 6  

Stoney r a t e r  i a l  - .246 

Waaaocks: n o r t h  f a c i n g  -. 356 

tlunmocks: e a s t  f a c i n g  . I 9 9  

Huaanocks: s o u t h  f a c i n g  - .054 

Hunmocks: west  f a c i n g  .2  32 

Humnocks: t o p  

Hollow 

P> 5% 

PiO. 1% 

P)5% 

5%>P>1% 

P>59. 

P75% 

P  75% 

A p o s i t i v e  c o e f f i c i e n t ,  s i g n i f i c a n t  a t  t h e  0.1% l e v e l ,  was o b t a i n e d  

between v e g e t a t i o n  c o v e r  and ye l low brown t i1  1 o c c u r r e n c e ,  and a  n e g a t i v e  

c o e f f i c i e n t ,  s i g n i f i c a n t  a t  t h e  ,5X l e v e l ,  between v e g e t a t i o n  cover  and the  

n o r t h  f a c i n g  s l o p e s  o f  hummocks. The r e l a t i o n s h i p  between t h e  yel low 

b r w n  t i l l s  and v e g e t a t i o n  cover ,  sugges ted  i n  t h e  map a n a l y s i s  and a l s o  

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

However, t h e  a p p a r e n t  n e g a t i v e  o v e r a l l  r e l a t i o n s h i p  between the  s toney  



mate r i a l  and vege ta t ion  cover (Fig. 16) proved t o  be l n r i g n l f i ~ c a n t .  

Each of t he  20 most f requent  spec ies  were then t e r t a d  i n d i v i h t l y  ', 

f o r  t h e i r  r e l a t i o n s h i p  wi th  s u b s t r a t e  types and microtopograph 

of these ,  only 4 y ie lded  s i g n i f i c a n t  c o e f f i c i e n t s  a s  shown i n  Table X. 

* - 

Table X 
S i g n i f i c a n t  1  inear  c o r r e l a t i o n  c o e f f i c i e n t s  obtained between spec i e s  
cover and h a b i t a t  charac te r  i s t i c s  

Spec i e  s  Habi ta t  c h a r a c t e r i s t i c  ' r  ' values P robab i l i t y  

Equisetum arvense Yellow brown t i l l s  .368 5%>P>l% 

Geum macrophy llum - Yellow brown t i l l s  

Rumex ace t o  se  1 1 a  - Yellow brown t i l l s  .597 P40.19, 

Phleum pra tense  Yellow brown t i l l s  .350 5X>P>lZ 

A l l  s i g n i f i c a n t  c o e f f i c i e n t s  obtained were f o r  p o s i t i v e  r e l a t i o n s h i p s  

between spec i e s  cover and the occurrence of yellow brown t i l l s .  However, 

the  lack  of f u r t h e r  s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p s  between s p c i e s  

and h a b i t a t  c h a r a c t e r i s t i c s  may be r e l a t e d  in  pa r t  t o  the low frequencies  

of most of t he  spec ies .  

The r e s u l t s  of the  l i n e a r  c o r r e l a t i o n  analyses  ind ica ted  t h a t  veg- 

e t a t i o n ,  ae the dependent v a r i a b l e  of h a b i t a t ,  demonstrated a  cover p a t t e r n  

t h a t  corresponded p o s i t i v e l y  t o  the  patchy d i s t r i b u t i o n  of yellow brown 

t i l l s .  Less dense cover o r  bare a r e a s  were r e l a t e d  the re fo re  t o  the  

d i s t r i b u t i o n  of t h e  remaining h a b i t a t  c h a r a c t e r i s t i c s .  

The bur ied  seed and wind blown seed inves t iga t ions  were designed t o  

t e a t  f o r  any v a r i a t i o n  i n  these  populat ions wi th  h a b i t a t  c h a r a c t e r i s t i c s .  

A comparison of germination values obtained from the  s u b s t r a t e  types i s  

shown i n  Table XI. 



Table X I  
Comparison of germinat ion va lues  ob ta ined  from the  s u b s t r a t e  types  

Mean No. of k a n  No. of X of s u b s t r a t e  X of  s u b s t r a t e  
i nd iv idua l s  i n d i v i d u a l s  samples w i t h  samples wi th  

S u b s t r a t e  type per sample of s p e c i e s  germinat ions germinat ions of 
a l s o  i n  mud s p e c i e s  a l s o  i n  
flow f l o r a  mud flow f l o r a  

Grey s i l t s  . 3 3  - 3 3  16.7 1 6 . 7  

Organic mat te r  .25 25 25.0 25.0 

Grey s i l t s  w i t h  .45 .45 27.3 
organic  mat te r  

Yellow brown t i l l s  2.31 1. 23 92.3 61.5 

Stoney -ter i a l  .40 . 3 3  40.0 3 3 . 3  

Out of a t o t a l  of 49 germinat ions from t h e  s u b s t r a t e  samples, 30 

i n d i v i d u a l s  comprioing 11 s p e c i e s  germinated from 1 2  of t h e  1 3  samples of 

yel low brown tills.  S ix t een .o f  t he  s eed l ings  were s p e c i e s  which were 

a l s o  found i n  t h e  vege t a t i on  on the  mud flow. This  gave a mean of 2.31 

ind iv idua l s  per sample of  yellow brown t i l l ,  or  h mean of 1 .23 ind iv idua l s  

of s p e c i e s  a l s o  found i n  t h e  mud flow f l o r a .  Although t h e r e  was a g r e a t  

d e a l  of v a r i a t i o n  i n  the  numbers of germinat ions ob ta ined  from samples of 

t h e  same s u b s t r a t e  type,  t h e  r e s u l t s  i nd i ca t ed  a l a r g e r  bur ied  seed 

popula t ion  i n  t he  yellow brown sandy t i l l s  than  i n  t he  o the r  s u b s t r a t e s .  

The popula t ion  was greater both i n  terms of t o t a l  number of germinat ions 

and i n  s p e c i e s  a l s o  r ep re sen t ed  i n  t he  mud flow f l o r a .  

The i n v e s t i g a t i o n  i n t o  wind blown seed gave inconclus ive  r e s u l t s  

as t o  t h e  r e l a t i v e  e f f e c t i v e n e s s  of t h e  microtopographic c l a s s e s  i n  

t r app ing  seed. One i nd iv idua l  of Epilobium wa t son i i  and Oenothera 

germinated from seed t r a p s .  However, these  s p e c i e s  a l s o  germinated from a 

v a r i e t y  of s u b s t r a t e s  and cannot be assumed t o  have a d i s t r i b u t i o n  over the  



mud flow which has r e s u l t e d  e n t i r e l y  from wind blown invasion.  The 

process  of seed invasion was ope ra t ive  the re fo re  but i n s u f f i c i e n t  d a t a  

e x i s t e d  t o  r e l a t e  . i t  t o  h a b i t a t  c h a r a c t e r i s t i c s  o r  p a t t e r n  i n  vegetat ion.  

Summary of the a n a l y s i s  of r e s u l t s  

Analysis  of the d a t a  c o l l e c t e d  on the  t r a v e r s e  survey indica ted  / s t  

contagion i n  the  d i s t r i b u t i o n s  of aort of the t e s t e d  parameters,  and 

demonstrated a c l e a r  p o s i t i v e  r e l a t i o m h i p  between yellow brown t i l l s  and 

cover of t o t a l  vege ta t ion  and four  c-n spec ies .  Areas of the  mud 

flow which were seasona l ly  inundated were shown t o  be negat ive ly  r e l a t e d  

t o  vege ta t ion  cover ,  due e i t h e r  t o  poor s e e d l i n g  establ ishment  under t hese  . 

cond i t i ons  o r  a low v i a b l e  seed populat ion.  Inconclusive r e s u l t s  were 

obta ined  concerning the  r e l a t i o n s h i p  of o the r  h a b i t a t  c h a r a c t e r i s t i c s ,  

though a no r the r ly  aspec t  appeared t o  be negat ive ly  r e l a t e d  t o  vege ta t ion  

cover.  Germinations from s u b s t r a t e  samples i nd ica t ed  t h a t  t h e r e  was 

v a r i a t i o n  i n  t h e  s i z e  and composition of bur ied  seed populat ions of the 

s u b s t r a t e  types.  



Chapter  5 

D i s c u s s i o n  

S e v e r a l  problems e x i s t  which remained u n t r e a t e d  d u r i n g  t h e  s t u d y  and 

which cou ld  compl ica te  t h e  f i n d i n g s  d i s c u s s e d  i n  Chapter 4. These problems 

and t h e  s i g n i f i c a n c e  of  t h e  r e s u l t s  o b t a i n e d  on r e s e a r c h  i n  p l a n t  colon- 

i z a t i o n ,  a r e  d i s c u s s e d  below. 

I d e n t i f i c a t i o n  of p a t t e r n  i n  v e g e t a t i o n  

Grieg-Smith (1964 : 53) s t a t e s  t h a t  ' ~ e t e c t i o n  o f  non-randomness is  

a s t a r t i n g  p o i n t  f o r  f u r t h e r  i n v e s t i g a t i o n  of  f a c ~ o r s  r e s p o n s i b l e  and n o t  a n  

end i n  i t s e l f ' .  Resea rch  w a s  des igned  t o  comply w i t h  t h i s  concept .  &nce,  

a t t e n t i o n  was focused  on t h e  e x p l a n a t i o n  of t h e  c o n t a g i o u s  d i s t r i b u t i o n  of 

c o l o n i z i n g  v e g e t a t i o n  r a t t w r  t h a n  the  d imensions  of t h e  p a t c h e s  of 

v e g e t a t i o n .  

The s t u d y  was d i r e c t e d  towards  an  i n v e s t i g a t i o n  of env i ronmenta l  

p a t t e r n .  At t h e  i n i t i a t i o n  of  t h e  s t u d y  i t  was assumed t h a t  morphological  

p a t t e r n  a t  a small s c a l e  would e x i s t  f o r  many s p e c i e s ,  and t h a t  s o c i o l o g i c a l  

p a t t e r p  would be r e l a t i v e l y  un impor tan t .  The l a t t e r  assumpt ion may have 

been p a r t i a l l y  i n c o r r e c t .  F i e l d  o b s e r v a t i o n s  i n d i c a t e d  t h a t  t h e r e  werc 

d i f f e r e n c e s  i n  t h e  d e n s i t y  and v igour  of some , s p t ~ c i e s  when i n  compet l t  ion 

w i t h  o t h e r s .  For example,  Equisetum a rvense  was f r e q u e n t l y  observed to  be 

growing i n  dense  s i n g l e  s t a n d s  on a  v a r i e t y  of  s u b s t r a t e s ,  but when 

a s s o c i a t e d  w i t h  t h e  cover  of  o t h e r  s p e c i e s  growth was l e s s  v igorous .  

T h i s  s i t u a t i o n  was e v i d e n t  on t r a v e r s e  No. 15 ( s e e  F ig .  12 and Appendix B). 

On t h e  same t r a v e r s e  and o t h e r s  i t  was no ted  t h a t  a  dense cover  of 

Ranunculus a c r i s  appeared  t o  i n h i b i t  t h e  growth o f  s p e c i e s .  Although 

s o c i o l o g i c a l  p a t t e r n  r e s u l t i n g  from t h i s  type  of I n t e r a c t i o n  between 

s p e c i e s  would n o t  a l t e r  t h e  c o r r e l a t i o n  c o e f f  i c i c n t s  between v e g e t a t i o n  
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cover  and h a b i t a t  c h a r a c t e r i s t i c s ,  i t  cou ld  c r e a t e  s i g n i f i c a n t  d i f f e r e n c e s  

i n  the  coef  f i c  l e n t s  o b t a i n e d  f o r  t h e  r e l a t i o n s h i p s  'be tween spe ' ies  covcr 

and h a b i t a t  c h a r a c t e r r s t i c s .  

P b r p h o l o g i c a l  p a t t e r n ,  a s  s t a t e d  above,  probably  e x i s t e d  a t  a  smal l  

s c a l e  f o r  many s p e c i e s ,  i n  p a r t i c u l a r  t h o s e  w i t h  vegetative m a n s  of 

r e p r o d u c t  i o n ,  e .  g. Equisetum a r v e n s e ,  Phleum p r a t e n s e ,  A g r o s ~  : s &a, 

Er iophyl  lum ianatum,  T r i f c l l u m  r e p e n s .  Anderson (l9b I )  a l s o  r e p o r t s  tht! 

e x ~ s t e n c e  of morphological  p a t t e r n  as  a r e s u l t  of seed d i s p e r s a l  and 

subsequent  ge rmina t ion .  S p e c i e s  w i t h  r e l a t i v e l y  l a r  gc s e e d s ,  such  a s  

Geum macrophyllum, were obse rved  t o  be growing i n  clumps w i t h  many seeds  - 
on t h e  s u r r o u n d i n g  ground. Thus a  t y p e  of  morpho lo r ica l  pattern rc s u l t  i n g  

from s h o r t  range seed  d i s p e r s a l  appeared  t o  e x i s r .  Aftc.r i n i t l a l  

e s t a b l i s h m e n t ,  i t  cou ld  no t  be assumed t h a t  a l l  r n o r l ~ t t c ~ l  o g i c a l  s ~ r e a d  was 

d i c t a t e d  by h a b i t a t  c h a r a c t e r i s t i c s .  Consequc n t  l y .  t , l !~ , i ronment ,~ l  

p a t t e r n  cou ld  be par t i a l l y  obscured  by a  subsequc.nt w r  p l lo log ica i  s p r e a d  

of  s p e c i e s .  

However, i n  s p i t e  of  t h e  complication of r c s u l t s  by t h e  inclusion of 

o t h e r  t y p e s  o f  p a t t e r n ,  t h e  s i g n i f i c a n t  l ~ n e a r  01-rtllat ~ o n  c o e f f  l c  i e n t s  

o b t a i n e d  from the  t r a v e r s e  d a t a  demonstra ted  t h t  c x r ~ v ~ r o n m c n t a l  pa t t c t -n  was 

importanL o n  t h e  mud flow. 

Invad ing  and b u r i e d  s e e d  

V e g e t a t i o n  cover  w a s  d e n s e s t  towards  the  nor ttwast, s o u t h e a s t ,  and 

southwest  margins  of  t h e  sample a r e a .  If t h e  s o u r c e s  of  invad ing  seed 

were t h e  v a l l e y - s i d e  and f l o o r  v e g e t a t i o n ,  t h e  dt nse  vege t a t  ion covcr ~ % ) ~ i l d  

be accounted f o r  by the  normal d e c r e a s e  i n  seed f r r q u e n c y  w i t h  d i s t a n c c  from 

t h e  s o u r c e  (e .8 .  I s a a c  1930, H e t h e r i n g t o n  1965) .  Morc. seed  w o u l d  be 

a v a i l Q l e  t h e r e f o r e  i n  t h e  v i c i n i t y  of v e g e t a t i o n  t h a t  was u n d i s t u r b e d  by 



t h e  l a n d s l i d e .  Consequent ly ,  t h e  Loca t ion  of the  s e e d  t r a p s  on t h e  r o c k  

d e b r i s  would t e s t  t h e  sccd r a i n  of  a d j a c e n t  a r e a s  only:  t h e  n o r t h w e s t e r n  

p o r t i o n  of  t h e  mud f l aw which suppor ted  l i t t l e  p l a n t  c o l o n i z a t i o n .  

Very 1  i t  t l c  i s  known c o n c e r n i n g  t h e  d i s p e r s a l  and subsequent  

e s t a b l i s h m e n t  of  s p e c i e s  (Webb 1966). L i t t l e  knowledge of the  seed  r a i n  . 

was gained from t h e  seed  t r a p  g e r m i n a t i o n s  o t h e r  than  t t l ,~ :  *.wo s p e c i e s ,  

w i t h  s e e d s  o b v ~ o u s l y  adap ted  t o  wind d i s p e r s a l ,  wclrc p r e s t 4 n t .  However, 

even  i f  t h e  seed  t r a p  exper iment  had been a g r L h a t c r  s u c c c ~ s s ,  an a d d ~ t  i o n a l  

problem e x i s t s  i n  t h e  i n t e r p r e t a t i o n  of such d a t a .  G r m i n a t l o n s  from seed 

t r a p s  would on ly  i n d i c a t e ,  w i t h  any c e r t a i n t y ,  t h e  compos i t ion  of t h e  r a i n  

of v i a b l e  seed  a t  t h e  t ime of t e s t i n g  and a t  the  sampl ing s i t e .  The 

seed  r a i n  over  t h e  r o c k  d e b r i s  cou ld  be l o c a l l y  p r o d u c ~ d  and not a p p l i c a b l e  

t o  t h e  mud flow. I t  i s  t h e r e f o r e  not  n e c e s s a r i l y  r,bpr r s ~ . n t , i t  i v t  of t h  

seed r a i n  over  t h e  mud f low a t  t h e  s t a r t  of co !un i i a t  i o n .  

The au thor  is unable  t o  o f f e r  s u g g e s t i o n s  oi a n y  p l - a ~ : ~ ~ - : i l  methods 

f o r  t e s t i n g  t h e  importance  of the  seed  r a i n  t o  s i t t a s  i n  a  s t a r t d  of colon-  

i z a t i o n  similar t o  t h e  mud f low i n  1967. S v t * d  disscmina t  ing i!ora on 

the s i t e  cou ld  be e l i m i n a t e d  a s  an  o r i g ~ n a l  st 1rc.t on ly  i f  sanpl  in,: ]lad 

t a k e n  p l a c e  on t h e  mud flow imned ia te ly  a f t e r  t t i c ,  s l  i d L .  and b t ~ f o r c  tht. 

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

Some similar problems were avoided d u r i n g  t lw t e s t i n g  f o r  v i a b l e  

seed  c o n t e n t  of t h e  s u b s t r a t c s .  Samples were taken a t  a d c p t h  wherc f e w  

s e e d s  c o u l d  have o r i g i n a t e d  i n  t h e  mu3 f low f l o r a ,  y c t  t h e  s u b s t r a t i s s  I ~ a d  

t h e  same o r i g i n s  a s  t h o s e  a t  t h e  s u r f a c e .  However, s e v e r a l  q u a l i f i ~ ~ i t i o n s  

of t h e  r e s u l t s  o b t a i n e d  must be made. Seed v i a b i l i t y  ove r  long  p e r i o d s  

h a s  been r e c o r d e d ,  but  t h e  s e c d s  of  some s p t x c i e s  a r e  relatively s h o r t -  1 i v t d ,  

i n c l u d i n g  t h e  s e e d s  o f  many t r e e s  (Mavcr and P o l j n h o f f  Maybcr 1963). 



There fo re  ge rmina t ion  of  some s p e c i e s  might have  been p o s s i b l e  i n  1965, 

w h i l s t  s e e d s  of  the same s p e c i e s  were no longer  v i a b l e  i n  latc: 1967. The 

l o s s  of v i a b i l i t y  of s e e d s  under c e r t a i n  m o i s t u r e  c o n d i t i o n s  has  p r e v i o u s l y  

been ment ioned,  and a l t h o u g h  samples  w e r e  known t o  be t a k e n  from above t h e  

w a t e r  t a b l e  on November 3 ,  1967, such a  l o s s  of v i a b i l i t y  c ~ u l d  I~ave  

occur red .  

Ckrmination t r i a l s  were c o n t i n u e d  f o r  on ly  a 6  month p e r i o d .  

Brenchley and Warington (1930) t e p o r t  t h a t  g c r n ~ i i i a l i o n s  c o n t i n u e d  t o  be 

r e c o r d e d  up t o  the  end of  the  t h i r d  y e a r  a f t e r  s m i p l i n g ,  a l thougi i  the 

m a j o r i t y  of g e r m i n a t i o n s  o c c u r r e d  i n  t h e  f i r s t  h months. Sonw s p e c i e s  

have a  dormancy p e r i o d  which might p r e v e n t  t h t i i r  appealanccl L n  l ~ m i t e d  

germinat  ion exper iment .  I n  a d d i t  i o n ,  s p e c i e s  are !- nown t o  p o s s e s s  

d i f f e r i n g  ge rmina t ion  r e q u i r e m e n t s  such  a s  tempc~rat  1 1 ,  rdngc or  p e r i o d i c i t y ,  

m o i s t u r e  r e q u i r e m e n t s ,  and oxygen t e n s i o n  (e .  g. Cav t l r  s .md Harper 136b, 

Harper and Benton 1966, Wareing 1966). Such rc .q i t i r~+ twnts  might be met on 

t h p  mud f low,  but  n o t  i n  t h e  l e s s  f l e d i b l e  exper imenta l  c o n d i t i o n s .  

t k n c c ,  a sample o f  t h e  t o t a l  p o s s i b l e  germln<it  ions  was o b t a i n e d  from the 

s u b s t r a t e  samples ,  bu t  some s p e c i e s  might be c :  lminated due t o  inheren t  

p r o p e r t i e s  o f  t h e  s e e d s ,  t h e  l e n g t h  o f  the gc - rm~na t  i o n  p e r i o d ,  and the 

n a t u r e  of  t h e  germinat  i o n  c o n d i t i o n s .  

Three o f  t h e  s p e c i e s  which germinated were a l s o  found by U l l m a ~ i  

(1970) t o  be i n c l u d e d  i n  t h e  v i a b l e  seed  c o n t e n t  of f o r e s t  s o i l  from a  

Pseudotsvga m e n z i e s i i  - Tsuga h e t e r o p h y l  l a  s t a n d  i n  c o a s t a l  B r i t i s h  

Columbia. These were: Alnus  r u b r a ,  Epilobium w a t s o n i i  and Anapha l i s  

m a r g a r i t a c e a .  O t h e r s  were found i n  d i s t u r b e d  and u n d i s t u r b e d  v e g e t a t i o n  

c l o s e  t o  t h e  mud f low,  and w i l l  be d i s c u s s e d  below. 

F i n a l l y ,  a  major problem a s s o c i a t e d  w i t h  a t t e m p t s  t o  e v a l u a t e  the  



s i g n i f i c a n c e  of wind blown i n v a d i n g  seed  and b u r i e d  seed  i n  c o l o n i z a t i o n ,  

i s  t h e  l a c k  of mutua l ly  e x c l u s i v e  p o p u l a t i o n s  i n  the  two sources .  For 

example, Epilobium w a t s o n i i  and Oenothera?  appeared i n  bo th  seed t r a p  and 

s u b s t r a t e  germinat  i o n s .  

Regional  v e g e t a t i o n  and t h e  o r i g i n  of  t h e  mud f low f l o r a  

Of t h e  51 s p e c i e s  which were r e c o r d e d  i n  the  f l o r a  d u r i n g  the  

t r a v e r s e  s u r v e y ,  5 have been r e p o r t e d  a s  b e i n g  c h a r a c t v r i s t i c  of t h e  

' C o a s t a l  Western Hemlock B i o g e o c l i m a t i c  Zone'.  Mueller-DomLois (1965) 

s t a t e s  t h a t  Galium t r i f i d u m  i s  c h a r a c t e r i s t i c  of a s l o p e  sr tapage s i t e ,  and 

Rubus s p e c t a b l i l i s  and s m  macrophyllum of a l l u v i a l  bottom ldnds  i n  the  

' C o a s t a l  Douglas-f i r  and Wcstern Hemlock zone ' .  Or loc  i ( lY65) ,  working on 

t h e  ' Coas ta l  Western Hemlock zone'  r e p o r t s  Kubus :;pctcr d b i  1 i s  t o  be 

c h a r a c t e r i s t i c  of t h e  ' g l a c i a l  d r i f t  land t y p e 1  and S a l i x  s i t c h e n s i s ,  Rubus 

s p e c t a b i l  is  and Equisetum a r v e n s e  t o  be found on tilt. ' Squamist~ Flood- p l a i n  

l a n d  type ' .  Of t h e s e  o n l y  E m  macrophyllum germinaced from the s u b s t r a t e  

s u b s t r a t e  samples.  Or l o c i  ( i b i d . )  a l s o  ment ions  Alnus  r u b r a  and Athyrium 

f i l i x - f e m i n a  as t y p i c a l  o f  t h i s  zone. Both of t h e s e  s p e c i e s  germinated 

from s u b s t r a t e  samples .but were not  r e c o r d e d  on the  t r a v e r s e  survey.  

A d e t a i l e d .  s t u d y  o f  t h e  r e g i o n a l  v e g e t a t i o n  of t h e  l a n d s l i d e  a r e a  

was not  under taken.  However, many of t h e  s p e c i e s  r e c o r d e d  on the  t r a v e r s e  

su rvey  were a l s o  obse rved  i n  t h e  v a l l e y - s i d e  f o r e s t  v e g e t a t i o n ,  f o r  example, 

Ceum macrophyllum, Rubus p a r v i f  l o r u s ,  and Rubus s p e c t a b i l  is .  S p e c i e s  - 
observed  growing on p o r t i o n s  of  t h e  v a l l e y  f l o o r  u n d i s t u r b e d  by t h e  s i  i d e  

inc luded :  S p i r a e a  d o u g l a s i i  and C a r c x  r o s t r a t a .  

Roadside  v e g e t a t i o n ,  b o t h  c l o s e  t o  t h e  s l  ide  and a l o n g  t h e  Hope- 

P r i n c e t o n  highway i n  bo th  d i r e c t i o n s  inc luded :  Equist>tum a r v e n s e ,  Epilobium 

w a t s o n i i ,  Oenothera? ,  Anaphal i s  margar i t a c e a ,  and E r  iophy l lum lanatum. 



S i n c e  many weed s p e c i e s  have a n  e f f i c i e n t  m a n s  o f  d i s p e r s a l  and g r e a t  s e e d  

l o n g e v i t y  (Baker l 9 6 5 ) ,  t h e  m a j o r i t y  o f  t h e s e  s p e c i e s  may have c o n t r  i h u t e d  

t o  t h e  mud f low f l o r a  e i t h e r  by b u r i a l  i n  t h e  s u b s t r a t e s  o r  by p o s t - s l i d e  

i n v a s i o n .  I n  a d d i t i o n ,  G i lkey  (1957) i n c l u d e s  a n o t h e r  5 s p e c i e s  r e c o r d e d  

on  t h e  t r a v e r s e  s u r v e y  as weeds. These a r e :  Ranunculus  r e p e n s ,  C e r a s t i u m  

vulga tum,  C i r s i u m  a r v e n s e ,  Rumex c r  i s p u s ,  and  R u n e l l a  v u l g a r  is .  Three  o f  

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

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

t i l l s .  These were :  Ep i lob ium w a t s o n i i ,  O e n o t h e r a ? ,  and Ccras  t ium vulgatum. 

Equise tum a r v e n s e ,  t h e  most  f r e q u e n t  o f  a l l  t h e  s p c c l e s  on t h e  s u r v e y ,  

f a i l e d  t o  g e r m i n a t e  f rom e i t h e r  t h e  s e e d  t r a p s  o r  t h e  s u b s t r a t e  samples .  

Growth f rom b u r i e d  m a t e r i a l  would be by vegetative* r e p r o d u c t i o n  s i n c e  

s p o r e s  o f  Equise tum a r v e n s e  r e m a i n  v i a b l e  f o r  o n l y  n few d a y s  a f t e r  t hey  

are s h e d ,  whereas  t h e  rh i zomes  may r e m a i n  dormant f o r  an  i n d e f i n i t e  p e r i o d  

(Smith  1955).  No s u c h  m a t e r i a l  was o b s e r v e d  i n  t h e  substrates a t  t h e  t i m e  

o f  sampl ing .  The s p o r o p h y t e  o f  Equise tum a r v e n s e  was o b s e r v e d  i n  t h e  s t u d y  

area d u r i n g  J u n e ,  b u t  had d i s a p p e a r e d  by t h e  s a m p l i n g  p e r i o d .  The 

f r e q u e n c y  o f  Equiseturn a r v e n s e  i n  a l l  d i s t u r b t  d a r e a s  a d j a c e n t  t o  t h e  mud 

f l o w  s u g g e s t e d  t h a t  i t  was a comnon wind d i s p e r s e d  s p e c i e s .  

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

'Env i ronmen ta l  s i f t i n g '  would o p e r a t e  on the b u r i e d  s e e d  p o p u l a t i o n s ,  

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

s e e d  c o n t e n t  o f  t h e .  s u b s t r a t e s  may be e x p l a i n e d  by a  c o n s i d e r a t i o n  o f  t h e i r  

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

a d e c r e a s e  o f  s e e d  c o n t e n t  o f  s o i l s  w i t h  d e p t h  (Numata e t  a l .  1964).  

Grey s i l t s  and o r g a n i c  m a t t e r  s u b s t r a t e s  o r i g i n a t e d  i n  t h e  v a l l e y -  

f l o o r  d e p o s i t s .  A l though  no  a c t u a l  d e p t h  o f  t h e s e  d e p o s i t s  i s  known, t h e  

c o n f i g u r a t i o n  o f  t h e  v a l l e y  would i n d i c a t e  t h i s  t o  be c o n s i d e r a b l e .  



' f i e r e f o r e ,  a low b u r i e d  seed c o n t e n t  would be expt.cter1 f o r  t h e  m a j o r i t y  o f  

t h e s e  s u b s t r a t e s .  I n  a i id i t  ion ,  the  v a l l e y  was r e p o r t e d  t o  be marshy 

(Mathews and McTaggart 1969) ,  t h e r e f o r e  t h e  s e e d s  would be s u b j e c t  t o  h igh 

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

w i t h  a  consequent  p o s s i b l e  l o s s  i n  v i a b i l i t y .  Ye1 low brown t i  11s probably  

o r i g i n a t e d  i n  t h e  v a l l e y -  s i d e  t i l l  d e p o s i t s .  Such depos I t s a re  c h a r a c t e r -  

i s t i c a l l y  sha l low and w e l l - d r a i n e d ,  hence a  l a r g e  bur i c  d sccd p o p u l a t i o n  

would be expec ted .  When i n c l u d e d  i n  t h e  mud f low,  t h e  b a r i e d  seed 

p o p u l a t i o n s  w o u l d ' c o n t i n u e  t o  be a f f e c t e d  by h a b i t s t  c h a r a c t e r i s t i c s  such 

as w a t e r  logg ing .  

No ev idence  was d e t e c t e d  t o  i n d i c a t e  a g r e a t e r  dcgree of e f f e c t i v e n e s s  

i n  t r a p p i n g  seed  f o r  any of t h e  mic ro topograph ic  r:iasr;cs. Any e v a l u a t i o n  

o f  t h e  s i g n i f i c a n c e  o f  the p r o c e s s  o f  p l a n t  inpu t  from e x t e r n a l  s o u r c e s  must 

t h e r e f o r e  r e s t  on p r o p e r t i e s  o f  d i s p e r s a l  e f f i c i e n c y  known t o  be possessed 

by many, of  t h e  s p e c i e s  i n  bo th  t h e  mud f low f l o r a  and the  f l o r a  of a d j a c e n t  

a r e a s ,  and ' t he  d e n s i t y  of  t h e  v e g e t a t i o n  cover  on p o r t i o n s  of the  mud flow 

& X ~ O  w e t a t i o n  u n d i s t u r b e d  by t h e  l ands1  i d e .  However, a f u r t h e r  

d i f f i c u l t y  of  e v a l u a t i n g  such  a  d i s t r i b u t i o n  11) .  i n  thc, s u i t n b l i l l t y  of 

t h e  s u b s t r a t e s  i n  terms of s u p p o r t i n g  p l a n t  growth. 

The c l e a r  p o s i t i v e * r e l a t i o n s h i p  between yel low brown t i l l s  and both  

v e g e t a t i o n  cover  and cover  o f  4 s p e c i e s ,  demons t ra ted  t h a t  i t  was not o n l y  

t h e  most f a v o u r a b l e  h a b i t a t  f o r  t h e  r e t e n t i o n  o f  v i a b i l i t y  of s e e d s ,  but 

a l s o  t h e  most f a v o u r a b l e  h a b i t a t  f o r  t h e  e s t a b l i s h m e n t  and growth of s p e c i e s .  

Hence, t h e  marg ina l  c o n c e n t r a t i o n  o f  v e g e t a t i o n  cou ld  occilr even i f  c*xtcrnal  

i n v a s i o n  were e v e n l y  s p r e a d  over  t h e  g r i d  a r e a ,  s i n c e  ye l low brown t i l l s  had 

a  similar c o n c e n t r a t i o n .  The n e g a t i v e  c o r r e l a t i o n  between v e g e t a t i o n  cover 

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



growth of plants was less successful on colder slopes. 

W n y  hypot hcses may be formulated concerning the ' environmental 

sifting' of colonizing plants, such as dessication b e i n g  more severe on  

stoney material thus inhibiting plant growth. However, the analysis 

of the recorded data did not establish major habitat influences other than 

the following. Waterlogging appeared to have a wgat ivc  t f i t  c t  on the 

establishment and growth of species, and yellow brown t : 11s demonstrated 

a high degree of suitability for the retention of viability of seeds, and 

for the establishment and support of colonizing plants. 



Chapter 6 

Conclus ions  

A 1  t hough major problems were encoun te red  i n  drawing c o n c l u s i o n s  

from t h e  d a t a  obtained, some e ~ p l a n a t i o n  of p a t t e r n  i n  the c o l o n i z i n g  

v e g e t a t i o n  emc~-ged.  

The m a j o r i t y  of t h e  v e g e t a t i o n a l  and h a b i t a t  c h a r a c t e r i s t i c s  . 

r e c o r d e d  d u r i n g  sampl ing on t h e  mud f low demons t ra ted  non-randomness i n  

t h e i r  d i s t r i b u t i o n s .  Hence, a l a c k  o f  u n i f o r m i t y  i n  t h e  p r o c e s s  of 

c o l o n i z a t i o n  was e s t a b l i s h e d .  

When t h e s e  d i s t r i b u t i o n s  were mapped on p l a n s  of t h e  sainplc a r e a ,  

s e v e r a l  d i s t i n c t  o v e r a l l  p a t t e r n s  emerged. S u b s t r a t e s  c o n t a i n i n g  3 l a r g e  

number of s t o n e s  were more f r e q u e n t  a l o n g  t h e  c o n t d c t  of t h e  mud flow w i t h  

t h e  s l i d e  r o c k  d e b r i s  ande in  the  c e n t r a l  p o r t i o n s  o i  t l ~ e  mud flow. Areas  

s u b j e c t  t o  s e a s o n a l  i n u n d a t i o n  were alsc c o n c e n t r a t e d  c l o s e  t o  t h e  rock 

d e b r i s .  A s u b s t r a t e  d e s c r i b e d  a s  a  ye l low brown t i 1  L was found t o  occur 

mainly  on t h e  r e m a i n i n g m a r g i n s  of  the  mud f low.  A s i m i l a r  d i s t r i b u t i o n  

w a s  found f o r  t h e  d e n s e s t  v e g e t a t i o n  cover .  

L inea r  c o r r e l a t i o n  c o e f f i c i e n t s  e s t a b l  i shed  a  s i g n i f i c a n t  p o s i t i v e  

r e l a t i o n s h i p  between t h e  ye l low brown t i l l s  and v e g e t a t i o n  cover .  A 

n e g a t i v e  r e l a t  i d n s h i p  was d e t e c t e d  be tween t h e  wa te r  logged a r e a s  and 

v e g e t a t i o n  c o v e r ,  and a l s o  between n o r t h  f a c i n g  s l o p e s  of  hummocks and 

v e g e t a t i o n  cover .  Hence, ' env i ronmenta l  s i f t i n g '  was of  importance d u r i n g  

t h e  p r o c e s s  of  c o l o n i z a t i o n ,  and env i ronmenta l  p a t t e r n  e x i s t e d  a t  b o t h  a n  

o v e r a l l  s c a l e  and a s m a l l e r  s c a l e .  

Less  c o n c l u s i v e  r e s u l t s  were o b t a i n e d  when t h e  n a t u r e  o f  t h e  h a b i t a t  

and v e g e t a t i o n  r e l a t i o n s h i p s  were i n v e s t i g a t e d  i n  terms o f  b u r i e d  seed and 

seed  i n v a d i n g  from e x t e r n a l  sources .  



Only two ge rmina t ions  were o b t a i n e d  from seed t r a p s  des igned  t o  t e s t  

t h e  seed  r a i n  over  t h e  mud flow. Hence, any c o n c l u s i o n s  c o n c e r n i n g  the  

q u a n t i t y ,  compos i t ion ,  o r  d i s p e r s a l  of wind blown invad ing  seed  had t o  be 

based on o t h e r  ev idence .  The v e g e t a t i o n ,  s u r r o u n d i n g  t h e  mud flow but on 

a r e a s  which had not been a f f e c t e d  by t h e  l a n d s l i d e ,  gave some i n d i c a t i o n  of 

t h e  s p e c i e s  which c o u l d  c o n t r i b u t e  t o  t h e  s e e d  r a i n .  I n  p a r t i c u l a r ,  - 
t 

s e v e r a l  weed s p e c i e s  which occurred-both  i n  t h e  mud flow and the  r o a d s i d e  
-- 

\ 

f l o r a s  were p o s t u l a t e d  a s  p robab le  e x t e r n a l  i n v a d e r s  of  thtl mud flow. It 
# - -  L 

was a l s o  s u g g e s t e d  t h a t  a  g r e a t e r  volume of wind blown i n v a d i n g  seed was 

a v a i l a b l e  a t  the  e d g e s  of t h e  mud f l o w  i n  c o n t a c t  w l t h  u n d i s t u r b e d  

v e g e t a t i o n .  However, t h e  p r o p o r t i o n  of  t h e  v e g e t a t i o n  cover which had 

r e s u l t e d  from wind blown I n v a s i o n s  was imposs ib le  tc. ( * s t  imate due t o  

' env i ronmenta l  s i f t i n g '  a f t e r  i n v a s i o n ,  and s  imi l a r  I t y  r n  t h e  species 

composi t ion of t h e  wind blown invad ing  seed and bur kck!  seed. 

Of  a t o t a l  of  49 g e r m i n a t i o n s  from s u b s t r a t e  samples ,  3 0  were from 

samples  of t h e  ye l low brown t i l l s .  The s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h r p  

between v e g e t a t i o n  cover  and ye l low brown t i 1  1 s  was t h e r e f o r e  In p a r t  

r e l a t e d  t o  t h e  g r e a t e r  a v a i l a b i l i t y  of seed i n  t h e s e  s u b s t r a t e s .  However, 

a g a i n  it was imposs ib le  t o  e v a l u a t e  t h e  r e l a t i v e  s i g n i f i c a n c e  o f  t h e  two 

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

weed s p e c i e s  a l s o  n o t e d  f o r  an  e f f i c i e n t  means of  d i s p e r s a l .  Hence, 

b u r i e d  s e e d  p o p u l a t i o n s  were g e n e r a l l y  composed of both  s p e c i e s  found i n  

t h e  f l o r a :  which i n  t h e  c a s e  of yel low brown t i l l s  would be t h e  v a l l e y -  

s i d e  f o r e s t ,  and coacnon weed s p e c i e s  (e.g. O o s t i n g  and Humphreys 1940,  

Ke 1 Lman 19 70). 

As a  r e s u l t  of t h e  d i f f i c u l t i e s  o u t l i n e d  above,  an  e v a l u a t i o n  of the  

r e l a t i v e  s i g n i f i c a n c e  of  'Relay F l o r i s t i c s t  and ' i n i t i a l  F l o r i s t i c  



5 7 
- 

t 

C o m p o s i t i o n t  c n u l d  n o t  be made. It a p p e a r s  f rom t h e  s t u d y ,  t h a t  t h e  r a t e  

and n a t u r e  of  c o l o n i z a t i o n  o n  any  t y p e  o f  s u r f a c e  cxposed  a s  a r e s u l t  of 

e a r t h  movement, depends  o n  Lhe s u i t a b i l i t y  o f  t h e  s u b s t ~ t e  t o  s u p p o r t  

v t l g e t a t i o n ,  and  t h e  availability of  b o t h  i n v a d i n g  s e e d  f rom e x t e r n a l  

s o u r c e s  and  g e r m i n a t  i o n s  f rom s e e d  o f  a  b u r i e d ,  i n t e r n a l  s o u r c e .  A s  s u c h ,  

4 

e a c h  new s i t u a t i o n  w i l l  r e p r e s e n t  a s e r i e s  o f  u n i q u e  e v e n t s .  

I t  i s  d o u b t f u l  w h e t h e r  t h e  t i m e  consuming p r o c e s s  o f  e x t e n s i v e  

i n v e s t i g a t i o n s  i n t o  ' R e l a y  F l o r i s t i c s '  and  ' I n i t  la1 F l o r i s t i c  Composit i o n '  

would be j u s t i f i e d ,  e x c e p t  as a n  a i d  t o  some commerc ia l  v t n t u r c s .  The 

r e g e n e r a t i o n  o f  r a n g e l a n d  a f t e r  f i r e ,  weed p o p u l a t i o n s  i n  a r a b l e  l a n d ,  and  

s u c c e s s i o n  a f t e r  l o g g i n g ,  a r e  examples  of  problcrns wticlre a  knowl t~dge  of t h e  

two p r o c e s s e s  might  be o f  v a l u e .  I n  most  e c o l o g i c d l  s t u d i e s  o f  p i o n e e r  

c o l o n i z a t i o n  however.  t h e  r e l a t i v e  s i g n i f i c a n c e  of b u r i e d  s e e d  and i n v a d i n g  

s e e d  would  a p p e a r  t o  be d e s t i n e d  t o  r e m a i n  a n  u n t e s t e d  though p r o b a b l y  

i m p o r t a n t  v a r i a b l e  i n  t h e  p r o c e s s  o f  c o l o n i z a t i o n .  
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Appendix B 
Data r e c o r d e d  on t r a v e r s e  No. 15 

Foot 41 on V e g e t a t i o n  Spec i e s  S u b s t r a t e  Microt  opogr aphy 
50 f o o t  cover  i n  cover  i n  type  (1) c l a s s  ( 2 )  
t r a v e r s e  i n c h e s  i n c  he s 

2 -  3 9 Equisetum a r v e n s e  9 G H 

3 - 4  7.5 E q u i s e t u m a r v e n s e  7.5 G H 

4 -  5 6 Equisetum a r v e n s e  6 S H 

5 - 6  5 Equisetum a r v e n s e  5 S LHW 

7 -  8 5 .5  Equisetum a r v e n s e  5 .5  G LHE 

Equisetum a r v e n s e  11 

11 Equisetum a r v e n s e  9 G 
Phleum p r a t e n s e  2 
A g r o s t i s  a l b a  3.5 

HHW Phleum p r a t e n s e  
A g r o s t i s  &a 
Spiraea d o u g l a s i i  

12 Phleum p r a t e n s e  
Spiraea d o u g l a s i  i 

12  Equisetum 'arvense  
Phleum p r a t e n s e  
A g r o s t i s  a l b a  

7 . 5 .  Equisetum a r v e n s e  HHT 

HHT 

HHT 

H HT 

9.5 Equisetum a r v e n s e  

10.5  Equisetum a r v e n s e  

12  Equise  turn a r v e n s e  
Oenothera?  

11.5 Equisetum a r v e n s e  9 S 
Oenothera?  5 

HHT 

Equisetum a r v e n s e  10 HHE 



Appendix B ( c o n t .  ) 

Foot # o n  V e g e t a t i o n  S p e c i e s  S u b s t r a t e  Microtopography 
50 f o o t  cover i n  cover  i n  type  (1) c l a s s  (2 )  
t r a v e r  ee  i n c h e s  i n c h e s  

1 2  Equisetum a r v e n s e  8 . 5  S 
Carex r o s t r a t a  10 
Galium t r i f i d u m  6 

12 E q u i s e t u m a r v e n s e  8 .5  0 
Carex r o s t r a t a  7 
Phleum p r a t e n s e  6 

1 2  Carex r o s t r a t a  9 
Phleum p r a t e n s e  4.5 
Galium t r i f i d u m  3 

Carex r o s t r a t a  1 0 . 5  YB 
Gal ium t r i f  idum 6 

Epi lobium w a t s o n i i  3 .5  C: 

Gal ium tr i f  idum 3.5 C. 

Epi lobium w a t s o n i i  3 

Phleum p r a t e n s e  5.5 S 

A g r o s t i s  a l b a  6 (; 
Epilobium w a t s o n i i  1 . 5  

Epi lobium w a t s o n i i  1 G 

- G 

A g r o s t i s  a l b a  1 .5  S 

- S 

32 - 33 9 A g r o s t i s  &a 9 G 

3 3  - 34 6 . 5  A g r o s t i s  a l b a  3.5 G 
Equisetum a r v e n s e  1.5 
Epi lobium w a t s o n i i  1 . 5  

8 Epi lobium w a t s o n i i  6 C;O 
T r i f o l i u m  hybridurn 2 .  5 

36 - 37 12  Tr i f  o l  ium hybr idum 11 (;O 
A g r o s t i s  a l b a  2 
Epilobium w a t s o n i i  0 .5  

HHE 

LHT 

LHT 

LHT 

LHE 

LHE 

H 

LHT 



Appendix B ( con t  . ) 
Foot # o n  V e g e t a t i o n  S p e c i e s  S u b s t r a t e  Microtopography 
50 f o o t  cover  i n  cover  i n  type  (1)  c l a s s  ( 2 )  
t r a v e r s e  tnches  i n c h e s  

Equ i s e  turn a rvenne  

Equisetum arvhnse 
Epi lobium w a t s o n i i  
S p i r a e a  d o u g l a s i  i 

Ranunculus a c r  is 
Epilobium w a t s o n i i  

Ranunculus a c r  i s  

Ranunculus a c r  i s  1 2  
Phleum p r a t e n s e  5 . 5  

Ranunculus a c r i s  10 

Er iophyl lum lanatum 10 
T r i f o l i u m  hybridum 5.5 
Phleum p r a t e n s e  6 

Phleum p r a t e n s e  9 
Eriophyl lum lanatum 6 . 5  
T r i f o l i u m  hybridum 2 . 5  

Equisetum a r v e n s e  7 .  5 

LHW 

L HT 

L HT 

LHT 

LHE 

LHE 

H 

H 

LHW 

LHE 

H 

LHW 

LHT 

(1) G Grey s i l t s  
CO Qey s i l t s  i n t e r m i n g l e d  

0 Organic matter 
YB Yellow brown t i l l  

w i t h  o r g a n i c  m a t t e r  
S Stoney material' 

(2) H Hollow LHW 
LHE Low hummock east f a c i n g  LHT 
HHW High hummock w e s t  f a c i n g  HHE 
HHT High hummock t o p  

Low hummock west  f  ac ing  
Low humrnoc k t o p  
High hummock e a s t  facing 



Appendix C Distribution of w i e s  ccmr V U ~ S  

the grid as recorded on the traverse survey 

Epilobium watsonii cover;  in inches 

Ranunculus acris cover; in inches 

Agrostis a l b a  cover; in inches 

Eriophyllum lanatum cover; in inches 

Oenothera? cover: in inches Gal ium trifidum cover; in inches 

A .kW. 71 
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