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ABSTRACT
ASSOCIATIONS AMONG GLACIAL LANDFORMS, SOILS, AND VEGETATIONIN NORTHEASTERN LOWER MICHIGAN

By
E u n i c e  Ann P a d l e y

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

o n  24 u p l a n d  f o r e s t e d  s i t e s  i n  n o r t h e a s t e r n  Lower  M i c h i g a n .  

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

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

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

S i t e s  w e r e  g r o u p e d  b a s e d  on  d e p o s i t i o n a l  e n v i r o n m e n t  a s  

i n d i c a t e d  by  s o i l  m o r p h o l o g y .  P r i n c i p a l  c o m p o n e n t  a n a l y s e s  

( PCA) o f  s o i l s  d a t a  d i d  n o t  c o n t r a d i c t  s i t e  g r o u p i n g s  b a s e d  

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

t e x t u r e d  t i l l  d e p o s i t e d  by  two d i f f e r e n t  g l a c i a l  s u b s t a g e s  

w e r e  n o t  c o n s i s t e n t l y  s e p a r a t e d .  PCA p r o d u c e d  s i m i l a r  s i t e  

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

I n d i v i d u a l  c o m p a r i s o n s  o f  v a r i a b l e s  among d e p o s i t i o n a l  

e n v i r o n m e n t  g r o u p s  f o u n d  s i g n i f i c a n t  d i f f e r e n c e s  among s i t e s  

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

t i l l s . T h e  t i l l s  o f  d i f f e r e n t  d e p o s i t i o n  w e r e  d i f f e r e n t  

o n l y  w i t h  r e s p e c t  t o  a  f ew v a r i a b l e s .

F i r s t - d i m e n s i o n a l  s i t e  o r d i n a t i o n s  o b t a i n e d  b y  

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

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

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



E u n i c e  Ann P a d l e y

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

d e p o s i t i o n s ,  on  s o i l s  w h i c h  w e r e  t e x t u r a l l y  a n d  c h e m i c a l l y  

s i m i l a r .  N i t r o g e n  m i n e r a l i z e d  d u r i n g  a n a e r o b i c  i n c u b a t i o n  

was  c o r r e l a t e d  w i t h  t h e  o r d i n a t i o n  o f  g r o u n d  f l o r a ,  a n d  was  

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

c o m p o s  i  t  i o n . C o m p o s  i  t  i o n  d i f f e r e n c e s  a n d  n i t r o g e n  

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

d i s t u r b a n c e .

W e i g h t s  o f  Oe f o r e s t  f l o o r  l a y e r s  w e r e  s i m i l a r  among 

e c o s y s t e m s . P r o d u c t i o n  a n d  n u t r i e n t  q u a l i t y  o f  a u t u m n  

l i t t e r f a l l  was  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  o t h e r  s t u d i e s  i n  

t h e  r e g i o n .  R e t u r n  o f  p o t a s s i u m ,  p h o s p h o r o u s ,  a n d  m a g n e s i u m  

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

a n d  w a s  g r e a t e s t  f o r  m i x e d  o a k - n o r t h e r n  h a r d w o o d  s i t e s . 

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

c o m p o s i t i o n .

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

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

e c o s y s t e m  m a p p i n g . S e p a r a t i o n s  b a s e d  o n  l o c a l i z e d  

d e p o s i t i o n a l  e n v i r o n m e n t s  a r e  r e q u i r e d .  G r o u n d  f l o r a  a r e  

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

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

p o t e n t i a l . S i x  e c o s y s t e m  g r o u p s  w e r e  i d e n t i f i e d  among t h e  

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

e n v i r o n m e n t ,  f l o r a ,  a n d  s o i l  p r o p e r t i e s  i m p o r t a n t  i n  l a n d  

m a n a g e m e n t .
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CHAPTER I

INTRODUCTION

Land  c l a s s i f i c a t i o n  s y s t e m s  h a v e  b e e n  d e v e l o p e d  b a s e d  

on  v a r i o u s  f e a t u r e s  o f  t h e  e a r t h ' s  s u r f a c e ,  i n c l u d i n g  s o i l s ,  

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

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

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

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

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

e c o l o g i c a l  c l a s s i f i c a t i o n .  E c o l o g i c a l  c l a s s i f i c a t i o n  

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

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

Soil Survey
L a n d  m a p p i n g  i n  t h e  U . S .  h a s  b e e n  t h e  p r i m a r y  

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

t h i s  c e n t u r y . T h e  c u r r e n t  s y s t e r n  o f  c l a s s i f i c a t i o n ,  

d o c u m e n t e d  i n  S o i l  T a x o n o m y  ( S o i l  S u r v e y  S t a f f  1 9 7 5 )  , i s  

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

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

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

The  s y s t e m  was  i n t e n d e d  t o  e n a b l e  a  m a p pe r  t o  d e s c r i b e  a n d  

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

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

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

e x p r e s s e d  s i m i l a r l y  i n  s o i l  m o r p h o l o g y .

1



F o r e s t  m a n a g e r s  b ecame  d i s s a t i s f i e d  some y e a r s  a g o  w i t h  

l a n d  c l a s s i f i c a t i o n  by S o i l  S u r v e y  m e t h o d s  b e c a u s e  i t  l a c k e d  

a p p l i c a b i l i t y  t o  m a n ag e me n t  c o n c e r n s .  The  s e n t i m e n t s  w e r e  

e x p r e s s e d  i n  1 9 6 3  by  R e n n i e , who w r o t e  t h a t  f o r  " a d u l t  

f o r e s t  g r o w t h  t h e  u s e  o f  s o i l  c r i t e r i a  s a t i s f a c t o r y  f o r  

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

s u c c e s s f u l " . S i m i l a r l y , J o n e s  ( 1 9  6 9 )  w r o t e  t h a t  t h e  

" u t i l i t y  o f  s o i l  maps  i n  . . .  w i l d l a n d  m a nag e me n t  d e p e n d s  on  

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

T h i s  u n i  f o r m i  t y  o f  u n i t s  d e p e n d s  o n  t h e  d e g  r e e  o f  

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

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

C a r m e a n  ( 1 9  7 5 ) f e l t  t h a t  t h e  m o d a l  c o n c e p t  o f  s o i l s  

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

o f  m a p p e d  u n i t s . Much o f  t h e  v a r i a t i o n  i n  t r e e  g r o w t h  

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

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

d e f i n i t i o n s .  A d d i t i o n a l l y ,  s o i l  t a x o n o m i c  f e a t u r e s  u s e d  t o  

d e s c r i b e  map u n i t s  may n o t  b e  t h o s e  f e a t u r e s  a s s o c i a t e d  w i t h  

t r e e  g r o w t h . G r i g a l  ( 1 9  8 4 ) e x p r e s s e d  t h e  s e n t i m e n t  

s t r o n g l y , s t a t  i n g  t h a t  t h e r e  w a s  " w i d e s p r e a d  a n d  d e e p  

d i s s a t i s f a c t i o n  w i t h  s o i l  s u r v e y s  i n  many f o r e s t e d  a r e a s " , 

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

a n d  c l i m a t e .  T h e s e  f e a t u r e s  a r e  commonly r e c o g n i z e d  i n  t h e  

f i e l d  b u t  i n a d e q u a t e l y  c o m m u n i c a t e d  i n  S o i l  S u r v e y  r e p o r t s .

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

f o r e s t  m a n ag eme n t  was i t s  r e l i a n c e  on  S i t e  I n d e x  ( S I )  a s  a
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m e a s u r e  o f  s i t e  p r o d u c t i v i t y .  O n e  c o m m o n l y  r e p o r t e d  

o b j e c t i o n  was  t o  t h e  u s e  o f  r e g i o n w i d e  SI  d a t a ,  w h i c h  w e r e  

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

m a n a g e m e n t  ( C a r m e a n  1 9 6 8 )  . A l s o , t h e r e  w e r e  p r o b l e m s  i n  

f i n d i n g  t r e e s  s u i t a b l e  f o r  d e t e r m i n i n g  S I ,  i n c l u d i n g  s t a n d  

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

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

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

a g e d  s t a n d s , a n d  d e f o r e s t e d  a r e a s  ( J o n e s  1 9 6 9 ,  C a r m e a n  

1 9 7 5 ) .  A d d i t i o n a l l y , S I  d o e s  n o t  p r o v i d e  i n f o r m a t i o n  o n  

f o r e s t  ma n ag e me n t  issues o t h e r  t h a n  p r o d u c t i o n ,  s u c h  a s  wood 

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

d i v e r s i t y ,  o r  w i l d l i f e  h a b i t a t  ( J o n e s  1 9 6 9 ,  C ar mea n  1 9 7 5 ) .  

B e c a u s e  o f  t h e  w i d e  v a r i a t i o n  o f  S I  w i t h i n  s o i l  u n i t s  a n d  

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

b a s e d  o n l y  on SI  w e r e  n o t  c o n s i d e r e d  m e a n i n g f u l  by  f o r e s t  

m a n a g e r s  ( Ca rme an  1975)  .

Habitat Types
Land  c l a s s i f i c a t i o n s  b a s e d  s o l e l y  on  p l a n t  c o m m u n i t y  

d e s i g n a t i o n s  a r e  known a s  h a b i t a t  t y p e s . A r a t i o n a l e  f o r  

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

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

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

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

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

r e s o u r c e s  ( C a j a n d e r  1 9 2 6 ,  Rowe 1 9 5 6 ,  P f i s t e r  a n d  A r n o  1 9 8 0 )  .
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C l a s s i f i c a t i o n s  o f  f o r e s t e d  l a n d s  b a s e d  on  v e g e t a t i o n  w e r e  

f i r s t  d e v e l o p e d  b y  C a j a n d e r  ( 1 9 2 6 )  i n  F i n l a n d ,  a n d  w e r e  

s u b s e q u e n t l y  u s e d  i n  E u r o p e ,  C a n a d a ,  a n d  i n  t h e  n o r t h w e s t e r n  

U . S .  C l a s s i f i c a t i o n s  b a s e d  o n  v e g e t a t i o n  w e r e  m o r e  

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

o r g a n i z e d  s  i  m p 1 y , w i t h  r e l a t i v e l y  f e w  s p e c i e s  a n d  

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

u n d e r s t o r y  f l o r a  made c l a s s i f i c a t i o n  mo re  d i f f i c u l t  ( C a r m e a n  

1 9 7 5 ) .

V e g e t a t i v e  g r a d i e n t s  i n  v a r i o u s  a r e a s  h a v e  b e e n  r e l a t e d  

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

n u t r i e n t  s u p p l y ,  S I , b a s a l  a r e a  ( B A ) ,  a n d  a b u n d a n c e  o f  

r e g e n e r a t i o n  (Rowe 1 9 5 6 ,  P l u t h  a n d  Arneman 1 9 6 3 ,  W a r i n g  a n d  

M a j o r  1 9 6 4 ) .  I n  s o m e  c a s e s , h e r b a c e o u s  v e g e t a t i o n  i s  

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

o v e r s t o r y  v e g e t a t i o n  ( Dunn a n d  S t e a r n s  1 9 8 7 )  . O t h e r  

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

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

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

c o n d i t i o n s  i n  a l l  c a s e s  ( G r i g a l  a n d  Arneman 1 9 7 0 ) .  B a r n e s  

( 1 9 8 4 )  h a s  n o t e d  t h a t  a r e a s  o f  s i m i l a r  v e g e t a t i o n  a r e  n o t  

n e c e s s a r i l y  t h e  same e c o s y s t e m  t y p e ,  a n d  P r e g i t z e r  a n d  Ramm 

( 1 9 8 4 )  h a v e  m e n t i o n e d  g e o g r a p h i c  s p e c i f i c i t y  o f  s p e c i e s  

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

T h e  v a r i a t i o n  i n  p a t t e r n s  o f  v e g e t a t i o n  m a k e s  i t s  u s e  

v a l u a b l e  o n l y  wh e n  i n f o r m a t i o n  a b o u t  i t s  r e l a t i o n s h i p  t o



o t h e r  e n v i r o n m e n t a l  c o m p o n e n t s  i s  known.

Multifactor, or Ecological, Classification
C a r m e a n  ( 1 9 7 5 )  s u g g e s t e d  t h a t  l a n d  c l a s s i f i c a t i o n  

" s h o u l d  n o t  c o n t i n u e  s e g r e g a t e d  a l o n g  s t r i c t  m e n s u r a t i o n a l , 

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

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

a n d  s i t e  q u a l i t y  c l a s s i f i c a t i o n s "  . E c o l o g i c a l , o r  

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

The  b a s i c  e c o s y s t e m  u n i t  i s  d e f i n e d  a s  a n  a r e a  o f  u n i f o r m  

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

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

( L e e f e r s  e t  a l . 1 9 8 7 ) .  E c o s y s t e m  u n i t s  c a n  b e  d i s t i n g u i s h e d  

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

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

i n t e r  r e l a t i o n s h i p s  c h a r a c t e r i z e  t h e  l o c a l  e c o s y s t e m . 

E c o l o g i c a l  c l a s s i f i c a t i o n  s y s t e m s  u s e  c h a r a c t e r i s t i c s  o f  t h e  

t h r e e  m a j o r  c o m p o n e n t s  t o  c l a s s i f y  a n d  map  t h e  e c o s y s t e m  

u n i t s  ( B a r n e s  e t  a l .  1 9 8 2 ) .

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

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

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

l e v e l . At  t h i s  l e v e l ,  l a n d f o r m s  d i r e c t  t h e  e x p r e s s i o n  o f  

s o i l , v e g e t a t i o n , a n d  l o c a l  c l i m a t e  ( Rowe 19 8 4 ,  B a i l e y  

1 9 8 7 ) .  L a n d f o r m s , t h r o u g h  t h e i r  e f f e c t s  on  c l i m a t e  a n d  s o i l  

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

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



a n d  d e g r e e  o f  d i s t u r b a n c e  ( W h i t n e y  1 9 8 6 ,  H o s t  e t  a l .  1 9 8 7 ,  

L e e f e r s  e t  a l .  1 9 8 7 ) .

C l a s s i f i c a t i o n  s y s t e m s  w h i c h  i n c o r p o r a t e  a  v a r i e t y  o f  

e c o s y s t e m  c o m p o n e n t s  t o  a i d  i n  i d e n t i f i c a t i o n  o f  

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

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

( B a r n e s  1 9 8 4 ,  J o n e s  1 9 8 4 ,  Moon 1 9 8 4 ) .  T h e y  h a v e  b e e n  

i n t r o d u c e d  t o  t h e  U . S .  more  r e c e n t l y .  S t u d i e s  o f  i n t e g r a t e d  

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

c o m p o n e n t s  t o  c o m b i n a t i o n s  o f  c o m p o n e n t s , s h o w e d  t h a t  

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

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

( P r e g i t z e r  a n d  B a r n e s  19  8 4 , S p i e s  a n d  B a r n e s  1 9 8 5  ) . 

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

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

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

i t  ( R o u g h g a r d e n  1 9 8 9 ) .

Background, objectives, and overall hypotheses of the study
T h e  U . S .  F o r e s t  S e r v i c e  i n i t i a t e d  d e v e l o p m e n t  o f  a n  

E c o l o g i c a l  C l a s s i f i c a t i o n  S y s t e m  (ECS) on  t h e  H u r o n - M a n i s t e e  

N a t i o n a l  F o r e s t s  i n  1 9 8 0 .  F i e l d  work  b e g a n  i n  1983 on  t h e  

M a n i s t e e ,  a n d  i n  1985 on t h e  Hu r o n  N a t i o n a l  F o r e s t . T h i s  

s t u d y  u s e s  d a t a  c o l l e c t e d  on  t h e  H u r o n  N a t i o n a l  F o r e s t  

d u r i n g  1985  a n d  1 9 8 6 ,  a n d  e m p l o y s  q u a n t i t a t i v e  t e c h n i q u e s  t o  

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

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



o t h e r  e c o l o g i c a l  u n i t s  may e x i s t  i n  t h e  a r e a  i n  a d d i t i o n  t o  

t h o s e  d e s c r i b e d  h e r e i n .

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

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

e q u i v a l e n t  u n i t s . S i t e  o r d i n a t i o n s  b a s e d  on  s e p a r a t e  s i t e  

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

i s  e v e n t u a l l y  d e r i v e d .

R e l a t i o n s h i p s  a m o n g  s i t e  c o m p o n e n t s  a r e  a l s o  

i n v e s t i g a t e d  . An  E C S  r e q u i r e s  k n o w l e d g e  o f  t h e  

r e l a t i o n s h i p s  b e t w e e n  e c o s y s t e m  c o m p o n e n t s  f o r  s e v e r a l  

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

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

i n f l u e n c e s  m u s t  b e  r e c o g n i z e d  whe n  p r e d i c t i n g  r e s p o n s e . 

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

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

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

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

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

b e  k n o w n  t o  c o r  r e c t l y  m a p  n e w  a r e a s . I n f o r m a t i o n  o n  

c o m p o n e n t s  o f  a  l a n d s c a p e  e c o s y s t e m  may b e  u s e d  t o  m a k e  

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

o b s e r v e  o r  w h i c h  may b e  a b s e n t  b e c a u s e  o f  d i s t u r b a n c e . 

K no wl ed g e  o f  t h e s e  r e l a t i o n s h i p s  w i l l  a l l o w  a c c u r a t e  m a p p i n g  

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

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

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

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

s t a t e d  a s  a l t e r n a t i v e  h y p o t h e s e s  ( a s  o p p o s e d  t o  n u l l  

h y p o t h e s e s ) ,  a r e :  1)  t h e r e  a r e  g r o u p s  i n t o  w h i c h  s i t e s  c a n

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

f o r e s t  m a n a g e m e n t ; a l l  s i t e s  a r e  n o t  t h e  s a m e , 2 )  s i t e  

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

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

s i g n i f i c a n t l y  d i f f e r e n t ,  a n d  3)  t h e r e  a r e  a s s o c i a t i o n s  among 

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

g r o w t h .

D e t a i l e d  o b j e c t i v e s  a n d  h y p o t h e s e s ,  t o g e t h e r  w i t h  

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

p r e s e n t e d  i n  C h a p t e r s  2 a n d  3 .  C h a p t e r  2 d i s c u s s e s  t h e  

s u m m a r i z a t i o n  a n d  a n a l y s i s  o f  s o i l s  d a t a  c o l l e c t e d  f r o m  

l a b o r a t o r y  a n d  f i e l d  w o r k , a n d  r e l a t e s  s o i l s  d a t a  t o  

s i t e  g r o u p i n g s  b a s e d  on  d e p o s i t i o n a l  e n v i r o n m e n t . C h a p t e r  3 

p r e s e n t s  a n  o r d i n a t i o n  o f  s i t e s  u s i n g  r a n k e d  g r o u n d  f l o r a  

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

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

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

o r d i n a t i o n s  b a s e d  on  o v e r s t o r y  b a s a l  a r e a  by s p e c i e s ,  a n d  

o r d i n a t i o n s  b a s e d  on  s o i l  p r o p e r t i e s . A d d i t i o n a l l y ,  s o i l  

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

d e v e l o p e d  f r o m  o v e r s t o r y  c o m p o s i t i o n .  A summary o f  s t u d y  

c o n c l u s i o n s  i s  p r e s e n t e d  i n  C h a p t e r  4 ,  a n d  i m p l i c a t i o n s  f o r  

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

ASSOCIATIONS AMONG CHEMICAL AND MORPHOLOGICAL SOIL FEATURES, 

DEPOSITIONAL ENVIRONMENTS, AND GLACIAL LANDFORMS

INTRODUCTION

S o i l s  a r e  n o t  " s e p a r a t e  f r o m  a n d  i n d e p e n d e n t  o f  t h e  

l a n d f o r m "  i n  w h i c h  t h e y  o c c u r ; r a t h e r , s o i l s  o c c u r  w i t h i n  

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

f a c t o r s  w i t h i n  a  d e s i g n a t e d  m a c r o c l i m a t i c  a r e a . ( G r i g a l

1 9 8 4 ) .  S o i l  p r o p e r t i e s  a r e  known t o  b e  a t t r i b u t a b l e  i n  p a r t  

t o  p a r e n t  m a t e r i a l , t o p o g r a p h y , c l i m a t e ,  a n d  t i m e  ( J e n n y  

1 9 4 1 ) ,  a l l  o f  w h i c h  c a n  b e  d i r e c t l y  o r  i n d i r e c t l y  a s s o c i a t e d  

w i t h  l a n d f o r m  c h a r a c t e r i s t i c s  ( B a r n e s  e t  a l .  1 9 8 2 ,  G r i g a l  

1 9 8 4 ,  Rowe 1 9 8 4 ,  B a i l e y  1 9 8 7 ) .

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

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

s u p p l y i n g  p l a n t  n u t r i e n t s  f r o m  g e o l o g i c  m a t e r i a l  ( B a r n e s  e t  

a l .  1 9 8 2 ,  Rowe 1 9 8 4 ,  B a i l e y  1 9 8 7 ) ,  a n d  i n f l u e n c i n g  t y p e s  a n d  

f r e q u e n c i e s  o f  d i s t u r b a n c e  ( Zak e t  a l .  1 9 8 6 ,  H o s t  e t  a l . 

1 9 8 7 ,  H o s t  e t  a l .  1 9 88 )  .

The  l a n d f o r m ,  t h e r e f o r e ,  i s  b e l i e v e d  t o  b e  a  m e a n i n g f u l  

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

e c o s y s t e m  u n i t s  (Rowe 1 9 8 4 ,  B a i l e y  1 9 8 7 ) .  A d e f i n i t i o n  o f  

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

e l u s i v e .  P r e g i t z e r  a n d  Ramm ( 1 9 8 4 )  h a v e  s t a t e d  t h a t

12
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l a n d f o r m ,  b r o a d l y  d e f i n e d ,  i n c l u d e s  " p h y s i o g r a p h y ,  

g e o m o r p h o l o g y ,  t e r r a i n ,  a n d  t o p o g r a p h y " .  The S o i l  S c i e n c e  

S o c i e t y  o f  A m e r i c a  d e f i n e s  l a n d f o r m  a s  " a  t h r e e - d i m e n s i o n a l  

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

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

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

r e p e a t s  i n  v a r i o u s  l a n d s c a p e s "  ( S o i l  S c i . S o c .  Am. 1 9 8 7 ) ,  

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

" p o r t i o n s  o f  t h e  E a r t h ' s  s u r f a c e  r e l i e f " ( P i t t y  1 9 8 4 )  .

L a n d f o r m  h a s  b e e n  d e s c r i b e d  by  Rowe ( 1 9 8 4 )  a s  " s u r f i c i a l  

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

r e p r e s e n t i n g  " t h e  s t a b l e  m o r p h o l o g i c a l - s t r u c t u r a l  c o m p o n e n t  

o f  l a n d s c a p e  e c o s y s t e m s " . H e  f u r t h e r  s t a t e s  t h a t  

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

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

k i n d s  o f  s u r f i c i a l  m a t e r i a l s " , s o  t h a t  t h e  " b e s t  c o r r e l a t e  

o f  v e g e t a t i o n  p a t t e r n s  a n d  s o i l  p a t t e r n s  i s  l a n d f o r m " . T h i s  

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

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

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

s o i l  a n d  e c o s y s t e m  m a p p i n g .

D e f i n i t i o n s  o f  l a n d f o r m  g e n e r a l l y  d e p e n d  on  t h e  s p a t i a l  

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

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

s u r f a c e s ,  o r  o t h e r s .  B a i l e y  ( 1 9 8 4 )  d e s c r i b e s  t h r e e  s p a t i a l  

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

The  m a c r o s c a l e  i s  l a r g e l y  c o n t r o l l e d  by c l i m a t e ,  w h i l e  t h e
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m e s o s c a l e  i s  c h a r a c t e r i z e d  by  l a n d f o r m  c o n t r o l  o f  c l i m a t e  

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

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

a n d  h a s  a  u n i f o r m  s o i l  s e r i e s  a n d  p l a n t  a s s o c i a t i o n .  I n  h e r  

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

B u r g i s  ( 1 9 7 7 )  d e f i n e d  l a n d f o r m s  a s  g l a c i a l  f e a t u r e s , w h i c h  

w o u l d  r o u g h l y  c o r r e s p o n d  w i t h  B a i l e y ' s  m e s o s c a l e . T h e s e  

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

o u t w a s h  c h a n n e l s , d e l t a s , b e a c h  c o m p l e x e s ,  l a k e  p l a i n s , 

i s l a n d s , k a m i c  m a s s e s , a n d  b e d r o c k  t o p o g r a p h y . F i e l d  

o b s e r v a t  i o n s  i n  t h i s  a r e a  i n d i c a t e  t h a t  so m e  o f  t h e s e  

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

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

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

g e o m o r p h o l o g i c a l l y  may be  t o o  h e t e r o g e n e o u s  t o  b e  u s e f u l  i n  

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

My s t u d y  p r o v i d e s  i n f o r m a t i o n  on  a s s o c i a t i o n s  o f  m apped  

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

p r o p e r t i e s .  T h e  i n f o r m a t i o n  w i l l  b e  v i t a l  t o  t h e  

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

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

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

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

i n f o r m a t i o n  s y s t e m s . U l t i m a t e l y ,  k n o w l e d g e  r e g a r d i n g  s o i l -  

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

e n v i r o n m e n t a l  s y s t e m s .
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Glacial geology and climate of the study area
The s t u d y  was  l o c a t e d  i n  t h e  H u ro n  N a t i o n a l  F o r e s t  i n  

n o r t h e a s t e r n  l o w e r  M i c h i g a n  ( F i g u r e  2 . 1 ) .  T h e  g l a c i a l  

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

g l a c i a l  f e a t u r e s  m apped  by  B u r g i s  ( 1 9 7 7 ,  1 9 8 1 ) .  The  r e g i o n  

w a s  m o s t  r e c e n t l y  g l a c i a t e d  b y  t h e  L a u r e n t i d e  I c e  S h e e t  

d u r i n g  t h e  L a t e  W i s c o n s i n a n  p e r i o d .  S e v e r a l  r e a d v a n c e s  o f  

t h e  H u ro n  Lobe  o c c u r r e d  d u r i n g  t h e  P o r t  B r u c e  a n d  P o r t  H u ro n  

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

s u r f i c i a l  t o p o g r a p h y  o f  t h e  a r e a .  The two l a r g e s t  m o r a i n a l  

f e a t u r e s  a r e  t h e  West B r a n c h  m o r a i n e  a n d  t h e  G l e n n i e  m o r a i n e  

( F i g u r e  2 . 1 ) .  The  W es t  B r a n c h  m o r a i n e  was  f o r m e d  a t  a b o u t  

1 3 , 8 0 0  y e a r s  b e f o r e  p r e s e n t  ( B . P . )  d u r i n g  t h e  r e t r e a t  o f  

P o r t  B r u c e  i c e .  An a r e a  d e s i g n a t e d  a s  t h e  M a l t b y  Karnes i s  

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

m a r g i n  o f  t h e  W est  B r a n c h  m o r a i n e .  The M a l t b y  Karnes a r e  n o t  

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

d r a i n a g e s  by  w a t e r  d e p o s i t i o n  o f  c o a r s e - t e x t u r e d  m a t e r i a l s . 

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

m e l t i n g  o f  s t r a n d e d  i c e  b l o c k s  s u b s e q u e n t  t o  g l a c i a l  

r e t r e a t . The G l e n n i e  m o r a i n e  f o r m e d  a f t e r  a  r e a d v a n c e  o f  

t h e  n o r t h w e s t  s u b l o b e  o f  t h e  H uron  L o b e ,  w h i c h  r e a c h e d  i t s  

maximum s o u t h w e s t  e x t e n t  a t  a p p r o x i m a t e l y  1 2 , 5 0 0  y e a r s  B . P . , 

a n d  i s  b e l i e v e d  t o  h a v e  o v e r r i d d e n  t h e  e a s t e r n  p o r t i o n  o f  

t h e  W est  B r a n c h  m o r a i n e  ( B u r g i s  1 9 7 7 ,  1 9 8 1 ) .  The  s m a l l e r  

f e a t u r e s  l o c a t e d  a t  t h e  w e s t e r n m o s t  e d g e  o f  t h e  s t u d y  a r e a
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a r e  t h e  E l d o r a d o  Kamic  R i d g e s .  T h e s e  r e m n a n t  f e a t u r e s  w e r e  

d e p o s i t e d  a t  t h e  s a m e  t i m e  a s  t h e  W e s t  B r a n c h  m o r a i n e ,  

d u r i n g  P o r t  B r u c e  t i m e  a t  a b o u t  1 3 , 8 0 0  y e a r s  B . P .

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

b r o w n  l o a m y  t e x t u r e d  t i l l , r e w o r k e d  i n  p l a c e s  b y  l o c a l l y  

p o n d e d  w a t e r , o r  o v e r r i d d e n  by  l o c a l i z e d  o u t w a s h .  D u n e - l i k e  

f o r m a t i o n s  a r e  common a t o p  t h e  m o r a i n e s , i n d i c a t i n g  w i n d  

r e w o r k i n g  f o l l o w i n g  g l a c i a t i o n .  K e t t l e s  a r e  a l s o  common i n  

p a r t s  o f  b o t h  t h e  W e s t  B r a n c h  a n d  G l e n n i e  m o r a i n e s , 

i n d i c a t i n g  i c e - d i s i n t e g r a t i o n  a  t  t h e s e  l o c a t  i o n s  . 

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

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

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

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

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

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

m a t e r i a l s  by  w in d  a n d  w a t e r .

The  c l i m a t e  o f  t h e  a r e a  i s  c o o l  a n d  m o i s t ,  w i t h  a  mean 

a n n u a l  t e m p e r a t u r e  o f  6 . 7  d e g r e e s  C e n t i g r a d e .  L o c a l  c l i m a t e  

i s  m o d e r a t e d  n e a r  L a k e  H u r o n , s o  t h a t  t e m p e r a t u r e s  r a n g e  

f r o m  6 . 1  d e g r e e s  a t  t h e  w e s t e r n  e d g e  o f  t h e  s t u d y  a r e a  t o  

7 . 2  n e a r  t h e  l a k e .  Mean a n n u a l  r a i n f a l l  a v e r a g e s  7 1 . 1  cm, 

r a n g i n g  f r o m  6 8 . 6  cm i n  t h e  c e n t r a l  p a r t  o f  t h e  s t u d y  a r e a  

t o  7 3 . 7  cm a t  t h e  s o u t h e a s t e r n  e d g e . T h e  g r o w i n g  s e a s o n  

a v e r a g e s  115 d a y s ,  r a n g i n g  f r o m  100 d a y s  a t  t h e  w e s t  e d g e  t o  

140 d a y s  a t  t h e  e a s t  e d g e .  G row ing  s e a s o n  l e n g t h s  a r e  a l s o  

e x t r e m e l y  v a r i a b l e  t e m p o r a l l y .  W i n t e r  s n o w f a l l  r a n g e s  f r o m
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1 1 4  cm o n  t h e  s o u t h e a s t  t o  2 2 8  cm o n  t h e  n o r t h w e s t .  

V a r i a t i o n  i n  s n o w f a l l  i s  d u e  t o  p r e v a i l i n g  w in d  d i r e c t i o n s  

a n d  l o c a l  t o p o g r a p h y .  T h e  m e a n  a n n u a l  e x t r e m e  m in im u m  

t e m p e r a t u r e  i s  - 2 9  d e g r e e s  C e n t i g r a d e  ( M i c h i g a n  D e p a r t m e n t  

o f  A g r i c u l t u r e  1 9 7 4 ) .  A l b e r t  e t  a l .  ( 1 9 8 6 )  , i n  t h e i r  

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

m o s t  o f  t h e  s t u d y  s i t e  i n  t h e  H i g h p l a i n s  D i s t r i c t  o f  R e g i o n  

I I . T h i s  d i s t r i c t  i s  l a r g e  a n d  c l i m a t i c a l l y  d i v e r s e ,  b u t  

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

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

c l i m a t e  a p p e a r e d  t o  b e  r e l a t e d  t o  t o p o g r a p h y ,  w i t h  c o l d  a i r  

m a s s e s  s e t t l i n g  i n  l o w - l y i n g  o u t w a s h  p l a i n s .

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

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

a t  b o t h  t h e  m i c r o s c a l e  a n d  me s o  s  c  a 1 e l e v e l s  . On a  

c a l c a r e o u s  t i l l  s o i l  i n  D e n m a r k , t h e  t h i c k n e s s  o f  t h e  B 

h o r i z o n ,  p r e s e n c e  o f  a n  E h o r i z o n ,  a n d  d e p t h  o f  

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

p o s i t i o n  ( D a l s g a a r d  e t  a l . 1 9 8 1 ) .  A s i m i l a r  s t u d y  i n

F l o r i d a  r e l a t e d  t h i c k n e s s  o f  t h e  A h o r i z o n , c o l o r , s a n d  

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

a n d  b a c k s l o p e  p o s i t i o n s  ( O v a l l e s  a n d  C o l l i n s  19  8 6 ) . 

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

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

g l a c i a l  d r i f t  i n  Iowa (W a lk e r  e t  a l .  1 9 6 8 ) .

G e o l o g i c  m a t e r i a l  h a s  b e e n  a s s o c i a t e d  w i t h  s o i l
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f e a t u r e s  i n  a  num ber  o f  s t u d i e s .  V e r t i c a l  a n d  h o r i z o n t a l  

g r a i n  s i z e  d i s t r i b u t i o n s  i n  a  s o i l  c a t e n a  i n  A l b e r t a  w e r e  

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

t i l l  d e p o s i t , two c o l l u v i a l  d e p o s i t s ,  a n d  a n  a e o l i a n  d e p o s i t  

( P e n n o c k  a n d  V r e e k e n  1 9 8 6 ) .  Crum a n d  R u s t  ( 1 9 8 6 )  f o u n d  t h a t  

s a m p l e s  o f  t i l l  p a r e n t  m a t e r i a l s  i n  M i n n e s o t a  c o u l d  b e  

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

u s e d  t e x t u r e ,  c o a r s e  f r a g m e n t ,  a n d  c a r b o n a t e  v a l u e s . S o i l  

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

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

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

s e d i m e n t a r y  r o c k  f o r m a t i o n s  i n  V i r g i n i a  b a s e d  on  r a n k s  o f  34 

f i e l d  a n d  l a b o r a t o r y  d e t e r m i n e d  p r o p e r t i e s  ( E d m o n d s  a n d  

L e n t n e r  1 9 8 7 ) .  D i s c r i m i n a n t  f u n c t i o n s  w e r e  s u c c e s s f u l l y  

d e v e l o p e d  f o r  s o i l  g r o u p s  f r o m  two o f  t h e  s e v e n  f o r m a t i o n s ; 

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

t h e  m e a s u r e d  p r o p e r t i e s . S o i l  p r o p e r t i e s  w e r e  f o u n d  t o  

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

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

( P a v l i k  a n d  H o le  1 9 7 7 )  . S o i l s  on  t h e  d r u m l i n  t e r r a i n  h a d  

d e e p e r  p r o f i l e s , w i t h  g r e a t e r  d e v e l o p m e n t  o f  B h o r i z o n s .

Numerical analysis of soils data
S t u d i e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  h a v e  m o s t  o f t e n  u s e d  

s o i l  d a t a  w h i c h  w e r e  summed by  h o r i z o n s ,  b u t  some s t u d i e s  

h a v e  u s e d  d e p t h  s u m s . T h e  r a t i o n a l e  f o r  u s i n g  h o r i z o n  

g r o u p i n g s  i s  t h a t  c o m p a r i s o n s  a r e  made among s o i l  l a y e r s  on
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w h i c h  s i m i l a r  p e d o g e n e t i c  p r o c e s s e s  h a v e  o c c u r r e d .  

A l t e r n a t i v e l y ,  h o r i z o n  s u m m a r i e s  h a v e  b e e n  c r i t i c i z e d  

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

a  s u b j e c t i v e  d e c i s i o n  by  t h e  s o i l  d e s c r i b e r  i n  d e t e r m i n i n g  

t h e  l o c a t i o n  o f  h o r  i z o n  b o u n d a r  i e s . D e p t h  s u m s  a r e  

c o n s i d e r e d  m ore  o b j e c t i v e  ( G r i g a l  a n d  Arneman 1 9 6 9 ) .

N u m e r i c a l  a n a l y s i s  h a s  b e e n  u s e d  t o  d e m o n s t r a t e  

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

s i n g l e  p o i n t s ,  a n d  among g r o u p s  o f  o b s e r v a t i o n s . P r i n c i p a l  

c o m p o n e n t  a n a l y s i s  ( PCA) h a s  b e e n  u s e f u l  i n  a  n u m b e r  o f  

s t u d i e s . T h e  t e c h n i q u e  d o e s  n o t  p r o v i d e  a  s t a t i s t i c a l  

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

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

among p o i n t s . O v a l l e s  a n d  C o l l i n s  ( 1 9 8 8 )  u s e d  PCA s i m p l y  t o  

i d e n t i f y  m a j o r  s o u r c e s  o f  v a r i a b i l i t y  i n  F l o r i d a  s o i l s , 

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

c a r b o n  c o n t e n t . W e b s t e r  a n d  B u r r o u g h  ( 1 9 7 2 )  f o l l o w e d  u p  a  

PCA o f  s o i l s  i n  s o u t h  c e n t r a l  E n g l a n d  b y  c r e a t i n g  a n  

i s a r i t h m  map o f  t h e  f i r s t  p r i n c i p a l  c o m p o n e n t  ( P C ) . T h e y  

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

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

f o u n d  g o o d  a g r e e m e n t  g e n e r a l l y . P l o t s  o f  s i t e  l o c a t i o n s  

w i t h  r e s p e c t  t o  t h e  f i r s t  two PCA d i m e n s i o n s  w e r e  u s e d  by  

N o r r i s  ( 1 9 7 1 )  t o  d e t e r m i n e  t h a t  g r o u p i n g s  b a s e d  o n  f i e l d  

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

d a t a  f o r  s e t s  o f  s o i l s  f r o m  A u s t r a l i a  a n d  E n g l a n d .
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N o r t c l i f f  ( 1 9 7 8 )  u s e d  PCA t o  e x a m i n e  s o i l  v a r i a b i l i t y  

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

o f  v a r i a n c e  (ANOVA) t o  i d e n t i f y  t h e  p a r t i c u l a r  a r e a l  s c a l e  

a t  w h i c h  c e r t a i n  c o m p o n e n t s  o f  t h e  v a r i a b i l i t y  w e r e  m o s t  

i m p o r t a n t .

C l u s t e r i n g  m e t h o d s  w e r e  c o m p a r e d  by  C u a n a l o  a n d  W e b s t e r  

( 1 9 7  0 ) ,  who f o u n d  t h a t  f o r  B ro w n  E a r t h  s o i l s  i n  E n g l a n d  

t h e r e  w a s  g o o d  a g r e e m e n t  a m o n g  m e t h o d s , a n d  b e t w e e n  t h e  

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

c l a s s i f i c a t i o n . F o r  G l e y  s o i l s , t h e r e  w a s  n o  a g r e e m e n t  

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

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

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

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

o t h e r . I n  M i n n e s o t a ,  a  w e i g h t e d - p a i r  g r o u p  c l u s t e r  a n a l y s i s  

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

l o w e r  l e v e l s  o f  t h e  h i e r a r c h y  ( G r i g a l  a n d  A r n e m a n  1 9 6 9 ) .  

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

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

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

t h i c k n e s s , a n d  v a r i a b l e s  i n  t h e  n o n - n u m e r i c a l  c l a s s i f i c a t i o n  

was  l i m i t e d  t o  f a m i l y  t e x t u r a l  c l a s s . C l u s t e r  a n a l y s i s  o f  

o b s e r v a t i o n  s c o r e s  d e r i v e d  f r o m  PCA w a s  u s e d  t o  c o m p a r e  

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

m a p p i n g  u n i t s  i n  V i r g i n i a  ( E d m o n d s  e t  a l . 1 9 8 5 )  . T h e y  

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

c l a s s i f i c a t i o n s  by  S o i l  Taxonomy ( S o i l  S u r v e y  S t a f f  1 9 7 5 ) ,
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i n d i c a t i n g  t h a t  s o i l  v a r i a b i l i t y  w i t h i n  7 m was  t o o  g r e a t  

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

o f  PCA s c o r e s  i n  c l u s t e r  a n a l y s i s  was  t h o u g h t  t o  b e  u s e f u l  

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

w e i g h t s  i n  a  P C , s o  t h a t  n o  s i n g l e  v a r  i a b l e  c o u l d  b e  

a s s o c i a t e d  w i t h  t h e  PC ( E d m o n d s  e t  a l .  1 9 8 5 )  . A s i m i l a r  

m e t h o d  w a s  e m p l o y e d  b y  D e n t o n  a n d  B a r n e s  ( 1 9 8 8 ) ,  w h e r e  

c l i m a t i c  d a t a  was  s u m m a r i z e d  i n t o  a  few  v a r i a b l e s  u s i n g  PCA, 

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

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

s i g n i f i c a n c e . T h i s  a p p r o a c h  w a s  i n t e n d e d  a l s o  t o  m a k e  

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

a n a l y s e s  m e t h o d s .

D i s c r i m i n a n t  a n a l y s i s  was  a p p l i e d  t o  some g l e y  s o i l s  i n  

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

u s e d  t o  c l a s s i f y  f o u r  t a x o n o m i c  u n i t s  ( H e n d e r s o n  a n d  Ragg 

1 9 8 0 ) .  T h e r e  was  g o o d  a g r e e m e n t  b e t w e e n  t h e  n u m e r i c a l  a n d  

t a x o n o m i c  ( n o n - n u m e r i c a l ) c l a s s i f i c a t i o n s , b u t  some c r i t e r i a  

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

p o o r  d i s c r i m i n a t o r s .  D i s c r i m i n a n t  a n a l y s i s  f u n c t i o n s  

d e v e l o p e d  f r o m  r a n k e d  s o i l  v a r i a b l e s  i n  V i r g i n i a  w e r e  o n l y  

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

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

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

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

c l a s s i f i c a t i o n  a t  t h e  s e r i e s  l e v e l  ( E d m o n d s  a n d  L e n t n e r
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1 9 8 7 ) .  G l a c i a l l y  d e r i v e d  l o e s s ,  s i l t s t o n e  r e s i d u a ,  a n d  

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

o t h e r  u s i n g  Z r ,  T i ,  a n d  K c o n t e n t s  o f  t h e  s i l t  f r a c t i o n  

( N o r t o n  a n d  H a l l  1 9 8 5 ) .  O t h e r  t e x t u r a l  a n d  m i n e r a l o g i c a l  

v a r i a b l e s  w e r e  l e s s  e f f e c t i v e  i n  d i s c r i m i n a t i o n .  Two t y p e s  

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

w i t h o u t ,  w e r e  d e s c r i b e d  by  d i s c r i m i n a n t  f u n c t i o n s  u s i n g  29 

f i e l d - o b s e r v e d  v a r i a b l e s ,  i n c l u d i n g  t e x t u r e ,  s t r u c t u r e ,  a n d  

t h i c k n e s s  o f  s o i l  h o r i z o n s  ( P a v l i k  a n d  H o le  1 9 7 7 ) .

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

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

i n d i v i d u a l s . G r o u p i n g s  d e r i v e d  f r o m  n u m e r i c a l  a n a l y s i s  

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

s u b j e c t i v e  t a x o n o m i c  c r i t e r i a , l a r g e l y  d u e  t o  s o i l  

v a r i a b i l i t y .  F o r  t h e s e  s i  t u a t  i o n s  , t h e  n u m e r i c a l  

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

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

n u m e r i c a l  c l a s s i f i c a t i o n  was d e r i v e d  f r o m  a  l a r g e r  num ber  o f  

o b j e c t i v e l y  d e t e r m i n e d  v a r i a b l e s .
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OBJECTIVES AM) HYPOTHESES

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

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

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

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

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

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

T h e  g e n e r a l  q u e s t i o n s  a d d r e s s e d  a r e : 1 )  a r e  g l a c i a l  

l a n d f o r m  u n i t s  a s  m apped  by  B u r g i s  ( 1 9 8 1 )  h o m o g e n o u s  e n o u g h  

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

i n  t h i s  r e g i o n ,  2) a r e  s o i l  c h a r a c t e r i s t i c s  h o m o g e n o u s  among 

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

s o i l s  d e v e l o p e d  i n  lo am y  t i l l  d a t i n g  f r o m  d i f f e r e n t  a g e s  o f  

g l a c i a l  d e p o s i t i o n , 4 )  c a n  t h e s e  s i t e s  b e  o r d i n a t e d  b y  

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

g r a d i e n t  o f  s i t e  q u a l i t y ,  5) d o e s  t h e  o r d i n a t i o n  o f  s i t e s  

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

d e s i g n a t i o n s  a s  u s e d  b y  B u r g i s  ( 1 9 8 1 ) ,  o r  w i t h  l o c a l i z e d  

d e p o s i t i o n a l  e n v i r o n m e n t s ,  a n d  6) w h i c h  f i e l d  o r  l a b o r a t o r y  

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

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

s a m p l i n g ?

The  a s s u m p t i o n s  t o  b e  e v a l u a t e d  a r e :  1) p h y s i o g r a p h i c  

l a n d  a r e a s , o r  g l a c i a l  f e a t u r e s  m apped  by  B u r g i s  ( 1 9 8 1 ) ,  a r e  

e q u i v a l e n t  t o  p a r e n t  m a t e r  i a l / d e p o s i t i o n a l  e n v i  r o n m e n t  

d e s i g n a t i o n s ,  2 )  s i t e  o r d i n a t i o n s  o b t a i n e d  f r o m  s o i l  

l a b o r a t o r y  d a t a  summed by  h o r i z o n s  o r  by  d e p t h  c a t e g o r i e s .
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o r  f i e l d  d a t a ,  a r e  e q u i v a l e n t ,  3) s i t e  o r d i n a t i o n s  o b t a i n e d  

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

e n v i r o n m e n t s  r a n g i n g  f r o m  o u t w a s h  t o  g r o u n d  m o r a i n e s ,  5) 

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

d i s t i n g u i s h i n g  among s i t e s ,  a n d  6) t i m e  o f  t i l l  d e p o s i t  d o e s  

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

E v a l u a t i n g  t h e  a s s u m p t i o n s  w i l l  e n t a i l ;  1 )  d e t e r m i n i n g  

t h e  mode o f  d e p o s i t i o n  o f  p a r e n t  m a t e r i a l  f r o m  s o i l  a n d  s i t e  

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

e n v i r o n m e n t  d e s i g n a t i o n s  w i t h  m apped  g l a c i a l  f e a t u r e s ,  2) 

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

e n v i r o n m e n t  d e s i g n a t i o n s , 3 )  o r d i n a t i o n  o f  s i t e s  b y  PCA 

u s i n g  l a b o r a t o r y  h o r i z o n  summed d a t a ,  d e p t h  summed d a t a ,  a n d  

f i e l d  d a t a ,  4) d e t e r m i n a t i o n  o f  w h e t h e r  a l l  s i t e s  o c c u p y  t h e  

s a m e  p o s i t i o n  o n  t h e  o r d i n a t i o n ,  5)  c o m p a r i s o n  o f  t h e  

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

e n v i r o n m e n t  t y p e s ,  a n d  6) i d e n t i f i c a t i o n  o f  s o i l  v a r i a b l e s  

w h i c h  c o n t a i n  a  l a r g e  a m o  u n t  o f  i n f o r m a t i o n  f o r  

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

t y p e s .
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METHODS AND MATERIALS 

The a p p r o a c h  t o  t h e  s t u d y  was t o  s a m p l e  m a t u r e  s e c o n d -  

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

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

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

c o l l e c t e d  f o r  l a b o r a t o r y  a n a l y s e s  o f  m a j o r  s o i l  a n d  f o r e s t  

f l o o r  n u t r i e n t s . L a b o r a t o r y  a n a l y s e s , a n d  s u b s e q u e n t  

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

r e g a r d i n g  e c o l o g i c a l  r e l a t i o n s h i p s  w i t h i n  a n d  among t h e s e  

s i t e s .

F i e l d  s a m p l i n g  d e s i g n

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

h o m o g e n o u s  v e g e t a t i v e  c o v e r  a n d  a  minimum s i z e  o f  1 h a .  The  

s i t e s  a l s o  h a d  t o  b e  a t  l e a s t  50 y e a r s  i n  a g e , w i t h  n o  

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

s u b p l o t  was  l o c a t e d  by t h r o w i n g  a n  o b j e c t  w h i l e  s t a n d i n g  i n  

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

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

d i s t a n c e s  a n d  a z i m u t h s . S o i l  p i t s  a t  e a c h  o f  t h e  f o u r  

s u b p l o t s  w e r e  d e s c r i b e d  a n d  s a m p l e d  by  h o r i z o n  t o  a  d e p t h  o f  

450 cm o r  u n t i l  a  l a y e r  60 cm o r  t h i c k e r  o f  s a n d y  c l a y  lo a m  

o r  h e a v i e r  t e x t u r e d  s o i l  was  e n c o u n t e r e d .  A l l  s o i l s  w e r e  

d e s c r i b e d  a n d  s a m p l e d  t o  a t  l e a s t  1 5 0  cm,  a  d e p t h  w h i c h  

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

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

w e e k s  i m m e d i a t e l y  f o l l o w i n g  a u t u m n  l i t t e r f a l l  i n  e a r l y
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November  o f  1 9 8 7 .  F i g u r e  2 . 2  show s  t h e  a r r a n g e m e n t  o f  s o i l  

p i t s  a n d  f o r e s t  f l o o r  s a m p l e s  on  a  h y p o t h e t i c a l  s i t e .  A t 

e a c h  o f  t h e  24 s t u d y  s i t e s ,  12 f o r e s t  f l o o r  s a m p l e s  w e r e  

o b t a i n e d  b y  r e m o v i n g  m a t e r i a l  i n s i d e  a  0 . 2 5  m^ t e m p l a t e . 

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

f o u r  s o i l  p i t s . C u r r e n t  y e a r ' s  l i t t e r  was  s e p a r a t e d  f r o m  

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

d i f f e r e n c e s  i n  d e g r e e  o f  d e c o m p o s i t i o n .

Laboratory a n a l y s e s

S a m p l e s  w e r e  a n a l y z e d  i n  t h e  S o i l s  L a b o r a t o r y  o f  t h e  

D e p a r t m e n t  o f  F o r e s t r y  a t  M i c h i g a n  S t a t e  U n i v e r s i t y .  S o i l s  

w e r e  a i r  d r i e d ,  c r u s h e d ,  a n d  p a s s e d  t h r o u g h  a  s i e v e  w i t h  2 

mm o p e n i n g s . S o i l  a n a l y s e s  w e r e  p e r f o r m e d  on  t h e  l e s s  t h a n  

2 mm f r a c t i o n .  A n a l y s e s  i n c l u d e d  pH i n  w a t e r  a n d  i n  0 . 0 1  M 

C a C l 2 s o l u t i o n , C a ,  M g , a n d  K e x t r a c t e d  i n  1 N NH^OAc 

s o l u t i o n  a t  pH 7 . 0 0  ( U . S . D . A .  1 9 7 2 ) ,  K j e l d a h l  n i t r o g e n  (N) 

a n d  p h o s p h o r o u s  (P )  d e t e r m i n a t i o n s  ( T e c h n i c o n  1 9 7 7 ) ,  a n d  

B r a y ' s  #1 s o l u t i o n  e x t r a c t a b l e  P ( B r a y  a n d  K u r t z  1 9 4 5 )  w i t h  

a m o d i f i c a t i o n  f o r  c a l c a r e o u s  s o i l s  ( S m i t h  e t  a l . 1 9 5 7 )  . 

F o r e s t  f l o o r  s a m p l e s  w e r e  o v e n  d r i e d  a t  8 0 ° C ,  a n d  w e i g h t s  

o b t a i n e d . T h e  t h r e e  s a m p l e s  o b t a i n e d  n e a r  e a c h  s o i l  p i t  

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

s i t e .  C u r r e n t  y e a r ' s  l i t t e r  was  g r o u n d  i n  a  s t a i n l e s s  s t e e l  

W i l e y  m i l l . O ld  f o r e s t  f l o o r  m a t e r i a l ,  w h i c h  was  c o m p r i s e d  

p a r t l y  o f  woody l i t t e r ,  was  c o a r s e l y  g r o u n d  i n  a  ham m erm i11 

a n d  f i n e l y  h o m o g e n i z e d  i n  a  M e l i t a  c o f f e e  g r i n d e r  (M ode l  No.
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F i g u r e  2 . 2 .  D i a g r a m  o f  s a m p l e  c o l l e c t i o n  l o c a t i o n s  a t  a 
h y p o t h e t i c a l  s i t e .

A = a r e a  o f  h o m o g e n o u s  v e g e t a t i v e  c o v e r ,  a t  l e a s t  1 h a  
i n  s i z e ,  w i t h  50 o r  m ore  y e a r s  s i n c e  m a j o r  d i s t u r b a n c e .

S = s o i l  p i t .

F = f o r e s t  f l o o r  s a m p l e .

V = v e c t o r s  a t  ran d o m  a z i m u t h  a n d  d i s t a n c e  t o  s u b p l o t s .
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C G - 1 ) .  F o r e s t  f l o o r  s a m p l e s  w e r e  a n a l y z e d  f o r  K j e l d a h l  N 

a n d  P ( T e c h n i c o n  1 9 7 7 ) ,  a n d  w e r e  a l s o  d r y - a s h e d  f o r  

s u b s e q u e n t  DC a r g o n  p l a s m a  s p e c t r o p h o t o m e t r i c  a n a l y s i s  o f  

C a ,  Mg, K, A l ,  Z n ,  C u , a n d  Mn ( L i k e n s  a n d  B o r m a n n  1 9 7 0 ,  

I s a a c  a n d  K e r b e r  1 9 7 1 ) .  T h e  l e n g t h  o f  t i m e  r e q u i r e d  f o r  

c o m p l e t e  a s h i n g  a t  480°C  was e x t e n d e d  u p  t o  a s  much a s  24 

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

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

m a t e r i a l  (L e a  e t  a l .  1 9 8 0 ,  M e l i l l o  e t  a l .  1 9 8 2 ) .  Q u a l i t y  

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

a n a l y s i s  o f  s t a n d a r d  s o i l  a n d  t i s s u e  s a m p l e s .

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

a  c o n t e n t  b a s i s , i n  k g / h a ,  f o r  t h e  t h i c k n e s s  o f  t h e  h o r i z o n  

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

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

w e i g h t . B u lk  d e n s i t i e s  w e r e  e s t i m a t e d  u s i n g  d a t a  f r o m  a  s e t  

o f  2 0 0  s o i l  s a m p l e s  c o l l e c t e d  i n  n o r t h e r n  M i c h i g a n  ( S o i l  

S u r v e y  L a b o r a t o r y  1 9 8 2 ,  S o i l  S u r v e y  L a b o r a t o r y  1 9 8 3 ,  P a d l e y  

a n d  T r e t t i n  1 9 8 3 a ,  P a d l e y  a n d  T r e t t i n  1 9 8 3 b ,  L e M a s t e r s  e t  a l  

1 9 8 4 ,  P a d l e y  e t  a l . 1 9 8 4 a ,  P a d l e y  e t  a l . 1 9 8 4 b ,  P a d l e y  e t

a l . 1 9 8 4 c ,  T r e t t i n  e t  a l . 1 9 8 4 ) .  B u lk  d e n s i t i e s  h a d  b e e n

m e a s u r e d  by  t h e  S a r a n - c o a t e d  c l o d  m e th o d  ( U . S . D . A .  1 9 7 2 ) ,

a n d  t h e s e  w e r e  u s e d  i n  d e v e l o p i n g  my p r e d i c t i o n  e q u a t i o n s . 

B u lk  d e n s i t y  h a s  b e e n  p r e d i c t e d  i n  o t h e r  s t u d i e s  f r o m  s o i l  

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

P o s t  1 9 6 4 ,  R e i g n e r  a n d  P h i l l i p s  1 9 6 4 ,  Dawud a n d  G r a y  1 9 7 9 ,  

A l e x a n d e r  1 9 8 0 ,  R a w l s  1 9 8 3 ) .  I n  my s t u d y , f r a g i p a n  a n d
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d e n s e  t i l l  l a y e r s  w e r e  a s s i g n e d  g r o u p  m e a n  v a l u e s .  B u l k  

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

r e g r e s s i o n  e q u a t i o n s  w h i c h  u s e d  TKN, t e x t u r e ,  a n d  d e p t h .  

T a b l e  2 . 1  p r e s e n t s  t h e  e q u a t i o n s  a n d  mean v a l u e s  u s e d  f o r  

t h e  v a r i o u s  d e p t h ,  t e x t u r e ,  a n d  h o r i z o n  g r o u p s .

Data analyses
P r i n c i p a l  c o m p o n e n t  a n a l y s e s  w e r e  u s e d  t o  r e d u c e  t h e  

d i m e n s i o n a l i t y  o f  t h e  s o i l s  d a t a  a n d  t o  d i s p l a y  t w o -  

d i m e n s  i o n a l  p l o t s  o f  s i t e  l o c a t i o n s  ( M o r r i s o n  1 9 7 6 ,  

C h a t f i e l d  a n d  C o l l i n s  1 9 8 0 )  . S e p a r a t e  a n d  c o m b i n e d  d a t a  

s e t s  o f  l a b o r a t o r y  a n d  f i e l d  d e t e r m i n e d  s o i l s  v a r i a b l e s  

( T a b l e s  2 . 2 ,  2 . 3 )  w e r e  u s e d . N o n - n u m e r i c a l  v a l u e s  f r o m  

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

v a r i a b l e s  p r i o r  t o  a n a l y s i s . S o i l  t e x t u r e s  w e r e  a s s i g n e d  

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

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

c l a s s . P h y s i o g r a p h i c  d e s i g n a t i o n s  a n d  s o i l  d r a i n a g e  c l a s s e s  

w e r e  a s s i g n e d  o r d i n a l  n u m e r i c a l  v a l u e s  ( T a b l e  2 . 3 ) .

R e s u l t s  o f  PCA u s i n g  t h e  c o r r e l a t i o n  m a t r i x ,  r a t h e r  

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

t e c h n i q u e s  w e r e  t r i e d .  Many o f  t h e  s o i l  v a r i a b l e s  w e r e  

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

v a r i a b l e s  w i t h  l a r g e r  v a r i a n c e s  d o m i n a t e  P C A ' s  o f  t h e  

c o v a r i a n c e  m a t r i x  ( M o r r i s o n  1 9 7 6  , C h a t f i e l d  a n d  C o l l i n s  

1 9 8 0 ) .  Use  o f  t h e  c o v a r i a n c e  m a t r i x  i n  PCA i s  reco m m en d ed
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T a b l e  2 . 1  E q u a t i o n s  a n d  mean v a l u e s  u s e d  f o r  e s t i m a t i o n  o f  
b u l k  d e n s i t y .

S o i l  c h a r a c t e r i s t i c R e g r e s s i o n  e q u a t i o n -1-

Bs h o r i z o n s  w i t h  
40-70% s a n d .

- 0 . 4 2 2 + ( 0 . 00715SAND) + ( 0 . 0589PH) 
+ ( 0 . 8 9  8TRANSTKN)
S t d .  e r r o r  0 . 0 7 8 4  a t  mean 1 . 3 9 4

Bs h o r i z o n s  w i t h  
g r e a t e r  t h a n  70% 
s a n d .

1 . 7 4 8 + ( - 0 . 0 0 0 3 1 5TKN) + ( 0 . 00216M ID )+ 
( - 0 . 00394SAND)+ ( 0 . 0204CLAY)
S t d .  e r r o r  0 . 0 9 4 1  a t  mean 1 . 4 3 4

L e s s  t h a n  40% s a n d 1 . 5 8 2 + ( - 0 . 000185*TKN)+
( - 0 . 000696MTD)+ ( - 0 . 00421*CLAY) 
S t d .  e r r o r  0 . 1 0 5  a t  mean 1 . 5 4 9

G r e a t e r  t h a n  40% s a n d ,  
d e p t h  b e t w e e n  60 a n d  
150 cm.

- 3 . 5 5 8 + ( 0 . 00402*TKN)+ ( - 0 . 0141M ID )+ 
( 0 . 0194TRANSTKN)+ ( 3 . 260*LOGMID) 
S t d .  e r r o r  0 . 0 9 3 9  a t  mean 1 . 5 7 8

O t h e r s ^ l n B D = 0 .3 8 0 6 1 + ( - 0 .0 5 9 6 4 * l n O C % ) +  
( - 0 . 0 5 8 1 4 7 * 0 0 % )

S o i l  h o r i z o n Mean v a l u e

B t , o r  c o m b i n a t i o n  o f 1 . 6 1 8 S t d .  d e v .  0 . 0 9 4 5
E a n d  B t .

Bx,  E x ,  o r  c o m b i n a t i o n . 1 . 8 1 6 S t d .  d e v .  0 . 0 7 0 6

Bm, Em, o r  c o m b i n a t i o n . 1 . 7 0 ( a s s i g n e d  v a l u e )

V a r i a b l e  c o d e s  r e p r e s e n t  t h e  f o l l o w i n g  v a l u e s :
TK N =Tota l  K j e l d a h l  n i t r o g e n ,  c o n c e n t r a t i o n  %.
TRANSTKN=( 100 /T K N )+1 .
M ID = H or izon  m i d p o i n t ,  cm.
LOGMID=Logarithm o f  h o r i z o n  m i d p o i n t ,  cm.
CLAY=Clay %.
SAND=Sand %.
PH=pH m e a s u r e d  i n  CaClg  s o l u t i o n .
BD=Bulk d e n s i t y ,  g cm- 3 .
O C = O rg an ic  c a r b o n  %, h e r e  e s t i m a t e d  by  0 . 0 3 5 3 5 + 1 7 . 4627TKN.

* M.R. G a l e ,  p e r s o n a l  c o m m u n i c a t i o n .
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Table 2.2. Laboratory determined soil variables.

L a b o r a t o r y  d e t e r m i n e d  v a r i a b l e s

------------------------- O r g a n i c  l a y e r s ------------------------------------

OITKN K j e l d a h l  n i t r o g e n  c o n t e n t  o f  t h e  O i , k g / h a .  
OITKP K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  t h e  O i ,  k g / h a .  
OIZN Z i n c  ( Zn)  c o n t e n t  o f  t h e  O i ,  k g / h a .
OIMN M a n g a n e se  (Mn) c o n t e n t  o f  t h e  O i ,  k g / h a .
OICU C o p p e r  (Cu) c o n t e n t  o f  t h e  O i , k g / h a .
OIAL Aluminum ( A l )  c o n t e n t  o f  t h e  O i , k g / h a .
OIMG M ag n es iu m  (Mg) c o n t e n t  o f  t h e  O i , k g / h a .
OICA C a l c i u m  (Ca)  c o n t e n t  o f  t h e  O i , k g / h a .
OIK P o t a s s i u m  (K) c o n t e n t  o f  t h e  O i ,  k g / h a .
OETKN K j e l d a h l  n i t r o g e n  c o n t e n t  o f  t h e  O e ,  k g / h a .  
OETKP K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  t h e  O e ,  k g / h a .  
OEZN Z i n c  c o n t e n t  o f  t h e  Oe,  k g / h a .
OEMN M a n g a n e se  c o n t e n t  o f  t h e  O e ,  k g / h a .
OECU C o p p e r  c o n t e n t  o f  t h e  O e ,  k g / h a .
OEAL Aluminum c o n t e n t  o f  t h e  Oe ,  k g / h a .
OEMG M agnes ium  c o n t e n t  o f  t h e  Oe , k g / h a .
OECA C a l c i u m  c o n t e n t  o f  t h e  Oe,  k g / h a .
OEK P o t a s s i u m  c o n t e n t  o f  t h e  Oe , k g / h a .

-----------------------------     a  h o r i z o n s  —  -------------------

ATKN K j e l d a h l  n i t r o g e n  c o n t e n t  o f  t h e  A, k g / h a .
ATKP K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  t h e  A, k g / h a .
AMG M agnes ium  c o n t e n t  o f  t h e  A, k g / h a .
ACA C a l c i u m  c o n t e n t  o f  t h e  A, k g / h a .
AK P o t a s s i u m  c o n t e n t  o f  t h e  A, k g / h a .
ABRAYP B r a y ' s  P c o n t e n t  o f  t h e  A, k g / h a .
AHBUF H y d r o g e n  c o n t e n t  o f  t h e  A, k g / h a ,  m e a s u r e d  i n

0 . 0 1  M C a C l 2 s o l u t i o n .

-----------------------------------  B h o r i z o n s ------------------------------------

BTKN K j e l d a h l  n i t r o g e n  c o n t e n t  o f  t h e  B, k g / h a .
BTKP K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  t h e  B, k g / h a .
BMG M agnes ium  c o n t e n t  o f  t h e  B, k g / h a .
BCA C a l c i u m  c o n t e n t  o f  t h e  B, k g / h a .
BK P o t a s s i u m  c o n t e n t  o f  t h e  B, k g / h a .
BBRAYP B r a y ' s  P c o n t e n t  o f  t h e  B, k g / h a .
BHBCJF H y d r o g e n  c o n t e n t  o f  t h e  B, k g / h a ,  m e a s u r e d  i n

0 . 0 1  M C a C l 2 s o l u t i o n .
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Table 2.2. (continued).

----------------------------------  C h o r i z o n s  ---------------------------------------

CTKN K j e l d a h l  n i t r o g e n  c o n t e n t  o f  t h e  C, k g / h a .
CTKP K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  t h e  C, k g / h a .
CMG M ag n es iu m  c o n t e n t  o f  t h e  C, k g / h a .
CCA C a l c i u m  c o n t e n t  o f  t h e  C, k g / h a .
CK P o t a s s i u m  c o n t e n t  o f  t h e  C, k g / h a .
CBRAYP B r a y ' s  P c o n t e n t  o f  t h e  C, k g / h a .
CHBUF H y d r o g e n  c o n t e n t  o f  t h e  C, k g / h a , m e a s u r e d  i n

0 . 0 1  M C a C l 2 s o l u t i o n .

-------------- ------ ------------- D e p th  s u m s -----------------------------------------

TKN10 K j e l d a h l  n i t r o g e n  c o n t e n t  o f  0 - 1 0  cm d e p t h ,  k g / h a .  
TKN30 K j e l d a h l  n i t r o g e n  c o n t e n t  o f  1 0 - 3 0  cm d e p t h ,  k g / h a . 
TKN70 K j e l d a h l  n i t r o g e n  c o n t e n t  o f  3 0 - 7 0  cm d e p t h ,  k g / h a .  
TKN150 K j e l d a h l  n i t r o g e n  c o n t e n t  o f  7 0 - 1 5 0  cm d e p t h ,  k g / h a .
TKP10 K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  0 - 1 0  cm d e p t h ,  k g / h a .
TKP30 K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  1 0 - 3 0  cm d e p t h ,  k g / h a .  
TKP70 K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  3 0 - 7 0  cm d e p t h ,  k g / h a .  
TKP150 K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  7 0 - 1 5 0  cm d e p t h ,  

k g / h a .
CA10 C a l c i u m  c o n t e n t  o f  0 - 1 0  cm d e p t h ,  k g / h a .
CA30 C a l c i u m  c o n t e n t  o f  1 0 - 3 0  cm d e p t h ,  k g / h a .
CA70 C a l c i u m  c o n t e n t  o f  3 0 - 7 0  cm d e p t h ,  k g / h a .
CA150 C a l c i u m  c o n t e n t  o f  7 0 - 1 5 0  cm d e p t h ,  k g / h a .
MG10 M ag n es iu m  c o n t e n t  o f  0 - 1 0  cm d e p t h ,  k g / h a .
MG30 M ag n es iu m  c o n t e n t  o f  1 0 - 3 0  cm d e p t h ,  k g / h a .
MG70 M ag n es iu m  c o n t e n t  o f  3 0 - 7 0  cm d e p t h ,  k g / h a .
MG150 M ag n es iu m  c o n t e n t  o f  7 0 - 1 5 0  cm d e p t h ,  k g / h a .
K10 P o t a s s i u m  c o n t e n t  o f  0 - 1 0  cm d e p t h ,  k g / h a .
K30 P o t a s s i u m  c o n t e n t  o f  1 0 - 3 0  cm d e p t h ,  k g / h a .
K70 P o t a s s i u m  c o n t e n t  o f  3 0 - 7 0  cm d e p t h ,  k g / h a .
K150 P o t a s s i u m  c o n t e n t  o f  7 0 - 1 5 0  cm d e p t h ,  k g / h a .
TKNSUM K j e l d a h l  n i t r o g e n  c o n t e n t  o f  0 - 1 5 0  cm d e p t h , k g / h a .  
TKPSUM K j e l d a h l  p h o s p h o r o u s  c o n t e n t  o f  0 - 1 5 0  cm d e p t h ,  

k g / h a .
CASUM C a l c i u m  c o n t e n t  o f  7 0 - 1 5 0  cm d e p t h ,  k g / h a .
MGSUM M agnes ium  c o n t e n t  o f  0 - 1 5 0  cm d e p t h ,  k g / h a .
KSUM P o t a s s i u m  c o n t e n t  o f  0 - 1 5 0  cm d e p t h ,  k g / h a .
NMIN Ammonium-N m i n e r a l i z e d  f r o m  0 - 1 0  cm d e p t h  d u r i n g  a  1

week i n c u b a t i o n ,  g / k g .
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Table 2.3. Field determined soil variables.

F i e l d  d e t e r m i n e d  v a r i a b l e s

T e x t u r a l  v a r i a b l e s  f r o m  f i e l d  e s t i m a t e s

ASAND S an d  % i n  A h o r i z o n .
ASILT S i l t  % i n  A h o r i z o n .
ACLAY C l a y  % i n  A h o r i z o n .
BSAND S an d  % i n  B h o r i z o n .
BSILT S i l t  % i n  B h o r i z o n .
BCLAY C l a y  % i n  B h o r i z o n .
CSAND S a n d  % i n  C h o r i z o n  a b o v e  150 cm.
CSILT S i l t  % i n  C h o r i z o n  a b o v e  150 cm.
CCLAY C l a y  % i n  C h o r i z o n  a b o v e  150 cm.
ACSFR C o a r s e  f r a g m e n t  v o lu m e  % o f  A h o r i z o n .
BCSFR C o a r s e  f r a g m e n t  v o lu m e  % o f  B h o r i z o n .
CCSFR C o a r s e  f r a g m e n t  v o lu m e  % o f  C h o r i z o n  a b o v e  150 cm.
CSFRSUM C o a r s e  f r a g m e n t  v o lu m e  % o f  u p p e r  150 cm d e p t h .
SAND30 S a n d  % o f  0 - 3 0  cm d e p t h .
SILT30 S i l t  % o f  0 - 3 0  cm d e p t h .
CLAY30 C l a y  % o f  0 - 3 0  cm d e p t h .
SLT150 S a n d  % o f  0 - 1 5 0  cm d e p t h .
S IL T150  S i l t  % o f  0 - 1 5 0  cm d e p t h .
CLT150 C l a y  % o f  0 - 1 5 0  cm d e p t h .
SGT150 S a n d  % o f  1 5 0 - 4 5 0  cm d e p t h .
SIGT150 S i l t  % o f  1 5 0 - 4 5 0  cm d e p t h .
CGT150 C l a y  % o f  1 5 0 - 4 5 0  cm d e p t h .
SAND450 S a n d  % o f  0 - 4 5 0  cm d e p t h .
S IL T450  S i l t  % o f  0 - 4 5 0  cm d e p t h .
CLAY450 C l a y  % o f  0 - 4 5 0  cm d e p t h .
HEAVS S a n d  % o f  h e a v i e s t  t e x t u r a l  l a y e r .
HEAVSI S i l t  % o f  h e a v i e s t  t e x t u r a l  l a y e r .
HEAVC C l a y  % o f  h e a v i e s t  t e x t u r a l  l a y e r . A
DEPVFS D e p t h  t o  v f s  a c c u m u l a t i o n s  15 cm t h i c k , cm^
DEPLS D e p t h  t o  I s  a c c u m u l a t i o n s  15 cm t h i c k , c m .^
DEPSL D e p t h  t o  s i  a c c u m u l a t i o n s  15 cm t h i c k , cm.
DEPSCL D e p t h  t o  s c l  o r  h e a v i e r  t e x t u r a l  a c c u m u l a t i o n s

15 cm t h i c k , cm.
DEPTEX D e p t h  t o  u p p e r m o s t  h e a v y  t e x t u r a l  l a y e r , cm.
TEXS S a n d  % o f  u p p e r m o s t  h e a v y  t e x t u r a l  l a y e r .
TEXSI S i l t  % o f  u p p e r m o s t  h e a v y  t e x t u r a l  l a y e r .
TEXC C l a y  % o f  u p p e r m o s t  h e a v y  t e x t u r a l  l a y e r .
BIC T e x t u r a l  b a n d i n g  i n t e n s i t y  c o d e ,  0 t o  5 b a s e d  o n

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

* V a l u e  o f  ' 5 0 0 '  e n t e r e d  i f  n o n e  p r e s e n t .
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Table 2.3. (continued).

H o r i z o n  v a r i a b l e s

OIWT W e i g h t  o f  O i , k g / h a .
OEWT W e i g h t  o f  Oe , k g / h a .
ATHICK T h i c k n e s s  o f  A, cm.
ETHICK T h i c k n e s s  o f  E ,  cm.
BTHICK T h i c k n e s s  o f  B, cm.
BSTHICK T h i c k n e s s  o f  B s ,  cm.
BTTHICK T h i c k n e s s  o f  B t , cm.
AVALUE M u n s e l l  c o l o r  v a l u e  o f  A.
BVALUE M u n s e l l  c o l o r  v a l u e  o f  B.
EDC E h o r i z o n  d e v e l o p m e n t  c o d e ,  b a s e d  on  c o l o r  

t h i c k n e s s ,  a n d  c o n t i n u i t y .

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

DEPPH7 D e p t h  t o  s o i l  o f  pH 7 ,  cm.
DEPC03 D e p th  t o  c a r b o n a t e s ,  cm.
ROOTDEP R o o t i n g  d e p t h  o f  m a j o r  r o o t  s y s t e m ,  cm.
SLOPE S l o p e  i n  %.
ASPECT A s p e c t  i n  d e g r e e s  f r o m  t r u e  n o r t h .
ELEV E l e v a t i o n  i n  m e t e r s .
PHYSFORM P h y s i o g r a p h i c  d e s i g n a t i o n :  l = l o w  f l a t ,  2 = l o w e r  

s l o p e ,  3 = m i d - l e v e l  f l a t ,  4 = m i d - s l o p e ,  5 = b e n c h ,  
6 = u p p e r  s l o p e , 7 = h i g h  f l a t ,  8 = r i d g e .

DRCLASS D r a i n a g e  c l a s s :  l = e x c e s s i v e l y  d r a i n e d ,  2 = som ew ha t  
e x c e s s i v e l y  d r a i n e d ,  3 = w e l l  d r a i n e d ,  4 = m o d e r a t e l y  
w e l l  d r a i n e d ,  5=som ew hat  p o o r l y  d r a i n e d ,  6 = p o o r l y  
d r a i n e d ,  7 = v e r y  p o o r l y ^ d r a i n e d .

MOTTDEP D e p t h  t o  m o t t l i n g ,  cm.

* V a l u e  o f  * 5 0 0 ’ e n t e r e d  i f  n o n e  p r e s e n t .
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w h e n e v e r  p o s s i b l e  b e c a u s e  t h e  t h e o r y  i s  l e s s  c o m p l e x ,  a n d  

b e c a u s e  P C ' s  e x p l a i n  v a r i a n c e  w i t h i n  a  d a t a  s e t  a n d  

v a r i a n c e s  o f  s t a n d a r d i z e d  s c o r e s  a r e  s o m ew h a t  a r t i f i c i a l . 

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

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

p r o b l e m  o f  s t a n d a r d i z e d  v a r i a n c e s . Use o f  t h e  c o r r e l a t i o n  

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

a r e  o f  s i m i l a r  i m p o r t a n c e  ( M o r r i s o n  1 9 7 6 ,  C h a t f i e l d  a n d  

C o l l i n s  1 9 8 0 ) .  N o t  a l l  v a r i a b l e s  u s e d  i n  t h i s  s t u d y  a p p e a r  

t o  b e  o f  e x a c t l y  t h e  s a m e  importance? h o w e v e r , it is 
d i f f i c u l t  t o  p r e d i c t  t h e i r  i m p o r t a n c e  p r i o r  t o  p e r f o r m i n g  a  

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

o f  v a r i a b l e s  i s  a l r e a d y  known.  PCA o f  t h e  c o v a r i a n c e  m a t r i x  

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

t h e  m o s t  i m p o r t a n t , e v e n  if t h e  v a r i a b l e s  a r e  l o g -  

t r a n s f o r m e d  s o  t h a t  t h e  d i f f e r e n c e s  i n  v a r i a n c e  a r e  v e r y  

s m a l l . T h u s , t h e  c o r r e l a t i o n  m a t r i x  w a s  d e e m e d  t h e  o n l y  

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

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

PC A 's  w e r e  p e r f o r m e d  on  s i t e - l e v e l  d a t a  i n  w h i c h  v a l u e s  

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

w e r e  rem o v ed  f r o m  a n a l y s i s  i f  t h e y  c o n t r i b u t e d  l i t t l e  t o  t h e  

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

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

c o r r e l a t i o n s  o f  t h e  v a r i a b l e s  w i t h  t h e  P C ' s .

A K r u s k a l - W a l l i s  t e s t  o f  i d e n t i c a l  d i s t r i b u t i o n s  w as  

u s e d  f o r  c o m p a r i n g  g r o u p s  b a s e d  on  d e p o s i t i o n a l  e n v i r o n m e n t .
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T h e  K r u s k a l - W a l l i s  t e s t  may b e  u s e d  t o  d e t e r m i n e  t h a t  

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

g r o u p s  o r  v a r i a b l e s  d i f f e r .  F o r  t h i s  r e a s o n ,  t h e  K r u s k a l -  

W a l l i s  t e s t  was  f o l l o w e d  by  i n d i v i d u a l  t - t e s t s  w i t h  r e d u c e d  

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

s i g n i f i c a n t l y  d i f f e r e n t  v a r i a n c e s  ( S t e e l  a n d  T o r r i e  1 9 8 0 ) .  

S i t e  r a n k s  i n  t h e  f i r s t  d i m e n s i o n  o f  d i f f e r e n t  P C A 's  w e r e  

c o m p a r e d  u s i n g  S p e a r m a n ' s  c o e f f i c i e n t  o f  r a n k  c o r r e l a t i o n  

( S t e e l  a n d  T o r r i e  1 9 8 0 ) .  S i t e  s c o r e s  i n  t h e  f i r s t  d i m e n s i o n  

o f  t h e  PCA’ s  w e r e  c o m p a r e d  u s i n g  s i m p l e  l i n e a r  c o r r e l a t i o n s . 

The  S t a t i s t i c a l  A n a l y s i s  S y s t e m  (SAS) (SAS I n s t i t u t e  I n c .

1 9 8 5 )  was  u s e d  f o r  a l l  s o i l  d a t a  a n a l y s e s .
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RESULTS AND DISCUSSION

Correspondence of mapped glacial features with parent 
materials and mode of deposition

G l a c i a l  l a n d f o r m  f e a t u r e s  h a v e  b e e n  m apped  a t  a  l o c a l  

s c a l e  i n  t h e  s t u d y  a r e a  b y  B u r g i s  ( 1 9 8 1 )  ( F i g u r e  2 . 1 ) .

S i t e s  s a m p l e d  a s  p a r t  o f  my s t u d y  a r e  l o c a t e d  w i t h i n  t h e  

b o u n d a r i e s  o f  a r e a s  w h i c h  B u r g i s  m apped  a n d  d e s i g n a t e d  a s  

t h e  E l d o r a d o  Kamic R i d g e s ,  t h e  M a l t b y  Karnes, t h e  W es t  B r a n c h  

a n d  G l e n n i e  M o r a i n e s , t h e  A u S a b l e  R i v e r  v a l l e y , a n d  t h e  

F l e t c h e r  P o n d  C h a n n e l e d  U p l a n d s . F i g u r e  2 . 3  s h o w s  t h e  

l o c a t i o n s  o f  s a m p l e d  s i t e s  among t h e  B u r g i s  l a n d f o r m s .

Mode o f  d e p o s i t i o n  was d e t e r m i n e d  f o r  t h e  s o i l s  o f  e a c h  

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

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

e a c h  s i t e .  S o i l s  w i t h  l o a m y  t i l l  i n  t h e  s o l u m  w e r e  

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

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

B r u c e  t i l l s . T a b l e  2 . 4  d e s c r i b e s  t h e  t y p e s  o f  d e p o s i t i o n a l  

e n v i r o n m e n t s  w h ic h  f o r m e d  t h e  24 s i t e s  u s e d  i n  t h i s  s t u d y .

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

2 . 4  a r e  c o m p a r e d  w i t h  B u r g i s ' p r e v i o u s l y  m apped  l a n d f o r m s , 

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

w i t h i n  t h e  b o u n d a r i e s  o f  t h e  G l e n n i e  a n d  W e s t  B r a n c h  

m o r a i n e s . T h e  G l e n n i e  m o r a i n e  c o n t a i n s  s i t e s  o c c u r r i n g  

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

a n d  t i l l . T h e  W e s t  B r a n c h  m o r a i n e , i n c l u d i n g  t h e  M a l t b y
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F i g u r e  2 . 3 .  L o c a t i o n  o f  s t u d y  s i t e s  among g l a c i a l  l a n d f o r m s  i d e n t i f i e d  by Burg is  

(1977, 1981) .  D o t ted  l i n e  i n d i c a t e s  w e s t e r n  boundary  o f  P o r t  Huron t i l l .

1
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T a b l e  2 . 4  D e p o s i t i o n a l  e n v i r o n m e n t  c h a r a c t e r i s t i c s  o f  
s a m p l e  s i t e s .

O u t w a s h  s a n d : A r e a s  o f  s m a l l  u n d u l a t i n g  h i l l s  w i t h  s a n d  
t e x t u r e s  t o  a  d e p t h  o f  4 5 0  cm; m i n i m a l  s t r a t i f i c a t i o n  o f  
g r a v e l  a n d  t h i n  loam y  s a n d  l a y e r s  i n  s u b s t r a t u m .  S i t e s  H, 
L ,  T .

O u t w a s h  s a n d  w i t h  i c e - r a f t e d  l o a m y  i n c l u s i o n s : S a n d  o r
l o a m y  s a n d  s u r f a c e  t e x t u r e s ; g r a v e l  a n d  l o a m y  t e x t u r a l  
p o c k e t s  o c c u r r i n g  b e l o w  a  d e p t h  o f  100  cm. S i t e s  K, M, P ,  
Q, R , V, W, X.

P o r t  B r u c e  t i l l s  Loamy s a n d  o r  s a n d y  lo a m  s u r f a c e  t e x t u r e s ;  
l o a m y  t i l l  l a y e r  p r e s e n t  a b o v e  100 cm. P o r t  B r u c e  t i l l  was  
d e p o s i t e d  a t  m ore  t h a n  1 3 , 0 0 0  y e a r s  B . P .  S i t e s  A, B, D, E,  
P ,  G.

P o r t  H u ro n  t i l l : Loamy s a n d  o r  s a n d y  lo am  s u r f a c e  t e x t u r e ;
lo a m y  t i l l  l a y e r  p r e s e n t  a b o v e  100 cm. P o r t  H u ro n  t i l l  was  
d e p o s i t e d  a t  a b o u t  1 2 , 0 0 0  y e a r s  B . P .  S i t e s  I ,  J ,  N, 0 ,  S .

L a c u s t r i n e :  S i l t s  a n d  f i n e  s a n d s  i n  t h i n  s t r a t a
p r e d o m i n a t i n g  t h r o u g h o u t  t h e  p e d o n .  S i t e s  C, U.

Karnes , c o n t a i n s  o u t w a s h  s a n d ,  o u t w a s h  s a n d  w i t h  i c e - r a f t e d  

i n c l u s i o n s ,  l a c u s t r i n e ,  a n d  t i l l  s i t e s  o f  b o t h  P o r t  H u ro n  

a n d  P o r t  B r u c e  d e p o s i t i o n .  O t h e r  B u r g i s  l a n d f o r m s  w e r e  n o t  

i n t e n s i v e l y  s a m p l e d . S i t e s  o n  t h e  E l d o r a d o  K a m i c  R i d g e s  

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

a n d  t h e  o n e  s i t e  on  t h e  F l e t c h e r  Pond  C h a n n e l e d  U p l a n d s  was  

f o r m e d  i n  P o r t  H u r o n  t i l l ,  a l t h o u g h  i t  ma y  h a v e  b e e n  

s u b s e q u e n t l y  e r o d e d .

L a n d f o r m s  i d e n t i f i e d  a n d  mapped  by  B u r g i s  ( 1 9 7 7 ,  1 9 8 1 )  

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

w i t h  l o c a l i z e d  d e p o s i t i o n a l  e n v i r o n m e n t s  o r , a s  w i l l  b e  

shown l a t e r , w i t h  o t h e r  e c o s y s t e m  c h a r a c t e r i s t i c s  on  a  s c a l e
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u s e f u l  t o  f o r e s t  m a n a g e m e n t .  I n  e s s e n c e ,  t h e  s c a l e  a t  w h i c h  

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

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

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

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

m a s s e s . F o r  my s t u d y ,  d e p o s i t i o n a l  e n v i r o n m e n t  d e s i g n a t i o n s  

c o r r e s p o n d i n g  w i t h  R ow e ' s  ( 1 9 8 4 )  d e f i n i t i o n  o f  l a n d f o r m  a s  

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

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

P r i n c i p a l  c o m p o n e n t  a n a l y s e s

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

f i e l d  d e s c r i p t i o n  a n d  l a b o r a t o r y  a n a l y s e s  o f  s o i l s . S i t e  

mean v a l u e s  o f  t h e s e  v a r i a b l e s  a r e  p r e s e n t e d  i n  T a b l e s  2 . 5  

a n d  2 . 6 .  P r i n c i p a l  c o m p o n e n t  a n a l y s i s  (PCA) i s  a  t e c h n i q u e  

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

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

o r  l i n e a r  c o m b i n a t i o n s  o f  v a r i a b l e s  w h i c h  c o n t a i n  t h e  

g r e a t e s t  v a r i a t i o n . PCA may a l s o  b e  u s e d  t o  p l o t  s i t e  

l o c a t i o n s  w i t h  r e s p e c t  t o  e a c h  o t h e r  a l o n g  a x e s  o f  maximum 

v a r i a t i o n .  PCA was u s e d  t o  d e t e r m i n e  w h e t h e r  p l o t s  o f  s i t e  

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

i d e n t i f i e d  d e p o s i t i o n a l  e n v i r o n m e n t s . A d d i t i o n a l l y ,  t h e s e  

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

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

s e p a r a t i n g  s i t e s  a l o n g  a n  e c o l o g i c a l  g r a d i e n t . PCA was  a l s o  

p e r f o r m e d  t o  d e t e r m i n e  w h e t h e r  d e p t h  o r  h o r i z o n  s u m s  o f



Table 2.5. Mean site level values of laboratory determined soil variables.

SITE OITKN OITKP OIZN OIMN 0 1 CU 0 1 AL OlfclG OICA OIK 0ET1IN
'h a

OETKP OEZN OEMN OECU OEAL OEMG OECA OEK
Kg<

A 2 5 . 2 2 . 9 0 . 0 7 2 1 .9 9 0 . 0 1 8 0 .7 3 5 6 . 0 8 6 . 9 6 . 4 102 1 8 . 6 0 . 5 3 3 9 58 0 .0 8 9 1 6 .4 8 1 3 .6 3 7 0 .4 11 .9
B 26 .  1 3 . 0 0 .  143 0 . 0 7 0 .0 2 1 0 .2 6 8 5 . 4 7 4 .  1 6 . 6 153 2 1 2 .0 0 . 9 3 3 6 73 0 .1 3 8 1 8 .0 4 1 9 .8 2 3 9 .3 1 7 .5
C 3 5 . 9 4 . 3 0 .  192 1 .5 5 0 .0 2 2 0 .2 0 5 5 . 9 8 6 . 5 7 . 9 282 2 2 0 .9 1 .5 8 5 21 30 0 . 2 2 6 15 .2 2 2 5 . 6 451 .3 2 2 .2
0 2 4 .  1 2 .5 0 .  146 1 .3 0 0 . 0 1 5 0 . 2 5 8 4 .  1 6 9 . 2 4 . 5 133 1 11.1 1 .0 5 5 10 27 0 .  125 2 0 .0 0 1 4 .0 2 4 0 .7 1 2 .9
E 2 7 .0 3 . 2 0 .  132 1 .4 2 0 . 0 2 0 0 .2 6 8 5 . 6 7 5 .7 6 . 8 138 5 1 0 .7 0 . 7 8 5 S 79 0 .  1 19 14 .8 8 1 3 .9 2 1 9 .4 1 3 .4
F 2 7 . 6 2 . 9 0 .0 9 1 1 39 0 . 0 1 9 0 . 2 9 5 4 . 9 7 7 .7 6 .1 214 7 1 5 .6 0 . 9 5 5 14 43 0 .  171 1 7 .3 9 21 .5 3 0 8 .9 1 9 .0
G 2 9 . 6 3 . 3 0 .  170 1 .6 5 0 .0 1 8 0 . 3 0 0 4 . 7 8 6 . 6 6 . 9 121 4 9 . 7 0 . 8 2 3 9 35 0 .  107 1 1 .3 6 1 1 .2 2 0 4 .6 1 1 .9
H 2 1 .8 2 . 2 0 . 0 9 7 1 3 .9 0 0 .0 1 3 0 .3 2 8 3 . 9 3 1 . 6 5 .1 151 5 10. 1 0 . 6 7 0 59 90 0 .  107 1 1 .9 5 8 . 6 1 0 6 .6 1 2 .2
I 3 5 . 2 5 . 3 0 .2 2 4 3 .  11 0 .0 2 1 0 .  288 6 .  1 7 7 . 0 1 2 .2 202 7 1 5 .8 1 .2 1 0 23 33 0 .  157 2 0 .8 6 2 0 . 0 2 5 8 .4 2 1 . 2
J 2 6 .2 3 . 7 0 .  155 2 .7 0 0 . 0 1 6 0 . 2 9 3 5 . 9 6 4 .1 8 . 9 90 6 7 . 5 0 .5 9 3 10 09 0 .0 7 1 1 3 .3 3 1 0 .0 1 2 9 .6 1 0 .5
K 21 .4 3 . 4 0 . 1 5 6 5 . 0 5 0 . 0 1 4 0 .  153 5 .1 4 4 .  1 9 . 2 154 3 1 1 .7 1 .0 5 8 29 62 0 .1 1 5 1 0 .6 0 13.1 191 .0 1 6 .3
L 2 3 . 6 2 .3 0 .1 1 1 12 .7 3 0 .0 1 3 0 .2 7 5 3 . 6 2 9 .3 4 . 5 143 0 9 . 3 0 .5 8 S 48 93 0 . 1 3 0 9 . 5 5 8 . 8 1 2 3 .7 1 2 .9
M 2 5 .2 2 . 4 0 .  126 8 . 6 9 0 . 0 1 8 0 . 2 1 0 5 . 5 4 6 . 5 6 . 7 251 8 1 6 .0 1 .2 8 8 60 13 0 . 3 2 8 2 0 .8 9 1 7 .8 2 1 7 . 6 20 .  1
N 3 6 .0 4 . 5 0 .  175 2 .2 9 0 .0 2 6 0 .2 8 3 7 . 8 8 4 . 9 1 0 .8 307 5 2 1 . 5 1 .5 0 8 19 85 0 . 2 6 9 1 8 .3 5 3 3 . 2 4 6 4 . 0 26 .  1
0 31 .2 4 . 9 0 .  190 1 .5 8 0 . 0 2 6 0 . 3 0 5 6 . 4 8 3 . 7 9 . 2 199 4 1 5 .3 0 . 9 6 0 10 20 0 . 1 7 7 14. 19 2 3 . 4 2 7 3 .3 1 9 .8
P 3 2 .2 3 . 6 0 .1 2 1 7 .  16 0 .0 1 9 0 . 2 6 0 6 . 8 6 8 . 2 1 0 .6 183 0 1 2 .0 0 . 6 3 5 26 75 0 .1 1 3 7 . 8 4 1 4 .4 2 4 3 .3 1 6 .5
Q 25 .  1 2 .7 0 .  168 7 .0 5 0 . 0 2 5 0 .3 1 0 4 . 4 5 0 . 0 6 . 6 174 9 1 2 .7 1 .0 3 8 40 95 0 . 1 3 2 1 0 .4 5 1 2 .8 2 0 3 . 0 1 7 .9
R 2 1 .8 2 . 5 0 .  1 13 8 . 3 8 0 .0 1 2 0 . 2 3 3 4 . 5 3 3 . 8 5 . 3 119 3 8 .1 0 . 5 6 8 32 22 0 .0 9 7 1 0 .4 2 1 2 .0 1 2 5 .0 12. 1
S 2 2 .3 2 .8 0 .1 1 1 1 .0 4 0 .0 1 7 0 . 4 2 8 4 . 9 5 4 . 2 6 . 9 46 @ 4 . 5 0 . 2 8 5 2 21 0 . 0 4 7 5 . 6 4 6 . 3 7 9 .  1 7 . 8
T 18. 1 1 .5 0 .  103 10.51 0 . 0 0 9 0 .2 2 8 3 . 3 2 3 .3 3 .  1 143 0 8 . 9 0 . 6 9 0 41 41 0 . 0 9 4 1 0 .3 0 7 . 3 101 .3 1 0 .9
U 3 2 . 4 2 . 9 0 .  119 1 .41 0 . 0 1 6 0 . 4 4 5 5 . 4 6 6 . 5 7 . 0 207 1 1 4 .3 1. 105 16 49 0 .  161 1 8 .3 3 2 1 . 0 3 5 1 . 0 18 .1
V 2 2 .3 2 . 2 0 .  126 1 1 .4 6 0 .0 1 5 0 .2 7 8 3 . 2 3 4 . 8 5 . 3 230 9 1 6 .8 1. 103 75 57 0 . 1 6 6 2 0 .4 2 1 1 .9 1 4 7 .4 2 1 . 2
w 2 2 . 6 2 . 4 0 .  107 1 0 .2 7 0 . 0 1 4 0 .2 5 5 3 . 7 3 5 . 8 5 . 3 224 1 1 5 .3 0 . 9 5 8 68 46 0 . 1 4 2 1 8 .4 5 1 3 .4 1 8 3 .2 19. 1
X 2 3 .3 2 . 3 0 . 0 8 7 9 . 2 3 0 . 0 3 4 0 . 2 7 0 3 . 7 3 3 . 7 4 . 6 225 2 1 6 .2 0 . 8 5 0 72 26 0 .  142 1 6 .2 4 1 3 .8 201 .3 2 0 . 7

Mean 2 6 .5 3 .  1 0 . 1 3 5 5 . 2 8 0 .0 1 8 0 . 2 9 9 5 . 0 5 9 .  1 6 . 9 175 0 1 2 .7 0 . 9 0 7 29 95 0 .  143 1 4 .6 3 1 5 .3 2 2 6 .4 1 6 .3
S .D . 5 . 0 0 . 9 0 .0 3 8 4 . 3 4 0 . 0 0 5 0 .  112 1 .2 21 .7 2 . 3 62 0 4 . 2 0 . 3 1 3 23 03 0 . 0 6 2 4 . 4 3 6 . 4 1 0 3 .6 4 . 6



Table 2.5- (continued).

SITE ATKN ATKP AMG ACA AK ABRAVP AHBUF BTKN BTKP BMG BCA BK BBRAYP BHB11F CTKN CTKP

A 2 6 0 3 .5 3 3 5 .3 101 .8 2 5 6 5 .4 5 4 . 2 6 6 . 9 1 .0 3 E - 6 4 5 6 2 .2 2 6 8 4 .8 8 9 4 . 2 17264 0 503 4 139 1 1 . 4 6 E -5 4 4 4 .2 5 0 7 .2
B 1 4 2 6 .2 1 4 0 .7 6 5 . 0 8 0 5 . 9 3 4 . 5 7 . 5 2 . 10E-6 6 4 6 1 .1 3 9 2 1 .  1 3 8 9 8 .7 23058 6 1283 4 133 3 3 . 16E-4 2 9 5 1 .7 2 5 6 9 .5
C 9 1 4 . B 7 4 . 6 3 4 . 8 5 7 9 .2 31 .9 4 . 9 1 . 75E -7 3 9 8 7 .4 3 8 0 6 . 4 9 7 7 . 2 6990 7 600 0 640 8 7 .0 4 E - 5 8 9 3 . 5 1 1 5 5 .6
D 1 8 8 7 .0 2 4 5 .2 10 3 .7 1 5 0 8 .8 5 2 .1 19.1 7 .2 5 E - 7 4 8 4 3 . 9 2 6 5 8 .5 1 2 0 8 .0 16830 0 463 0 165 5 3 . 39 E -5 1 0 5 .3 5 7 3 . 2
E 1 7 5 4 .8 1 7 5 .9 8 8 . 3 1 5 0 8 .8 4 3 . 0 9 . 3 2 .7 5 E - 7 5 1 1 2 . 3 2 4 2 4 . 6 1 2 0 9 .2 10820 4 457 6 106 4 1 .0 2 E - 4 9 6 0 .7 9 9 4 . 6
F 2 4 2 5 .4 5 0 6 .5 1 0 5 .2 1607.1 5 8 . 9 2 0 .8 1 .4 8 E - 6 5 4 6 0 .2 3 8 6 5 .1 3 2 5 8 . 6 32528 1 1000 0 167 5 1 .7 4 E -4 6 5 5 . 8 8 4 8 .7
G 1 8 0 2 .9 2 4 2 .2 7 2 .0 1 3 1 2 .3 4 9 . 9 1 2 .8 2 . 13E-6 5271 .3 5 4 6 1 .2 2 7 7 7 .2 30081 2 1259 9 745 3 2 .6 4 E - 4 5 5 1 .4 5 9 7 . 3
H 8 5 9 .  1 8 5 . 0 2 1 .9 1 4 5 .3 3 3 . 5 6 . 2 2 .2 0 E - 4 1 6 1 5 .5 9 4 8 .1 1 8 .9 71 3 54 3 264 8 4 . 0 3 E - 4 6 9 2 . 6 6 7 9 .  1
I 1 1 8 3 .5 1 8 2 .6 7 0 .0 8 1 7 . 6 4 6 . 6 1 3 .9 5 . 0 3 E - 6 5 4 1 3 .1 5 5 8 0 .8 4 0 8 4 . 9 18688 4 1311 6 713 9 6 . 7 7 E - 5 1 6 6 9 .0 2 1 7 0 .8
J 1549.1 1 9 3 .6 8 1 . 8 9 0 0 .8 4 8 . 5 1 2 .7 4 . 0 8 E - 6 3 7 6 9 .8 2 5 1 8 .0 2 8 2 0 .6 12938 3 1218 1 217 0 8 . 8 1 E - 5 1 8 5 5 .9 1 9 6 3 .2
K 1 4 6 3 .4 1 0 1 .4 7 3 . 0 6 6 6 .2 9 1 . 5 1 3 .3 5 . 8 3 E - 6 3 8 9 2 .5 2 9 1 3 .8 3 3 7 7 .3 13493 5 1233 a 422 6 2 . 1 1E-4 1 1 2 3 .5 1 1 6 8 .2
L 9 3 2 . 0 110 .7 1 5 .4 8 6 .1 2 6 .7 4 . 2 1 . 4 1 E -4 1 1 6 9 .7 8 2 3 . 5 1 0 0 .3 472 6 76 0 223 7 3 . 0 4 E - 4 5 4 8 .7 691 . 4
M 1 2 3 0 .8 8 7 . 5 4 5 . 0 2 5 5 .  1 2 5 . 6 7 . 8 1 .2 2 E -4 2 8 8 2 .3 1 0 0 1 .8 8 4 9 . 3 4545 8 248 4 227 6 2 .7 0 E - 4 2 1 9 6 .9 1 7 9 4 .5
N 1 7 5 7 .9 151 .8 1 7 7 .0 1389.1 8 3 . 5 9 . 7 1 .5 8 E -5 3 8 5 0 . 3 1 7 3 4 .8 2 7 8 0 .3 11856 4 892 5 75 8 2 .5 9 E - 5 5 0 2 5 . 6 4 0 8 2 . 2
0 1956.1 1 6 7 .0 2 4 0 .2 2 6 2 2 .2 1 3 4 .8 1 9 .9 9 . 5 0 E - 7 4 3 3 4 . 0 2 5 1 8 .2 2 5 4 2 .8 13494 2 6 29 6 175 8 1 . 2 5 E -4 1 2 6 8 .5 1 1 7 8 .8
P 2 0 0 5 .7 1 07 .2 1 3 2 .3 1 4 1 4 .2 7 8 .7 1 2 .9 3 .7 7 E - 5 2 3 2 3 .1 7 2 5 .8 1 8 7 .2 2307 5 81 0 106 4 2 .9 3 E - 4 1 7 3 2 .3 1050 .1
Q 6 3 6 .4 5 0 . 6 2 6 .5 1 5 4 .3 3 2 . 5 4 . 9 1 .7 5 E -4 1 1 3 9 .0 6 1 7 .7 4 5 . 7 205 2 116 0 182 1 3 . 5 3 E - 4 1 5 3 1 .2 1 7 6 8 .9
R 6 2 8 .2 7 3 .3 2 3 .0 191 .9 1 5 .7 6 . 5 1 . 37E -4 1218 .  1 7 4 7 .7 5 7 . 3 311 7 60 4 206 4 1 .9 0 E - 4 1 3 5 6 .3 1 5 3 8 .4
S 2 5 1 2 .9 2 6 4 .3 182 .8 2 0 1 1 .6 7 6 .3 1 7 .7 1 . 4 1 E -5 4 4 3 3 . 6 3 2 9 0 .8 4 2 2 7 . 4 32857 4 1136 3 45 2 9 . 0 IE -5 1 0 8 9 .2 1 8 3 9 .2
T 711 .7 4 8 . 5 1 3 .6 4 0 .  1 2 4 .8 3 , 6 1 .4 7 E -4 1 3 5 6 .5 6 1 5 . 8 1 6 .2 63 3 58 1 159 0 2 . 19E-4 5 0 4 .7 7 0 1 .5
U 9 0 4 .1 7 9 . 0 7 0 . 5 9 0 4 . 3 3 9 . 8 6 .  1 9 . 5 5 E - 6 3 1 9 5 .4 1122 .1 1 7 0 4 .0 6756 6 5987 0 30 5 1 . 25E -4 3 6 7 3 .2 3 4 4 4 .6
V 4 8 0 . 8 3 7 . 6 1 8 .6 7 0 . 3 3 3 . 2 5 . 9 1 . 0 1 E -4 1 5 2 9 .4 9 6 7 . 5 9 3 . 7 345 8 115 5 242 2 2 . 8 2 E - 4 7 4 6 .  1 8 7 6 . 5
w 8 0 0 .1 5 4 .7 3 0 . 9 1 4 6 .3 3 8 . 9 6 . 2 2 . 3 1 E -4 1 1 0 4 .8 3 3 4 .1 4 0 . 5 155 4 63 9 40 6 2 . 2 4 E - 4 1 0 7 8 .5 6 8 0 . 4
X 5 3 6 .9 4 4 . 4 1 7 .5 1 1 1 .7 2 0 .  1 3 .1 1 . 24E -4 2 5 4 7 .5 1 3 0 4 .2 4 9 5 . 2 3237 4 335 4 264 6 5 . 15E-4 4 5 4 . 2 5 8 6 . 4

Mean 1 3 7 3 .5 148 .3 7 5 .5 9 0 8 .9 4 9 . 0 1 2 .3 6 . 2 5 E - 5 3 3 9 4 .7 2 1 9 1 .1 1 5 6 9 .4 10807 2 5 74 6 237 3 1 .9 8 E - 4 1 3 7 9 .5 1 4 0 2 .5 2
S.D. 651 .0 1 1 0 .2 5 9 . 6 7 9 0 .8 2 7 . 3 1 2 .8 7 .8 4 E - 5 1 6 6 2 .6 1 5 3 4 .4 1 4 9 1 .2 10678 0 472 6 198 7 1 . 3QE-4 1 1 3 6 .6 9 2 6 . 7



Table 2.5 (continued).

SITE CMG CCA CK CBRAVP CHBUF TKN10 TKN30 TKN70 TKN150 TKP10 TKP30 TKP70 TKP150 CA10 CA30
k f l / h s

A 1 7 8 .3 6 9 0 7 .1 4 4 .8 1 0 .3 3 .0 3 E - 7 2 6 5 4 .5 8 7 3 . 5 1 7 0 4 .3 1 7 9 4 .3 3 6 3 .0 4 8 2 . 6 9 3 0 . 6 1 3 1 7 .6 2 6 6 3 .4 1 7 7 8 .2
5 3 3 9 5 .8 3 3 6 9 5 .  1 7 5 0 .2 31 .0 1 . 4 6 E -5 2 1 3 6 .0 1 4 8 1 .3 2 7 8 0 .1 4 4 4 1 . 5 4 6 3 .1 6 8 6 .0 1725.1 3 7 5 7 .0 1347 .  1 2 0 1 3 .7
C 8 2 4 .4 6 1 4 8 .6 3 4 8 .9 6 4 . 0 1 .4 0 E -5 1 6 0 1 .6 1 0 6 3 .6 1 3 5 4 .0 1 7 9 0 .3 3 9 3 . 6 1 0 5 7 .8 1 1 8 2 .9 2 4 0 5 .3 1 1 3 0 .3 1 0 1 1 .3
D 151.2 571 1 .6 22 .  1 3 . 0 1 .5 5 E -7 2 5 6 6 .9 1 7 6 6 .0 1 1 4 5 .3 1328 .1 5 0 9 . 6 9 1 4 . 0 6 1 0 .0 1 4 1 6 .3 2 1 3 4 .9 3 3 2 1 .8
t 4 8 8 .2 9 4 1 4 .5 183. 1 2 6 .6 3 .4 7 E - 6 2 6 2 9 .2 1580. 1 1 5 0 5 .4 2 1 5 4 .0 3 7 4 .3 7 1 1 .0 8 0 7 .8 1 7 1 1 .5 2 1 0 7 .3 1 7 1 8 .7
F 8 9 2 .9 1 6 7 7 5 .2 201 .3 5 . 9 2 .2 3 E - 7 2 1 9 9 .1 1 7 6 4 .7 1 8 1 9 .4 2 7 6 2 .9 4 3 4 .  1 7 7 3 .6 1 2 1 8 .8 2 7 9 7 .5 12 8 1 .4 2 0 1 9 .7
G 4 9 4 .3 5 5 3 6 .8 132 .8 1 4 .3 1 .2 8 E -5 2 3 1 0 .3 1 1 9 3 .2 1 4 3 8 .6 2 4 2 9 . 6 4 8 2 . 5 1076.1 1 5 5 8 .8 2 8 2 8 .7 1 7 3 4 .5 1 0 0 4 .8
H 1 0 7 .9 6 5 9 .2 7 1 .4 2 1 5 .5 1.6 7 E -4 1 0 5 4 .9 7 6 6 .2 8 5 5 .5 4 9 0 . 6 1 5 6 .3 3 5 7 . 6 6 6 0 .0 5 3 8 . 4 153. 1 3 0 . 5
I 2 7 4 6 .8 2 0 7 9 6 .5 6 7 5 .5 3 6 .4 2 .8 5 E - 6 1 7 6 7 .9 1 5 2 2 .4 2 3 1 9 .8 2 6 5 5 .5 5 4 6 .8 1 5 1 1 .3 2 5 5 6 .2 3 3 1 9 .8 1 5 7 8 .4 2 8 0 2 .0
J 3 7 4 1 .9 16811 .8 5 3 2 .3 4 5 . 0 1 .8 8 E -5 1 9 5 4 .4 1 0 5 3 .9 1 9 0 1 .7 2 2 7 3 .9 3 6 8 .5 6 5 2 .3 1 3 0 0 .2 2 3 5 6 .8 1 2 0 2 .8 1 6 1 5 .6
K 1 1 7 4 .7 1 5 2 1 2 .7 361 .3 4 9 .7 4 . 0 5 E - 5 1771 .0 8 7 5 . 8 1 3 9 1 .5 1 6 0 3 .6 2 1 2 .9 6 2 5 .4 9 6 0 . 3 1 6 1 2 .0 8 3 8 .1 8 8 4 .2
L 4 1 8 . 6 8 4 8 2 .5 122 .3 141 .5 7 .2 0 E - 5 1 1 4 4 .0 5 4 2 .  1 5 9 9 .0 3 6 7 .9 2 1 1 .2 4 0 1 . 8 5 1 2 .2 5 0 0 .7 1 0 6 .4 6 5 . 9
M 2 2 8 2 .0 2 1 5 9 0 .6 5 2 6 .8 2 8 .0 1 .8 1 E -5 1 5 9 0 .8 9 7 4 . 0 1329.1 2 4 2 2 .2 1 5 2 .6 3 1 0 .8 5 6 5 .5 1 8 5 5 .6 3 1 2 . 0 4 3 2 .1
N 4 0 3 1 . 0 3 7 2 4 2 .0 9 5 0 .5 5 8 . 6 1 . 40E -5 2 1 2 8 .6 1 2 5 9 .9 2 2 2 2 .6 5 0 0 7 . 4 2 9 3 .8 4 5 2 . 5 1 1 9 0 .7 4 0 3 0 .9 1 8 7 3 .7 2 4 7 8 .2
0 1 3 9 2 .5 1 4 3 4 8 .9 2 2 3 .7 2 8 .7 3 .4 3 E - 6 2 2 8 1 .3 1 1 0 4 .6 2 0 1 0 .6 2 1 4 2 .2 3 0 8 .0 6 7 9 .  1 11 5 2 .9 1 7 2 3 .8 2 9 4 4 .8 1 8 7 2 .7
P 6 6 2 .7 6 6 0 1 .4 186. 1 9 3 . 9 1 .9 3 E -5 2 0 0 8 .1 9 5 8 .  1 1 6 1 0 .3 1 4 7 4 .5 1 4 3 .9 2 4 2 .9 5 4 4 .1 9 5 1 . 9 1 4 4 3 .8 9 7 5 .2
0 2496 .1 2 9 4 2 9 .2 5 5 0 .6 9 2 .  1 8 .3 7 E - 5 7 8 8 .7 5 1 9 .9 6 5 4 .2 1 3 4 3 .7 103.1 2 4 8 .5 5 1 3 .8 1 5 7 1 .8 1 6 6 .2 8 9 .1

R 1935.1 1 0 1 4 5 .3 3 5 0 .0 1 96 .4 9 . 2 5 E - 5 773 .  1 5 5 0 .8 7 5 9 .6 1119 .  1 1 4 6 .6 311 .0 5 9 0 .9 1 3 1 0 .8 2 3 9 .5 13 6 .8

S 1 8 0 0 .2 2 9 1 1 9 .7 4 6 9 .9 0 2 .2 8 E - 7 2 3 0 2 .7 1 2 8 4 .0 1 7 8 5 .6 2 6 6 3 .4 2 3 0 .3 4 0 4 .3 1 2 8 2 .0 3 4 7 7 .7 1 8 2 3 .5 2 1 0 7 .7

T 301 .0 7 9 9 0 .6 7 3 .0 1 88 .7 8 . 4 2 E - 5 9 8 2 . 6 6 2 6 .2 6 1 1 . 6 3 5 2 . 4 1 0 9 .4 2 6 8 .6 4 4 3 .5 5 4 4 . 3 51 .7 2 9 .4

U 3 8 0 8 .3 2 5 8 4 3 .7 551 .5 2 6 .2 1 . 6 0 E -5 1 3 6 3 .4 1 2 4 1 .6 2 1 1 6 .5 3 0 5 1 . 2 2 1 0 . 4 3 3 9 .5 1 0 7 3 .5 3 0 2 2 .4 1 3 8 1 .8 2 1 9 8 .6

V 6 5 5 .7 5 5 9 4 .3 2 5 5 .6 1 0 5 .0 1 .4 9 E -4 8 5 6 . 0 7 1 8 .4 5 9 7 .5 5 8 4 . 4 1 6 3 .6 5 1 4 . 6 5 2 3 .9 6 7 9 . 4 1 1 2 .5 1 0 0 .2
w 5 6 0 .9 4 5 4 5 . 9 1 9 0 .0 1 4 8 .9 1 . 04E -4 1 0 8 4 .4 7 6 2 .8 6 7 7 .8 4 5 8 . 4 1 2 6 .7 2 7 8 .2 3 9 2 .7 471 . 6 176 .1 1 45 .5
X 5 2 5 .8 7 0 6 3 .6 301 .5 1 1 8 .9 5 . 10E-5 9 0 8 . 7 1 0 1 7 .3 1 0 4 4 .5 5 6 8 .  1 1 7 5 .0 5 1 2 . 6 5 8 1 .7 6 6 5 .7 1 8 4 .7 17B.5

Mean 1 461 .1 1 4 4 0 2 .8 3 3 6 .5 7 2 . 0 4 .0 9 E - 5 1 7 0 2 .4 1 0 6 2 .5 1 4 2 6 .5 1 8 8 6 .6 2 7 8 .3 5 7 5 .5 9 5 3 . 3 1 8 6 9 .5 1 1 2 4 .5 1 2 0 8 .8

S .D . 1 2 8 6 .9 1 0 3 1 6 .2 2 4 3 .7 6 5 . 4 4 .B 9 E -5 631 . 6 3 7 2 .2 6 2 2 .5 1 2 1 5 .8 1 4 0 .3 3 1 6 . 0 5 0 8 .7 1 1 1 6 .0 8 8 2 . 8 1014.1



Table 2.5 (continued).

SITE CA70 CA150 MG 10 MG30 MG70 MG 150 K10 K30 K70 K150 TKNSUM TKPSUM CASUM MGSUM KSUM

A 5 9 7 5 .0 1 3 5 8 5 .8 1 0 5 .0 61 .0 2 7 3 .5 6 5 9 .7 5 7 . 2 6 0 . 3 1 5 3 .3 2 2 8 .  1 7609 8 3 5 2 7 .3 2 6 7 3 6 .4 1 1 7 4 .3 6 0 2 .3
6 1 0 8 4 2 .0 4 3 3 5 6 .8 1 19 .8 3 3 2 .7 1 8 9 1 .3 5 0 1 5 .7 7 6 . 3 1 9 0 .3 6 6 0 .2 1141 .5 10838 9 6 6 3 1 .2 5 7 5 5 9 .6 7 3 5 9 . 4 2 0 6 8 .2

C 1868. 1 9 7 1 7 .7 7 8 .3 7 7 .7 2 1 1 .1 1 4 6 9 .9 7 0 .8 9 6 .  1 171 .0 6 4 3 .3 5795 7 5 0 3 6 .5 1 3 7 1 8 .5 1 8 3 6 .4 9 8 0 .7

D 4 1 6 5 .8 1414 4 .2 1 3 9 .9 1 3 6 .0 2 6 9 .6 8 9 3 . 8 7 0 .3 7 1 .5 1 5 3 .2 2 3 5 .7 6836 2 3 4 7 6 .9 2 4 0 5 0 .4 1 4 6 2 .9 5 3 7 .2
E 2 3 0 2 .9 1 5 6 4 4 .0 1 3 6 .0 1 0 3 .7 159. 1 1389.1 6 4 .7 6 6 . 8 1 1 4 .0 4 3 9 .1 7827 8 3 5 9 5 . 0 2 1 7 4 3 .6 1 7 8 5 .7 6 8 3 .7
F 9 3 0 2 .0 3 8 3 2 9 .6 9 4 . 3 2 6 4 .4 1 1 5 0 .5 2 7 4 7 .7 6 2 . 3 1 1 9 .2 3 8 7 . 0 6 9 1 . 9 8541 4 5 2 2 0 .2 5 0 9 1 0 .4 4 2 5 6 . 6 1260.1
G 2 3 2 6 .7 2 6 3 4 4 .3 9 6 . 6 8 6 . 0 4 9 9 .  1 2 3 6 6 .8 6 7 . 7 7 7 . 2 3 3 4 .5 8 3 5 . 9 7625 6 6 3 0 0 .7 3 6 9 3 0 .3 3 3 4 3 .5 1 4 4 2 .7
H 5 9 . 0 6 3 3 .2 2 4 .4 8 . 2 1 2 .5 1 0 3 .7 3 9 . 9 2 4 .0 3 2 . 8 6 2 . 5 3167 1 1 7 1 2 .3 8 7 5 . 8 1 4 8 .7 1 5 9 .2
I 7 4 9 2 .7 2 8 4 2 9 .4 1 5 5 .0 3 9 0 .8 1 6 8 7 .6 4 6 6 6 .4 110 .7 2 8 5 .2 6 2 0 .7 1017 .1 8265 6 7 9 3 4 .2 4 0 3 0 2 .5 6 9 0 1 .7 2 0 3 3 .7
J 7 9 2 7 .3 1 9 9 1 0 .6 1 2 6 .6 3 0 6 .2 1 872 .1 4 3 4 0 .2 8 4 .1 181 .7 7 5 2 . 9 7 8 0 . 9 7174 9 4 6 7 4 .7 3 0 6 5 0 .8 6 6 4 4 . 2 1 7 9 8 .9
K 53 2 5 .1 1 6 9 7 0 .4 1 0 4 .5 1 3 6 .6 1 1 6 8 .5 1 6 6 5 .2 11 6 .8 10 7 .7 3 9 9 . 4 5 7 3 . 9 6479 9 4 1 8 3 . 3 2 9 3 7 2 .5 4 6 2 5 . 0 1 6 8 6 .5
L 7 4 9 .7 8 1 1 9 .5 1 9 .8 1 3 .7 1 3 7 .5 3 6 3 .4 3 6 . 6 3 0 .7 5 9 . 3 9 8 . 5 2650 3 1 6 2 5 .6 9 0 4 1 . 2 5 3 4 . 4 2 2 5 .0
M 2 7 2 4 .4 2 2 9 2 3 .5 5 9 . 0 7 8 . 5 4 9 7 . 4 2 5 4 1 .4 3 6 . 5 4 5 . 8 1 3 5 .9 5 8 2 .7 6310 0 2 8 8 3 .9 2 6 3 9 1 .6 3 1 7 6 .3 8 0 0 . 8
N 9 8 2 7 .0 3 6 2 8 3 .9 261 .3 4 6 6 .  1 2 2 1 6 .4 4 0 4 2 . 2 11 6 .2 19 6 .3 6 7 1 .2 9 4 1 . 5 10633 a 5 9 6 8 .8 5 0 4 8 7 .4 6 9 8 9 .1 1 9 2 6 .4
0 8 8 7 2 .7 1 6 7 4 0 .5 2 8 9 .7 3 2 3 .7 1 5 5 0 .8 2 0 0 9 .0 1 5 2 .9 1 0 7 .4 3 8 3 .8 3 4 1 .7 7558 6 3 8 6 4 .0 3 0 4 6 5 .4 4 1 7 5 . 6 9 8 8 .1
P 1 6 3 5 .3 6 2 6 5 .4 1 3 7 .9 8 8 .  1 1 1 4 .6 641 .2 8 1 . 6 3 0 .7 5 9 . 6 1 7 3 .4 6061 1 1883 .1 10323 .1 9 8 2 . 2 3 4 5 . 8
Q 1 2 9 0 .2 2 8 2 4 3 .3 3 0 .5 1 8 .6 1 4 5 .8 2 3 7 3 .5 4 2 . 0 4 4 . 6 1 0 7 .6 5 0 4 . 8 3306 6 2 4 3 7 .2 2 9 7 8 8 .7 2 5 6 8 .3 6 9 9 .1
R 3 8 9 .3 9 8 8 3 . 3 31 .2 2 5 .7 5 4 . 0 1 9 0 4 .5 2 4 .7 2 8 . 3 4 3 . 7 3 2 9 . 4 3202 6 2 3 5 9 .3 1 0 6 4 8 .9 2 0 1 5 .4 4 2 6 .1
S 1 2 1 4 5 .7 4 7 9 1 1 .8 1 6 4 .5 2 8 9 .8 1 6 6 1 .3 4 0 9 5 .0 6 8 . 0 1 3 6 .3 4 7 6 . 0 1 0 0 2 .2 8035 7 5 3 9 4 .3 6 3 9 8 8 .7 6 2 1 0 . 5 1 6 8 2 .4
T 2 8 8 .8 7 7 2 4 .1 1 7 .5 7 . 2 1 8 .5 2 8 7 .6 3 4 . 9 2 6 . 6 3 5 . 7 5 8 . 7 2572 8 1 3 6 5 .7 8 0 9 4 .0 3 3 0 .8 1 5 5 .8
U 5 7 2 1 .1 2 4 2 0 3 .2 1 3 5 .7 4 6 7 .8 1 6 9 0 .2 3 2 8 9 .2 7 2 . 3 2 0 8 .1 4 3 7 . 0 471 .9 7772 7 4 6 4 5 .8 3 3 5 0 4 . 6 5 5 8 2 . 9 11B9.3
V 4 4 8 . 6 5 3 4 9 .1 31 .2 2 6 .8 1 1 9 .3 5 9 0 . 6 5 3 . 9 4 6 .1 9 0 . 6 2 1 3 .8 2756 3 1 8 8 1 .6 6 0 1 0 .4 7 6 7 . 9 4 0 4 . 3
w 7 0 4 .0 3 8 2 1 .9 3 8 . 5 3 3 .9 161 .9 3 9 7 .9 5 3 .1 4 4 . 0 8 0 . 2 1 1 5 .5 2983 4 1 2 6 9 .2 4 8 4 7 . 6 6 3 2 . 2 2 9 2 .8
X 1 0 4 2 .3 9 0 0 7 .2 2 9 .4 3 3 . 8 2 4 0 .6 7 3 4 .7 4 0 . 0 6 1 . 5 1 8 2 .2 3 7 3 .2 3538 6 1 9 3 5 .0 1 0 4 1 2 .8 1 0 3 8 .4 6 5 6 . 9

Mean 4 3 0 9 .4 1 8 8 9 7 .6 101 . 1 1 5 7 .4 7 4 1 .8 2 0 2 4 .6 6 8 .  1 9 5 . 3 2 7 2 . 6 4 9 4 . 0 6147 7 3 7 4 1 .9 2 6 1 1 9 .0 3 1 0 5 . 9 9 6 0 .3
S.D . 3 8 6 1 .0 1 2 9 8 3 .5 7 2 . 3 1 5 3 .3 7 5 8 . 0 1 5 3 2 .6 31 .0 7 0 . 6 2 3 0 .3 3 2 9 . 0 2540 5 1 8 7 6 .0 1 7 5 5 8 .5 2 4 2 6 .3 6 3 4 . 4



Table 2.6. S U e  level values of field determined soil variables.

SITE ASAND ASILT ACLAV BSAND BSILT BCLAY CSAND CSILT CCLAY ACSFR BCSFR CCSFR SAND30 SILT30 CLAY30 SLT150
<—_____

A 6 3 . 3 2 5 . 8 1 1 .0 6 9 . 0 1 9 .4 11 . 6 6 7 . 2 3 . 8 4 .  1 4 . 4 2 0 .7 1 5 .9 83 12 5 65
B 5 3 . 0 3 2 . 8 1 4 .3 3 8 . 3 3 7 . 5 2 4 . 3 4 4 . 8 1 8 .4 3 6 . 8 1 .6 1 .5 0 . 9 63 26 11 10
C 7 2 . B 1 9 .0 8 . 3 8 0 . 2 1 1 .6 8 . 2 4 0 . 0 2 3 .7 3 6 . 3 0 . 5 1 .7 1 .1 83 12 5 83
0 5 9 . 3 2 8 .8 1 2 .0 6 8 . 6 2 1 .2 1 0 .3 6 7 . 5 3 . 8 3 . 8 0 . 5 17.1 8 . 2 65 25 10 57
E 5 9 . 3 2 8 .8 1 2 .0 72 .  1 16. 1 1 1 .9 7 5 .3 7 . 6 1 7 .0 2 . 5 9 . 8 8 . 7 65 25 10 57
F 6 3 . 8 2 5 .8 1 0 .5 5 6 . 7 2 1 .0 2 2 .4 7 2 . 6 1 6 .8 1 0 .6 2 . 2 1 .9 1 .6 65 25 10 57
G 6 4 . 5 2 5 .3 1 0 .3 6 3 . 4 21 . 6 15.1 2 2 . 6 1 0 .6 1 6 . B 2 . 3 1 .8 0 . 2 65 25 10 57
H 8 3 . 0 1 2 .0 5 . 0 9 0 . 0 5 . 0 5 . 0 9 0 . 0 5 . 0 5 . 0 0 . 4 2 . 0 0 .  1 90 5 5 90
I 6 8 . 3 2 2 . 3 9 . 5 4 3 . 0 3 4 . 4 2 2 . 6 4 9 .  1 21 .2 2 9 .7 0 . 7 2 . 9 5 . 6 42 40 18 57
J 6 8 . 3 2 2 . 3 9 . 5 5 4 . 2 2 7 .  1 1 8 .8 61 .9 1 4 .8 2 3 .3 1 .8 6 . 3 2 .  1 65 25 10 42
K 4 6 . 3 1 9 .0 7 . 8 6 8 . 0 1 8 .6 1 3 .5 5 9 . 0 8 . 2 7 . 8 0 . 0 2 . 4 0 . 0 65 25 10 65
L 9 0 . 0 5 . 0 5 . 0 8 9 . 0 6 . 0 5 . 0 9 0 . 0 5 . 0 5 . 0 0 . 2 1 . 6 0 .1 90 5 5 90
M 9 0 . 0 5 . 0 5 . 0 7 8 . 0 1 3 .5 8 . 6 5 9 . 5 1 6 .3 2 4 .2 0 . 2 2 . 2 0 . 3 90 5 5 57
N 4 1 . 8 2 3 . 0 1 0 .3 4 0 . 8 3 9 . 2 2 0 . 0 3 2 . 4 2 2 .7 4 4 . 9 0 . 6 2 .  1 0 .1 42 40 18 10
0 4 8 . 3 1 9 .0 7 . 8 5 7 . 8 2 1 . 6 2 0 .7 5 9 . 9 1 5 .6 2 4 .5 0 . 2 1 .6 4 . 6 65 25 10 57
P 2 0 .8 3 . 0 1 .3 8 6 . 5 8 . 6 5 . 0 8 8 . 3 5 . 3 6 . 5 0 . 3 0 . 4 0 .1 83 12 5 90
0 9 0 . 0 5 . 0 5 . 0 9 0 . 0 5 . 0 5 . 0 6 6 . 2 8 . 5 2 5 . 3 0 . 0 4 . 9 0 . 3 90 5 5 90
R 9 0 . 0 5 . 0 5 . 0 9 0 . 0 5 . 0 5 . 0 8 9 . 5 5 . 3 5 . 3 0 .1 6 . 4 1 .0 90 5 5 90
S 7 5 . 3 1 7 .0 7 . 8 6 2 . 9 16.1 21 .0 1 0 .0 3 5 . 0 5 5 . 0 1 .0 0 . 8 1 .0 65 25 10 57
T 9 0 . 0 5 . 0 5 . 0 9 0 . 0 5 . 0 5 . 0 9 0 . 0 5 . 0 5 . 0 0 . 0 2 . 9 0 . 3 90 5 5 90
U 5 6 . 0 3 2 .8 11 .3 5 4 . 4 2 9 .0 1 6 .7 7 3 . 2 8 . 9 1 8 .0 1 .2 2 . 3 0 .1 65 25 10 10
V 9 0 . 0 5 . 0 5 . 0 8 7 . 2 7 . 9 5 . 0 8 9 .1 5 . 0 5 . 9 0 . 6 1 0 .5 2 . 0 90 5 5 83
w 8 6 . 5 8 . 5 5 . 0 8 5 .  1 1 0 .0 5 . 0 8 7 . 5 5 . 0 7 . 5 0 . 4 9 .  1 2 . 5 83 12 5 90
X 9 0 . 0 5 . 0 5 . 0 8 3 .1 1 0 .0 6 . 9 8 5 . 5 5 . 0 9 . 5 0 . 4 7 . 6 1 .8 83 11 5 57

Mean 6 9 . 3 1 6 .7 7 . 8 7 0 .7 17.1 1 2 .2 6 5 . 5 11 .5 1 7 .8 0 . 9 5 . 0 2 . 4 7 4 . 0 1 7 .8 8 . 2 6 3 . 0
S .D . 1 9 .0 1 0 .2 3 . 2 1 6 .9 1 0 .5 7 . 0 2 2 .9 8 . 2 1 4 .4 1.1 5 . 2 3 . 8 1 4 .9 11 .1 3 . 9 2 5 . 6

i



Table 2.6. (continued).

SITE SILT150 CLT150 SGT15CI CGT150 CGT15C1 SAND450 SILT450 CLAV450 HEAVS; HEAVSI HEAVC DEPVFS DEPLS DEPSL DEPSCL DEPTE
< — — — — —----- cm

A 25 10 57 15 28 57 15 28 57 15 28 500 15 70 50 45
B 55 35 10 55 35 10 55 35 57 15 28 500 15 25 49 43
C 12 5 20 65 15 57 15 28 57 15 28 500 15 142 185 179
0 15 28 57 15 28 57 15 28 57 15 28 500 500 15 98 15
E 15 28 57 15 28 57 15 28 57 15 28 500 500 17 137 105
F 15 28 57 15 28 57 15 28 57 15 28 500 500 18 57 52
G 15 28 57 15 28 57 15 28 57 15 28 500 500 30 93 88
H 5 5 90 5 5 90 5 5 90 5 5 500 500 500 500 500
I 15 28 33 35 32 33 35 32 33 35 32 500 15 33 64 49
J 40 16 57 15 28 57 15 28 57 15 28 500 47 18 43 39
K 25 10 57 15 28 57 15 28 57 15 28 307 63 52 173 135
L 5 5 90 5 5 90 5 5 83 12 5 500 220 500 500 500
M 15 28 10 55 35 10 55 35 10 55 35 500 83 48 115 100
N 55 35 10 55 35 10 55 35 10 55 35 500 379 22 60 48
0 15 28 57 15 28 57 15 28 57 15 28 500 500 18 59 40
P 5 5 65 25 10 65 25 10 33 35 32 177 49 198 244 125
Q 5 5 33 35 32 33 35 32 33 35 32 167 198 154 205 87
R 5 5 20 65 15 20 65 15 20 65 15 299 500 274 500 259
S 15 28 10 55 35 10 55 35 10 55 35 500 15 20 58 43
T 5 5 83 12 5 83 12 5 83 12 5 500 500 500 500 500
U 55 35 10 55 35 10 55 35 33 35 32 146 106 110 40 21
V 12 5 65 25 10 65 25 10 65 25 10 500 134 335 500 183
w 5 5 65 25 10 65 25 10 65 25 10 500 24 500 500 244
X 1 5 28 57 15 28 57 15 28 57 15 28 500 72 185 52 37

Mean 1 8 .7 1 8 .3 47 . 0 29 . 5 23 . 6 4 8 . 5 2 7 . 4 2 4 .1 4 9 . 8 2 5 . 6 2 4 . 6 441 .5 2 2 7 .1 1 5 7 .7 1 9 9 .3 143,
S .D . 16 .2 1 2 .2 26 . 0 20 . 1 10. 8 2 5 . 4 1 8 .8 1 0 .7 22 . 5 1 6 .8 10.1 1 2 0 .9 2 1 3 .2 1 7 8 .8 1 8 5 .6 153.



Table 2.6. (continued).

SITE TEXS TEXSI 
_ _ ( / ___

TEXC BIC OIWT OEWT ATHICK ETHICK BTHICK BSTHICK BTTHICK AVALUE BVALUE EDC DEPPH7 d e p c o :
»  — — - > ------------p v y  /  i i d ----------------" ■ c m ----- > cn1 •

A 57 15 28 4 . 2 5 3 0 2 8 .7 1 0 4 0 0 .0 9 . 0 0 . 0 9 7 . 8 1 8 .0 0 . 0 2 . 0 4 . 0 0 . 0 51 103
B 10 55 35 5 . 0 0 2 5 6 2 .7 1 0 3 9 6 .3 3 . 3 3 . 3 8 9 . 0 1 3 .3 0 . 0 2 . 0 3 . 8 1 .8 67 67
C 57 15 28 5 . 0 0 3 0 4 8 .3 1 4 9 2 1 .3 2 . 3 4 . 3 1 2 3 .5 4 0 . 8 0 . 0 2 . 3 3 . 8 2 . 3 121 358
D 65 25 10 4 . 5 0 2 3 6 1 .3 1 1 5 5 0 .0 4 . 8 2 . 5 1 2 2 .3 2 9 . 8 0 . 0 2 . 0 4 . 0 1 .3 64 114
E 57 15 28 5 . 0 0 2 8 5 6 .7 1 0 6 0 5 .0 4 . 5 4 . 0 1 0 4 .8 2 8 .6 0 . 0 3 . 0 4 . 0 0 . 5 107 107
F 57 15 28 5 . 0 0 2 8 4 4 .3 1 3 6 8 5 .7 7 . 8 5 .1 1 0 4 .3 1 1 .0 0 . 0 2 . 0 4 . 5 1 .0 68 68
G 57 15 28 5 . 0 0 2 9 4 3 .7 9 3 7 5 . 0 5 . 5 2 . 8 1 4 0 .3 4 3 . 5 0 . 0 2 . 3 4 . 3 0 . 8 99 99
H 90 5 5 1 .0 0 2 7 8 6 .3 1 1 2 2 6 .3 5 . 5 5 . 5 4 9 . 0 4 6 . 3 0 . 0 2 . 8 4 . 5 1 .8 237 328
I 33 35 32 5 . 0 0 3 5 3 1 .3 1 1 6 0 8 .0 3 . 3 1 .8 9 5 . 5 1 3 .5 5 5 . 5 2 . 3 4 . 0 1 .0 73 112
J 57 15 2B 4 . 5 0 3 0 6 7 .3 7 3 2 6 .0 4 . 0 1 .3 7 0 . 3 1 0 .5 3 3 . 0 2 . 0 3 . 8 1 .0 77 85
K 60 2B 12 4 . 7 5 2 8 0 8 .3 1 1 4 1 2 .0 3 . 3 5 . 5 1 1 4 .3 2 5 .8 0 . 0 2 . 0 4 . 0 3 . 5 107 127
L 90 5 5 0 . 7 5 2 6 8 2 .7 1 1 6 3 2 .0 4 . 0 1 .0 4 3 . 0 3 4 . 3 0 . 0 2 . 5 4 . 8 0 . 5 92 170
M 10 55 35 3 .7 5 3 1 7 0 .7 1 5 7 2 2 .3 4 . 3 5 . 5 6 5 . 8 3 7 . 3 0 . 0 2 . 0 3 . 8 1 . 0 98 112
N 10 55 35 5 . 0 0 3 5 1 6 .3 1 6 2 4 7 .3 4 . 3 8 . 5 6 5 . 0 0 . 0 2 4 . 3 2 . 3 4 . 3 2 . 5 44 69
0 57 15 28 5 . 0 0 2 9 8 9 .7 1 1 4 0 4 .0 5 . 3 3 . 3 7 7 . 3 0 . 0 2 9 . 8 2 . 0 4 . 5 1 .3 61 103
P 65 25 10 4 . 0 0 3 7 4 5 .0 1 2 2 7 0 .3 6 . 0 9 . 8 5 4 . 8 4 3 . 8 0 . 0 2 . 0 3 . 3 3 . 5 112 218
Q 65 25 10 3 . 2 5 3 2 5 1 .0 1 2 0 6 0 .0 5 . 0 4 . 8 5 0 . 0 4 7 . 8 0 . 0 2 . 0 4 . 3 3 . 8 74 114
R 20 65 15 1 .5 0 2 6 4 0 .3 8 7 1 2 . 7 5 . 0 6 . 3 4 5 . 3 3 9 . 5 0 . 0 2 . 8 4 . 8 2 . 3 201 253
S 57 15 28 5 . 0 0 2 5 8 4 .7 5691 .0 1 0 .8 3 . 3 9 4 . 0 0 . 0 4 7 . 3 2 . 8 4 . 5 1 .3 48 55
T 90 5 5 0 . 2 5 2 1 7 4 .7 1 0 1 5 2 .3 4 . 0 1 .0 4 5 . 3 4 5 . 3 0 . 0 3 . 0 4 . 3 2 . 0 123 123
U 10 55 35 4 . 5 0 2 5 4 0 .0 1 2 4 9 0 .3 3 . 5 6 . 5 5 2 . 0 1 6 .8 31 .0 2 . 5 4 . 0 2 . 0 101 109
V 65 25 10 2 . 2 5 2 8 1 5 .3 1 4 6 8 5 .0 1 .8 4 . 3 4 7 . 5 3 3 . 8 0 . 0 2 . 0 4 . 8 4 . 0 199 298
w 65 25 10 1 .2 5 2 8 0 5 .0 1 3 9 0 3 .3 3 . 8 4 . 5 2 8 . 8 4 0 . 5 0 . 0 2 . 0 5 . 0 2 . 5 143 143
X 57 15 28 2 . 5 0 2 5 2 0 .7 1 4 4 5 7 .7 2 . 3 3 . 5 8 0 . 5 3 5 . 3 1 4 .3 2 . 0 3 . 8 4 . 0 187 202

Mean 5 2 . 5 2 6 . 0 21 .5 3 .6 7 2 8 8 6 .5 1 1 7 4 7 .3 4 . 7 4 .  1 7 7 . 5 2 7 . 3 9 . 8 2 . 3 4 . 2 1 .9 1 0 6 .3 147
S.D . 2 4 . 6 1 7 .9 11.1 1 .6 3 3 7 4 .2 2 5 5 8 .5 2 .  1 2 . 3 3 0 . 7 1 5 .9 17. 1 0 . 4 0 . 4 1 .2 5 2 . 6 84



Table 2.6. (continued).

SITE ROOTDEP SLOPE ASPECT ELEV PHYSFORM DRCLASS MOTTDEP
o _

A 127 1 8 .5 190 372 4 3 500
B 84 1 7 .8 8 375 4 4 24
C 93 2 . 3 0 408 7 4 94
D 127 4 . 3 0 387 7 4 36
E 133 1 1 .3 286 396 4 3 168
F 121 7 . 8 285 378 4 4 23
G 118 7 . 3 40 378 5 4 45
H 151 1 2 .8 146 408 4 3 290
I 141 4 . 0 45 366 7 5 30
J 125 5 . 0 90 341 5 5 129
K 148 7 . 5 337 280 7 5 3 7 . 5
L 127 1 0 .0 280 335 4 2 500
M 98 3 . 7 0 323 5 4 90
N 156 9 . 0 270 317 1 3 111
0 128 1 5 .0 140 347 4 3 500
P 122 1 4 .5 108 323 4 3 135
Q 103 1 5 .0 111 335 4 1 175
R 233 1 6 .3 358 335 4 1 290
S 115 2 . 0 0 256 7 5 29
T 185 9 . 5 195 369 8 1 500
U 83 4 . 8 0 335 7 3 374
V 135 6 . 5 20 390 4 3 500
w 122 0 . 8 0 387 3 3 500
X 137 4 . 8 205 372 7 3 59.

Mean 1 2 9 .7 8 . 8 1 2 9 .8 355 5 . 0 3 . 3 214
S .D . 31 .8 5 . 3 1 2 2 .5 38 1 .7 1 .2 191

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

PC A 1s  w e r e  p e r f o r m e d  o n  l a b o r a t o r y  d a t a  s e t s  sum m ed  b y  

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

o r g a n i c  h o r i z o n s ,  a n d  on  l a b o r a t o r y  d a t a  summed by  d e p t h s . 

A s e p a r a t e  PCA w a s  p e r  f o r m e d  o n  f i e l d  d a t a ,  a n d  o n  a  

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

PCA of soil and forest floor laboratory data summed by 
horizons

PCA w a s  p e r f o r m e d  o n  l a b o r a t o r y  d e t e r m i n e d  s o i l  a n d  

f o r e s t  f l o o r  v a r i a b l e s  w h ic h  h a d  b e e n  summed b y  t h e  h o r i z o n  

g r o u p s  O i , O e ,  A, B, a n d  C a b o v e  a  150 cm d e p t h  ( T a b l e  2 . 5 ) .  

B e c a u s e  t h e r e  w e r e  24 o b s e r v a t i o n s ,  t h e  number  o f  v a r i a b l e s  

u s e d  i n  PCA w a s  l i m i t e d  t o  2 3 .  T a b l e s  p r e s e n t  i n g  

r e g r e s s i o n  c o e f f i c i e n t s  o f  t h e  v a r i a b l e s  w i t h  t h e  P C ' s  a l l  

u s e  t h e  f i r s t  f o u r  P C ' s  f o r  c o n s i s t e n c y ; f o u r  w e r e  u s e d  

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

m e a n i n g f u l  i n t e r p r e t a t i o n s  a n d  e i g e n v a l u e s  g r e a t e r  t h a n  1 . 0 ,  

w h e r e a s  t h e  f i f t h  a n d  h i g h e r  P C ' s  u s u a l l y  do  n o t . R a n k s  o f  

t h e  e i g h t  c o e f f i c i e n t s  w i t h  t h e  h i g h e s t  a b s o l u t e  v a l u e s  i n  

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

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

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

w i t h  l o w e r  r a n k s  a r e  l e s s  i m p o r t a n t  t o  t h e  i n t e r p r e t a t i o n  o f  

t h e  PC. E i g h t  r a n k s  w e r e  a l s o  u s e d  t o  m a i n t a i n  c o n s i s t e n c y  

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

f e w e r  t h a n  23 v a r i a b l e s .  P l o t s  o f  s i t e  l o c a t i o n s  w i t h
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r e s p e c t  t o  t h e  f i r s t  t h r e e  PC a x e s  a r e  p r e s e n t e d ;  p l o t s  o f  

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

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

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

P C ' s  a r e  p r e s e n t e d  i n  T a b l e  2 . 7 ,  a n d  t h e  c o r r e l a t i o n  m a t r i x  

u s e d  i n  t h e  PCA i s  p r e s e n t e d  i n  T a b l e  2 . 8 .  C o r r e l a t i o n s  i n  

T a b l e  2 . 8  w h i c h  a r e  g r e a t e r  t h a n  o r  e q u a l  t o  a n  a b s o l u t e  

v a l u e  o f  0 . 4 0 4  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a l p h a = 0 .0 5  

f o r  n = 2 4 . The  f i r s t  PC s u m m a r i z e d  45% o f  t h e  v a r i a b i l i t y  i n  

t h e  d a t a  s e t ,  a n d  e m p h a s i z e d  Oi ( u n d e c o m p o s e d  f o r e s t  f l o o r  

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

p l a c e d  on  Oi m a g n e s iu m  (Mg) a n d  P .  The  c o e f f i c i e n t s  a r e  

a l l  p o s i t i v e , a n d  v a l u e s  r a n g e  o n l y  f r o m  0 . 0 3 3  t o  0 . 0 8 5 ,  s o  

t h i s  c o m p o n e n t  s h o w s  o n l y  a  r e l a t i v e  s i z e  t r e n d . S i t e s  

a r r a y e d  a l o n g  t h i s  PC a x i s  r a n g e  f r o m  t h o s e  w i t h  low  a m o u n t s  

o f  n u t r i e n t s  t o  t h o s e  w i t h  h i g h  a m o u n t s . T h e  s e c o n d  P C , 

w i t h  a n  a d d i t i o n a l  23% o f  t h e  v a r i a b i l i t y , e m p h a s i z e d  Oe 

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

h o r i z o n  n u t r i e n t s  w i t h  n e g a t i v e  c o e f f i c i e n t s .  T he  t h i r d  PC 

c o n t a i n e d  13% o f  t h e  v a r i a b i l i t y ,  a n d  p l a c e d  l a r g e  n e g a t i v e  

c o e f f i c i e n t s  on  C h o r i z o n  v a r i a b l e s . The f o u r t h  PC p l a c e d

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

c o e f f i c i e n t s  on  A h o r i z o n  v a r i a b l e s ,  a c c o u n t i n g  f o r  7% o f  

t h e  t o t a l  v a r i a b i l i t y  i n  t h e  d a t a  s e t . N o n e  o f  t h e  P C ' s  

p l a c e d  l a r g e  c o e f f i c i e n t s  on  a  s i n g l e  n u t r i e n t  o r  g r o u p  o f  

n u t r i e n t s  a c r o s s  a l l  t h e  h o r i z o n s , b u t  r a t h e r , s e q u e n t i a l l y  

e m p h a s i z e d  m a s t e r  h o r i z o n  g r o u p i n g s  o f  a l l  n u t r i e n t s  i n  t h e
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T a b l e  2 . 7 .  C o r r e l a t i o n s  b e t w e e n  l a b o r a t o r y  d e t e r m i n e d  s o i l  
v a r i a b l e s  a n d  t h e  f i r s t  f o u r  p r i n c i p a l  c o m p o n e n t s ,  w i t h  
r a n k s  o f  t h e  e i g h t  h i g h e s t  c o r r e l a t i o n s  f o r  e a c h  PC. D a t a  
a r e  summed by  h o r i z o n  g r o u p s .

V a r i a b l e  PC l ( R a n k ) PC 2 (Rank) PC 3 (R ank) PC 4 (R a n k )

E i g e n v a l u e  1 0 . 4 0 5 . 2 3 3 . 0 0 1 . 6 5
P e r c e n t  4 5 . 2 2 2 . 7 1 3 . 0 7 . 2

OITKN 0 . 8 2 3 4 ( 4 ) 0 . 1 9 6 0 0 . 3 1 2 9 0 . 0 6 9 7
OITKP 0 . 8 4 8 3 ( 2 ) - 0 . 0 5 5 5 0 . 2 1 3 6 0 . 0 4 6 1
OIMG 0 . 8 8 1 5 ( 1 ) - 0 . 0 3 1 2 0 . 1 0 3 6 - 0 . 2 8 3 2 ( 8 )
OICA 0 . 8 1 1 8 ( 5 ) - 0 . 3 0 0 3 0 . 3 0 7 8 0 . 1 0 2 1
OIK 0 . 8 2 7 5 ( 3 ) 0 . 0 0 6 8 0 . 0 3 3 2 - 0 . 0 9 0 7
OETKN 0 . 3 3 8 2 0 . 7 8 8 0 ( 1 ) 0 . 4 1 8 4 ( 7 ) 0 . 1 1 8 1
OETKP 0 . 4 4 3 5 0 . 6 9 7 4 ( 4 ) 0 . 4 5 6 2 ( 6 ) 0 . 2 0 9 8
OEMG 0 . 8 0 3 7 ( 6 ) 0 . 4 3 0 6 0 . 2 9 3 8 0 . 0 4 1 4
OECA 0 . 7 0 8 2 ( 8 ) 0 . 2 7 0 8 0 . 4 5 9 2 ( 5 ) 0 . 0 4 5 9
OEK 0 . 4 8 9 3 0 . 7 1 6 0 ( 3 ) 0 . 3 3 2 9 0 . 1 5 7 4
ATKN 0 . 4 9 8 0 - 0 . 7 4 3 5 ( 2 ) 0 . 1 5 0 0 - 0 . 2 1 1 4
AMG 0 . 6 9 0 9 - 0 . 4 4 5 9 0 . 1 2 4 5 - 0 . 4 5 9 7 ( 2 )
ACA 0 . 5 7 2 1 - 0 . 6 6 1 7 ( 6 ) 0 . 2 6 9 7 - 0 . 3 0 0 8 ( 7 )
AK 0 . 5 9 0 8 - 0 . 4 0 5 1 0 . 2 2 9 6 - 0 . 4 1 9 4 ( 4 )
BTKP 0 . 5 4 9 1 - 0 . 5 1 2 4 ( 7 ) 0 . 0 4 6 3 0 . 6 4 0 6 ( 1 )
BMG 0 . 7 2 3 4 ( 7 ) - 0 . 4 3 4 4 - 0 . 3 4 1 8 0 . 3 1 0 4 ( 6 )
BCA 0 . 5 2 5 6 - 0 . 6 9 4 8 ( 5 ) - 0 . 1 1 9 1 0 . 3 4 7 9 ( 5 )
BK 0 . 6 8 6 2 - 0 . 4 3 1 4 - 0 . 3 0 4 8 0 . 4 3 9 9 ( 3 )
CTKN 0 . 6 7 4 3 0 . 4 8 7 9 ( 8 ) - 0 . 4 0 3 7 ( 8 ) - 0 . 2 6 5 0
CTKP 0 . 6 8 8 2 0 . 4 1 5 7 - 0 . 5 2 9 6 ( 4 ) - 0 . 1 5 9 5
CMG 0 . 6 3 7 5 0 . 3 3 5 9 - 0 . 6 4 4 5 ( 1 ) - 0 . 0 7 0 4
CCA 0 . 6 5 1 2 0 . 1 8 1 8 - 0 . 6 2 3 9 ( 2 ) - 0 . 0 9 0 8
CK 0 . 6 7 3 5 0 .4 3 4 7 - 0 . 5 6 2 6 ( 3 ) 0 . 0 6 5 0



T a b le  2 . 6 .  S im p le  l i n e a r  c o r r e l a t i o n s  am ong v a r i a b l e s  u s e d  In  p r i n c i p a l  c o m p o n e n t a n a l y s i s  o f  l a b o r a t o r y  d e t e r m in e d  v a r i a b l e s  summed by  h o r i z o n s .  I n c lu d i n g  o r g a n i c  l a y e r s .

OITKN OITKP OIMG OICA OIK OETKN OETKP OEMG OECA OEK ATKN AMG

OITKN 1 .0 0 0 0 .8 3 5 0 .7 8 1 0 .7 8 7 0 .7 5 4 0 .5 0 4 0 .5 8 1 0 .7 9 1 0 .7 8 2 0 .5 6 0 0 .2 5 0 0 .4 3 8
OITKP 0 .8 3 5 1 .0 0 0 0 .8 0 9 0 .7 3 8 0 .9 0 2 0 .2 7 5 0 .3 9 6 0 .6 5 2 0 .5 6 0 0 .4 2 3 0 .3 5 1 0 .5 9 7
01 MG 0 .7 8 1 0 .8 0 9 1 .0 0 0 0 .7 6 8 0 .8 4 9 0 .2 3 6 0 .2 9 5 0 .6 8 6 0 .6 7 0 0 .3 3 1 0 .5 4 8 0 .6 8 2
OICA 0 .7 8 7 0 .7 3 8 0 .7 6 8 1 .0 0 0 0 .6 0 1 0 .1 1 5 0 .2 5 7 0 .6 2 9 Q .741 0 .2 2 4 0 .6 6 8 0 .6 2 4
OIK 0 .7 5 4 0 .9 0 2 0 .6 4 9 0 .6 0 1 1 .0 0 0 0 .2 5 0 0 .3 2 4 0 .5 4 8 0 .4 5 7 0 .4 0 1 0 .3 5 1 0 .5 5 4
OETKN 0 .5 0 4 0 .2 7 5 0 .2 3 6 0 .  1 15 0 .2 5 0 1 .0 0 0 0 .9 7 6 0 .7 5 4 0 .6 1 0 0 .9 4 6 - 0 .3 3 6 - 0 .0 6 3
OETKP 0 .5 8 1 0 .3 9 6 0 .2 9 5 0 .2 5 7 0 .3 2 4 0 .9 7 6 1 .0 0 0 0 .8 1 3 0 .6 8 5 0 .9 6 9 - 0 .2 5 0 0 .0 1 9
OEMG 0 .7 9 1 0 .6 5 2 0 .6 8 6 0 .6 2 9 0 .5 4 8 0 .7 5 4 0 .8 1 3 1 .0 0 0 0 .8 7 8 0 .8 0 6 0 .1 4 6 0 .4 0 4
OECA 0 .7 B 2 0 .5 6 0 0 .6 7 0 0 .7 4 1 0 .4 5 7 0 .6 1 0 0 .6 8 5 0 .8 7 8 1 .0 0 0 0 .6 3 3 0 .2 7 9 0 .3 3 9
OEK 0 .5 6 0 0 .4 2 3 0 .3 3 1 0 .2 2 4 0 .4 0 1 0 .9 4 6 0 .9 6 9 0 .8 0 6 0 .6 3 3 1 .0 0 0 - 0 .2 5 5 0 .0 5 1
ATKN 0 .2 5 0 0 .3 5 1 0 .5 4 8 0 .6 6 8 0 .3 5 1 - 0 .3 3 6 - 0 .2 5 0 0 .  146 0 .2 7 9 - 0 .2 5 5 1 .0 0 0 0 .7 8 1
A MG 0 .4 3 6 0 .5 9 7 0 .6 8 2 0 .6 2 4 0 .5 5 4 - 0 .0 6 3 0 .0 1 9 0 .4 0 4 0 .3 3 9 0 .0 5 1 0 .7 8 1 1 .0 0 0
ACA 0 .3 6 5 0 .4 9 3 Q .6Q 5 0 .7 5 9 0 .3 9 5 - 0 .2 5 4 - 0 .1 3 6 0 .2 7 6 0 .4 0 4 - 0 .1 4 1 0 .9 0 8 0 .8 7 4
AK 0 .3 4 3 0 .6 0 8 0 .5 7 9 0 .4 6 3 0 .5 9 7 - 0 .0 0 5 0 .0 7 4 0 .3 3 6 0 .2 6 3 0 .1 1 6 0 .6 4 4 0 .8 9 3
BTKP 0 .4 4 0 0 .5 7 7 0 .3 4 2 0 .6 8 9 0 .4 2 5 - 0 .1 4 5 0 .0 2 0 0 .2 5 1 0 .2 8 6 - 0 .0 0 3 0 .4 9 5 0 .3 1 0
BMG 0 .3 5 6 0 .5 7 5 0 .4 7 8 0 .5 5 3 0 .5 5 9 -0 .1 5 1 - 0 .0 2 2 0 .3 1 9 0 .  190 0 .0 3 9 0 .5 5 9 0 .5 6 3
BCA 0 .2 3 3 0 .3 4 2 0 .3 1  1 0 .6 3 2 0 .2 6 6 - 0 .3 1 9 - 0 .1 6 5 0 .1 5 1 0 .  183 - 0 .1 8 3 0 .7 6 8 0 .5 4 6
BK 0 .3 7 4 0 .5 7 2 0 .4 5 7 0 .5 9 4 0 .5 4 5 - 0 .1 6 6 - 0 .0 2 4 0 .2 8 5 0 .2 3 1 0 .0 1 3 0 .5 0 6 0 .4 3 1
CTKN 0 .5 2 1 0 .3 B 4 0 .6 2 1 0 .2 8 6 0 .5 2 4 0 .4 1 4 0 .3 8 6 0 .6 4 2 0 .4 5 9 0 .4 7 2 - 0 .0 0 1 0 .2 9 9
CTKP 0 .5 0 2 0 .4 0 7 0 .5 6 6 0 .2 8 5 0 .5 1 6 0 .3 0 9 0 .3 0 9 0 .5 6 8 0 .4 0 2 0 .3 9 5 - 0 .0 0 8 0 .2 9 4

CMG 0 .4 1 5 0 .4 0 7 0 .5 1 6 0 .2 5 4 0 .5 1 0 0 .  174 0 .1 8 7 0 .4 6 6 0 .2 5 7 0 .3 0 0 - 0 .0 3 5 0 .2 2 3
CCA 0 .3 0 9 0 .3 0 5 0 .4 7 1 0 .2 7 6 0 .4 1 6 0 .  130 0 .1 5 3 0 .4 5 2 0 .2 6 4 0 .2 8 3 0 .1 7 5 0 .3 7 0
CK 0 .4 4 7 0 .4 4 9 0 .5 1 7 0 .2 3 5 0 .5 6 1 0 .3 4 3 0 .3 6 9 0 .5 5 0 0 .3 1 8 0 .4 8 7 - 0 .0 8 2 0 .  183

ACA AK BTKP BMG BCA BK CTKN CTKP CMG CCA CK

0 .3 8 5 0 .3 4 3 0 .4 4 0 0 .3 5 6 0 .2 3 3 0 .3 7 4 0 .5 2 1 0 .5 0 2 0 .4 1 5 0 .3 0 9 0 .4 4 7
0 .4 9 3 0 .6 0 8 0 .5 7 7 0 .5 7 5 0 .3 4 2 0 .5 7 2 0 .3 6 4 0 .4 0 7 0 .4 0 7 0 .3 0 5 0 .4 4 9

0 .6 0 5 0 .5 7 9 0 .3 4 2 0 .4 7 8 0 .3 1 1 0 .4 5 7 0 .6 2 1 0 .5 6 6 0 .5 1 6 0 .4 7 1 0 .5 1 7

0 .7 5 9 0 .4 8 3 0 .6 8 9 0 .5 5 3 0 .6 3 2 0 .5 9 4 0 .2 8 6 0 .2 8 5 0 .2 5 4 0 .2 7 6 0 .2 3 5
0 .3 9 5 0 .5 9 7 0 .4 2 5 0 .5 5 9 0 .2 6 6 0 .5 4 5 0 .5 2 4 0 .5 1 6 0 .5 1 0 0 .4 1 6 0 .5 6 1

-0 .2 5 4 - 0 .0 0 5 - 0 .1 4 5 - 0 .1 5 1 - 0 .3 1 9 - 0 .1 6 6 0 .4 1 4 0 .3 0 9 0 .1 7 4 0 .  130 0 .3 4 3
- 0 .1 3 8 0 .0 7 4 0 .0 2 0 - 0 .0 2 2 - 0 .1 8 5 - 0 .0 2 4 0 .3 8 6 0 .3 0 9 0 .1 8 7 0 .1 5 3 0 .3 6 9

0 .2 7 6 0 .3 3 6 0 .2 5 1 0 .3 1 9 0 .1 5 1 0 .2 8 5 0 .6 4 2 0 .5 8 8 0 .4 6 6 0 .4 5 2 0 .5 5 0
0 .4 0 4 0 .2 6 3 0 .2 8 6 0 .1 9 0 0 .1 8 3 0 .2 3 1 0 .4 5 9 0 .4 0 2 0 .2 5 7 0 .2 6 4 0 .3 1 8

-0 .1 4 1 0 .1 1 6 - 0 .0 0 3 0 .0 3 9 - 0 .1 0 3 0 .0 1 3 0 .4 7 2 0 .3 9 5 0 .3 0 0 0 .2 8 3 0 .4 8 7
0 .9 0 8 0 .6 4 4 0 .4 9 5 0 .5 5 9 0 .7 6 8 0 .5 0 6 -0 .0 0 1 - 0 .0 0 8 - 0 .0 3 5 0 .1 7 5 - 0 .0 8 2
0 .8 7 4 0 .8 9 3 0 .3 1 0 0 .5 6 3 0 .5 4 6 0 .4 3 1 0 .2 9 9 0 .2 9 4 0 .2 2 3 C .3 7 0 0 .  163
1 .0 0 0 0 .7 3 8 0 .4 6 4 0 .5 0 1 0 .6 6 7 0 .4 3 9 0 .0 4 2 0 .0 4 8 0 .0 0 4 0 .1 5 6 - 0 .0 7 6
0 .7 3 8 1 .0 0 0 0 .2 6 3 0 .5 0 5 0 .4 0 8 0 .4 0 2 0 .1 7 7 0 .1 4 0 0 .0 8 8 0 .2 1 3 0 .0 6 6
0 .4 6 4 0 .2 6 3 1 .0 0 0 0 .7 8 8 0 .8 3 4 0 .8 5 1 - 0 .0 7 1 0 .0 4 1 0 .1 0 1 0 .1 6 2 0 .1 6 6
0 .5 0 1 0 .5 0 5 0 .7 8 6 1 .0 0 0 0 .8 4 7 0 .9 5 9 0 .3 1 9 0 .4 3 5 0 .4 8 7 0 .5 8 5 0 .5 0 8
0 .6 6 7 0 .4 0 8 0 .8 3 4 0 .8 4 7 1 .0 0 0 0 .8 3 1 - 0 .0 0 4 0 .0 9 8 0 .  134 0 .3 3 3 0 .1 3 7
0 .4 3 9 0 .4 0 2 0 .8 5 1 0 .9 5 9 0 .8 3 1 1 .0 0 0 0 .2 6 5 0 .3 7 2 0 .4 5 6 0 .4 8 3 0 .4 6 8
0 .0 4 2 0 .  177 - 0 .0 7 1 0 .3 1 9 - 0 .0 0 4 0 .2 6 5 1 .0 0 0 0 .9 5 7 0 .8 6 3 0 .7 7 5 0 .6 4 6
0 .0 4 8 0 .1 4 0 0 .0 4 1 0 .4 3 5 0 .0 9 8 0 .3 7 2 0 .9 5 7 1 .0 0 0 0 .9 3 2 0 .8 5 6 0 .9 0 9
0 .0 0 4 0 .0 8 8 0 .  101 0 .4 8 7 0 .1 3 4 0 .4 5 6 0 .8 6 3 0 .9 3 2 1 .0 0 0 0 .8 5 3 0 .9 2 0
0 .1 5 6 0 .2 1 3 0 .1 6 2 0 .5 8 5 0 .3 3 3 0 .4 8 3 0 .7 7 5 0 .8 5 6 0 .8 5 3 1 .0 0 0 0 .8 8 0

- 0 .0 7 6 0 .0 6 6 0 .1 6 6 0 .5 0 8 0 .1 3 7 0 .4 6 6 0 .8 4 6 0 .9 0 9 0 .9 2 0 0 .8 8 0 1 .0 0 0

V-n
U>
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order Oi, Oe, C, and AB.

A p l o t  o f  s i t e  o r d i n a t i o n s  i n  r e l a t i o n  t o  P C ' s  1 a n d  2 

i s  p r e s e n t e d  i n  F i g u r e  2 . 4 .  S i t e s  f o r m e d  i n  o u t w a s h ,  T ,  H, 

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

r e p r e s e n t s  68% o f  t h e  v a r i a b i l i t y  i n  t h e  d a t a  s e t . T h e  

l o c a t i o n  o f  t h e s e  s i t e s  a t  t h e  m o s t  n e g a t i v e  e n d  o f  PC 1 

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

n u t r i e n t s ,  a n d  a n  i n t e r m e d i a t e  l e v e l  o f  Oe n u t r i e n t s .

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

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

o u t w a s h  s a n d  s i t e s .  T h e i r  l o c a t i o n  w i t h  r e s p e c t  t o  t h e  P C ' s  

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

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

o t h e r  g r o u p s  o f  s i t e s .  Some o f  t h e s e  s i t e s  h a v e  n u t r i e n t  

l e v e l s  s i m i l a r  t o  t h o s e  o f  t i l l  s o i l s .

T i l l  s o i l s  d a t i n g  f r o m  P o r  t  B r u c e  a n d  P o r t  Hu r o n  

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

o r d i n a t i o n  a l o n g  P C ' s  1 a n d  2 .  G e n e r a l l y  s p e a k i n g ,  t h e  P o r t  

B r u c e  t i l l  s i t e s  a r e  l o c a t e d  n e a r e r  t h e  o r i g i n  o f  PC 1 ,  a n d  

m o re  t o  t h e  n e g a t i v e  e x t r e m e  o f  PC 2 .  P o r t  H u ro n  t i l l  s i t e s  

a r e  l o c a t e d  m ore  t o w a r d  t h e  p o s i t i v e  e n d  o f  PC 1 ,  w i t h  w i d e  

d i s p e r s i o n  a l o n g  PC 2 .  T h u s , t h e  P o r t  H u ro n  s i t e s  c o n t a i n  

g r e a t e r  n u t r i e n t  l e v e l s  o v e r a l l ,  a n d  e x h i b i t  m ore  v a r i a t i o n  

i n  Oe n u t r i e n t s  t h a n  t h e  P o r t  B r u c e  s i t e s .

F i g u r e  2 . 5  d i s p l a y s  s i t e  l o c a t i o n s  w i t h  r e s p e c t  t o  PC 1 

a n d  PC 3 o f  l a b o r a t o r y  d a t a  s u m m e d  b y  h o r i z o n s .  PC 3 

s u m m a r i z e s  13% o f  t h e  v a r i a b i l i t y  o f  t h e  d a t a  s e t , a n d  i s
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F i g u r e  2 . 4 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 2 
o f  l a b o r a t o r y  d e t e r m i n e d  s o i l  v a r i a b l e s  summed 
by  h o r i z o n  a n d  a v e r a g e d  w i t h i n  a  s i t e .



3 

2

X Outwash sand ^

+  Outwash/inclusion

Port Bruce till 0

□ Port Huron till 

A Lacustrine -  -j

-2 

- 3
- 3 - 2 - 1 0  1 2 3 4

PC 1 (45%)

PC 2 (23%)

v+  Q+M- 
vifrx

_ H + R
Tx X j_

N □

C /

E>
D *

i

I 1'

k /
+° |  c?
A
%G

S
□

I l ... —L... ... ...



57

F i g u r e  2 . 5 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 3 
o f  l a b o r a t o r y  d e t e r m i n e d  s o i l  v a r i a b l e s  summed 
by  h o r i z o n  a n d  a v e r a g e d  w i t h i n  a  s i t e .
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p r i m a r i l y  a s s o c i a t e d  w i t h  c h a r a c t e r i s t i c s  o f  t h e  C h o r i z o n .  

As i n  t h e  p r e v i o u s  f i g u r e  o f  P C ' s  1 a n d  2 ,  t h e  o u t w a s h  s a n d  

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

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

PC 3 ,  a n d  t h e  t w o  l a c u s t r i n e  s i t e s  a r e  w i d e l y  s e p a r a t e d , 

i n d i c a t i n g  d i f f e r e n c e s  i n  n u t r i e n t  c o n t e n t  o f  t h e  C h o r i z o n .  

The two t i l l  s i t e  g r o u p s  a r e  m o re  s e p a r a t e d  by  PC 3 t h a n  by  

PC 2 ,  w i t h  t h e  e x c e p t i o n s  o f  s i t e s  B a n d  0 .  C h o r i z o n  

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

g r e a t e r  t h i c k n e s s  o f  B h o r i z o n s  on  P o r t  B r u c e  s i t e s ,  a n d  t h e  

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

h o r i z o n .

PCA o f  l a b o r a t o r y  d a t a  summed by  h o r i z o n s  a n d  i n c l u d i n g  

f o r e s t  f l o o r  l a y e r s  d i s p l a y e d  a n  o v e r a l l  s i z e  t r e n d  i n  

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

n u t r i e n t s . T h e  f i r s t  f o u r  P C ' s  w e r e  i d e n t i f i e d  w i t h  

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

S i t e s  b e l o n g i n g  t o  d i f f e r e n t  d e p o s i t i o n a l  e n v i r o n m e n t s  w e r e  

g e n e r a l l y  s e p a r a t e d  a l o n g  PC a x e s  1 ,  2 ,  a n d  3 ,  w i t h  s i t e s  

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

P o r t  Hu r o n  a n d  P o r t  B r u c e  t i l l  s i t e s  w e r e  n o t  w e l l  

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

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

p l a c e d  b e t w e e n  t h e  o u t w a s h  a n d  t i l l  s i t e s .

PCA o f  m i n e r a l  s o i l  l a b o r a t o r y  d a t a  summed by  h o r i z o n s

The PCA p e r f o r m e d  on  l a b o r a t o r y  d a t a  i n c l u d i n g  o r g a n i c
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h o r i z o n s  was  s t r o n g l y  i n f l u e n c e d  by  t h e  n u t r i e n t  c o n t e n t  o f  

t h e s e  l a y e r s .  A PCA o f  t h e  r e l a t i o n s h i p s  among s i t e s  u s i n g  

o n l y  d a t a  d e r i v e d  f r o m  m i n e r a l  s o i l  a n a l y s e s  w a s  a l s o  

p e r f o r m e d .  L a b o r a t o r y - d e t e r m i n e d  v a r i a b l e s  summed by  m a s t e r  

h o r i z o n  g r o u p s  A , B r a n d  C a b o v e  a  d e p t h  o f  1 5 0  cm w e r e  

u s e d . A l l  21 v a r i a b l e s  a v a i l a b l e  f o r  t h i s  a n a l y s i s  w e r e  

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

a n d  t h e  f i r s t  f o u r  P C ' s  a p p e a r  i n  T a b l e  2 . 9 ,  a n d  t h e  

c o r r e l a t i o n  m a t r i x  f o r  t h e  PCA a p p e a r s  i n  T a b l e  2 . 1 0 .  

C o r r e l a t i o n s  p r e s e n t e d  i n  T a b l e  2 . 1 0  w h i c h  are g r e a t e r  t h a n  

o r  e q u a l  t o  a n  a b s o l u t e  v a l u e  o f  0 . 4 0 4  a r e  s i g n i f i c a n t  a t  

a l p h a = 0 . 0 5  f o r  n = 2 4 . H e r e ,  w i t h  Oi a n d  Oe l a y e r s  e l i m i n a t e d  

f r o m  t h e  a n a l y s i s ,  A a n d  B h o r i z o n  n u t r i e n t s  r e c e i v e d  t h e  

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

48% o f  t h e  t o t a l  v a r i a b i l i t y . The f i r s t  PC c o n t a i n e d  b o t h  

p o s  i  t  i  v e  a n d  n e g a t  i  v e  c o e f f i c i e n t s  , w i t h  n e g a t  i v e  

c o e f f i c i e n t s  p l a c e d  o n  h y d r o g e n  ( H ) i o n  c o n c e n t r a t i o n s .  

A c i d i t y  c o u n t e r b a l a n c e s  d e s i r a b l e  s o i l  n u t r i e n t s  i n  t h e  PC, 

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

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

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

o n  B r a y ' s  P i n  t h e  C h o r i z o n  i s  a l s o  i n t e r p r e t a b l e .  T i l l  

s o i l s  o f  t h e  r e g i o n  a r e  c a l c a r e o u s , s o  t h a t  a  B r a y ' s  weak 

a c i d  s o l u t i o n  f a i l s  t o  e x t r a c t  much P f r o m  th e m ,  a n d  h i g h e r  

l e v e l s  o f  B r a y ' s  e x t r a c t a b l e  P a r e  p r e s e n t  i n  C h o r i z o n s  o f  

s a n d y  i n f e r t i l e  s o i l s .  The s e c o n d  PC, a c c o u n t i n g  f o r  22% 

o f  t o t a l  v a r i a b i l i t y ,  e m p h a s i z e s  C h o r i z o n  n u t r i e n t s  w i t h
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T a b l e  2 . 9 .  C o r r e l a t i o n s  b e t w e e n  l a b o r a t o r y  d e t e r m i n e d  
m i n e r a l  s o i l  v a r i a b l e s  a n d  t h e  f i r s t  f o u r  p r i n c i p a l  
c o m p o n e n t s ,  w i t h  r a n k s  o f  t h e  e i g h t  h i g h e s t  c o r r e l a t i o n s  f o r  
e a c h  PC. D a t a  a r e  summed b y  h o r i z o n  g r o u p s .

V a r i a b l e  PC l ' R a n k ) PC 2 (R ank) PC 3 (R ank) PC 4 (R ank)

E i g e n v a l u e  1 0 . 1 3  
P e r c e n t  4 8 . 2

4 . 6 9
2 2 . 3

2 . 3 9
1 1 . 4

0 . 9 3
4 . 4

ATKN 0 . 8 1 7 6 ( 8 ) - 0 . 3 8 6 3 ( 8 ) - 0 . 3 1 6 6 ( 8 ) - 0 . 0 4 6 9
ATKP 0 . 7 1 9 6 - 0 . 4 5 0 2 ( 7 ) - 0 . 0 4 1 9 - 0 . 2 9 7 6 7 ( 4 )
AMG 0 . 7 6 1 5 - 0 . 0 3 6 4 - 0 . 5 0 2 1 ( 3 ) 0 . 3 6 7 5 ( 2 )
ACA 0 . 8 1 2 0 - 0 . 3 5 4 7 - 0 . 4 0 8 4 ( 6 ) 0 . 0 6 6 0
AK 0 . 6 1 9 7 - 0 . 1 1 1 7 - 0 . 4 1 7 2 ( 5 ) 0 . 6 2 6 4 ( 1 )
ABRAYP 0 . 4 9 2 5 - 0 . 5 1 6 8 ( 6 ) - 0 . 3 2 2 2 ( 7 ) - 0 . 3 3 1 3 ( 3 )
AHBUF - 0 . 8 9 0 9 ( 2 ) 0 . 0 7 6 3 - 0 . 0 8 9 0 - 0 . 0 1 7 4
BTKN 0 . 8 9 4 4 ( 1 ) - 0 . 1 2 1 8 0 . 2 7 3 4 - 0 . 0 7 4 5
BTKP 0 . 7 5 4 3 - 0 . 2 0 0 2 0 . 5 9 8 4 ( 2 ) 0 . 0 4 5 2
BMG 0 . 8 7 0 5 ( 5 ) 0 . 1 9 3 2 0 . 2 8 7 5 0 . 1 5 4 3 ( 7 )
BCA 0 . 8 7 0 6 ( 4 ) - 0 . 2 1 1 8 0 . 2 3 4 8 - 0 . 0 6 9 7
BK 0 . 8 3 9 9 ( 7 ) 0 . 1 4 4 1 0 . 4 3 1 3 ( 4 ) 0 . 0 9 5 4
BBRAYP 0 . 0 9 2 5 - 0 . 1 8 3 1 0 . 8 3 0 0 ( 1 ) 0 . 2 4 7 6 ( 5 )
BHBUF - 0 . 6 4 6 1 0 .0 4 9 7 0 . 2 2 5 3 0 . 1 8 7 8 ( 6 )
CTKN 0 . 3 0 1 7 0 . 8 6 8 9 ( 4 ) - 0 . 2 2 6 9 - 0 . 0 0 6 4
CTKP 0 . 3 7 4 0 0 . 8 9 5 3 ( 2 ) - 0 . 1 2 5 2 - 0 . 0 6 2 0
CMG 0 . 3 8 1 4 0 . 8 7 8 9 ( 3 ) - 0 . 0 0 5 7 - 0 . 1 0 3 5
CCA 0 . 5 0 2 9 0 . 7 6 8 4 ( 5 ) - 0 . 0 9 3 6 - 0 . 1 0 2 7
CK 0 . 3 5 5 3 0 . 8 9 6 5 ( 1 ) 0 . 1 1 5 1 - 0 . 0 2 1 5
CBRAYP - 0 . 8 8 0 2 ( 3 ) 0 . 0 5 9 7 - 0 . 0 3 6 0 0 . 1 3 5 4 ( 8 )
CHBUF - 0 . 8 5 7 7 ( 6 ) 0 . 0 3 8 6 0 . 0 1 3 0 0 . 1 1 8 2



T a b le  2 .1 0 .  S ln p l e  l i n e a r  c o r r e l a t i o n s  am ong v a r i a b l e s  u s e d  I n  p r i n c i p a l  co m p o n e n t a n a l y s i s  o f  l a b o r a t o r y  d e t e r m in e d  m i n e r a l  s o i l  v a r i a b l e s  summed b y  h o r i z o n s .

ATKN ATKP AMG ACA AK ABRAYP AHBUF BTKN BTKP BMG BCA BK BBRAYP BFBUF CTKN CTKP CMG CCA CK CBRAYP CHBUF

ATKN 1 .0 0 0 0 .8 3 6 0 .7 8 1 0 .9 0 8 0 .6 4 4 0 .7 0 0 - 0 .6 8 2 0 .6 8 5 0 .4 9 5 0 .5 5 9 0 .7 6 8 0 .5 0 6 - 0 .1 4 8 - 0 .5 4 0 - 0 .0 0 1 - 0 .0 0 8 - 0 .0 3 5 0 .1 7 5 - 0 .0 8 2 - 0 .7 0 9 - 0 .7 1 2
ATKP 0 .B 3 6 1 .0 0 0 0 .4 9 2 0 .7 1 2 0 .3 4 3 0 .6 4 3 - 0 .5 7 2 0 .6 7 3 0 .5 9 2 0 .5 4 0 0 .8 2 5 0 .5 1 9 - 0 .0 0 6 - 0 .4 6 4 - 0 .1 6 7 - 0 .1 1 4 - 0 .0 7 8 0 .0 9 6 - 0 .1 4 7 - 0 .6 2 5 - 0 .5 8 0

AMG 0 .7 0 1 0 .4 9 2 1 .0 0 0 0 .0 7 4 0 .8 9 3 0 .4 0 6 - 0 .6 2 0 0 .5 2 1 0 .3 1 0 0 .5 6 3 0 .5 4 6 0 .4 3 1 - 0 .2 4 5 - 0 .5 3 7 0 .2 9 9 0 .2 9 4 0 .2 2 3 0 .3 7 0 0 .1 8 3 - 0 .5 9 2 - 0 .6 2 3
ACA 0 .9 0 6 0 .7 1 2 0 .8 7 4 1 .0 0 0 0 .7 3 8 0 .7 2 2 - 0 .7 2 6 0 .6 6 8 0 .4 6 4 0 .5 0 1 0 .6 6 7 0 .4 3 9 - 0 .1 5 1 - 0 .6 1 6 0 .0 4 2 0 .0 4 8 0 .0 0 4 0 .1 5 6 - 0 .0 7 6 - 0 .7 0 7 - 0 .7 1 1
AK 0 .6 4 4 0 .3 4 3 0 .8 9 3 0 .7 3 B 1 .0 0 0 0 .3 4 2 - 0 .5 1 9 0 .3 8 6 0 .2 6 3 0 .5 0 5 0 .4 0 8 0 .4 0 2 - 0 .0 9 5 - 0 .3 9 4 0 .  177 0 .  140 0 .0 8 8 0 .2 1 3 0 .0 6 6 - 0 .4 5 8 - 0 .4 3 9

ABRAVP 0 .7 0 0 0 .6 4 3 0 .4 0 6 0 .7 2 2 0 .3 4 2 1 .0 0 0 - 0 .4 1 3 0 .4 0 0 0 .2 9 2 0 .1 0 2 0 .4 2 7 0 .2 0 2 - 0 .0 8 6 -0 .4 8 1 - 0 .1 9 9 - 0 .2 0 3 - 0 .1 9 0 - 0 .0 8 7 - 0 .2 6 0 - 0 .4 5 4 - 0 . 4 0 6

AH8UP - 0 .6 8 2 - 0 .5 7 2 - 0 .6 2 0 - 0 .7 2 6 - 0 .5 1 9 - 0 .4 1 3 1 .0 0 0 - 0 .8 5 7 - 0 .7 2 2 - 0 .7 1 7 - 0 .7 1 5 - 0 .7 4 0 - 0 .2 0 2 0 .6 3 6 - 0 .2 1 2 - 0 .2 6 9 - 0 . 2 7 0 - 0 .2 9 7 - 0 .2 3 0 0 .8 3 8 0 .8 4 4

BTKN 0 .6 8 5 0 .6 7 3 0 .5 2 1 0 .6 6 8 0 .3 8 6 0 .4 0 0 - 0 .8 5 7 1 .0 0 0 0 .8 6 8 0 .8 1 0 0 .8 5 9 0 .8 2 5 0 .2 5 5 - 0 .4 8 3 0 .1 3 1 0 .1 9 1 0 .2 1 0 0 .3 2 0 0 .2 3 0 - 0 .8 2 9 - 0 . 7 9 4

8TKP 0 .4 9 5 0 .5 9 2 0 .3 1 0 0 .4 6 4 0 .2 6 3 0 .2 9 2 - 0 .7 2 2 0 .8 6 8 1 .0 0 0 0 .7 8 8 0 .8 3 4 0 .8 5 1 0 .6 4 0 -0 .3 9 1 - 0 .0 7 1 0 .0 4 1 0 .1 0 1 0 .1 6 2 0 .1 6 6 - 0 .6 5 5 - 0 . 6 1 5

BMG 0 .5 5 9 0 .5 4 0 0 .5 6 3 0 .5 0 1 0 .5 0 5 0 .1 8 2 - 0 .7 1 7 0 .8 1 0 0 .7 0 8 1 .0 0 0 0 .8 4 7 0 .9 5 9 0 .2 2 8 -0 .4 1 1 0 .3 1 9 0 .4 3 5 0 .4 8 7 0 .5 6 5 0 .5 0 8 - 0 .6 9 0 - 0 .6 3 8

BCA 0 .7 6 8 0 .8 2 5 0 .5 4 6 0 .6 6 7 0 .4 0 8 0 .4 2 7 - 0 .7 1 5 0 .6 5 9 0 .8 3 4 0 .0 4 7 1 .0 0 0 0 .8 3 1 0 .1 9 4 - 0 .4 1 0 - 0 .0 0 4 0 .0 9 8 0 .1 3 4 0 .3 3 3 0 .1 3 7 - 0 .7 6 1 - 0 .6 7 6

BK 0 .5 0 6 0 .5 1 9 0 .4 3 1 0 .4 3 9 0 .4 0 2 0 .2 0 2 - 0 .7 4 8 0 .8 2 5 0 .8 5 1 0 .9 5 9 0 .0 3 1 1 .0 0 0 0 .3 7 6 - 0 .3 9 4 0 .2 6 5 0 .3 7 2 0 .4 5 6 0 .4 8 3 0 .4 6 8 - 0 .6 9 0 - 0 .6 3 3

BBRAYP - 0 .1 4 0 - 0 .0 0 6 - 0 .2 4 5 - 0 .1 5 1 - 0 .0 9 5 - 0 .0 8 6 - 0 .2 0 2 0 .2 5 5 0 .6 4 0 0 .2 2 8 0 .1 9 4 0 .3 7 6 1 .0 0 0 0 .0 1 6 - 0 .2 6 6 - 0 .2 0 4 - 0 .1 3 1 - 0 .2 4 5 - 0 .0 1 0 - 0 .0 8 8 - 0 .0 8 4

BHBUF - 0 .5 4 0 - 0 .4 6 4 - 0 .5 3 7 - 0 .6 1 6 - 0 .3 9 4 - 0 .4 0 1 0 .6 3 6 - 0 .4 0 3 - 0 .3 9 1 - 0 .4 1 1 - 0 .4 1 0 - 0 .3 9 4 0 .0 1 6 1 .0 0 0 - 0 .2 0 0 - 0 .3 0 5 -0 .2 4 1 - 0 .2 0 2 - 0 .1 4 8 0 .5 3 7 0 .5 8 1

CTKN -0 .0 0 1 - 0 .1 6 7 0 .2 9 9 0 .0 4 2 0 .  177 - 9 .1 9 9 - 0 .2 1 2 0 .1 3 1 - 0 .0 7 1 0 .3 1 9 - 0 .0 0 4 0 .2 6 5 - 0 .2 6 6 - 0 .2 0 8 1 .0 0 0 0 .9 5 7 0 .8 6 3 0 .7 7 5 0 .8 4 6 - 0 .1 8 7 - 0 .2 3 4

CTKP - 0 .0 0 8 - 0 .1 1 4 0 .2 9 4 0 .0 4 6 0 .  140 - 0 .2 0 3 - 0 .2 6 9 0 .1 9 1 0 .0 4 1 0 .4 3 5 0 .0 9 8 0 .3 7 2 - 0 .2 0 4 - 0 .3 0 5 0 .9 5 7 1 .0 0 0 0 .9 3 2 0 .8 5 6 0 .9 0 9 - 0 .2 5 2 - 0 .2 7 6

CMG - 0 .0 3 5 - 0 .0 7 8 0 .2 2 3 0 .0 0 4 0 .0 8 8 - 0 .1 9 0 - 0 .2 7 0 0 .2 1 0 0 .1 0 1 0 .4 8 7 0 .1 3 4 0 .4 5 6 - 0 .1 3 1 - 0 .2 4 1 0 .8 6 3 0 .9 3 2 1 .0 0 0 0 .8 5 3 0 .9 2 0 - 0 .2 0 3 - 0 .2 9 0
CCA 0 .1 7 5 0 .0 9 6 0 .3 7 0 0 .  156 0 .2 1 3 - 0 .0 8 7 - 0 .2 9 7 0 .3 2 0 0 .1 6 2 0 .5 0 5 0 .3 3 3 0 .4 8 3 - 0 .2 4 5 - 0 .2 0 2 0 .7 7 5 0 .8 5 6 0 .8 5 3 1 .0 0 0 0 .8 8 0 - 0 .4 2 0 - 0 .3 8 8
CK - 0 .0 8 2 - 0 .1 4 7 0 .1 8 3 - 0 .0 7 6 0 .0 6 6 - 0 .2 6 0 - 0 .2 3 0 0 .2 3 0 0 .1 6 6 0 .5 0 8 0 .1 3 7 0 .4 6 8 - 0 .0 1 0 - 0 .1 4 8 0 .8 4 6 0 .9 0 9 0 .9 2 0 0 .8 8 0 1 .0 0 0 - 0 .2 6 0 - 0 .2 5 9
CBRAYP - 0 .7 0 9 - 0 .6 2 5 - 0 .5 9 2 - 0 .7 0 7 - 0 .4 5 8 - 0 .4 5 4 0 .0 3 8 - 0 .8 2 9 - 0 .6 5 5 - 0 .6 9 0 -0 .7 6 1 - 0 .6 9 0 - 0 .0 8 8 0 .5 3 7 - 0 .1 8 7 - 0 . 2 5 2 - 0 .2 8 3 - 0 .4 2 0 - 0 .2 6 0 1 .0 0 0 0 .8 5 2
CHBUF - 0 .7 1 2 - 0 .5 8 0 - 0 .6 2 3 - 0 .7 1 1 - 0 .4 3 9 - 0 .4 0 6 0 .8 4 4 - 0 .7 9 4 - 0 .6 1 5 - 0 .6 3 8 - 0 .6 7 6 - 0 .6 3 3 - 0 .0 8 4 0 .5 8 1 - 0 .2 3 4 - 0 .2 7 6 - 0 .2 9 0 - 0 .3 8 8 - 0 .2 5 9 0 .8 5 2 1 .0 0 0
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p o s i t i v e  c o e f f i c i e n t s ,  a n d  p l a c e s  n e g a t i v e  c o e f f i c i e n t s  o n  A 

a n d  B h o r i z o n  n u t r i e n t s .  T h e  t h i r d  PC ,  w i t h  11% o f  t h e  

v a r i a b i l i t y ,  p l a c e s  h i g h  p o s i t i v e  c o e f f i c i e n t s  on  B h o r i z o n  

n u t r i e n t s , a n d  n e g a t i v e  c o e f f i c i e n t s  on  A h o r i z o n  v a r i a b l e s . 

T h e  f o u r t h  PC d o e s  n o t  e x h i b i t  a  m e a n i n g f u l  p a t t e r n  o f  

h o r i z o n  w e i g h t i n g s , a n d  a c c o u n t s  f o r  o n l y  4% o f  t h e  

v a r  i a b i l i t y  i n  t h e  d a t a  s e t .  T h e  PCA o f  l a b o r a t o r y -  

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

h o r i z o n  g r o u p s  r a t h e r  t h a n  i n d i v i d u a l  n u t r i e n t s , a n d  sh o w e d  

t h a t  B a n d  C h o r i z o n s  c o n t a i n  m ore  o v e r a l l  v a r i a b i l i t y  t h a n  

A h o r i z o n s . T h i s  r e s u l t  i s  l i k e l y  d u e  t o  s o i l  v a r i a b i l i t y  

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

n u t r i e n t  v a l u e s  r e l a t e d  t o  t e x t u r e s .

F i g u r e  2 . 6  show s  t h e  l o c a t i o n s  o f  s i t e s  w i t h  r e s p e c t  t o  

PC 1 a n d  PC 2 o f  l a b o r a t o r y - d e t e r m i n e d  m i n e r a l  s o i l  

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

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

h o r i z o n s , shown i n  F i g u r e  2 . 4 ,  b u t  PCA o f  m i n e r a l  s o i l  d a t a  

p r o v i d e d  a  b e t t e r  s e p a r a t i o n  o f  t h e  s i t e  g r o u p s . S i t e s  

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

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

a r r a y e d  a l o n g  PC 1 t o  r a n g e  f r o m  o u t w a s h  s a n d  s o i l s ,  t h r o u g h  

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

T h e  s e c o n d  PC s e p a r a t e s  P o r t  B r u c e  t i l l  f r o m  P o r t  H u r o n  

t i l l , w i t h  t h e  e x c e p t i o n  o f  P o r t  B r u c e  s i t e  B , w h i c h  w a s  

a l s o  g r o u p e d  t o g e t h e r  w i t h  P o r t  H u ro n  s i t e s  i n  t h e  p r e v i o u s  

PCA o f  s o i l s  d a t a  i n c l u d i n g  o r g a n i c  h o r i z o n s  ( F i g u r e  2 . 5 ) .
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F i g u r e  2 . 6 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 2 
o f  l a b o r a t o r y  d e t e r m i n e d  m i n e r a l  s o i l  v a r i a b l e s  
summed by  h o r i z o n  a n d  a v e r a g e d  w i t h i n  a  s i t e .
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F i g u r e  2 . 7  d i s p l a y s  s i t e  l o c a t i o n s  w i t h  r e s p e c t  t o  PC 

a x e s  1 a n d  3 o f  m i n e r a l  s o i l  l a b o r a t o r y  d a t a .  PC 3 i n c l u d e s  

1 1 .4 %  o f  t h e  v a r i a b i l i t y  i n  t h e  d a t a  s e t ,  w i t h  B h o r i z o n  

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

h o r i z o n  v a r i a b l e s  r e c e i v i n g  n e g a t i v e  c o e f f i c i e n t s . O u tw a s h  

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

a r e  n o t  a r r a y e d  a l o n g  PC 3 i n  a  m a n n e r  w h i c h  a g r e e s  w i t h  

g r o u p i n g s  b y  d e p o s i t i o n a l  e n v i r o n m e n t . S i t e s  f o r m e d  i n

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

t i l l s , a r e  n o t  s e p a r a t e d  a l o n g  PC 3 .

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

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

d a t a  w h i c h  i n c l u d e d  o r g a n i c  h o r i z o n s .  T h e  s i m p l e  

c o r r e l a t i o n  o f  s i t e  s c o r e s  o n  t h e  f i r s t  a x e s  o f  t h e  t w o  

s e p a r a t e  PC A 's  was r = 0 . 8 1 7 ,  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 ,  a n d  

S p e a r m a n ' s  c o e f f i c i e n t  o f  r a n k  c o r r e l a t i o n  was  r s = 0 . 8 1 0 ,  

a l s o  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 .  The  c o r r e l a t i o n s  o f  t h e  two 

o r d i n a t i o n s  i n d i c a t e  t h a t  a l t h o u g h  o r g a n i c  h o r i z o n  n u t r i e n t s  

e x p r e s s  g r e a t e r  v a r i a b i l i t y ,  s i m i l a r  i n f o r m a t i o n  r e g a r d i n g  

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

h o r i z o n  n u t r i e n t s . T h e  B h o r i z o n  w a s  t h e  m o s t  i m p o r t a n t  

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

s i t e s , w h ic h  c o r r e s p o n d s  w i t h  t h e  r e c o g n i z e d  i m p o r t a n c e  o f  B 

h o r i z o n s  i n  c l a s s i c  s o i l - s i t e  s t u d i e s  ( C o i l e  1 9 5 2 ,  R a l s t o n  

1 9 6 4 ) .  I t  a l s o  c o r r e s p o n d s  w i t h  t h e  p r i n c i p l e  o f  d i a g n o s t i c  

s p o d i c  a n d  a r g i l l i c  h o r i z o n s  a s  d e f i n e d  i n  S o i l  T a x o n o m y  

( S o i l  S u r v e y  S t a f f  1 9 7 5 ) .
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F i g u r e  2 . 7 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 3 
o f  l a b o r a t o r y  d e t e r m i n e d  m i n e r a l  s o i l  v a r i a b l e s  
summed by  h o r i z o n  a n d  a v e r a g e d  w i t h i n  a  s i t e .
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PCA of mineral soil laboratory data summed by depths
S t u d i e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  h a v e  s o m e t i m e s  u s e d  

s o i l  d a t a  w h i c h  w e r e  summed by  h o r i z o n s ,  w h i l e  o t h e r s  h a v e  

u s e d  d e p t h  s u m s . PCA w a s  h e r e  a p p l i e d  t o  d e p t h  s u m s  t o  

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

t h a n  P C A ' s  o f  h o r i z o n  s u m s , a n d  t o  d e t e r m i n e  w h e t h e r  PCA 

s i t e  o r d i n a t i o n s  c o r r e s p o n d e d  w i t h  t h o s e  o f  h o r i z o n  s u m s .

T a b l e  2 . 1 1  p r e s e n t s  r e g r e s s i o n  c o e f f i c i e n t s  o f  t h e  

v a r i a b l e s  a n d  t h e  f i r s t  f o u r  P C ' s  o f  m i n e r a l  s o i l  l a b o r a t o r y  

d a t a  summed b y  d e p t h s  o f  0 - 1 0  cm, 1 0 - 3 0  cm, 3 0 - 7 0  cm, a n d  

7 0 - 1 5 0  cm. T a b l e  2 . 1 2  p r e s e n t s  t h e  c o r r e l a t i o n  m a t r i x  u s e d  

f o r  t h e  PCA. C o r r e l a t i o n s  i n  T a b l e  2 . 1 2  w h i c h  a r e  g r e a t e r  

t h a n  o r  e q u a l  t o  a  n a b s o l u t e  v a l u e  o f  0 . 4 0 4 a r e  

s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5  f o r  n = 2 4 „ D e p t h s  

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

n a t u r a l  h o r i z o n  d e v e l o p m e n t  i n  t h e  s t u d y  a r e a .  The 0 - 1 0  cm 

d e p t h  n o r m a l l y  i n c l u d e d  A h o r i z o n s , t h e  1 0 - 3 0  cm d e p t h  

c o r r e s p o n d e d  a p p r o x i m a t e l y  w i t h  u p p e r  B h o r i z o n  d e v e l o p m e n t , 

t h e  3 0 - 7 0  cm d e p t h  t o o k  i n  m o s t  l o w e r  B h o r i z o n  d e v e l o p m e n t , 

a n d  t h e  7 0 - 1 5 0  cm d e p t h  u s u a l l y  i n c l u d e d  C h o r i z o n s . A 0 -  

150 cm d e p t h  sum was a l s o  i n c l u d e d  t o  r e p r e s e n t  t h e  t o t a l  

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

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

The  f i r s t  PC o f  d a t a  s u m m a r i z e d  by d e p t h s  a c c o u n t e d  f o r  

73% o f  v a r i a b i l i t y  i n  t h e  d a t a  s e t , a n d  p l a c e d  t h e  h i g h e s t  

c o e f f i c i e n t s  on  t h e  0 - 1 5 0  cm s u m s .  A l l  t h e  c o e f f i c i e n t s  i n
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T a b l e  2 . 1 1 .  C o r r e l a t i o n s  b e t w e e n  l a b o r a t o r y  d e t e r m i n e d  
m i n e r a l  s o i l  v a r i a b l e s  a n d  t h e  f i r s t  f o u r  p r i n c i p a l  
c o m p o n e n t s ,  w i t h  r a n k s  o f  t h e  e i g h t  h i g h e s t  c o r r e l a t i o n s  f o r  
e a c h  PC. D a t a  a r e  summed by  t h e  d e p t h s  0 - 1 0  cm, 1 0 - 3 0  cm,
3 0 - 7 0  cm, a n d  7 0 - 1 5 0 cm.

V a r i a b l e  PC l ( R a n k ) PC 2 (Rank) PC 3 (R ank) PC 4 (R a n k )

E i g e n v a l u e  1 4 . 5 5  
P e r c e n t  7 2 . 7

2 . 0 4
1 0 . 2

1 . 2 9
6 . 5

0 . 9 0
4 . 5

TKN10 0 . 6 5 1 1 0 . 6 0 0 6 ( 2 ) - 0 . 0 3 0 3 0 . 4 0 5 0 ( 2 )
TKN70 0 . 9 2 6 8 ( 6 ) 0 . 1 3 7 8 - 0 . 0 6 0 8 - 0 . 0 4 6 8
TKN150 0 . 9 1 3 9 - 0 . 0 6 8 2 - 0 . 2 1 0 7 ( 6 ) 0 . 0 8 8 3
TKP30 0 . 5 1 0 3 0 . 1 8 0 2 0 . 8 1 6 9 ( 1 ) 0 . 0 7 4 4
TKP70 0 . 8 4 6 3 - 0 . 0 7 3 5 0 . 4 6 2 0 ( 2 ) - 0 . 0 4 9 2
TKP150 0 . 9 4 4 1 ( 1 ) - 0 . 2 0 2 5 - 0 . 0 1 0 8 0 . 1 1 0 4
CA10 0 . 6 5 9 7 0 . 6 9 8 4 ( 1 ) - 0 . 0 3 8 6 0 . 1 7 7 2
CA70 0 . 9 0 9 0 0 . 0 4 9 5 - 0 . 2 4 0 7 ( 4 ) - 0 . 0 0 5 3
CA150 0 . 8 4 1 1 - 0 . 3 2 5 8 ( 6 ) - 0 . 2 1 4 4 ( 5 ) 0 . 2 8 1 4 ( 4 )
MG10 0 . 7 6 2 4 0 . 5 2 3 9 ( 3 ) - 0 . 2 0 6 8 ( 7 ) - 0 . 2 1 8 1 ( 7 )
MG30 0 . 8 8 8 7 0 . 0 1 0 8 - 0 . 1 7 0 2 - 0 . 3 0 6 0 ( 3 )
MG150 0 . 8 9 4 3 - 0 . 3 8 1 6 ( 5 ) - 0 . 0 4 0 9 - 0 . 0 6 4 6
K10 0 . 6 8 1 0 0 . 4  7 6 8 ( 4 ) 0 . 0 5 9 4 - 0 . 4 7 3 5 ( 1 )
K70 0 . 9 1 6 7 ( 7 ) - 0 . 1 5 8 4 0 . 0 0 9 8 - 0 . 2 5 7 2 ( 5 )
K150 0 . 8 8 9 3 - 0 . 3 5 7 0 ( 7 ) 0 . 1 3 7 9 0 . 1 1 9 3
TKNSUM 0 . 9 3 3 7 ( 5 ) 0 . 2 0 8 4 - 0 . 0 9 4 3 0 . 1 7 8 4
TKPSUM 0 . 9 3 4 2 ( 4 ) - 0 . 0 6 9 5 0 . 3 1 2 1 ( 3 ) 0 . 0 9 4 8
CASUM 0 . 9 1 1 3 ( 8 ) - 0 . 1 5 9 0 - 0 . 1 8 7 0 ( 8 ) 0 . 2 3 8 0 ( 6 )
MGSUM 0 . 9 3 6 0 ( 3 ) - 0 . 2 5 3 0 ( 8 ) - 0 . 0 8 0 7 - 0 . 1 9 0 5 ( 8 )
KSUM 0 . 9 3 6 5 ( 2 ) - 0 . 2 1 8 5 0 . 1 1 8 9 - 0 . 1 0 2 3



T a b le  2 .1 2 . S im p le  l i n e a r  c o r r e l a t i o n s  am ong v a r i a b l e s  u s e d  in  p r i n c i p a l  c o m p o n e n t a n a l y s i s  o f  l a b o r a t o r y  d e t e r m in e d  m i n e r a l  s o i l  v a r i a b l e s  sunroed  b y  d e p t h s .

TKNIO TKN70 TKN150 TKP30 TKP7Q TKP150 CAIO CA70 CA150 I4G10 MG30 MG150 K10 K70 K150 TKNSUM TKPSUM CASUM MGSUM KSUM

TKN10 1 .0 0 0 0 .6 6 4 0 .5 7 5 0 .4 3 9 0 .4 5 9 0 .5 1 0 0 .9 0 3 0 .6 3 9 0 .4 5 7 0 .7 0 8 0 .4 4 6 0 .3 3 4 0 .5 3 8 0 .4 3 8 0 .4 1 6 0 .8 1 5 0 .5 8 1 0 .5 9 4 0.4Q Q 0 .4 6 3
TKN70 0 .6 6 4 1 .0 0 0 0 .8 8 0 0 .4 2 1 0 .7 8 7 0 .8 3 2 0 .6 9 5 0 .8 5 2 0 .6 8 7 0 .7 5 9 0 .8 6 9 0 .7 8 6 0 .6 7 0 0 .8 3 7 0 .7 4 3 0 .9 3 6 0 .8 2 9 0 .7 7 8 0 .8 3 7 0 .8 1 6
TKN150 0 .5 7 5 0 .8 8 0 1 .0 0 0 0 .2 8 4 0 .6 6 1 0 .9 3 3 0 .5 5 9 0 .7 9 8 0 .8 2 0 0 .6 9 5 0 .8 3 0 0 .8 4 0 0 .5 2 7 0 .7 9 9 0 .8 2 7 0 .9 2 6 0 .8 1 9 0 .8 5 3 0 .8 5 6 0 .8 2 3
TKP30 0 .4 3 9 0 .4 2 1 0 .2 8 4 1 .0 0 0 0 .7 6 9 0 .4 4 5 0 .4 3 7 0 .2 8 9 0 .2 3 6 0 .3 1 0 0 .3 1 7 0 .3 5 0 0 .4 4 6 0 .4 2 5 0 .5 0 3 0 .4 4 5 0 .7 2 1 0 .3 1 4 0 .3 5 0 0 .5 1 4
TKP70 0 .4 5 9 0 .7 8 7 0 .6 6 1 0 .7 6 9 1 .0 0 0 0 .7 9 4 0 .4 9 7 0 .6 7 4 0 .6 2 3 0 .5 1 1 0 .6 9 9 0 .7 7 4 0 .5 6 9 0 .7 9 4 0 .8 1 2 0 .7 1 3 0 .9 3 9 0 .6 8 7 0 .7 7 7 0 .8 4 3
TKPI5D 0 .5 1 0 0 .8 3 2 0 .9 3 3 0 .4 4 5 0 .7 9 4 1 .0 0 0 0 .5 0 8 0 .8 0 5 0 .8 8 3 0 .6 1 8 0 .8 3 1 0 .9 1 0 0 .4 8 6 0 .8 3 7 0 .9 2 7 0 .8 6 6 0 .9 2 7 0 .9 0 1 0 .9 0 2 0 .6 9 7
CAIO 0 .9 0 3 0 .6 9 5 0 .5 5 9 0 .4 3 7 0 .4 9 7 0 .5 0 8 1 .0 0 0 0 .6 4 3 0 .3 8 8 0 .8 4 6 0 .5 5 5 0 .3 3 4 0 .6 7 5 0 .4 4 6 0 .3 4 6 0 .7 7 3 0 .5 7 8 0 .5 4 4 0 .4 1 5 0 .4 3 1
CA70 0 .6 3 9 0 .8 5 2 0 .7 9 8 0 .2 8 9 0 .6 7 4 0 .8 0 5 0 .6 4 3 1 .0 0 0 0 .8 2 4 0 .7 4 4 0 .8 4 5 0 .7 9 0 0 .6 3 1 0 .8 5 5 0 .7 3 8 0 .8 4 7 0 .7 5 4 0 .9 0 6 0 .8 6 1 0 .8 1 6
CA150 0 .4 5 7 0 .6 8 7 0 .B 2 0 0 .2 3 6 0 .6 2 3 0 .8 8 3 0 .3 8 8 0 .8 2 4 1 .0 0 0 0 .4 7 6 0 .6 8 8 0 .8 5 8 0 .3 1 3 0 .7 2 8 0 .8 6 8 0 .7 5 3 0 .7 6 4 0 .9 7 7 0 .8 3 0 0 .7 9 9
MG10 0 .7 0 8 0 .7 5 9 0 .6 9 5 0 .3 1 0 0 .5 1 1 0 .6 1 8 0 .8 4 6 0 .7 4 4 0 .4 7 6 1 .0 0 0 0 .7 8 1 0 .5 1 8 0 .6 7 3 0 .6 4 0 0 .4 6 1 0 .7 8 1 0 .5 9 4 0 .6 0 4 0 .6 3 4 0 .5 8 3
MG30 0 .4 4 6 0 .8 6 9 0 .8 3 0 0 .3 1 7 0 .6 9 9 0 .6 3 1 0 .5 5 5 0 .8 4 5 0 .6 8 8 0 .7 8 1 1 .0 0 0 0 .6 1 8 0 .6 8 8 0 .8 8 1 0 .6 8 0 0 .8 0 2 0 .7 5 9 0 .7 5 6 0 .8 9 2 0 .7 9 5
MG150 0 .3 3 4 0 .7 8 6 0 .8 4 0 0 .3 5 0 0 .7 7 4 0 .9 1 0 0 .3 3 4 0 .7 9 0 0 .8 5 8 0 .5 1 8 0 .8 1 8 1 .0 0 0 0 .4 3 3 0 .8 9 3 0 .9 2 1 0 .7 3 9 0 .8 3 3 0 .8 5 2 0 .9 6 4 0 .9 0 6
K10 0 .5 3 8 0 .6 7 0 0 .5 2 7 0 .4 4 6 0 .5 6 9 0 .4 8 6 0 .6 7 5 0 .6 3 1 0 .3 1 3 0 .8 7 3 0 .6 8 8 0 .4 3 3 1 .0 0 0 0 .6 5 1 0 .4 1 8 0 .6 3 3 0 .5 7 6 0 .4 5 8 0 .6 0 3 0 .6 2 2
K70 0 .4 3 8 0 .8 3 7 0 .7 9 8 0 .4 2 5 0 .7 9 4 0 .8 3 7 0 .4 4 6 0 .8 5 5 0 .7 2 8 0 .6 4 0 0 .8 8 1 0 .8 9 3 0 .6 5 1 1 .0 0 0 0 .8 3 8 0 .7 7 8 0 .8 3 2 0 .7 9 4 0 .9 5 4 0 .9 4 6
K 150 0 .4 1 6 0 .7 4 3 0 .8 2 7 0 .5 0 3 0 .6 1 2 0 .9 2 7 0 .3 4 6 0 .7 3 8 0 .6 6 8 0 .4 6 1 0 .6 8 0 0 .9 2 1 0 .4 1 8 0 .8 3 8 1 .0 0 0 0 .7 6 1 0 .9 0 3 0 .8 6 4 0 .8 8 8 0 .9 4 0
TKNSUM 0 .8 1 5 0 .9 3 6 0 .9 2 6 0 .4 4 5 0 .7 1 3 0 .8 6 6 0 .7 7 3 0 .8 4 7 0 .7 5 3 0 .7 8 1 0 .8 0 2 0 .7 3 9 0 .6 3 3 0 .7 7 8 0 .7 6 1 1 .0 0 0 0 .8 4 8 0 .8 4 5 0 .7 9 1 0 .8 0 4
TKPSUM 0 .5 8 1 0 .8 2 9 0 .8 1 9 0 .7 2 1 0 .9 3 9 0 .9 2 7 0 .5 7 8 0 .7 5 4 0 .7 6 4 0 .5 9 4 0 .7 5 9 0 .8 3 3 0 .5 7 6 0 .8 3 2 0 .9 0 3 0 .8 4 8 1 .0 0 0 0 .8 2 3 0 .8 4 4 0 .9 1 2
CASUM 0 .5 9 4 0 .7 7 8 0 .8 5 3 0 .3 1 4 0 .6 8 7 0 .9 0 1 0 .5 4 4 0 .9 0 6 0 .9 7 7 0 .6 0 4 0 .7 5 6 0 .8 5 2 0 .4 5 6 0 .7 9 4 0 .8 6 4 0 .8 4 5 0 .8 2 3 1 .0 0 0 0 .8 6 5 0 .8 4 9
MGSUM 0 .4 0 0 0 .8 3 7 0 .8 5 6 0 .3 5 0 0 .7 7 7 0 .9 0 2 0 .4 1 5 0 .8 6 1 0 .8 3 0 0 .6 3 4 0 .8 9 2 0 .9 6 4 0 .6 0 3 0 .9 5 4 0 .8 8 8 0 .7 9 1 0 .8 4 4 0 .8 6 5 1 .0 0 0 0 .9 5 2
KSUM 0 .4 6 3 0 .8 1 6 0 .8 2 3 0 .5 1 4 0 .8 4 3 0 .8 9 7 0 .4 3 1 0 .8 1 6 0 .7 9 9 0 .5 8 3 0 .7 9 5 0 .9 0 6 0 .6 2 2 0 .9 4 8 0 .9 4 0 0 .8 0 4 0 .9 1 2 0 .6 4 9 0 .9 5 2 1 .0 0 0
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t h i s  a n a l y s i s  w e r e  p o s i t i v e ,  a n d  t h e r e  was  n o t  a  l a r g e  r a n g e  

i n  v a l u e s  o f  t h e  c o e f f i c i e n t s , i n d i c a t i n g  t h a t  t h i s  PC 

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

a c c o r d i n g  t o  a  w e i g h t e d  mean n u t r i e n t  c o n t e n t . The  l a r g e  

p r o p o r t i o n  o f  v a r i a b i l i t y  i n  t h e  d a t a  s e t  e x p r e s s e d  by  t h e  

f i r s t  PC  i n d i c a t e d  t h a t  s i z e  i s  t h e  o n l y  m a j o r  

i n t e r p r e t a t i o n  w h i c h  c a n  b e  o b t a i n e d  f r o m  t h i s  d a t a  s e t . 

The  s e c o n d  PC,  w i t h  10% o f  t h e  v a r i a b i l i t y ,  e m p h a s i z e d  0 - 1 0  

cm d e p t h s . The  t h i r d  PC e m p h a s i z e d  Ca a n d  e s p e c i a l l y  P a t  

s e v e r a l  d e p t h s ,  b u t  c o n t a i n e d  o n l y  6% o f  v a r i a t i o n  i n  t h e  

d a t a . T h e  f o u r  t h  P C , w i t h  o n l y  a n  a d d i t i o n a l  4% o f  

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

G e n e r a l l y ,  t h e  d e p t h  sums o f  s o i l  n u t r i e n t s  e x p r e s s e d  l e s s  

v a r i a b i l i t y  t h a n  h o r i z o n  s u m s .

A p l o t  o f  s i t e  l o c a t i o n s  w i t h  r e s p e c t  t o  PC 1 a n d  PC2 

o f  l a b o r a t o r y  d a t a  summed by d e p t h s  a p p e a r s  i n  F i g u r e  2 . 8 .  

Even  t h o u g h  s i z e  i s  t h e  o n l y  m a j o r  i n t e r p r e t a t i o n  o f  t h i s  

PCA, t h e  p l o t  d i s p l a y s  r e l a t i v e  n u t r i e n t  l e v e l s  among t h e  

s t u d y  s i t e s .  O u t wa s h  s a n d  s i t e s  a r e  c l o s e l y  g r o u p e d  a t  t h e  

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

n u t r i e n t  c o n t e n t . S i t e s  f o r m e d  i n  o u t w a s h  s a n d  w i t h  i c e -  

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

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

s i t e s . P o r t  B r u c e  s i t e s  a r e  n e a r e r  t h e  o r i g i n ,  w h i l e  P o r t  

Hu ro n  s i t e s  a r e  f u r t h e r  t o  t h e  r i g h t ; h o w e v e r , g r o u p  me mbe rs  

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

D i f f e r e n c e s  i n  n u t r i e n t  c o n t e n t  b e t w e e n  t h e  t i l l s  may  b e
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F i g u r e  2 . 8 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 2 
o f  l a b o r a t o r y  d e t e r m i n e d  s o i l  v a r i a b l e s  summed 
by d e p t h s  0 - 1 0  cm, 1 0 - 3 0  cm,  3 0 - 7 0  cm,  7 0 - 1 5 0  
cm, a n d  0 - 1 5 0  cm,  a n d  a v e r a g e d  w i t h i n  a  s i t e .



X Outwash sand 

4 -  Outwash/inclu8ions  

4c Port Bruce till 

□ Port Huron till 

A Lacustrine

PC 2 (10%)

O □

- 2

-3
21012-3

PC 1 (73%)
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r e l a t e d  t o  t h e  g r e a t e r  o v e r a l l  v o l u m e  o f  c o a r s e  f r a g m e n t s  i n  

P o r t  B r u c e  t i l l s ,  s i n c e  n u t r i e n t  c o n t e n t  c a l c u l a t i o n s  w e r e  

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

t h i s  p l o t  a c c o u n t s  f o r  o n l y  10% o f  v a r i a t i o n  i n  t h e  d a t a  

s e t , e m p h a s i z i n g  t h e  0 - 1 0  cm d e p t h .  O u t w a s h  s a n d  s i t e s  H, 

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

a r r a y e d  i n  a  m e a n i n g f u l  m a n ne r  w i t h  r e s p e c t  t o  PC 2 .

A p l o t  o f  P C ' s  1 a n d  3 o f  d e p t h  summed d a t a  a p p e a r s  i n  

F i g u r e  2 . 9 .  T h e  t h i r d  PC s u m m a r i z e d  o n l y  a b o u t  7% o f  

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

Ca c o n t e n t  o f  t h e  s o i l s .  Most  s i t e s  w e r e  c l o s e l y  g r o u p e d  

a l o n g  t h i s  a x i s ,  w i t h  o n l y  t h r e e  s i t e s  o f  r e l a t i v e l y  h i g h  P 

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

a x i s .

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

m e a n i n g f u l  s i t e  o r d i n a t i o n s  t h a n  h o r i z o n  s u m s . The  0 - 1 5 0  cm 

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

c o n t e n t  w h i c h  o v e r w h e l m e d  o t h e r  n u t r i e n t  s u m m a r i e s  i n  PCA. 

G e n e r a l l y , h o r i z o n  s u m s  w e r e  m o r e  e f f e c t i v e  i n  g r o u p i n g  

s i t e s  o f  s i m i l a r  d e p o s i t i o n a l  e n v i r o n m e n t .

S c o r e s  o f  t h e  24 s i t e s  i n  PCA' s  o f  h o r i z o n  summed d a t a  

w e r e  c o m p a r e d  t o  s i t e  s c o r e s  f r o m  PCA o f  d e p t h  summed d a t a  

u s i n g  s i m p l e  l i n e a r  c o r r e l a t i o n s .  The  c o r r e l a t i o n  b e t w e e n  

s c o r e s  f r o m  d e p t h  summed d a t a  a n d  s c o r e s  i n  t h e  f i r s t  PC o f  

h o r i z o n  s u m s  i n c l u d i n g  o r g a n i c  l a y e r s  w a s  r  = 0 . 8 9 2 

( s i g n i f i c a n t  a t  a l p h a = 0 . 05  f o r  n = 2 4 ) .  A s i m i l a r  c o r r e l a t i o n
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F i g u r e  2 . 9 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 3 
o f  l a b o r a t o r y  d e t e r m i n e d  s o i l  v a r i a b l e s  summed 
by  d e p t h s  0 - 1 0  cm,  1 0 - 3 0  cm,  3 0 - 7 0  cm,  7 0 - 1 5 0  
cm,  a n d  0 - 1 5 0  cm,  a n d  a v e r a g e d  w i t h i n  a  s i t e .
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w a s  p r o d u c e d  f r o m  PC s c o r e s  o n  t h e  f i r s t  a x i s  o f  h o r i z o n  

summed m i n e r a l  s o i l  l a b o r a t o r y  d a t a .  T h i s  c o r r e l a t i o n  was  

r = 0 . 9 1 3 ,  a l s o  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 .  S p e a r m a n ' s  

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

s i t e s  on  t h e  f i r s t  a x e s  o f  t h e s e  P C A ' s .  The  c o r r e l a t i o n  o f  

s i t e  r a n k s  i n  PCA o f  d a t a  summed b y  h o r i z o n  i n c l u d i n g  

o r g a n i c  l a y e r s  w i t h  d e p t h  s u m m e d  d a t a  w a s  r s  = 0 . 9 0 9 , 

s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 .  T h e  c o r r e l a t i o n  b e t w e e n  s i t e  

r a n k s  i n  PCA o f  m i n e r a l  s o i l  l a b o r a t o r y  d a t a  a n d  d e p t h  

summed d a t a  was  rg=0.924, a l s o  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 .  

The  c o r r e l a t i o n s  i n d i c a t e  t h a t  s i t e  s c o r e s  w i t h  r e s p e c t  t o  

t h e  f i r s t  PC a x i s  o f  a l l  t h r e e  s e t s  o f  l a b o r a t o r y  d a t a  a r e  

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

d i m e n s i o n a l  o r d i n a t i o n s  may b e  d e r i v e d  f r o m  d a t a  summed by 

h o r i z o n s  o r  by d e p t h s ,  w i t h  o r  w i t h o u t  i n c l u s i o n  o f  o r g a n i c  

l a y e r s .

PCA of field data
F i e l d  d a t a  w e r e  a n a l y z e d  t o  i d e n t i f y  w h i c h  o f  t h e  many 

m o r p h o l o g i c a l  v a r i a b l e s  b e s t  e x p r e s s e d  v a r i a b i l i t y  among 

s i t e s . The  a n a l y s i s  a l s o  e x a m i n e d  o r d i n a t i o n s  o f  s i t e s  i n  

c o m p a r i s o n  t o  d e p o s i t i o n a l  e n v i r o n m e n t  d e s i g n a t i o n s ,  a n d  t o  

o r d i n a t i o n s  d e r i v e d  f r o m  l a b o r a t o r y  d a t a .

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

P C ' s  a p p e a r  i n  T a b l e  2 . 1 3 ,  a n d  t h e  a s s o c i a t e d  c o r r e l a t i o n  

m a t r i x  u s e d  i n  t h e  PCA a p p e a r s  i n  T a b l e  2 . 1 4 .  C o r r e l a t i o n s  

i n  T a b l e  2 . 1 4  w h i c h  a r e  g r e a t e r  t h a n  o r  e q u a l  t o  a n  a b s o l u t e
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T a b l e  2 . 1 3 .  C o r r e l a t i o n s  b e t w e e n  f i e l d  o b s e r v e d  v a r i a b l e s  
a n d  t h e  f i r s t  f o u r  p r i n c i p a l  c o m p o n e n t s , w i t h  r a n k s  o f  t h e  
e i g h t  h i g h e s t  c o r r e l a t i o n s  f o r  e a c h  PC.

V a r i a b l e

ATHICK
ETHICK
BTHICK
BSTHICK
CTHICK
MOTTDEP
DRCLASS
ACLAY
BSAND
CSILT
SAND30
SLT150
SGT150
SAND450
HEAVC
DEPSL
DEPSCL
BIC
DEPTEX
TEXS
ACSFR
BCSFR
CCSFR

PC l ( R a n k )

- 0 . 2 2 2 6
- 0 . 0 3 0 9
- 0 . 6 6 4 7

0 . 7 2 2 2
0 . 6 9 2 4
0 . 6 5 2 5

- 0 . 6 7 8 8
- 0 . 7 5 3 9

0 . 8 7 0 4 ( 4 )
- 0 . 6 5 8 0

0 . 8 0 5 8 ( 7 )
0 . 7 9 7 7 ( 8 )
0 . 6 6 1 4
0 . 6 6 1 5

- 0 . 8 6 9 6 ( 5 )
0 . 9 4 4 4 ( 1 )
0 . 9 2 3 7 ( 3 )

- 0 . 9 3 9 6 ( 2 )
0 . 8 5 9 2 ( 6 )
0 . 6 3 3 9

- 0 . 4 3 8 1
0 . 0 5 0 5

- 0 . 2 2 6 7

PC2(Rank)

3 . 7 8
1 6 . 4

0 . 2 9 9 6
- 0 . 6 8 3 0 ( 3 )

0 . 4 5 0 1
- 0 . 0 0 1 5
- 0 . 4 7 5 7 ( 8 )

0 . 1 9 2 5
0 . 1 1 7 1
0 . 3 4 3 5
0 . 0 4 4 3

- 0 . 3 3 6 8
0 . 0 3 0 7
0 . 1 8 1 9
0 . 5 3 6 3 ( 6 )
0 . 5 3 8 0 ( 5 )

- 0 . 1 4 0 6
- 0 . 0 7 4 7
- 0 . 0 9 9 7

0 . 0 7 2 2
- 0 . 0 3 0 5

0 . 5 0 5 0 ( 7 )
0 . 6 6 3 7 ( 4 )
0 . 7 1 3 1 ( 2 )
0 . 8 0 9 6 ( 1 )

PC 3 (Rank)

2 . 0 3
8 . 8

0 . 0 3 7 6  
0 . 0 5 8 3  
0 . 4 7 8 6 ( 2 )  
0 . 2 6 6 6  

- 0 . 4 3 9 3 ( 5 )  
- 0 . 5 3 9 6 ( 1 )  

0 . 4 0 3 6 ( 6 )  
- 0 . 2 1 6 2  

0 . 1 5 7 3  
0 . 2 4 3 7  

- 0 . 0 0 4 9  
0 . 3 3 5 4  
0 . 2 3 5 0  
0 . 3 5 0 5 ( 8 )  
0 . 0 7 3 4  

- 0 . 0 5 7 5  
- 0 . 0 2 6 0  

0 . 1 5 6 5  
0 . 1 3 0 6  
0 . 4 4 1 4 ( 4 )  

- 0 . 2 5 5 2  
- 0 . 4 5 2 7 ( 3 )  
- 0 . 3 6 9 8 ( 7 )

PC 4 ( Ra nk )

1 . 5 7
6 . 9

0 . 1 3 3 7
0 . 3 5 8 1 ( 5 )
0 . 1 0 1 0
0 . 4 5 4 0 ( 1 )

- 0 . 1 4 2 4
- 0 . 2 1 3 1
- 0 . 2 2 4 5
- 0 . 2 4 8 1

0 . 4 1 8 7 ( 2 )
- 0 . 2 5 5 7

0 . 3 9 4 1 ( 3 )
0 . 2 6 4 8 ( 8 )

- 0 . 2 5 1 2
- 0 . 2 2 0 8

0 . 3 6 0 2 ( 4 )
- 0 . 1 9 3 5
- 0 . 0 9 4 3

0 . 0 8 9 6
- 0 . 3 0 4 8 ( 7 )
- 0 . 1 5 6 2

0 . 0 4 2 1
0 . 3 4 5 5 ( 6 )
0 . 1 8 3 8

E i g e n v a l u e  1 1 . 0 7  
P e r c e n t  4 8 . 1



Table 2.14. Single linear correlations among variables used 1n principal component analysis of field data.

ATHICK ETHICK BTHICK BSTHICK CTHICK MOTTDEP DRCLASS ACLAY BSAND CSILT SAND30 SAND150 SGTISO SAND4S0 HEAVC DEPSL OEPSCL BIC DEPBAND BANDS ACSFR BCSFR CCSFR

ATHICK 1 .0 0 0 - 0 .0 7 4 0 .  176 - 0 .3 1 4 - 0 .3 0 7 -0 .0 6 1 0 .0 9 4 0 .0 9 3 - 0 .0 9 0 0 .2 7 0 - 0 .0 6 0 0 .0 4 1 - 0 .0 3 7 - 0 .1 1 3 0 .2 3 2 - 0 .2 3 4 - 0 .2 3 0 0 .2 1 3 - 0 .1 4 9 0 .1 2 6 0 .4 4 7 0 .0 9 0 0 .3 0 2

ETHICK - 0 .0 7 4 1 .0 0 0 - 0 .2 4 7 0 .1 0 1 0 .2 3 8 - 0 .2 2 8 - 0 .1 0 3 - 0 .2 9 7 0 .0 5 9 0 .0 4 3 - 0 .0 3 2 - 0 .0 8 2 - 0 .3 1 9 - 0 .3 2 1 0 .2 4 3 - 0 .0 4 0 0 .0 4 6 0 .1 0 4 - 0 .1 1 2 - 0 .3 6 7 - 0 .3 6 8 -0 .3 9 1 - 0 .4 0 2

BTHICK 0 .  176 - 0 .2 4 7 1 .0 0 0 - 0 .2 3 6 - 0 .9 7 4 - 0 .6 2 5 0 .6 2 3 0 .6 2 3 - 0 .4 3 8 0 .3 3 6 - 0 .4 8 6 - 0 .2 9 0 - 0 .1 6 3 - 0 .0 7 2 0 .5 2 6 - 0 .7 0 0 - 0 .6 3 8 0 .7 3 0 - 0 .5 0 4 - 0 .0 6 6 0 .4 4 9 0 .1 1 3 0 .3 3 5

BSTHICK - 0 .3 1 4 0 .  101 = 0 .2 3 6 1 .0 0 0 0 .2 7 8 0 .1 6 4 - 0 .4 9 4 - 0 .5 8 2 0 .8 3 0 - 0 .6 2 4 0 .7 4 7 0 .7 1 0 0 .3 9 6 0 .4 5 9 - 0 .4 8 5 0 .6 1 3 0 .6 3 4 - 0 .6 1 6 0 .5 6 4 0 .4 2 0 - 0 .3 1 2 0 .0 6 6 - 0 .2 2 8

CTh ICK - 0 .3 0 7 0 .2 3 8 - 0 .9 7 4 0 .2 7 8 1 .0 0 0 0 .6 0 9 - 0 .6 0 7 - 0 .6 2 5 0 .4 5 0 - 0 .3 9 2 0 .4 7 4 0 .2 8 2 0 .1 9 7 0 .1 0 3 - 0 .5 6 8 0 .7 2 4 0 .6 6 6 - 0 .7 6 2 0 .5 3 1 0 .0 7 9 - 0 .5 1 5 - 0 .1 3 6 - 0 .4 0 7

MOTTDEP -0 .0 6 1 - 0 .2 2 8 - 0 .6 2 5 0 .1 6 4 0 .6 0 9 1 .0 0 0 - 0 .6 0 1 - 0 .3 2 6 0 .4 2 5 - 0 .4 9 7 0 .4 9 0 0 .3 7 4 0 .4 4 7 0 .4 1 7 - 0 .6 6 7 0 .6 5 2 0 .6 0 1 - 0 .6 1 8 0 .5 2 1 0 .3 4 0 - 0 .0 3 1 0 .2 6 5 0 .1 8 8

n o n  a r,s 0 094 - 0 .1 0 3 0 .6 2 3 - 0 .4 9 4 - 0 .6 0 7 - 0 .6 0 1 1 .0 0 0 0 .4 4 4 - 0 .6 0 7 0 .5 5 4 - 0 .5 9 4 - 0 .4 3 6 - 0 .2 3 1 - 0 .1 9 9 0 .5 0 3 - 0 .5 9 6 - 0 .5 9 3 0 .6 7 6 - 0 .5 1 9 - 0 .2 0 4 0 .2 5 3 - 0 .1 0 0 0 .0 8 8

ACLAV 0 .0 9 3 - 0 .2 9 7 0 .6 2 3 - 0 .5 8 2 - 0 .6 2 5 - 0 .3 2 6 0 .4 4 4 1 .0 0 0 - 0 .7 8 7 0 .3 1 4 - 0 .6 9 1 - 0 .7 4 9 - 0 .3 5 2 - 0 .3 5 2 0 .4 2 1 - 0 .6 5 3 - 0 .6 4 6 0 .6 7 0 - 0 .5 3 3 - 0 .4 1 0 0 .6 2 6 0 .2 2 6 0 .4 2 6

BSAND - 0 .0 9 0 0 .0 5 9 - 0 .4 3 8 0 .6 3 0 0 .4 5 0 0 .4 2 5 - 0 .6 0 7 - 0 .7 8 7 1 .0 0 0 - 0 .5 9 2 0 .9 0 9 0 .8 7 4 0 .4 9 2 0 .5 3 9 - 0 .6 0 0 0 .7 2 9 0 .7 5 5 - 0 .7 5 9 0 .6 4 8 0 .5 9 4 - 0 .3 8 1 0 .1 5 3 - 0 .1 4 2

CSILT 0 .2 7 0 0 .0 4 3 0 .3 3 6 - 0 .6 2 4 - 0 .3 9 2 - 0 .4 9 7 0 .5 5 4 0 .3 1 4 - 0 .5 9 2 1 .0 0 0 - 0 .5 4 4 - 0 .4 3 3 - 0 .6 5 1 - 0 .5 7 2 0 .5 4 4 - 0 .5 2 5 - 0 .5 1 1 0 .5 9 0 - 0 .3 9 5 - 0 .3 9 9 0 .0 1 9 - 0 .4 8 5 - 0 .1 9 7

SAND30 - 0 .0 6 0 - 0 .0 3 2 - 0 .4 8 6 0 .7 4 7 0 .4 7 4 0 .4 9 0 - 0 .5 9 4 - 0 .6 9 1 0 .9 0 9 - 0 .5 4 4 1 .0 0 0 0 .7 3 6 0 .3 7 4 0 .4 2 0 - 0 .5 7 8 0 .6 6 6 0 .6 7 5 - 0 .7 3 7 0 .5 9 5 0 .4 4 7 - 0 .2 3 9 0 .1 5 0 - 0 .1 3 5

SLT150 0 .0 4 1 - 0 .0 8 2 - 0 .2 9 0 0 .7 1 0 0 .2 8 2 0 .3 7 4 - 0 .4 3 6 - 0 .7 4 9 0 .8 7 4 - 0 .4 3 3 0 .7 3 6 1 .0 0 0 0 .5 7 8 0 .6 4 1 - 0 .5 9 5 0 .6 6 3 0 .7 3 9 - 0 .6 4 2 0 .6 3 9 0 .7 1 3 - 0 .3 3 4 0 .1 0 4 - 0 .0 3 5

SGT150 - 0 .0 3 7 - 0 .3 1 9 - 0 .1 6 3 0 .3 9 6 0 .  197 0 .4 4 7 - 0 .2 3 1 - 0 .3 5 2 0 .4 9 2 - 0 .6 5 1 0 .3 7 4 0 .5 7 8 1 .0 0 0 0 .9 5 7 - 0 .6 7 4 0 .5 7 8 0 .5 1 4 - 0 .5 3 7 0 .5 8 4 0 .8 6 6 - 0 .0 0 5 0 .2 1 4 0 .1 3 8

SAND450 - 0 .1 1 3 - 0 .3 2 1 - 0 .0 7 2 0 .4 5 9 0 .1 0 3 0 .4 1 7 - 0 .1 9 9 - 0 .3 5 2 0 .5 3 9 - 0 .5 7 2 0 .4 2 0 0 .6 4 1 0 .9 5 7 1 .0 0 0 - 0 .6 6 9 0 .5 8 6 0 .5 2 1 - 0 .4 9 7 0 .6 1 2 0 .8 9 8 - 0 .0 3 3 0 .1 7 8 0 .1 1 8

HEAVC 0 .2 3 2 0 .2 4 3 0 .5 2 6 -0 .4 8 5 - 0 .5 6 8 - 0 .6 6 7 0 .5 0 3 0 .4 2 1 - 0 .6 0 0 0 .5 4 4 - 0 .5 7 8 - 0 .5 9 5 - 0 .6 7 4 - 0 .6 6 9 1 .0 0 0 - 0 .9 0 9 - 0 .9 0 6 0 .8 7 7 - 0 .8 8 7 - 0 .5 0 2 0 .2 5 7 - 0 .0 8 4 0 .1 4 2

OEPSL - 0 .2 3 4 - 0 .0 4 0 - 0 .7 0 0 0 .6 1 3 0 .7 2 4 0 .6 5 2 - 0 .5 9 6 - 0 .6 5 3 0 .7 2 9 - 0 .5 2 5 0 .6 8 6 0 .6 6 3 0 .5 7 8 0 .5 8 6 - 0 .9 0 9 1 .0 0 0 0 .9 2 3 - 0 .9 4 6 0 .8 9 3 0 .5 5 0 - 0 .4 1 9 - 0 .0 3 0 - 0 .2 8 4

OEPSCL - 0 .2 3 0 0 .0 4 6 - 0 .6 3 6 0 .6 3 4 0 .6 6 6 0 .6 0 1 - 0 .5 9 3 - 0 .6 4 6 0 .7 5 5 - 0 .5 1 1 0 .6 7 5 0 .7 3 9 0 .5 1 4 0 .5 2 1 - 0 .9 0 6 0 .9 2 3 1 .0 0 0 - 0 .8 8 7 0 .8 7 5 0 .4 8 9 - 0 .4 S 2 - 0 .0 0 2 - 0 .2 7 9

BIC 0 .2 1 3 0 .  104 0 .7 3 0 - 0 .6 1 6 - 0 .7 6 2 - 0 .6 1 0 0 .6 7 6 0 .6 7 0 - 0 .7 5 9 0 .5 9 0 - 0 .7 3 7 - 0 .6 4 2 - 0 .5 3 7 - 0 .4 9 7 0 .8 7 7 - 0 .9 4 6 -0 .8 B 7 1 .0 0 0 - 0 .8 4 4 - 0 .4 7 6 0 .4 2 6 - 0 .0 6 8 0 .2 4 4

DEPTEX - 0 .1 4 9 - 0 .1 1 2 - 0 .5 0 4 0 .5 6 4 0 .5 3 1 0 .5 2 1 - 0 .5 1 9 - 0 .5 3 3 0 .6 4 6 - 0 .3 9 5 0 .5 9 5 0 .6 3 9 0 .5 8 4 0 .6 1 2 - 0 .8 8 7 0 .8 9 3 0 .8 7 5 - 0 .8 4 4 1 .0 0 0 0 .5 7 5 - 0 .3 8 0 - 0 .1 8 5 - 0 .3 0 6
TEXS 0 .  126 - 0 .3 6 7 - 0 .0 6 6 0 .4 2 0 0 .0 7 9 0 .3 4 0 - 0 .2 0 4 - 0 .4 1 0 0 .5 9 4 - 0 .3 9 9 0 .4 4 7 0 .7 1 3 0 .8 6 6 0 .8 9 8 - 0 .5 8 2 0 .5 5 0 0 .4 8 9 - 0 .4 7 6 0 .5 7 5 1 .0 0 0 - 0 .0 9 8 0 .1 4 1 0 .0 6 9
ACSFR 0 .4 4 7 - 0 .3 6 8 0 .4 4 9 - 0 .3 1 2 - 0 .5 1 5 - 0 .0 3 1 0 .2 5 3 0 .6 2 6 - 0 .3 8 1 0 .0 1 9 - 0 .2 3 9 - 0 .3 3 4 - 0 .0 0 5 - 0 .0 3 3 0 .2 5 7 - 0 .4 1 9 - 0 .4 5 2 0 .4 2 6 - 0 .3 8 0 - 0 .0 9 8 1 .0 0 0 0 .4 5 7 0 .6 5 1
BCSFR 0 .0 9 0 - 0 .3 9 1 0 .  1 13 0 .0 6 6 - 0 .1 3 6 0 .2 6 5 - 0 .1 0 0 0 .2 2 6 0 .1 5 3 - 0 .4 8 5 0 .1 5 0 0 .1 0 4 0 .2 1 4 0 .1 7 8 - 0 .0 8 4 - 0 .0 3 0 - 0 .0 0 2 - 0 .0 6 8 - 0 .1 8 5 0 .1 4 1 0 .4 5 7 1 .0 0 0 0 .8 2 0
CCSFR 0 .3 0 2 - 0 .4 8 2 0 .3 3 5 - 0 .2 2 8 - 0 .4 0 7 0 .1 8 8 0 .0 8 8 0  4 2 6 - 0 .1 4 2 - 0 .1 9 7 - 0 .1 3 5 - 0 .0 3 5 0 .1 3 8 0 .1 1 8 0 .1 4 2 - 0 .2 8 4 - 0 .2 7 9 0 .2 4 4 - 0 . 3 0 6 0 .0 6 9 0 .6 5 1 0 .8 2 0 1 .0 0 0
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v a l u e  o f  0 . 4 0 4  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5  

f o r  n = 2 4 . The  f i r s t  PC a c c o u n t e d  f o r  48% o f  t h e  v a r i a b i l i t y  

i n  t h e  d a t a  s e t ,  a n d  e m p h a s i z e d  v a r i a b l e s  w h i c h  d e s c r i b e d  

d e p t h s  a n d  t e x t u r e s  o f  l oa my  s o i l  l a y e r s . The  s c o r e  o f  a n  

o b s e r v a t i o n  i n  t h e  f i r s t  PC became  mor e  n e g a t i v e  a s  t e x t u r a l  

l a y e r s  w e r e  n e a r e r  t h e  s u r f a c e  a n d  t e x t u r e s  w e r e  l o a m i e r . 

I n  t h e  s e c o n d  PC,  w h i c h  a c c o u n t s  f o r  16% o f  t h e  v a r i a b i l i t y ,  

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

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

s o i l  p e d o n ,  w h i l e  t h e  t h i c k n e s s  o f  t h e  E h o r i z o n  r e c e i v e d  

n e g a t i v e  c o e f f i c i e n t s . S o i l s  w i t h  h i g h  s c o r e s  i n  t h e  s e c o n d  

PC w e r e  t h o s e  w i t h  l o a m i e r  t e x t u r e s , t h i n n e r  E h o r i z o n s , a n d  

m a n y  c o a r s e  f r a g m e n t s . T h e  t h i r d  P C , w i t h  9 % o f  t h e  

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

t h i c k n e s s e s ,  a n d  t h e  f o u r t h  PC,  w h i c h  d e s c r i b e d  7% o f  t h e  

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

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

t h e  f i r s t  PC.

F i g u r e  2 . 1 0  shows  s i t e  l o c a t i o n s  w i t h  r e s p e c t  t o  P C ' s  1 

a n d  2 o f  f i e l d  d a t a . B e c a u s e  t h e  f i r s t  PC e m p h a s  i  z e s  

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

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

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

s i t e s  a r e  l o c a t e d  a t  t h e  o p p o s i  t e  e n d . T h e  s e c o n d  PC 

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

on  c o a r s e  f r a g m e n t  c o n t e n t , a v e r a g e  t e x t u r e ,  a n d  a s s o c i a t e d  

E h o r i z o n  t h i c k n e s s . S i t e  B i s  l o c a t e d  on  P o r t  B r u c e  t i l l
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F i g u r e  2 . 1 0 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 2 
o f  f i e l d  o b s e r v e d  s o i l  v a r i a b l e s  a v e r a g e d  
w i t h i n  a  s i t e .
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b u t  i n  t h i s  p l o t  a p p e a r s  g r o u p e d  w i t h  P o r t  H u r o n  s i t e s .  

L a c u s t r i n e  s i t e s  C a n d  U w e r e  n o t  p l a c e d  t o g e t h e r  a l o n g  P C ' s  

1 a n d  2 .

A p l o t  o f  s i t e  l o c a t i o n s  w i t h  r e s p e c t  t o  P C ' s  1 a n d  3 

o f  f i e l d  d a t a  a p p e a r s  i n  F i g u r e  2 . 1 1 .  PC 3 s u m m a r i z e d  a b o u t  

9% o f  t h e  v a r i a b i l i t y  i n  t h e  d a t a  s e t , p r i m a r i l y  e m p h a s i z i n g  

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

f r a g m e n t  c o n t e n t . S i t e  l o c a t i o n s  w i t h  r e s p e c t  t o  PC 3 show 

no  r e l a t i o n s h i p  t o  d e p o s i t i o n a l  e n v i r o n m e n t  d e s i g n a t i o n s ,  

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

i n  p r e v i o u s  p l o t s .

On t h e  f i r s t  PC a x i s , s i t e s  w e r e  a r r a n g e d  i n  a  s i m i l a r  

o r d e r  a s  t h a t  w h i c h  was  o b t a i n e d  f r o m  PCA' s  o f  l a b o r a t o r y  

d a t a .  S i m p l e  l i n e a r  c o r r e l a t i o n s  among s i t e  s c o r e s  on  t h e  

f i r s t  a x e s  o f  s e p a r a t e  P C A ' s  w e r e  u s e d  t o  c o m p a r e  t h e  

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

a l p h a = 0 . 0 5 .  The  c o r r e l a t i o n  b e t w e e n  f i r s t  a x i s  s i t e  s c o r e s  

f r o m  PCA o f  f i e l d  d a t a  a n d  PCA o f  h o r i z o n  summed l a b o r a t o r y  

d a t a  i n c l u d i n g  o r g a n i c  l a y e r s  was  r = - 0 . 8 3 9 ;  t h e  c o r r e l a t i o n  

w i t h  PCA o f  m i n e r a l  s o i l  l a b o r a t o r y  d a t a  summed by  h o r i z o n s  

was  r = - 0 . 9 1 9 ,  a n d  t h e  c o r r e l a t i o n  w i t h  PCA o f  d e p t h  summed 

d a t a  w a s  r  = - 0  . 9 2 2  . S p e a r m a n ' s  c o e f  f  i c i e n t  o f  r a n k  

c o r r e l a t i o n s  f o r  t h e  s a m e  c o m p a r i s o n s  w e r e  l i k e w i s e  

s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 .  The  c o r r e l a t i o n  b e t w e e n  r a n k s  o f  

t h e  24 s i t e s  on t h e  f i r s t  a x i s  o f  PCA o f  f i e l d  d a t a  a n d  PCA 

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

w a s  r s = - 0 . 8 0 4 ;  f o r  f i e l d  d a t a  c o m p a r e d  w i t h  m i n e r a l  s o i l
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F i g u r e  2 . 1 1 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 3 
o f  f i e l d  o b s e r v e d  s o i l  v a r i a b l e s  a v e r a g e d  
w i t h i n  a  s i t e .
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l a b o r a t o r y  d a t a  t h e  c o r r e l a t i o n  w a s  r s = - 0 . 9 0 5 ,  a n d  t h e  

c o r r e l a t i o n  o f  f i e l d  d a t a  w i t h  d e p t h  summed l a b o r a t o r y  d a t a  

was  r s = - 0 . 9 5 3 .  T h u s ,  t h e  g r a d i e n t s  e x p r e s s e d  by  t h e  f i r s t  

a x i s  o f  a l l  t h e  PCA ' s  a p p e a r  t o  c o i n c i d e .

PCA of combined field and laboratory data summed by horizons 
and depths

P r i n c i p a l  c o m p o n e n t  a n a l y s e s  w e r e  a p p l i e d  t o  a  c o m b i n e d  

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

l a b o r a t o r y  d a t a  summed b y  h o r i z o n  g r o u p s , a n d  l a b o r a t o r y  

d a t a  summed by  d e p t h s .  T h i s  PCA was  p e r f o r m e d  t o  i d e n t i f y  

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

p r e v i o u s l y . PCA w a s  a l s o  u s e d  t o  p r o d u c e  a  p l o t  d e r i v e d  

f r o m  t h i s  c o m b i n a t i o n  o f  d i f f e r e n t  d a t a  s e t s ,  t o  d e t e r m i n e  

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

s e p a r a t e  d a t a  s e t s , a n d  w i t h  d e p o s i t i o n a l  e n v i r o n m e n t  

d e s i g n a t i o n s .

V a r i a b l e s  u s e d  i n  t h i s  PCA w e r e  t h o s e  w h i c h  h a d  

r e c e i v e d  t h e  s i x  h i g h e s t  c o e f f i c i e n t s  i n  t h e  f i r s t  PC o f  

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

a n d  t h i r d  P C ' s .  A d d i t i o n a l l y ,  t h e  f i v e  0 - 1 5 0  cm d e p t h  sums  

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

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

two  P C ' s  o f  l a b o r a t o r y  d a t a  summed by  h o r i z o n s ,  b o t h  w i t h  

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

T a b l e  2 . 1 5  p r e s e n t s  r e g r e s s i o n  c o e f f i c i e n t s  o f  t h e  

v a r i a b l e s  w i t h  t h e  f i r s t  f o u r  P C ' s  o f  t h e  d a t a  s e t  w h i c h
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T a b l e  2 . 1 5 .  C o r r e l a t i o n s  o f  l a b o r a t o r y  d e t e r m i n e d  s o i l  
v a r i a b l e s  summed  b y  h o r i z o n s  a n d  b y  d e p t h s ,  a n d  f i e l d  
o b s e r v e d  v a r i a b l e s ,  w i t h  t h e  f i r s t  f o u r  p r i n c i p a l  
c o m p o n e n t s .  R a n k s  o f  t h e  e i g h t  h i g h e s t  c o r r e l a t i o n s  f o r
e a c h  PC a r e  s ho wn .

V a r i a b l e  PC l ( R a n k ) PC 2 (Rank) PC 3 (Rank) PC 4 ( Ra nk )

E i g e n v a l u e  1 2 . 0 3 3 . 4 9 2 . 0 1 1 . 3 2
P e r c e n t  5 2 . 3 1 5 . 2 8 . 8 5 . 8

ETHICK 0 . 1 2 2 0 0 . 7 0 6 7 ( 4 ) 0 . 1 4 4 9 - 0 . 2 7 9 3 ( 7 )
BTHICK 0 . 6 0 9 7 - 0 . 4 5 3 0 ( 7 ) 0 . 0 0 7 4 - 0 . 2 3 9 2 ( 8 )
MOTTDEP - 0 . 6 4 9 9 - 0 . 0 4 2 3 0 . 2 5 3 6 0 . 5 2 2 0 ( 1 )
BSAND - 0 . 8 8 1 9 ( 6 ) 0 . 0 2 1 9 0 . 1 3 8 7 - 0 . 2 3 2 0
HEAVC 0 . 8 7 8 9 ( 8 ) 0 . 0 0 5 8 0 . 1 7 4 7 - 0 . 2 9 2 5 ( 5 )
DEPSL - 0 . 9 2 5 4 ( 3 ) 0 . 2 0 4 7 - 0 . 1 0 8 3 0 . 2 0 5 2
DEPSCL - 0 . 8 9 7 2 ( 4 ) 0 . 1 9 9 2 - 0 . 1 0 7 5 0 . 1 8 3 6
BIC 0 . 9 4 6 7 ( 1 ) - 0 . 1 2 3 9 0 . 1 1 6 0 - 0 . 0 8 0 3
DEPTEX - 0 . 8 2 6 1 0 . 1 2 5 5 - 0 . 2 9 6 8 ( 8 ) 0 . 2 8 5 8 ( 6 )
TEXS - 0 . 6 2 4 1 - 0 . 3 6 0 7 ( 8 ) - 0 . 0 7 7 6 0 . 1 5 5 5
BCSFR - 0 . 1 7 7 6 - 0 . 6 4 5 9 ( 5 ) 0 . 6 0 5 2 ( 1 ) - 0 . 0 8 3 6
CCSPR 0 . 1 4 3 4 - 0 . 7 1 7 3 ( 2 ) 0 . 5 9 8 2 ( 2 ) 0 . 2 1 8 6
TKNSUM 0 . 9 3 4 3 ( 2 ) - 0 . 0 9 5 3 - 0 . 0 2 8 0 0 . 0 9 0 7
TKPSUM 0 . 8 8 8 3 ( 5 ) - 0 . 0 2 7 5 - 0 . 2 3 7 6 0 . 1 3 6 0
CASUM 0 . 8 4 4 6 - 0 . 1 0 8 5 - 0 . 3 4 7 9 ( 6 ) - 0 . 0 3 5 0
MGSUM 0 . 8 4 7 1 0 . 1 5 6 4 - 0 . 3 6 2 6 ( 5 ) 0 . 1 5 0 5
KSUM 0 . 8 7 9 8 ( 7 ) 0 . 0 8 5 8 - 0 . 3 4 1 4 ( 7 ) 0 . 0 9 9 0
OITKP 0 . 7 3 1 7 0 . 2 2 4 0 0 . 2 0 9 1 0 . 4 5 9 1
OIMG 0 . 7 7 9 5 0 . 2 0 2 1 0 . 2 7 4 2 0 . 3 0 7 2 ( 4 )
OIK 0 . 7 2 8 5 0 . 3 4 0 2 0 . 1 4 3 0 0 . 3 7 6 3 ( 2 )
OETKN 0 . 0 8 9 0 0 . 7 6 1 0 ( 1 ) 0 . 4 7 4 4 ( 4 ) - 0 . 0 8 9 5 ( 3 )
OEK 0 . 2 7 1 9 0 . 7 1 6 6 ( 3 ) 0 . 4 8 1 2 ( 3 ) - 0 . 0 5 1 4
ATKN 0 . 6 0 7 5 - 0 . 5 0 3 5 ( 6 ) 0 . 0 4 5 3 0 . 1 1 7 2 0
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c o m b i n e d  f i e l d  a n d  l a b o r a t o r y  v a r i a b l e s .  The  c o r r e l a t i o n  

m a t r i x  u s e d  i n  t h e  PCA a p p e a r s  i n  T a b l e  2 . 1 6 .  C o r r e l a t i o n s  

i n  T a b l e  2 . 1 6  w h i c h  a r e  g r e a t e r  t h a n  o r  e q u a l  t o  a n  a b s o l u t e  

v a l u e  o f  0 . 4 0 4  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5  

f o r  n = 2 4 . T h e  f i r s t  PC,  w h i c h  a c c o u n t e d  f o r  52% o f  t h e  

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

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

a c c u m u l a t i o n ,  a n d  t e x t u r e  o f  t h e  m o s t  l o a my  l a y e r . Sums o f  

N , P , a n d  K i n  t h e  0 - 1 5 0  cm d e p t h  a l s o  r e c e i v e d  h i g h  

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

n u t r i e n t  g r a d i e n t . The  p r e s e n c e  o f  l oa my  t e x t u r e d  l a y e r s  

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

s i t e s  a  h i g h  s c o r e  i n  t h i s  P C . T h e  s e c o n d  P C ,  w i t h  a n  

a d d i t i o n a l  15% o f  t h e  v a r i a b i l i t y ,  e m p h a s i z e d  Oe n u t r i e n t s , 

c o a r s e  f r a g m e n t  c o n t e n t , a n d  h o r i z o n  t h i c k n e s s  o f  t h e  E a n d  

B . T h e  t h i r d  P C , w h i c h  a c c o u n t e d  f o r  9% o f  v a r i a b i l i t y ,  

e m p h a s i z e d  n u t r i e n t  sums o f  t h e  0 - 1 5 0  cm d e p t h .  The  f o u r t h  

PC r e p r e s e n t e d  6% o f  t h e  v a r i a b i l i t y , a n d  p l a c e d  h i g h  

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

v a r i a b l e s .

A p l o t  o f  s i t e  l o c a t i o n s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 2 

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

i n  F i g u r e  2 . 1 2 .  S i t e  a r r a n g e m e n t  a l o n g  t h e  f i r s t  a x i s  was  

b a s e d  o n  d e p t h s  t o  l o a m y  t e x t u r a l  l a y e r s  a n d  o v e r a l l  

n u t r i e n t  c o n t e n t , s o  t h a t  o u t w a s h  s a n d s  a r e  g r o u p e d  a t  t h e  

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

l o c a t e d  n e a r  t h e  c e n t e r , a n d  t i l l  s o i l s  a p p e a r  a t  t h e  r i g h t .



T a b le  2 .1 6 .  S im p le  l i n e a r  c o r r e l a t i o n s  am ong v a r i a b l e s  u s e d  i n  p r i n c i p a l  co m p o n e n t a n a l y s i s  o f  l a b o r a t o r y  d e t e r m in e d  v a r i a b l e s  summed b y  h o r i z o n s  a n d  by  d e p t h s ,  a n d  f i e l d  o b s e r v e d  v a r i a b l e s .

ETHICK BTHICK UOTTDEP BSAND HEAVC DEPSL DEPSCL BIC DEPTEX TEXS BCSFR CCSFR TKNSUM TKPSUM CASUM MGSUM KSUM o it k p OIMG OIK OETKN OEK ATKN

ETHICK 1 .0 0 0 - 0 .2 4 7 - 0 .2 2 8 0 .0 5 9 0 .2 4 3 - 0 .0 4 0 0 .0 4 6 0 .1 0 4 - 0 .1 1 2 - 0 .3 6 7 -0 .3 9 1 -0 .4 B 2 0 .0 8 6 - 0 .0 8 5 - 0 .0 1 8 0 .0 6 5 - 0 .0 0 8 0 .1 2 7 0 .3 4 5 0 .3 3 9 0 .4 0 0 0 .4 3 7 - 0 .0 6 4
BTHICK - 0 .2 4 7 1 .0 0 0 - 0 .6 2 5 - 0 .4 3 8 0 .5 2 6 - 0 .7 0 0 - 0 .6 3 0 0 .7 3 0 - 0 .5 0 4 - 0 .0 6 6 0 .1 1 3 0 .3 3 5 0 .5 6 9 0 .6 3 9 0 .4 5 6 0 .2 7 4 0 .4 8 0 0 .3 8 5 0 .2 7 5 0 .2 3 5 - 0 .1 5 1 - 0 .0 7 2 0 .5 4 9
MOTTOEP - 0 .2 2 8 - 0 .6 2 5 1 .0 0 0 0 .4 2 5 - 0 .6 6 7 0 .6 5 2 0 .6 0 1 - 0 .6 1 8 0 .5 2 1 0 .3 4 0 0 .2 6 5 0 .1 8 8 - 0 .5 2 5 - 0 .5 9 5 - 0 .5 4 9 - 0 .5 0 3 - 0 .6 1 6 - 0 .3 0 5 - 0 .3 2 4 - 0 .3 7 8 - 0 .0 1 2 - 0 .0 9 7 - 0 .2 9 5
BSAND 0 .0 5 9 - 0 .4 3 8 0 .4 2 5 1 .0 0 0 - 0 .6 0 0 0 .7 2 9 0 .7 5 5 - 0 .7 5 9 0 .6 4 8 0 .5 9 4 0 .1 5 3 - 0 .1 4 2 - 0 .9 1 7 - 0 .8 8 7 - 0 .8 3 3 - 0 .8 9 6 - 0 .8 8 9 - 0 .6 3 3 - 0 .6 2 6 - 0 .5 0 4 - 0 .0 5 0 - 0 .2 2 0 - 0 .5 0 7

HEAVC 0 .2 4 3 0 .5 2 6 - 0 .6 6 7 - 0 .6 0 0 1 .0 0 0 - 0 .9 0 9 - 0 .9 0 6 0 .8 7 7 - 0 .8 8 7 - 0 .5 8 2 - 0 .0 8 4 0 .  142 0 .7 4 0 0 .6 3 1 0 .6 8 9 0 .6 3 2 0 .6 4 7 0 .5 6 0 0 .7 1 4 0 .6 2 8 0 .  117 0 .2 6 8 0 .5 2 9
DEPSL - 0 .0 4 0 - 0 .7 0 0 0 .6 5 2 0 .7 2 9 - 0 .9 0 9 1 .0 0 0 0 .9 2 3 - 0 .9 4 6 0 .8 9 3 0 .5 5 0 - 0 .0 3 0 - 0 .2 8 4 - 0 .0 3 7 - 0 .7 4 5 - 0 .7 5 6 - 0 .6 8 9 - 0 .7 2 8 - 0 .5 8 1 - 0 .6 6 2 - 0 .5 5 9 0 .0 3 5 - 0 .1 4 3 -0 .6 3 1
DEPSCL 0 .0 4 6 - 0 .6 3 8 0 .6 0 1 0 .7 5 5 - 0 .9 0 6 0 .9 2 3 1 .0 0 0 - 0 .8 8 7 0 .8 7 5 0 .4 8 9 - 0 .0 0 2 - 0 .2 7 9 - 0 .6 2 3 - 0 .7 1 5 - 0 .7 4 3 - 0 .6 7 4 - 0 .7 1 0 - 0 .5 3 8 - 0 .6 3 5 - 0 .5 0 6 - 0 .0 1 8 - 0 .1 7 7 - 0 .6 0 2

BIC 0 .  104 0 .7 3 0 - 0 .6 1 8 - 0 .7 5 9 0 .0 7 7 - 0 .9 4 6 - 0 .0 0 7 1 .0 0 0 - 0 .0 4 4 - 0 .4 7 6 - 0 - 0 6 8 0 .2 4 4 0 .0 8 0 0 .6 0 5 0 .7 4 5 0 .6 8 7 0 .7 5 0 0 .6 9 4 0 .7 2 7 0 .6 6 1 0 .0 5 0 0 .2 1 4 0 .6 6 2
DEPTEX - 0 .1 1 2 - 0 .5 0 4 0 .5 2 1 0 .6 4 8 - 0 .8 8 7 0 .8 9 3 0 .8 7 5 - 0 .8 4 4 1 .0 0 0 0 .5 7 5 - 0 .1 0 5 - 0 .3 0 6 - 0 .7 0 5 - 0 .5 9 5 - 0 .6 4 6 - 0 .5 9 9 - 0 .6 1 6 - 0 .4 9 3 - 0 .5 5 2 - 0 .4 9 7 -0 .0 9 1 - 0 .2 9 6 - 0 .4 9 3
TEXS - 0 .3 6 7 - 0 .0 6 6 0 .3 4 0 0 .5 9 4 - 0 .5 8 2 0 .5 5 0 0 .4 6 9 - 0 .4 7 6 0 .5 7 5 1 .0 0 0 0 .1 4 1 0 .0 6 9 - 0 .5 9 0 - 0 .5 3 6 - 0 .5 2 1 - 0 .6 5 3 - 0 .5 6 3 - 0 .3 3 8 - 0 .5 3 2 - 0 .3 9 8 - 0 .3 2 3 - 0 .4 2 8 - 0 .0 5 8
BCSFR -0 .3 9 1 0 .  113 0 .2 6 5 0 .  153 -0 .0 8 4 - 0 .0 3 0 - 0 .0 0 2 - 0 .0 6 8 - 0 .1 8 5 0 .  141 1 .0 0 0 0 .8 2 0 - 0 .1 1 9 - 0 .2 5 6 - 0 .2 5 3 - 0 .3 0 1 - 0 .3 3 8 -0 .2 5 1 - 0 .1 9 3 -0 .3 3 1 - 0 .2 1 9 - 0 .1 8 5 0 .1 2 1
CCSFR - 0 .4 8 2 0 .3 3 5 0 .1 8 8 - 0 .1 4 2 0 .  142 - 0 .2 0 4 - 0 .2 7 9 0 .2 4 4 - 0 .3 0 6 0 .0 6 9 0 .8 2 0 1 .0 0 0 0 .2 2 3 0 .0 6 9 0 .0 0 8 - 0 .1 4 9 - 0 .1 0 3 0 .1 3 9 0 .1 7 6 0 .0 0 1 - 0 .2 6 4 - 0 .1 7 9 0 .4 5 1
TKNSUM 0 .0 8 6 0 .5 6 9 - 0 .5 2 5 - 0 .9 1 7 0 .7 4 0 - 0 ,8 3 7 - 0 .8 2 3 o .e e o - 0 .7 0 5 - 0 .5 9 8 - 0 .1 1 9 0 .2 2 3 1 .0 0 0 0 .8 4 8 0 .8 4 5 0 .7 9 1 0 .0 0 4 0 .6 1 4 0 .7 5 9 0 .5 9 7 0 .0 2 2 0 .  167 0 .7 0 4
TKPSUM - 0 .0 8 5 0 .6 3 9 - 0 .5 9 5 - 0 .6 8 7 0 .6 3 1 -0 ,7 4 5 - 0 .7 1 5 0 .8 0 5 - 0 .5 9 5 - 0 . 5 3 6 - 0 .2 5 6 0 .0 6 9 0 .6 4 0 1 .0 0 0 0 .8 2 3 0 .8 4 4 0 .9 1 2 0 .6 8 5 0 .5 7 5 0 .6 1 0 0 .0 1 7 0 .1 7 9 0 .4 5 0
CA5UM - 0 .0 1 7 0 .4 5 6 - 0 .5 4 9 - 0 .8 3 3 0 .6 0 9 - 0 .7 5 6 - 0 .7 4 3 0 .7 4 5 - 0 .6 4 6 - 0 .5 2 1 - 0 .2 5 3 0 .0 0 8 0 .8 4 5 0 .8 2 3 1 .0 0 0 0 .8 6 5 0 .8 4 9 0 .4 0 9 0 .4 9 3 0 .4 2 4 - 0 .1 2 9 0 .0 4 9 0 .6 1 1
MGSUM 0 .0 6 5 0 .2 7 5 - 0 .5 0 3 - 0 .6 9 6 0 .6 3 2 - 0 .6 8 9 - 0 .6 7 4 0 .6 8 7 - 0 .5 9 9 - 0 .6 5 3 -0 .3 8 1 - 0 .1 4 9 0 .7 9 1 0 .8 4 4 0 .6 6 5 1 .0 0 0 0 .9 5 2 0 .5 8 4 0 .5 B 4 0 .6 2 8 - 0 .0 0 2 0 .1 8 5 0 .3 4 4
KSUM - 0 .0 0 8 0 .4 8 0 - 0 .6 1 6 - 0 .8 8 9 0 .6 4 7 -0 .7 2 8 - 0 .7 1 0 0 .7 5 0 - 0 .6 1 6 - 0 .5 6 3 - 0 .3 3 8 - 0 .1 0 3 0 .8 0 4 0 .9 1 2 0 .8 4 9 0 .9 5 2 1 .0 0 0 0 .6 2 5 0 .5 6 4 0 .6 4 7 0 .0 0 8 0 .2 0 1 0 .3 7 3
OITKP 0 .  127 0 .3 8 5 - 0 .3 0 5 - 0 .6 3 3 0 .5 6 0 -0 .5 8 1 - 0 .5 3 8 0 .6 9 4 - 0 .4 9 3 - 0 .3 3 8 -0 .2 5 1 0 .1 3 9 0 .6 1 4 0 .6 8 5 0 .4 0 9 0 .5 8 4 0 .6 2 5 1 .0 0 0 0 .8 0 9 0 .9 0 2 0 .2 7 5 0 .4 2 3 0 .3 5 1
OIMG 0 .3 4 5 0 .2 7 5 - 0 .3 2 4 - 0 .6 2 6 0 .7 1 4 -0 .6 6 2 - 0 .6 3 5 0 .7 2 7 - 0 .5 5 2 - 0 .5 3 2 - 0 .1 8 3 0 .1 7 6 0 .7 5 9 0 .5 7 5 0 .4 9 3 0 .5 8 4 0 .5 6 4 0 .8 0 9 1 .0 0 0 0 .0 4 9 0 .2 3 6 0 .3 3 1 0 .5 4 8
OIK 0 .3 3 9 0 .2 3 5 -0 .3 7 8 - 0 .5 0 4 0 .6 2 8 - 0 .5 5 9 - 0 .5 0 6 0 .6 6 1 - 0 .4 9 7 - 0 .3 9 8 - 0 .3 3 1 0 .0 0 1 0 .5 9 7 0 .6 1 0 0 .4 2 4 0 .6 2 8 0 .6 4 7 0 .9 0 2 0 .8 4 9 1 .0 0 0 0 .2 5 0 0 .4 0 1 0 .3 5 1
of 0 .4 8 0 - 0 .1 5 1 - 0 .0 1 2 - 0 .0 5 0 0 .  117 0 .0 3 5 - 0 .0 1 8 0 .0 5 0 -0 .0 9 1 - 0 .3 2 3 - 0 .2 1 9 - 0 .2 6 4 0 .0 2 2 0 .0 1 7 - 0 .1 2 9 - 0 .0 0 2 0 .0 0 8 0 .2 7 5 0 .2 3 6 0 .2 5 0 1 .0 0 0 0 .9 4 6 - 0 .3 3 6
U t v 0 .4 3 7 - 0 .0 7 2 - 0 .0 9 7 - 0 .2 2 8 0 .2 6 8 - 0 .1 4 3 - 0 .1 7 7 0 .2 1 4 - 0 .2 9 6 - 0 .4 2 9 - 0 .1 8 5 - Q . 179 0 .1 6 7 0 .1 7 9 0 .0 4 9 0 .  IBS 0 .2 0 1 0 .4 2 3 0 .3 3 1 0 .4 0 1 0 .9 4 6 1 .0 0 0 - 0 .2 5 5
ATKN - 0 .0 6 4 0 .5 4 9 - 0 .2 9 5 - 0 .5 0 7 0 .5 2 9 -0 .6 3 1 - 0 .6 0 2 0 .6 6 2 - 0 .4 9 3 - 0 .0 5 8 0 .  121 0 .4 5 1 0 .7 0 4 0 .4 5 0 0 .6 1 1 0 .3 4 4 0 .3 7 3 0 .3 5 1 0 .5 4 6 0 .3 5 1 - 0 . 3 3 6 - 0 .2 5 5 1 .0 0 0
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F i g u r e  2 . 1 2 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 2 
o f  l a b o r a t o r y  d e t e r m i n e d  s o i l  v a r i a b l e s  summed 
by  h o r i z o n  a n d  by  d e p t h s ,  a n d  f i e l d  d e t e r m i n e d  
v a r i a b l e s ,  a v e r a g e d  w i t h i n  a  s i t e .
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T h e r e  was  o v e r l a p  among t h e  P o r t  B r u c e  a n d  P o r t  H u r o n  t i l l  

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

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

o c c u r  r e d  n e a r e r  t h e  s u r f a c e . T h e  s e c o n d  a x i s ,  w h i c h  

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

P o r t  B r u c e  s i t e s  g e n e r a l l y  h a v e  m o r e  c o a r s e  f r a g m e n t s , a n d  

l o w e r  l e v e l s  o f  Oe n u t r i e n t s . The  two  l a c u s t r i n e  s i t e s  a r e  

c l o s e l y  g r o u p e d  i n  t h i s  p l o t .

A p l o t  o f  s i t e  l o c a t i o n s  a l o n g  PC a x e s  1 a n d  3 i s  

p r e s e n t e d  i n  F i g u r e  2 . 1 3 .  T h i s  PC i s  a s s o c i a t e d  w i t h  c o a r s e  

f r a g m e n t  c o n t e n t  a n d  Oe n u t r i e n t s , s o  t h a t  s i t e  A,  w h i c h  

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

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

a l o n g  t h e  a x i s .

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

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

a l t h o u g h  t h e  g r a d i e n t s  c o r r e s p o n d e d ,  t h e  t e x t u r a l  d a t a  i n  my 

s t u d y  e x p r e s s e d  g r e a t e r  v a r i a b i l i t y  t h a n  t h e  n u t r i e n t  s u m s .

O r d i n a t i o n s  o f  s i t e s  on  t h e  f i r s t  PC a x i s  w e r e  c o m p a r e d  

w i t h  s i m i l a r  f i r s t  a x i s  o r d i n a t i o n s  f r o m  p r e v i o u s  P C A ' s . 

The  s i m p l e  l i n e a r  c o r r e l a t i o n  o f  s c o r e s  f r o m  PCA o f  c o m b i n e d  

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

i n c l u d i n g  o r g a n i c  l a y e r s  was  r = 0 . 9 2 0 ;  w i t h  l a b o r a t o r y  d a t a  

e x c l u d i n g  o r g a n i c  l a y e r s  t h e  c o r r e l a t i o n  was  r = 0 . 9 0 8 ;  w i t h  

d e p t h  summed d a t a  t h e  c o r r e l a t i o n  w a s  r  = 0 . 9 3 8 ,  a n d  w i t h  

f i e l d  d a t a  w a s  r  = - 0 . 9 7 1 .  A l l  t h e  c o r  r e l a t i o n s  w e r e  

s i g n i f i c a n t  a t  a l p h a = 0 . 0 5  f o r  n = 2 4 . S p e a r m a n ' s  c o e f f i c i e n t
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F i g u r e  2 . 1 3 .  L o c a t i o n  o f  s i t e s  w i t h  r e s p e c t  t o  PC 1 a n d  PC 3 
o f  l a b o r a t o r y  d e t e r m i n e d  s o i l  v a r i a b l e s  summed 
b y  h o r i z o n  a n d  by  d e p t h s ,  a n d  f i e l d  d e t e r m i n e d  
v a r i a b l e s ,  a v e r a g e d  w i t h i n  a  s i t e .
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o f  r a n k  c o r r e l a t i o n  was  a l s o  c a l c u l a t e d  f o r  s i t e  r a n k s  on  

t h e  f i r s t  a x e s  o f  t h e s e  P C A ' s .  The c o r r e l a t i o n  b e t w e e n  s i t e  

r a n k s  i n  PCA o f  c o m b i n e d  f i e l d  a n d  l a b o r a t o r y  d a t a  w i t h

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

r s = 0 . 9 1 7 ;  w i t h  m i n e r a l  s o i l  l a b o r a t o r y  d a t a  t h e  c o r r e l a t i o n  

w a s  r s = 0 . 92 0 ;  w i t h  d e p t h  summed d a t a  t h e  c o r r e l a t i o n  w a s  

r s = 0 . 9 9 1 ,  a n d  w i t h  f i e l d  d a t a  t h e  c o r r e l a t i o n  was  r s = - 0 . 9 4 2 .  

T h e s e  c o r r e l a t i o n s ,  a l l  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 ,  show t h a t  

s i t e  s c o r e s  a l o n g  t h e  f i r s t  PC a x i s  w e r e  s i m i l a r  w h e t h e r  

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

was  u s e d .  Mos t  c l a s s i f i c a t i o n  s t u d i e s  r e l y  on  f i e l d  d a t a

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

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

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

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

c o i n c i d e n t a l l y .

P l o t s  o f  s i t e  l o c a t i o n s  a l o n g  t h e  f i r s t  a x i s  o f  a l l  t h e  

P C A' s  i n d i c a t e  t h a t  t h e r e  a r e  d i f f e r e n c e s  among g r o u p s  b a s e d  

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

n o r m a l i t y  a r e  n o t  me t  by  t h i s  d a t a  s e t ; t h e r e f o r e ,  i t  i s  n o t  

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

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

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

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

d a t a  s e t . H o w e v e r , PCA d o e s  n o t  d i s a g r e e  w i t h  g r o u p i n g s  

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

d e p o s i t ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  f i r s t  a n d  s e c o n d  a x i s
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ordinations.

D i f f e r e n c e s  among g r o u p s  b a s e d  o n  d e p o s i t i o n a l  e n v i r o n m e n t

PCA d i d  n o t  c o n t r a d i c t  s i t e  g r o u p i n g s  b a s e d  o n  

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

made  t o  d e t e r m i n e  i f  d i f f e r e n c e s  w e r e  s i g n i f i c a n t , a n d  i f  

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

g r o u p s .  A K r u s k a l - W a l l i s  t e s t  was  u s e d  t o  d e t e r m i n e  t h a t  

t h e  g r o u p s  h a d  d i f f e r e n t  d i s t r i b u t i o n s .  I n d i v i d u a l  t - t e s t s  

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

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

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

a n d  t e s t s  o f  v a r i a n c e s ,  a r e  p r e s e n t e d  i n  A p p e n d i x  T a b l e  A . 1 ,  

w h i c h  i s  t o o  l e n g t h y  f o r  i n c l u s i o n  i n  t h e  t e x t .  M a n y  

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

g r o u p s ,  a n d  s o  r e d u c e d  d e g r e e s  o f  f r e e d o m  w e r e  u s e d  t o  t e s t  

f o r  m e a n  d i f f e r e n c e s  i n  t h e s e  c a s e s . G r o u p  1 r e f e r s  t o  

s i t e s  f o r m e d  i n  o u t w a s h  s a n d ;  Gr o u p  2 i n c l u d e s  s i t e s  f o r m e d  

i n  o u t w a s h  s a n d  w i t h  i c e - r a f t e d  l oamy i n c l u s i o n s ; G r o u p  3 

c o n s i s t s  o f  s i t e s  f o r m e d  i n  P o r t  B r u c e  t i l l ;  G r o u p  4 

i n c l u d e s  s i t e s  f o r m e d  i n  P o r t  Huron  t i l l ,  a n d  G r o u p  5 r e f e r s  

t o  s i t e s  f o r m e d  i n  l a c u s t r i n e  m a t e r i a l  ( T a b l e  2 . 4 ) .  

V a r i a b l e  d e s c r i p t i o n s  a n d  u n i t s  a p p e a r  i n  T a b l e s  2 . 2  a n d  

2 . 3 .

G r o u p  1 ,  f o r m e d  i n  o u t w a s h  s a n d ,  d i f f e r s  s i g n i f i c a n t l y  

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

a n d  w i t h  r e g a r d  t o  m o s t  t e x t u r a l  v a r i a b l e s . F e w e r
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s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  G r o u p s  1 a n d  2 

t h a n  b e t w e e n  G r o u p  1 a n d  o t h e r  g r o u p s ;  h o w e v e r ,  d i f f e r e n c e s  

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

g r o u p s  s e p a r a t e .

G r o u p  2 ,  f o r m e d  i n  o u t w a s h  s a n d  w i t h  i n c l u s i o n s  o f  i c e -  

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

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

c o n t e n t , h o r i z o n  t h i c k n e s s , a n d  t e x t u r a l  v a r i a b l e s  w e r e  

o f t e n  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  G r o u p  2 a n d  G r o u p s  3 ,  

4 ,  a n d  5 .

D i f f e r e n c e s  b e t w e e n  s o i l s  f o r m e d  i n  t h e  t wo  d i f f e r e n t  

t i l l s ,  o f  P o r t  B r u c e  a n d  P o r t  Hu r o n  a g e ,  a n d  b e t w e e n  t i l l  

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

C o m p a  r  i  s o n s  o f  G r o u p s  3 a n d  4 ,  t h e  t w o  t i l l s ,  w e r e  

s i g n i f i c a n t  o n l y  w i t h  r e s p e c t  t o  t h e  v a r i a b l e s  BTKN, CMG, 

MGSUM, OIK,  OITKP,  BTHICK, BSTHICK, BTTHICK, CTHICK, ASILT,  

ACLAY, CSILT,  a n d  CCLAY. T h e s e  d i f f e r e n c e s  may n o t  p r o v i d e  

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

s o l e l y  o n  s o i l  p r o p e r t i e s . As d i s c u s s e d  i n  C h a p t e r  3 ,  

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

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

e c o s y s t e m  c o m p o n e n t s  may r e q u i r e  k e e p i n g  t h e  t i l l s  s e p a r a t e  

b a s e d  on  v e g e t a t i o n .  S o i l s , h o w e v e r , a r e  n o t  d r a m a t i c a l l y  

d i f f e r e n t .

L a c u s t r i n e  s o i l s  i n  G r o u p  5 a r e  f o u n d  o n l y  o n  t w o  

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

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

o c c u r r e d  w i t h  m o s t  c o m p a r i s o n s  o f  G r o u p  5 t o  G r o u p s  1 a n d  2;  

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

c o m p a r i s o n s  t o  G r o u p s  3 a n d  4 .  T h e s e  s o i l s  a r e  n o t  g r e a t l y  

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

v a r i a b l e s ;  n u t r i e n t  v a r i a b l e s  a r e  mo r e  o f t e n  s i g n i f i c a n t l y  

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

t h e  g r o u p s  s e p a r a t e  b a s e d  on  s o i l s  d a t a .
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CONCLUSIONS

P r i n c i p a l  c o m p o n e n t  a n a l y s e s  i d e n t i f i e d  v a r i a b l e s  

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

e x p r e s s e d  t h e  m o s t  v a r i a b i l i t y  among s i t e s  i n  n o r t h e a s t e r n  

l o w e r  M i c h i g a n .  A n a l y s i s  o f  l a b o r a t o r y  d a t a  r e v e a l e d  t h a t  

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

v a r i a b i l i t y  t h a n  a n y  o t h e r . T o t a l  p h o s p h o r o u s  c o n t e n t ,  when 

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

c o r r e l a t i o n  w i t h  t h e  P C ' s  t h a n  o t h e r  n u t r i e n t  s u m s . 

G e n e r a l l y ,  t h e  P C ' s  i d e n t i f i e d  p a r t i c u l a r  h o r i z o n  g r o u p s  o r  

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

d a t a  s e t . F o r  h o r i z o n  s u ms ,  n u t r i e n t  c o n t e n t  o f  t h e  Oi  h a d  

t h e  g r e a t e s t  v a r i a b i l i t y ,  f o l l o w e d  by  t h e  Oe,  t h e  C a b o v e  

150 cm,  a n d  f i n a l l y  t h e  A a n d  B l a y e r s .  When O l a y e r s  w e r e  

e x c l u d e d  f r o m  t h e  a n a l y s i s ,  t h e  B h o r i z o n  was  e m p h a s i z e d  i n  

t h e  f i r s t  PC a s  e x p r e s s i n g  t h e  g r e a t e s t  v a r i a b i l i t y ,  

f o l l o w e d  by  t h e  C a b o v e  150 cm, a n d  t h e n  t h e  A h o r i z o n .

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

h o r i z o n  s u m s  f o r  e x p r e s s i n g  v a r i a b i l i t y  a m o n g  s i t e s .  

N u t r i e n t  sums o f  t h e  e n t i r e  u p p e r  150 cm s o i l  d e p t h  r e c e i v e d  

t h e  h i g h e s t  we i  g h t  i n g s  i n  t h e  f i r s t  P C , w h e r e  t h e y  

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

s i t e s  w h i c h  o b s c u r e d  a l l  o t h e r  i n t e r p r e t a t i o n s  o f  t h e  PCA. 

H o r i z o n  s u m s  g a v e  b e t t e r  r e s u l t s  i n  PCA t h a n  d e p t h  s u m s , 

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

s e v e r a l  a x e s .

F i e l d  d e t e r m i n e d  v a r i a b l e s  w h i c h  e x p r e s s e d  t h e  m o s t
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v a r i a b i l i t y  b e t w e e n  s i t e s  i n  t h e  f i r s t  PC w e r e  t h o s e  r e l a t e d  

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

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

s e c o n d  PC,  c o a r s e  f r a g m e n t  c o n t e n t ,  E h o r i z o n  t h i c k n e s s ,  a n d  

o v e r a l l  a v e r a g e  t e x t u r e s  w e r e  i m p o r t a n t . T h e s e  v a r i a b l e s  i n  

t h e  s e c o n d  PC d i s t i n g u i s h e d  b e t w e e n  s i t e s  l o c a t e d  on  t h e  two 

d i f f e r e n t  t i l l s  i d e n t i f i e d  b y  B u r g i s  ( 1 9 8 1 ) .  S o i l s  f o r m e d  

i n  t h e  o l d e r  P o r t  B r u c e  t i l l , o f  w h i c h  t h e  W e s t  B r a n c h  

m o r a i n e  i s  f o r m e d ,  h a d  a  g r e a t e r  c o a r s e  f r a g m e n t  c o n t e n t , 

t h i n n e r  E h o r i z o n s ,  a n d  s l i g h t l y  l i g h t e r  t e x t u r e s  t h a n  s o i l s  

f o r m e d  i n  P o r t  H u r o n  t i l l . T h e  c o a r s e  f r a g m e n t  c o n t e n t  

d i f f e r e n c e s  may b e  a t t r i b u t a b l e  t o  a  5 0 0 - 1 0 0 0  y e a r  l o n g e r  

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

f r o s t  h e a v i n g ,  on  t h e  Wes t  B r a n c h  m o r a i n e .  The  t h i n n e r  E 

h o r i z o n s  may b e  r e l a t e d  t o  v e g e t a t i o n ,  a s  n o r t h e r n  h a r d w o o d  

s p e c i e s  d o m i n a t e  s i t e s  on  t h e  Wes t  B r a n c h  m o r a i n e ,  a n d  t h e  

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

e l u v i a t i o n .

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

l o c a t i o n s  w i t h  r e s p e c t  t o  t h e  f i r s t  two P C ' s  o f  t h e  v a r i o u s  

d a t a  s e t s .  T h e  f i r s t  PC g e n e r a l l y  p l a c e d  s a n d y  o u t w a s h  

s i t e s  a n d  t i l l  s i t e s  a t  o p p o s i t e  e n d s  o f  t h e  a x i s , w h i l e  

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

i n c l u s i o n s  w e r e  p l a c e d  n e a r  t h e  c e n t e r . T h e  s e c o n d  PC 

g e n e r a l l y  s e p a r a t e d  P o r t  B r u c e  t i l l  s i t e s  f r o m  P o r t  H u r o n  

t i l l  s i t e s ,  a l t h o u g h  t h e  s e p a r a t i o n  was n o t  a l w a y s  d i s t i n c t .
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L a c u s t r i n e  s i t e s  w e r e  s e l d o m  p l a c e d  n e a r  e a c h  o t h e r  by  p l o t s  

o f  PC a x e s .

T h e r e  w e r e  s i g n i f i c a n t  c o r r e l a t i o n s  among s i t e  s c o r e s  

a l o n g  t h e  f i r s t  PC a x i s  o b t a i n e d  f r o m  a n a l y s i s  o f  d i f f e r e n t  

d a t a  s e t s ,  i n d i c a t i n g  t h a t  t h e  n u t r i e n t  s t a t u s  o f  a  s i t e  may 

b e  i n f e r r e d  f r o m  m ore  e a s i l y  o b t a i n e d  f i e l d  d a t a .  G r a d i e n t s  

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

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

PC a x i s  o f  s e p a r a t e  a n d  c o m b in e d  d a t a  s e t s . T h i s  i s  l i k e l y  

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

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

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

The  loam y  m a t e r i a l  p r o v i d e s  a  h i g h e r  s o i l  n u t r i e n t  s t a t u s  

r e l a t e d  t o  g r e a t e r  e x c h a n g e  c a p a c i t y  a n d  w e a t h e r a b l e  m i n e r a l  

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

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

r e g i o n s ,  w h e r e  s i t e s  may h a v e  l e s s  d i v e r s i t y  i n  s o i l  t e x t u r e  

a n d  t o p o g r a p h y , PCA o r d i n a t i o n s  o f  f i e l d  d a t a  may  n o t  

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

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

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

d e p o s i t s , d e m o n s t r a t e d  t h a t  t h e r e  w e r e  m any  s i g n i f i c a n t  

d i f f e r e n c e s  b e t w e e n  s o i l s  fo r m e d  i n  o u t w a s h  a n d  t h o s e  f o r m e d  

i n  lo am y  t i l l  o r  i n  o u t w a s h  w i t h  loam y i n c l u s i o n s . S i t e s  

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

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

t o  m o s t  v a r i a b l e s  i n v e s t i g a t e d . F e w e r  s i g n i f i c a n t
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s o i l  d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  t i l l s  o f  d i f f e r e n t  

d e p o s i t i o n s ,  d a t i n g  f r o m  P o r t  B r u c e  a n d  P o r t  H u ro n  a g e ,  s o  

t h a t  t h e r e  w a s  n o t  a s  g r e a t  a  b a s i s  f o r  s e p a r a t i n g  t h e s e  

g r o u p s . L a c u s t r i n e  s i t e s  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n ,  b u t  

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

m o s t  v a r i a b l e s  s t u d i e d .

F o r  p u r p o s e s  o f  d e v e l o p i n g  a n  e c o l o g i c a l  c l a s s i f i c a t i o n  

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

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

s i g n i f i c a n t l y  i n  m an y  r e s p e c t s . T h e  t h r e e  g r o u p s  a r e : 

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

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

f l o w  t i l l  on  m o r a i n e s , a n d  loam y  t i l l  on  m o r a i n e s . T h e s e  

t h r e e  g r o u p s  may b e  s u b d i v i d e d  b a s e d  on  v e g e t a t i o n  ( C h a p t e r  

3 ) ,  a n d  t h e r e  a r e  some s o i l  d i f f e r e n c e s  b e t w e e n  t i l l s  o f  two 

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

s e p a r a t i n g  th e m .  A l s o ,  o u t w a s h  p l a i n s  w e r e  n o t  i n v e s t i g a t e d  

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

On g l a c i a l  l a n d f o r m s  f o u n d  i n  n o r t h w e s t e r n  l o w e r  M i c h i g a n ,  

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

i n  o v e r s t o r y  b i o m a s s  ( H o s t  e t  a l . 1 9 8 8 ) .  L a n d f o r m  w a s  

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

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

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

n o t  a n a l y z e d  a s  p a r t  o f  my s t u d y ,  i t  w o u l d  a p p e a r  t h a t  

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

t h o s e  i n  n o r t h w e s t e r n  l o w e r  M i c h i g a n .  My s t u d y  sh o w ed  no  

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

a n d  m a p p e d  b y  B u r g i s  ( 1 9 7 7 ,  1 9 8 1 )  a s  h o m o g e n o u s  a r e a s  o f  

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

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

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

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

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

t i l l  s i t e s  b a s e d  on  t h e  m apped  l a n d f o r m s . The  l a n d f o r m s  a s  

m apped  m u s t  be  r e g a r d e d  a s  t o p o g r a p h i c  m a s s e s ; c a t e g o r i e s  

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

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

l o c a l i z e d  s u r f a c e  d e p o s i t s .
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CHAPTER III

ASSOCIATIONS OF SITE PROPERTIES WITH AN ORDINATION OF 

GROUND FLORA SPECIES FOR UPLAND FORESTS OF 

NORTHEASTERN LOWER MICHIGAN

INTRODUCTION

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

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

a n d  s o i l s  w i t h i n  d i s c r e t e  l o c a l i t i e s  ( C a j a n d e r  1 9 2 6 ,  Rowe 

1 9 5 6 ,  P f i s t e r  a n d  A rno  1 9 8 0 ) .  L a n d f o r m  a n d  s o i l  a r e  s a i d  t o  

q u a n t i f y  m o s t  o f  t h e  e n v i r o n m e n t  w i t h i n  a  m a c r o c l i m a t i c  a r e a  

( G r i g a l  1 9 8 4 ) ,  b u t  m a p p in g  may b e  f a c i l i t a t e d  by  t h e  u s e  o f  

v e g e t a t i o n ,  w h i c h  i s  m ore  e a s i l y  o b s e r v e d  t h a n  s o i l  a n d  h a s  

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

( B a r n e s  e t  a l  1 9 8 2 ,  Rowe 1 9 8 4 ) .  Many l a n d  c l a s s i f i c a t i o n  

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

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

e x c l u s i v e l y  ( K o t a r  a n d  C o f fm an  1 9 8 4 ) ,  w h i l e  m u l t i f a c t o r  o r  

e c o l o g i c a l  c l a s s i f i c a t i o n s  u s e  v e g e t a t i o n  i n  c o m b i n a t i o n  

w i t h  o t h e r  e c o s y s t e m  c o m p o n e n t s  ( B a r n e s  1 9 8 4 ,  J o n e s  1 9 8 4 ,  

Moon 1 9 8 4 ,  Rowe 1 9 8 4 ) .

V e g e t a t i o n  d a t a  i s  s u m m a r i z e d  a n d  i n t e r p r e t e d  t h r o u g h  

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

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

s i t e s . S i t e s  a r e  g r o u p e d  t o g e t h e r  b a s e d  on  t h e i r  s i m i l a r i t y  

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

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

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

V e g e t a t i o n  a s  a n  i n d i c a t o r  o f  s i t e  c o n d i t i o n s  i s  m o r e  

e f f e c t i v e  i n  some l o c a t i o n s  t h a n  o t h e r s .  B a r n e s  ( 1 9 8 4 )  h a s  

s t a t e d  t h a t  " t h e  G e r m a n s  h a v e  l o n g  r e c o g n i z e d  t h a t  a r e a s  

w i t h  s i m i l a r  v e g e t a t i o n s  a r e  n o t  n e c e s s a r i l y  t h e  s a m e  

e c o s y s t e m  t y p e " . G r i g a l  a n d  A r n e m a n  ( 1 9 7 0 ) ,  r e p o r t i n g  

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

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

a n d  v e g e t a t i o n ,  r a n g i n g  f r o m  no c o r r e l a t i o n  t o  a  v e r y  c l o s e  

c o r r e l a t i o n .  T h e r e  i s  so m e  g e o g r a p h i c  s p e c i f i c i t y  t o  

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

s p e c i e s  w i t h i n  a  s t a t e w i d e  a r e a  ( P r e g i t z e r  a n d  Ramm 1 9 8 4 ) .

V e g e t a t i o n  i s  u s e d  extensively i n  c l a s s i f i c a t i o n ,  a n d  

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

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

s t u d y  e x a m i n e s  a s s o c i a t i o n s  o f  v e g e t a t i o n , s o i l , a n d  

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

M i c h i g a n .

Relationships of vegetation to other ecosystem components
V e g e t a t i o n  a n d  s o i l  

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

t h e r e  a r e  a s s o c i a t i o n s  b e t w e e n  v e g e t a t i o n  a n d  s o i l . G r i g a l  

a n d  A r n e m a n  ( 1 97  0 )  r e p o r t e d  t h a t  a  c l a s s i f i c a t i o n  s y s t e m  

d e v e l o p e d  i n  M i n n e s o t a ,  b a s e d  on  f r e q u e n c y  o f  v a s c u l a r  p l a n t  

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

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

r e d w o o d  r e g i o n  o f  C a l i f o r n i a ,  m e a s u r e d  g r a d i e n t s  o f  

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

r e l a t e d  t o  a  g r a d i e n t  o f  v e g e t a t i o n  ( W a r in g  a n d  M a j o r  1 9 6 4 ) .

I n  W e s t  G e r m a n y , g r o u n d  f l o r a  s p e c i e s  g r o u p s  

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

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

m o i s t u r e - h o l d i n g  c a p a c i t y  ( B a r n e s  19  8 4 ) .  I n  B r i t i s h  

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

humus t y p e ,  c o l o r  o f  t h e  B h o r i z o n ,  a n d  s l o p e  a l l  c o v a r i e d  

w i t h  v e g e t a t i o n  c l a s s e s  ( M o o n  19  8 4 ) .  A d d i t i o n a l l y ,  

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

n i  t  r o g e n  ( N ) ,  a n d  c a t  i o n - e x c h a n g e  c a p a c i  t y  w e r e  m o r e  

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

c l a s s e s  t h a n  s t r a t a  b a s e d  on  s o i l  p r o p e r t i e s  a l o n e . A n o t h e r  

s t u d y  i n  B r i t i s h  C o lu m b ia  f o u n d  s i g n i f i c a n t  c o r r e l a t i o n s  

among f o r e s t  s t r a t a  a n d  some e n v i r o n m e n t a l  v a r i a b l e s  (G agnon  

a n d  B r a d f i e l d  1 9 8 6 ) .  The  s a p l i n g  l a y e r  was a s s o c i a t e d  w i t h  

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

was  a s s o c i a t e d  w i t h  f i r e  a n d  w in d  d i s t u r b a n c e ,  a n d  t h e  h e r b  

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

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

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

t y p e  f o r  7 0% o f  t h e  p l o t s  u s i n g  s u b s u r f a c e  t e x t u r e , 

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

d e p t h  t o  c a r b o n a t e s , a n d  r o o t i n g  z o n e  t h i c k n e s s  ( J o n e s
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1 9 8 4 ) .  McCune a n d  A n t o s  ( 1 9 8 1 )  f o u n d  p o o r  c o r r e l a t i o n s  

among f o r e s t  l a y e r s  i n  a  s m a l l  s t u d y  a r e a  i n  M o n t a n a ,  b u t  

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

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

v a l u e s  o f  s p e c i e s  i n  a n o t h e r  l a y e r " .  A s t u d y  o f  w e t l a n d  

f o r e s t s  i n  W i s c o n s i n  f o u n d  t h a t  t h e  c o m p o s i t i o n  o f  e a c h  o f  

t h r e e  f o r e s t  l a y e r s  was  r e l a t e d  t o  d i f f e r e n t  s o i l  p r o p e r t i e s  

( D unn  a n d  S t e a r n s  1 9 8 7 ) .  T r e e  s p e c i e s  c o m p o s i t i o n  w a s  

a s s o c i a t e d  w i t h  pH, o r g a n i c  m a t t e r  a n d  Mg c o n c e n t r a t i o n s  i n  

t h e  s o i l . C o m p o s i t i o n  o f  t h e  h e r b a c e o u s  l a y e r  w a s  a l s o  

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

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

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

A s t u d y  o n  t h e  S y l v a n i a  R e c r e a t i o n  A r e a  i n  u p p e r  

M i c h i g a n  d e m o n s t r a t e d  t h a t  c o v e r a g e  o f  t h e  C l i n t o n i a  s p e c i e s  

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

i n c r e a s i n g  a m o u n t s  o f  f i n e  s a n d  a n d  t h i c k n e s s  o f  t h e  0 2 ,  o r  

F ,  h o r i z o n  ( S p i e s  a n d  B a r n e s  1 9 8 5 ) .  The s e c o n d  c a n o n i c a l  

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

medium s a n d  c o n t e n t , a n d  d e c r e a s i n g  s i l t  c o n t e n t , pH, a n d  

c o v e r a g e  o f  t h e  O s m o r h i z a  a n d  C a u l o p h y l l u m  s p e c i e s  g r o u p s . 

I n  t h e  McCormick t r a c t , a l s o  i n  u p p e r  M i c h i g a n ,  e c o l o g i c a l  

s p e c i e s  g r o u p s  w e r e  a s s o c i a t e d  w i t h  s o i l  c h a r a c t e r i s t i c s  

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

n i t r o g e n  ( P r e g i t z e r  a n d  B a r n e s  1 9 8 2 ,  1 9 8 4 ) .  P o t e n t i a l  N 

m i n e r a l i z a t i o n  i n  n o r t h w e s t e r n  l o w e r  M i c h i g a n  was  a s s o c i a t e d



115
w i t h  u p l a n d  f o r e s t  e c o s y s t e m  g r o u p s  c h a r a c t e r i z e d  b y  

o v e r s t o r y  a n d  g r o u n d  f l o r a  ( Zak e t  a l .  1 9 8 6 ) .  The a b u n d a n c e  

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

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

s u r f a c e  s o i l  a c i d i t y  ( O v e r l e a s e  a n d  O v e r l e a s e  1 9 7 6 ) .  I n  

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

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

o f  h e m l o c k  i n  t h e  o v e r s t o r y  {H o l e  1 9 7 5 ) .  O r d i n a t i o n  o f  

s i t e s  i n  New York  u s i n g  c o r r e s p o n d e n c e  a n a l y s i s  o f  o v e r s t o r y  

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

t o  m o i s t u r e ,  a n d  t h e  s e c o n d  a x i s  t o  a b u n d a n c e  o f  h e m l o c k  

(G a u ch  a n d  S t o n e  1 9 7 9 ) .

V e g e t a t i o n  a n d  l a n d f o r m

B a i l e y  ( 1 9 8 4 ,  1 9 8 7 )  h a s  d e s c r i b e d  t h r e e  s p a t i a l  s c a l e s  

o f  i n t e r e s t  i n  l a n d  c l a s s i f i c a t i o n . T h e  m a c r o s c a l e  i s  

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

r e g i o n a l  s c a l e  o f  1 : 3 , 0 0 0 , 0 0 0 .  T h e  m e s o s c a l e  i s  

c h a r a c t e r i z e d  by  l a n d f o r m  c o n t r o l  o f  c l i m a t e  d u e  t o  g e o l o g i c  

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

a t  map s c a l e s  b e t w e e n  1 : 2 5 0 , 0 0 0  a n d  1 : 1 , 0 0 0 , 0 0 0 .  T h e  

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

a s p e c t ,  a n d  map s c a l e s  may b e  b e t w e e n  1 : 1 0 , 0 0 0  a n d  1 : 8 0 , 0 0 0 .

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

m e s o s c a l e  a r e a l  e x t e n t ,  a r e  c h a r a c t e r i z e d  by d i f f e r e n c e s  i n  

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

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

C o m p o s i t i o n  o f  v e g e t a t i v e  c o m m u n i t i e s  i n  m any  a r e a s  i s
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s t r o n g l y  a s s o c i a t e d  w i t h  l a n d f o r m  f e a t u r e s .  B r u b a k e r  ( 1 9 7 5 )  

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

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

e n t i r e  t i m e  s i n c e  g l a c i a t i o n . W h i t n e y  ( 1 9 8 6 ,  1 9 8 7 )  h a s  

f u r t h e r  shown t h a t  t h e s e  p a t t e r n s  o f  p r e s e t t l e m e n t  f o r e s t  

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

f r e q u e n c y .

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

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

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

f i n e r  s a n d  t e x t u r e s ,  r e d  oak  o c c u r r i n g  on  i c e - d i s i n t e g r a t i o n  

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

( P r e g i t z e r  a n d  Ramm 1 9 8 4 ) .  S u c c e s s i o n  o f  s p e c i e s  i n  t h i s  

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

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

a b i l i t y  o f  s p e c i e s  ( H o s t  e t  a l . 1 9 8 7 ) .

H a b i t a t - t y p e  c l a s s i f i c a t i o n  i n  u p p e r  M i c h i g a n  a n d  

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

g l a c i a l  l a n d f o r m s ,  w i t h  s u g a r  m a p l e  a n d  h e m lo c k  o c c u r r i n g  on  

t i l l  p l a i n s ,  a n d  p i n e  a n d  oak  on  o u t w a s h  p l a i n s  ( K o t a r  a n d  

C o f f m a n  1 9 8 4 ) .  C e r t a i n  s p e c i e s  g r o u p s  o n  t h e  M c C o r m i c k  

t r a c t  i n  u p p e r  M i c h i g a n  w e r e  a s s o c i a t e d  w i t h  t o p o g r a p h i c  

p o s i t i o n  a l o n g  a  n o r t h - f a c i n g  h i l l s l o p e  ( P r e g i t z e r  e t  a l . 

1 9 8 3 ) .  T h e  C o r y d a l i s  g r o u p  o c c u r r e d  o n  r o c k y , s h a l l o w  

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

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

Characteristics of the forest floor and annual litterfall
The f o r e s t  f l o o r  i s  a n  e c o s y s t e m  c o m p o n e n t  w h i c h  h a s  

n o t  b e e n  e x t e n s i v e l y  s t u d i e d ,  e s p e c i a l l y  i n  t h e  G r e a t  L a k e s  

R e g i o n . T h e  f o r e s t  f l o o r  i s  a n  i m p o r t a n t  c o m p o n e n t  o f  

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

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

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

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

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

r e g a r d i n g  t h e  l o c a t i o n  o f  i t s  l o w e r  b o u n d a r y .  M os t  s t u d i e s  

o f  t h e  f o r e s t  f l o o r  h a v e  b e e n  c o n d u c t e d  i n  t h e  e a s t e r n  U . S . , 

o n  o r  n e a r  t h e  H u b b a r d  B ro o k  F o r e s t  i n  New H a m p s h i r e .

T h e  w e i g h t  o f  f o r e s t  f l o o r  m a t e r i a l  o n  t h e  H u b b a r d  

B ro q k  F o r e s t , d e t e r m i n e d  a s  l o s s  on  i g n i t i o n  o f  l i t t e r  ( L ) , 

f e r m e n t a t i o n  ( F ) ,  a n d  humus (H) l a y e r s ,  a v e r a g e d  o v e r  t h r e e  

e l e v a t i o n  z o n e s  w as  4 6 , 8 0 0  k g  h a - 1  ( G o s z  e t  a l . 1 9 7 6 ) .

D u r i n g  a n  A u g u s t  s a m p l i n g ,  t h e  L l a y e r  w e i g h e d  4 , 3 0 0  kg 

h a - 1 , t h e  F l a y e r  w e i g h e d  1 9 , 3 0 0  kg h a - 1 , a n d  t h e  H w e i g h e d  

2 7 , 5 0 0  k g  h a - 1 . C o v i n g t o n  ( 1 9 8 1 ) ,  a n d  F e d e r e r  ( 1 9 8 4 ) ,  

w o r k i n g  i n  t h e  s a m e  g e n e r a l  a r e a  f o u n d  t h a t  t h e  m a t u r e  

f o r e s t  f l o o r  w e i g h e d  a b o u t  80 Mg h a ” 1 , b u t  d i d  n o t  b r e a k  t h e  

f i g u r e  d o w n  i n t o  c o m p o n e n t  l a y e r s  L , F ,  a n d  H. F e d e r e r  

( 1 9 8 4 )  n o t e d  t h a t  a n o t h e r  s t u d y  i n  New H a m p s h i r e  f o u n d  t h e  

f o r e s t  f l o o r  t o  w e i g h  63 Mg h a ” 1 , a n d  t h a t  a r e a s  f u r t h e r  

s o u t h  a n d  w e s t  h a d  l e s s e r  a m o u n t s  o f  f o r e s t  f l o o r  m a t e r i a l .
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F o r e s t  f l o o r  w e i g h t  was  t h o u g h t  t o  v a r y  w i d e l y  d e p e n d i n g  o n  

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

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

s t u d i e s .  V i t o u s e k  ( 1 9 8 2 )  s u m m a r i z e d  s t u d i e s  i n  e v e r g r e e n  

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

p r o d u c t i o n  w a s  b e t w e e n  5 , 5 1 0  a n d  1 5 , 3 0 0  k g  h a - 1  y r ” 1 . 

N o r t h e r n  d e c i d u o u s  f o r e s t s  p r o d u c e  l e s s  l i t t e r . A o n e - y e a r  

s a m p l i n g  on  t h e  H u b b a r d  B rook  F o r e s t  show ed  t h a t  a n  a v e r a g e  

o f  3 , 4 1 9  kg  h a - 1  o f  d e c i d u o u s  t i s s u e  w e r e  p r o d u c e d  o v e r  

t h r e e  e l e v a t i o n  z o n e s  ( G o s z  e t  a l .  197  2 ) .  B o e r n e r  ( 1 9 8 4 )  

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

t o  b e  3 , 8 5 8  kg h a ” 1 a v e r a g e d  o v e r  2 y e a r s  a n d  f o u r  s i t e s  o f  

d i f f e r e n t  s p e c i e s  c o m p o s i t i o n . M a c L e a n  a n d  W e in  ( 1 9 7 7 )  

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

l i t t e r  (L) l a y e r  w e i g h t  w i t h  a g e  f o r  a  h a r d w o o d  f o r e s t  i n  

New B r u n s w i c k . The o l d e s t  s i t e  s t u d i e d ,  a g e d  37 y e a r s ,  h a d  

9 , 5 1 0  k g  h a ” 1 o f  u n d e c o m p o s e d  l i t t e r  o n  t h e  f o r e s t  f l o o r  

d u r i n g  A u g u s t  s a m p l i n g s . Crow ( 1 9 7 8 )  i n  W i s c o n s i n  f o u n d  

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

s i t e  was  2 , 4 1 3  kg h a ” 1 , w h i l e  on  a n  a s p e n - m a p l e - b i r c h  s i t e  

p r o d u c t i o n  w a s  2 , 7 7 3  kg h a ” 1 , a n d  o n  a  m a p l e - b i r c h - a s p e n  

s i t e  was  3 , 7 2 6  kg h a ” 1 . A n o t h e r  s t u d y  i n  W i s c o n s i n  ( P a s t o r  

e t  a l . 1 9 8 4 )  a l s o  d e m o n s t r a t e d  d i f f e r e n c e s  i n  a n n u a l  l i t t e r  

p r o d u c t i o n  am o n g  e c o s y s t e m s . C o n i f e r  d o m i n a t e d  f o r e s t s  

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

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

d o m i n a t e d  f o r e s t s  p r o d u c e d  a n  i n t e r m e d i a t e  l e v e l . I n
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n o r t h w e s t e r n  l o w e r  M i c h i g a n ,  Zak e t  a l .  ( 1 9 8 6 )  a l s o  f o u n d  

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

c o m p o s i t i o n .  A b l a c k  o a k - w h i t e  o a k  s i t e  p r o d u c e d  1 , 7 4 9  kg 

h a - 1  o f  l i t t e r  d u r i n g  a n  a u t u m n  s a m p l i n g ,  w h i l e  a  s u g a r  

m a p l e - r e d  o a k  s i t e  p r o d u c e d  3 , 1 7 9  kg h a ” 1 a n d  a  s u g a r  m a p l e -  

b a s s w o o d  s i t e  p r o d u c e d  2 , 6 2 4  kg h a ” 1 . L i t t e r  p r o d u c t i o n ,  

l i k e  f o r e s t  f l o o r  a c c u m u l a t  i o n , a p p e a r  s  t o  v a r y  

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

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

y e a r  w e r e  m e a s u r e d  a t  t h e  H u b b a rd  B ro o k  F o r e s t  by  Gosz  e t  

a l . ( 1 9 7 2 ) .  C o n c e n t r a t i o n s  o f  some n u t r i e n t s  i n  d e c i d u o u s

t i s s u e  w e r e : N -  1 . 1 9 6 % ,  P -  0 . 0 7 9 % ,  Ca -  0 . 7 8 7 % ,  Mg -  

0 . 1 2 9 % ,  a n d  K -  0 . 4 5 6 % .  B o e r n e r  ( 1 9 8 4 )  i n  O h i o  f o u n d  

s i m i l a r  n u t r i e n t  l e v e l s  i n  a u tu m n  l i t t e r f a l l  s a m p l e d  d u r i n g  

O c t o b e r . C o n c e n t r a t i o n s  w e r e : N -  0 .8 1 5 % ,  P -  0 .0 8 3 % ,  Ca -  

0 .9 5 8 % ,  Mg -  0 .1 6 9 % ,  a n d  K -  0 .4 7 9 % .  P a s t o r  e t  a l .  ( 1 9 8 4 )  

a n a l y z e d  N a n d  P c o n c e n t r a t i o n s  i n  a n n u a l  l i t t e r f a l l  b y  

s p e c i e s . S u g a r  m a p l e  l i t t e r  c o n t a i n e d  0.96% N a n d  0 .11% P ,  

r e d  o a k  c o n t a i n e d  0.87% N a n d  0.11% P ,  w h i t e  o a k  c o n t a i n e d  

0 .8 9 %  N a n d  0 .1 4 %  P ,  a n d  b a s s w o o d  c o n t a i n e d  1 .6 0 %  N a n d  

0 .18% P .  N i t r o g e n  c o n c e n t r a t i o n s  i n  a u tu m n  l i t t e r f a l l  i n  

n o r t h w e s t e r n  l o w e r  M i c h i g a n  w e r e :  0.749% on a  b l a c k  o a k -  

w h i t e  o a k  s i t e ,  0 .959% on  a  s u g a r  m a p l e - r e d  o a k  s i t e ,  a n d

1 .239% on  a  s u g a r  m a p l e - b a s s w o o d  s i t e ,  i n d i c a t i n g  s p e c i e s  

d i f f e r e n c e s  i n  l i t t e r  q u a l i t y  ( Zak e t  a l . 1 9 8 6 ) .  N u t r i e n t  

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

l i t t e r  was  s a m p l e d  on  a n  a n n u a l  b a s i s  o r  o n l y  d u r i n g  a u t u m n ;  

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

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

c o n c e n t r a t i o n  o f  l i t t e r .

Nitrogen mineralization in forested ecosystems
The r a t e  a t  w h ic h  N i s  m i n e r a l i z e d  h a s  b e e n  r e l a t e d  t o  

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

M a s s a c h u s e t t s , W i s c o n s i n ,  a n d  A l a s k a , s o  t h a t  t h e  N 

m i n e r a l i z a t i o n  r a t e  i s  t h o u g h t  t o  b e  t h e  b e s t  m e a s u r e  o f  

f o r e s t  s t a n d  p r o d u c t i o n  (A ber  a n d  M e l l i l o  1 9 8 4 ,  P a s t o r  e t  

a l .  1 9 8 4 ) .  P o w e r s  ( 1 9 8 0 )  f o u n d  t h a t  N m i n e r a l i z a t i o n  r a t e s  

c o r r e l a t e d  w i t h  s i t e  i n d e x ,  y i e l d  p o t e n t i a l ,  a n d  f o l i a r  N i n  

p o n d e r o s a  p i n e  ( P i n u s  p o n d e r o s a ) . S i m i l a r l y ,  K e e n e y  ( 1 9 8 0 )  

i n  h i s  r e v i e w  o f  N m i n e r a l i z a t i o n  s t u d i e s , r e p o r t e d  t h a t  t h e  

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

c o r r e l a t e d  w i t h  d i a m e t e r  g r o w t h  i n c r e a s e  i n  N f e r t i l i z e d  

D o u g l a s  f i r .  N m i n e r a l i z a t i o n  r a t e s  h a v e  b e e n  c o r r e l a t e d  

w i t h  l i t t e r  p r o d u c t i o n  a n d  N r e t u r n  i n  l i t t e r f a l l  ( P a s t o r  e t  

a l .  1 9 8 4 ,  Zak e t  a l .  1 9 8 6 ) .

N i t r o g e n  m i n e r a l i z a t i o n  r a t e s  v a r y  among e c o s y s t e m s . 

Zak  e t  a l . ( 1 9 8 6 )  d e m o n s t r a t e d  t h a t  t h e  N m i n e r a l i z a t i o n  

r a t e  w as  t w i c e  a s  g r e a t  i n  s u g a r  m a p l e  e c o s y s t e m s  a s  i n  o a k , 

a n d  P a s t o r  e t  a l . ( 1 9 8 4 )  a l s o  f o u n d  d i f f e r e n c e s  a m o n g

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

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

b e  d i s t i n g u i s h e d  by  N m i n e r a l i z a t i o n  r a t e s  (K e e n e y  1 9 8 0 ) .

N i t r o g e n  m i n e r a l i z a t i o n  r a t e s  h a v e  b e e n  f o u n d  t o  b e  

u n r e l a t e d  t o  s o i l  N a n d  pH (A be r  a n d  M e l l i l o  1 9 8 4 ,  P a s t o r  e t  

a l . 1 9 8 4 ) ,  a l t h o u g h  s o i l  p r o p e r t i e s  may n o t  h a v e  b e e n

a d e q u a t e l y  q u a n t i f i e d  i n  t h e s e  s t u d i e s .  R a t i o s  o f  C:N a n d  

C :P  i n  l i t t e r  w e re  f o u n d  t o  b e  n e g a t i v e l y  c o r r e l a t e d  w i t h  N 

m i n e r a l i z a t i o n  o n  s i t e s  i n  W i s c o n s i n ,  i n d i c a t i n g  t h a t  P 

s u p p l y  may l i m i t  t h e  r a t e  ( P a s t o r  e t  a l .  1 9 8 4 ) .  S a h r a w a t  e t  

a l .  { 1 9 8 5 ) ,  w o r k i n g  on  t h e  same s i t e s  f o u n d  t h a t  P a d d i t i o n s  

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

d i d , s o  t h a t  a c i d i t y  a n d  n o t  P s u p p l y  w a s  b e l i e v e d  t o  b e  

l i m i t i n g  t o  N m i n e r a l i z a t i o n  r a t e s .

M e th o d s  o f  d e t e r m i n i n g  N m i n e r a l i z a t i o n  r a t e s  v a r y ,  a n d  

t h e  b e n e f i t s  o f  e a c h  h a v e  b e e n  d e b a t e d .  I n  s i t u  i n c u b a t i o n s  

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

a r e  t i m e  c o n s u m i n g  a n d  l a b o r  i n t e n s i v e  ( P a s t o r  e t  a l . 1 9 8 4 ) .  

The  a n a e r o b i c  l a b o r a t o r y  i n c u b a t i o n  m e t h o d  was  c o m p a r e d  t o  

i n  s i t u  i n c u b a t i o n s  on  s i t e s  i n  t h e  w e s t e r n  U.S., s h o w i n g  

t h a t  f o r  m e s i c  z o n e  s i t e s  t w i c e  a s  much N was  m i n e r a l i z e d  i n  

t h e  f i e l d  a s  i n  t h e  l a b o r a t o r y  ( K e e n e y  1 9 8 0 )  . F o r  x e r i c  

s i t e s , m o r e  N w a s  m i n e r a l i z e d  i n  l a b o r a t o r y  i n c u b a t i o n s . 

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

i n d e x  o f  r e l a t i v e  r a t e s  among s i t e s  e x a m i n e d  r a t h e r  t h a n  a n  

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

a v a i l a b l e  f o r  f o r e s t  g r o w t h  on  a n  a n n u a l  b a s i s . An a e r o b i c  

i n c u b a t i o n  o f  f o r e s t  s o i l s  h a s  b e e n  s h o w n  t o  m i n e r a l i z e
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h i g h e r  l e v e l s  o f  N t h a n  t h e  a n a e r o b i c  i n c u b a t i o n ,  l i k e l y  d u e  

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

i n  f o r e s t  s o i l s  ( S m i t h  e t  a l .  1 9 8 1 ) .  U n f o r t u n a t e l y , t h e  

a u t h o r s  do  n o t  s t a t e  w h e t h e r  t h e  f o r e s t  was  c o n i f e r o u s  o r  

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

r e l a t e d  t o  o v e r s t o r y  c o m p o s i t i o n .  The c o r r e l a t i o n  b e t w e e n  

a m o u n t s  o f  13 r e l e a s e d  f r o m  t h e  a n a e r o b i c  a n d  a e r o b i c  

l a b o r a t o r y  m e t h o d s  w a s  r = 0 . 9 3  . P o w e r s  ( 1 9 8 0 )  c o m p a r e d  

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

i n c u b a t i o n s  a n d  f o u n d  t h a t  a  2 -w e ek  i n c u b a t i o n  a t  30°C  was 

c o m p a r a b l e  t o  a  6 - m o n t h  f i e l d  i n c u b a t i o n ,  a l t h o u g h  t h e  f i e l d  

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

s t o r a g e  h a v e  a l s o  b e e n  shown t o  a f f e c t  l e v e l s  o f  N r e l e a s e d  

d u r i n g  a n a e r o b i c  i n c u b a t i o n . McNabb e t  a l . ( 1 9 8 6 )  f o u n d  

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

h a b i t a t  t y p e s  i n  O r e g o n ,  s o  t h a t  some s a m p l e s  p r o d u c e d  m o re  

ammonium-N a f t e r  d r y i n g  a n d  s t o r a g e  w h i l e  o t h e r s  p r o d u c e d  

l e s s .

M y r o l d  ( 1 9 8 7 )  h a s  s h o w n  t h a t  t h e r e  i s  a  s t r o n g  

c o r r e l a t i o n  b e t w e e n  t h e  a m o u n t  o f  N m i n e r a l i z e d  d u r i n g  

a n a e r o b i c  i n c u b a t i o n  a n d  m i c r o b i a l  b i o m a s s  a s  m e a s u r e d  by  

c h l o r o f o r m  f u m i g a t  i o n . M y r o l d  s u g g e s t s  t h a t  t h e  N 

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

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

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

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

i n d i c a t i v e  o f  a n  o v e r a l l  s i t e  p o t e n t i a l  f o r  o r g a n i c  

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

A l t h o u g h  t h e r e  i s  s t i l l  c o n s i d e r a b l e  d e b a t e  r e g a r d i n g  

m e t h o d s  f o r  m e a s u r i n g  N m i n e r a l i z a t i o n ,  i t s  a s s o c i a t i o n  w i t h  

i m p o r t a n t  s i t e  p r o d u c t i v i t y  m e a s u r e s  m a k e s  i t  a n  i m p o r t a n t  

t e c h n i q u e  f o r  i d e n t i f y i n g  a n d  d i s t i n g u i s h i n g  a m o n g  

e c o s y s t e m s .
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T h e  o b j e c t i v e  o f  t h i s  c h a p t e r  i s  t o  i n v e s t i g a t e  

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

c o m p o n e n t s . O r d i n a t i o n s  b a s e d  on  v e g e t a t i o n  a r e  n e c e s s a r i l y  

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

a n d  i n f o r m a t i o n  on  how v e g e t a t i o n  i s  a s s o c i a t e d  w i t h  o t h e r  

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

e c o s y s  t e r n  u n i t s  . I n f o r m a t  i o n  r e g a r d i n g  e c o s  y s  t  e m 

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

f o r  t h e  map u n i t s  w h i c h  w i l l  b e  d e v e l o p e d .

T he  q u e s t i o n s  w h i c h  a r e  a d d r e s s e d  i n  t h i s  c h a p t e r  a r e :  

1 )  a r e  s i t e  o r d i n a t i o n s  b a s e d  o n  g r o u n d  f l o r a  a b u n d a n c e  

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

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

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

t o  n u t r i e n t  t u r n o v e r  r a t e s , 3 )  a r e  c h a r a c t e r i s t i c s  o f

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

s t r u c t u r e  a n d  f u n c t i o n  ( a n d  t h e r e f o r e  i m p o r t a n t  f o r  

d e s c r i b i n g  e c o s y s t e m s ) ,  a n d  4)  a r e  s o m e  s i t e  p r o p e r t i e s  

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

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

h y p o t h e s e s  r a t h e r  t h a n  n u l l  h y p o t h e s e s , a r e : 1 )  f i r s t -

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

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

e q u i v a l e n t , 2 )  t h e r e  a r e  d i f f e r e n c e s  i n  s o i l  n u t r i e n t s  

b e t w e e n  s i t e s  w i t h  d i f f e r e n t  v e g e t a t i o n ,  3) v a r y i n g  l e v e l s  

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

v e g e t a t i v e  s p e c i e s  c o m p o s i t i o n ,  4)  n i t r o g e n  m i n e r a l i z a t i o n  

r a t e s  a r e  a s s o c i a t e d  w i t h  l o w - l e v e l  o r d i n a t i o n s  o b t a i n e d  

f r o m  v e g e t a t i v e  s p e c i e s  c o m p o s i t i o n ,  5) a m o u n t  o f  l i t t e r f a l l  

i s  n o t  e q u a l  on  a l l  s i t e s ,  6) a m o u n t  o f  p a r t i a l l y  d e c o m p o s e d  

f o r e s t  f l o o r  m a t e r i a l  i s  n o t  e q u a l  o n  a l l  s i t e s ,  a n d  7 )  

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

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

A d d r e s s i n g  t h e  h y p o t h e s e s  w i l l  e n t a i l : 1) o r d i n a t i o n

o f  s i t e s  a l o n g  a n  e n v i r o n m e n t a l  g r a d i e n t  e x p r e s s e d  by  g r o u n d  

f l o r a  s p e c i e s  a b u n d a n c e ,  2) c o m p a r i n g  g r a d i e n t s  o f  s o i l  a n d  

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

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

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

d i f f e r e n t  o v e r s t o r y  s p e c i e s  c o m p o s i t i o n .
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METHODS AMD MATERIALS 

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

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

f l o o r  s a m p l e s  a r e  d e s c r i b e d  i n  C h a p t e r  2 .  M e t h o d s  u s e d  i n  

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

m i n e r a l i z a t i o n  r a t e s ,  a r e  d e s c r i b e d  i n  t h i s  s e c t i o n .

Field sampling for vegetation and nitrogen mineralization
O v e r s t o r y  m e a s u r e m e n t s  u s e d  v a r i a b l e - r a d i u s  p l o t s  w i t h  

t a l l y  t r e e s  i d e n t i f i e d  b y  u s e  o f  a  10 b a s a l  a r e a  f a c t o r  

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

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

t h e  o v e r s t o r y . M e a s u r e m e n t s  w e r e  a v e r a g e d  f o r  t h e  s i t e .

G r o u n d  f l o r a  w e r e  d e s c r i b e d  w i t h i n  a  5 b y  30 m p l o t  

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

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

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

g r a d i e n t . S p e c i e s  w e r e  i d e n t i f i e d , a n d  c o v e r - a b u n d a n c e  

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

V a l u e s  w e r e  a v e r a g e d  o v e r  t h e  f o u r  s u b p l o t s  a t  e a c h  s i t e . 

F r e q u e n c y  o f  o c c u r r e n c e  w a s  m e a s u r e d  a t  e a c h  s u b p l o t  b y  

p l a c i n g  s i x  1 m^ f r a m e s  a t  5 m i n t e r v a l s  a l o n g  t h e  n o r t h -  

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

s p e c i e s  w i t h i n  t h e  f r a m e s . A v e r a g e  s i t e - l e v e l  f r e q u e n c i e s  

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

o c c u r r e n c e s  b y  2 4 ,  t h e  t o t a l  n u m b e r  o f  f r a m e s . ( ^ o v e r 

a b u n d a n c e  c l a s s e s  w e r e  c o n v e r t e d  t o  r a n k e d  v a l u e s  a c c o r d i n g
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t o  a  m o d i f i e d  B r a u n - B l a n q u e t  c o v e r - a b u n d a n c e  s c a l e  ( T a b l e  

3 . 1 ) .  A s c a l e  s u c h  a s  t h i s  i s  commonly  u s e d  i n  v e g e t a t i o n  

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

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

i n t e r v a l s . A l s o ,  l e s s  a b u n d a n t  s p e c i e s  may h a v e  a  g r e a t e r  

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

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

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

t h e  g r e a t e r  num ber  o f  c a t e g o r i e s  among t h e  l o w e r  c o v e r a g e s  

( M u e l l e r - D o m b o i s  a n d  E l l e n b e r g  1974).

T a b l e  3 . 1 .  C o v e r - a b u n d a n c e  c l a s s e s  a n d  c o r r e s p o n d i n g  r a n k s  
u s e d  i n  v e g e t a t i o n  a n a l y s i s .

C o v e r a g e  c l a s s  m i d p o i n t
%

Rank

0 . 0 5 1
0 . 5 2

2 3
10 4
25 5
50 6
80 7

C o r e  s a m p l e s  o f  t h e  s u r f a c e  0 - 1 0  cm o f  m i n e r a l  s o i l  

w e r e  o b t a i n e d  f o r  a  s t u d y  o f  n i t r o g e n  m i n e r a l i z a t i o n  r a t e s . 

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

f l o o r  s a m p l e s . A c o m p o s i t e  s a m p l e  o f  s i x  s o i l  c o r e s  w a s  

o b t a i n e d  a t  e a c h  s u b p l o t  w i t h i n  a  s i t e ,  w i t h  two c o r e s  t a k e n  

a d j a c e n t  t o  e a c h  f o r e s t  f l o o r  s a m p l e  ( F i g u r e  2 . 2 ) .
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Laboratory procedure for determination of nitrogen 
mineralization rates

The c o m p o s i t e  s o i l  c o r e  s a m p l e s  w e r e  p l a c e d  i n  p l a s t i c  

b a g s  i n s i d e  i n d i v i d u a l  w a x e d  c a r d b o a r d  c o n t a i n e r s , a n d  

r e f r i g e r a t e d  a t  4°C  f o r  10  w e e k s  u n t i l  a n a l y z e d . F i e l d  

m o i s t  s o i l  was  s i e v e d  t o  rem ove  c o a r s e  f r a g m e n t s  a n d  medium 

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

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

a n a e r o b i c  t e c h n i q u e  o f  K e en e y  a n d  B re m n e r  ( 1 9 6 6 )  r e p o r t e d  i n  

M y r o l d  ( 1 9 8 7 ) ,  e x c e p t  t h a t  a  T e c h n i c o n  a u t o a n a l y z e r  s y s t e m  

was u s e d .  M i n e r a l i z a b l e  N was  c a l c u l a t e d  a s  t h e  i n c r e a s e  i n  

aramoniura-N c o n c e n t r a t i o n  d u r i n g  a  7 d a y  i n c u b a t i o n  a t  4 0 ° C .

Numerical analyses
S i t e s  w e r e  o r d i n a t e d  by  r e c i p r o c a l  a v e r a g i n g  (RA) u s i n g  

r a n k e d  g r o u n d  f l o r a  c o v e r - a b u n d a n c e  v a l u e s  d e r i v e d  f r o m  a 

m o d i f i e d  B r a u n - B l a n q u e t  c o v e r - a b u n d a n c e  s c a l e . S p e c i e s  

h a v i n g  z e r o  f r e q u e n c y ,  a n d  a l s o  s p e c i e s  o c c u r r i n g  on  o n l y  

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

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

o r d i n a t i o n  (G auch  1 9 8 2 ) .

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

DECORANA p r o g r a m  o f  t h e  C o r n e l l  E c o l o g y  P a c k a g e  ( H i l l  1 9 7 9 ) .  

RA a n d  c o r r e s p o n d e n c e  a n a l y s i s  (CA) a r e  d i f f e r e n t  m e t h o d s  o f  

c a l c u l a t i n g  t h e  same s i t e  o r d i n a t i o n  s c o r e s ,  a n d  t h e  nam es  

a r e  u s e d  i n t e r c h a n g e a b l y  b y  so m e  a u t h o r s  ( P i e l o u  1 9 8 4 ) .  

O t h e r s  ( G r e e n a c r e  1 9 8 4 )  f e e l  t h a t  t h e  names  s h o u l d  b e  k e p t
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s e p a r a t e ,  s o  t h a t  CA w o u l d  o n l y  b e  u s e d  i n  r e f e r e n c e  t o  t h e  

m a t r i x  s o l u t i o n  a n d  RA o n l y  t o  t h e  i t e r a t i v e  s o l u t i o n .  

A g r e e m e n t  o f  CA w i t h  RA u s i n g  t h e  o p t i o n  i n  DECORANA w a s  

v e r i f i e d  u s i n g  a n  e x a m p l e  d a t a  m a t r i x  f r o m  P i e l o u  ( 1 9 8 4 )  on  

w h i c h  CA h a d  b e e n  p e r f o r m e d  u s i n g  t h e  m a t r i x  p r o c e d u r e . 

When t h e  d a t a  m a t r i x  w a s  a n a l y z e d  w i t h  RA i n  DECORANA, 

o u t p u t  a g r e e d  w i t h  P i e l o u ' s  r e s u l t  e x c e p t  t h a t  DECORANA h a d  

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

a x e s .  The c o m p a r i s o n  c o n f i r m e d  t h a t  t h e  o r d e r  o f  s i t e s  a n d  

s a m p l e s  a s  d e t e r m i n e d  by  RA i n  DECORANA w e r e  i d e n t i c a l  t o  

t h o s e  i n  P i e l o u ' s  CA r e s u l t .

S i t e  g r o u p s  b a s e d  o n  o v e r s t o r y  c o m p o s i t i o n  w e r e  

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

C h a p t e r  2 f o r  c o m p a r i n g  g r o u p s  b a s e d  o n  d e p o s i t i o n a l  

e n v i r o n m e n t s . A K r u s k a l - W a l l i s  t e s t  w a s  f o l l o w e d  b y  

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

f r e e d o m  w h e r e  v a r i a n c e s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  ( S t e e l  

a n d  T o r r i e  1 9 8 0 ) .

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

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

a s s o c i a t i o n s  among s i t e  v a r i a b l e s . T h e s e  t e s t s  w e r e  a l s o  

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

o r d i n a t i o n s  f r o m  RA o f  o v e r s t o r y  a n d  g r o u n d  f l o r a  d a t a ,  a n d  

f r o m  PCA o f  s o i l s  d a t a . T h e  S t a t i s t i c a l  A n a l y s i s  S y s t e m  

( S A S ) ( SAS I n s t i t u t e  I n c . 1 9 8 5 )  w a s  u s e d  f o r  o b t a i n i n g

c o r r e l a t i o n s  a n d  f o r  c o m p a r i n g  o v e r s t o r y  g r o u p s .
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RESULTS AND DISCUSSION 

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

s p e c i e s  r a n k e d  c o v e r - a b u n d a n c e  v a l u e s  i s  d e s c r i b e d ,  a n d  

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

e n v i r o n m e n t s .  O v e r s t o r y  s p e c i e s  c o m p o s i t i o n  i s  d i s c u s s e d  

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

a n d  l i t t e r f a l l  c h a r a c t e r i s t i c s .  N i t r o g e n  m i n e r a l i z a t i o n  

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

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

S i t e  o r d i n a t i o n  b y  g r o u n d  flora a b u n d a n c e

R a n k e d  c o v e r - a b u n d a n c e  g r o u n d  f l o r a  d a t a  w e r e  u s e d  i n  

RA o f  t h e  24 s i t e s  a n d  81 s p e c i e s .  RA was  p e r f o r m e d  u s i n g  

a n  o p t i o n  i n  t h e  DECORANA p r o g r a m ;  o n l y  f o u r  e i g e n v a l u e s  a n d  

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

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

v e c t o r s  w e r e ,  r e s p e c t i v e l y ,  0 . 6 5 8 ,  0 . 2 7 1 ,  0 . 1 6 4 ,  a n d  0 . 1 4 6 .  

Of t h e  f o u r  v e c t o r s  g i v e n ,  t h e  f i r s t  a c c o u n t e d  f o r  5 3 .1 % ,  

t h e  s e c o n d  f o r  2 1 .9 % ,  t h e  t h i r d  f o r  13 .2% a n d  t h e  f o u r t h  f o r

1 1 .8 % .  S i n c e  t o t a l  v a r i a b i l i t y  i s  n o t  g i v e n  by  t h e  p r o g r a m ,  

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

i s  n o t  k n o w n . I t  i s  a p p a r e n t  t h a t  t h e  f i r s t  v e c t o r  c o n t a i n s  

m u c h  m o r e  v a r i a b i l i t y  t h a n  a n y  o f  t h e  o t h e r s . T h e  

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

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

t h e  s o i l  t e x t u r e - n u t r i e n t  g r a d i e n t  d e s c r i b e d  i n  C h a p t e r  2 .  

T h e  o t h e r  t h r e e  RA a x e s  d i d  n o t  h a v e  a n  a p p a r e n t
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i n t e r p r e t a t i o n ,  a n d  w e r e  n o t  u s e d  i n  t h i s  d i s c u s s i o n .

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

o r d i n a t i o n  o f  s i t e s  b y  RA a r e  d i a g r a m m e d  a l o n g  t h e  f i r s t  

o r d i n a t i o n  a x i s  i n  F i g u r e  3 . 1 .  R a n k e d  c o v e r - a b u n d a n c e  

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

a l s o  s h o w n  i n  T a b l e  3 . 2 .  F i g u r e  3 . 1  s h o w s  t h a t  h i g h  

a b u n d a n c e s  o f  V a c c i n i u m  a n g u s t i f o l i u m  a n d  P t e r i d i u m  

a q u i l i n i u m  a r e  p r e s e n t  on  s i t e s  T t h r o u g h  M a t  t h e  l e f t  o f  

t h e  o r d i n a t i o n  a x i s .  S i t e s  D t h r o u g h  F on  t h e  r i g h t  o f  t h e  

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

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

a n d  G a l i u m  t r i f l o r u m  t h a n  i s  p r e s e n t  on  s i t e s  N t h r o u g h  0  i n  

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

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

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

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

g r a d i e n t , V ib u rn u m  a c e r i f o l i u m  i s  n o t  a s  u s e f u l  a n  i n d i c a t o r  

s p e c i e s  i n  n o r t h e a s t e r n  l o w e r  M i c h i g a n  a s  i t  i s  i n  t h e  

n o r t h w e s t e r n  p a r t  o f  t h e  s t a t e .  T h e r e ,  i t  i s  a n  i n d i c a t o r  

o f  c e r t a i n  e c o s y s t e m  g r o u p s  ( H o s t  e t  a l . 1 9 8 7 ,  1 9 8 8 ) .  A 

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

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

c e n t e r  o f  t h e  o r d i n a t i o n .  P r e n a n t h e s  a l b a , w h i c h  i n c r e a s e s  

i n  a b u n d a n c e  on  s i t e s  M t h r o u g h  0 ,  may b e  a  u s e f u l  i n d i c a t o r  

s p e c i e s  f o r  t h e s e  s i t e s .
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F i g u r e  3 . 1 .  C o v e r - a b u n d a n c e  o f  s e l e c t e d  g r o u n d  f l o r a  
s p e c i e s  f o r  s i t e s  o r d i n a t e d  b y  r e c i p r o c a l  
a v e r a g i n g  o f  r a n k e d  g r o u n d  f l o r a  s p e c i e s  c o v e r -  
a b u n d a n c e  v a l u e s .
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Table 3.2. Ranked covei— abundance values of selected ground flora species.

S i t e  V a c c in iu m
a n g u s t l f o l 1 u m

P t e r l d l u m  

a a u l 11n1um

S m i l a c i n a  V ib u rn u m  P r e n a n t h e s  
r a c e m o s a  a c e r l f o M u m  a l b a

O s m o r h lz a  
c h i l e n s l s

G a11um 

t r 1 f  lo ru m
V i o l a

c a n a d e n s e

O r y z o p s l s  

a s p e r l f o l 1 a

Mlanthemum

c a n a d e n s e

A ----- ----- ----- ----- ----- 3 . 0 0 0 . 5 0 1 .2 5 ----- -----
B ----- ----- 0 . 5 0 ----- 0 . 7 5 2 . 2 5 ----- 2 . 7 5 ----- 2 . 7 5
C ----- ----- ----- ----- 0 . 7 5 1 .7 5 2 . 5 0 3 . 0 0 1 .0 0 1 .7 5

D ----- 0 . 7 5 0 . 2 5 1 .5 0 0 . 7 5 1 .0 0 1 .5 0 3 . 0 0 4 . 2 5 1 .0 0

E ----- ----- ----- 1 .0 0 0 . 5 0 3 . 0 0 2 . 2 5 3 . 2 5 2 . 5 0 2 . 0 0
F ----- ----- ----- ----- ----- 1 .7 5 2 . 0 0 2 . 5 0 ----- 0 . 2 5
G ----- ----- ----- 0 . 5 0 0 . 5 0 2 . 7 5 2 . 2 5 2 . 7 5 ----- 0 . 7 5
H 2 . 7 5 4 . 0 0 ----- 1 .7 5 ----- ----- ----- ----- 1 .0 0 -----
I ----- ----- 0 . 2 5 0 . 5 0 2 . 2 5 1 .7 5 1 .5 0 ----- 2 . 0 0 2 . 0 0
J ----- ----- 0 . 5 0 0 . 5 0 2 . 7 5 2 . 2 5 1 .2 5 ----- 3 . 0 0 3 . 2 5
K ----- ----- 1 .7 5 2 . 2 5 1 .2 5 ----- 0 . 7 5 ----- 1 .0 0 2 . 5 0
L 4 . 2 5 5 . 0 0 1 .0 0 1 .0 0 ----- ----- 0 . 2 5 ----- 0 . 7 5 1 .5 0
M 2 . 0 0 2 .7 5 2 . 0 0 1 .7 5 2 . 2 5 ----- ----- ----- 2 . 5 0 0 . 2 5
N 0 . 2 5 1 .7 5 0 . 5 0 1 .5 0 2 . 0 0 2 . 7 5 1 .7 5 ----- 2 . 7 5 1 .5 0
0 ----- ----- 1 .0 0 ----- 1 .5 0 0 . 2 5 ----- ----- 0 . 5 0 1 .5 0
P ----- ----- 1 .2 5 0 . 5 0 1 .0 0 0 . 2 5 ----- ----- 0 . 2 5 1 .0 0

Q 3 . 0 0 3 . 5 0 1 .0 0 0 . 5 0 0 . 2 5 0 . 2 5 ----- ----- 1 .5 0 1 .2 5
R 2 . 2 5 2 .2 5 2 . 0 0 0 . 5 0 ----- ----- ----- ----- 2 . 0 0 2 . 0 0
S ----- ----- 0 . 7 5 ----- 0 . 7 5 2 . 0 0 2 . 2 5 2 . 0 0 0 . 5 0 1 .5 0
T 3 . 2 5 3 . 2 5 1 .5 0 ----- 0 . 2 5 ----- ----- ----- 1 .0 0 0 . 7 5
U ----- ----- ----- ----- ----- 1 .5 0 2 . 2 5 ----- 0 . 5 0 0 . 5 0
V 2 . 0 0 4 . 0 0 0 . 5 0 0 . 2 5 ----- ----- ----- ----- 1 .7 5 1 .2 5
w 2 . 2 5 4 . 5 0 0 . 7 5 1 .2 5 ----- ----- ----- ----- 2 . 7 5 0 . 5 0
X 2 . 0 0 3 . 2 5 1 .0 0 0 . 2 5 0 . 5 0 0 . 2 5 ----- ----- 3 . 2 5 1 .2 5
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Site ordination by ground flora ranked cover-abundance in 
relation to depositional environment

S i t e s  T ,  B ,  a n d  L a r e  f o r m e d  i n  o u t w a s h  s a n d  w i t h  s a n d  

a n d  g r a v e l  s t r a t i f i c a t i o n  i n  t h e  s u b s t r a t u m .  T he  o r d i n a t i o n  

p r o d u c e d  f r o m  RA o f  g r o u n d  f l o r a  s p e c i e s  c o v e r - a b u n d a n c e  

v a l u e s  p l a c e s  t h e s e  t h r e e  s i t e s  t o g e t h e r  a t  t h e  f a r  l e f t  o f  

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

b y  V a c c i n i u m  a n d  P t e r i d i u m .

S i t e s  Q ,  V , W, X , a n d  R a p p e a r  n e x t  a l o n g  t h e  f i r s t  

d i m e n s i o n  o r d i n a t i o n  a x i s , w i t h  a  h e r b a c e o u s  l a y e r  s t i l l  

d o m i n a t e d  by  V a c c i n i u m  a n d  P t e r i d i u m , b u t  o f  l e s s e r  c o v e r a g e  

t h a n  t h a t  f o u n d  o n  s i t e s  T ,  H, a n d  L.  S i t e s  Q, V, W, X, a n d  

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

m a t e r i a l  c o n t a i n i n g  i c e - r a f t e d  lo am y  m a t e r i a l  o r  f l o w  t i l l  

i n  t h e  s u b s t r a t u m .

S i t e s  M, K, a n d  P w e r e  a l s o  f o r m e d  i n  o u t w a s h  w i t h  

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

v e g e t a t i o n  w h i c h  d i f f e r s  f r o m  t h a t  o f  s i t e s  Q, V, W, X, a n d  

R . S i t e  M h a s  P r e n a n t h e s , a n d  a  l a r g e r  c o m p o n e n t  o f  

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

i n c l u s i o n s . S i t e s  K a n d  P l a c k  P t e r i d i u m  a n d  V a c c i n i u m . 

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

p l a c e d  w i t h  s i t e s  M, K, a n d  P a l o n g  t h e  o r d i n a t i o n  a x i s . 

E x a m i n a t i o n  o f  s o i l  d e s c r i p t i o n s  r e v e a l e d  t h a t  s i t e s  Q,  V, 

W, X , a n d  R h a v e  a c c u m u l a t i o n s  l e s s  t h a n  60 cm t h i c k  o f  

s a n d y  c l a y  lo a m  o r  h e a v i e r  t e x t u r e d  s o i l  i n  t h e  s u b s t r a t u m ,  

w h i l e  s i t e s  M, K , a n d  P , h a v e  t h i c k e r  a c c u m u l a t i o n s .
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A l t h o u g h  t h e  n u m b e r  o f  s i t e s  i n  t h i s  g r o u p  i s  s m a l l ,  i t  

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

t h i c k  s u b s t r a t u m  t e x t u r a l  a c c u m u l a t i o n s  f r o m  t h o s e  w i t h  t h i n  

a c c u m u l a t i o n s .

P o r t  B r u c e  t i l l  s i t e s  w e r e  a l l  p l a c e d  t o  t h e  r i g h t  o f  

P o r t  H u r o n  s i t e s  a l o n g  t h e  f i r s t  g r o u n d  f l o r a  o r d i n a t i o n  

a x i s ,  w i t h  t h e  e x c e p t i o n  o f  s i t e  S ,  w h i c h  may b e  t i l l  o f  y e t  

a n o t h e r  d e p o s i t . S i t e  S i s  l o c a t e d  on  a  r e m n a n t  m o r a i n a l  

f e a t u r e  o c c u r r i n g  w i t h i n  t h e  b o u n d a r y  o f  t h e  L o u d  C r e e k  

o u t w a s h ,  t o  t h e  n o r t h e a s t  o f  t h e  G l e n n i e  m o r a i n e  ( F i g u r e  

2 . 3 )  ( B u r g i s  1 9 7 7  , 1 9 8 1 )  . T h e  s i t e  i s  l o c a t e d  i n  t h e  

g e n e r a l  a r e a  o f  P o r t  H u r o n  d e p o s i t s , b u t  i s  o f  l o w e r  

e l e v a t i o n  t h a n  t h e  G l e n n i e  m o r a i n e ,  a n d  may b e  a n  e r o s i o n a l  

s u r f a c e ,  p o s s i b l y  e v e n  t h e  P o r t  B r u c e  t i l l  w i t h  w h i c h  s i t e  

o r d i n a t i o n  by  g r o u n d  f l o r a  p l a c e s  i t . D e t a i l e d  a n a l y s i s  o f  

t h e  t i l l  f a b r i c  a n d  m i n e r a l o g y  o f  s i t e  S w o u ld  b e  r e q u i r e d  

t o  d e t e r m i n e  w h e t h e r  i t  i s  o f  P o r t  B r u c e  o r  P o r t  H u ro n  a g e ,  

o r  o f  some o t h e r  d e p o s i t . F o r  p u r p o s e s  o f  t h i s  s t u d y ,  i t  

was  t r e a t e d  a s  a n  o u t l i e r  a n d  d r o p p e d  f r o m  f u r t h e r  a n a l y s e s .

S i t e s  C a n d  U ,  w h i c h  w e r e  f o r m e d  i n  l a c u s t r i n e  

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

o r d i n a t i o n .  T h e s e  s i t e s  h a v e  a  h i g h  c o v e r a g e  o f  O s m o r h i z a  

a n d  G a l i u m .

The f i r s t  d i m e n s i o n  o f  t h e  s i t e  o r d i n a t i o n  o b t a i n e d  by 

RA o f  r a n k e d  g r o u n d  f l o r a  c o v e r - a b u n d a n c e  c o r r e s p o n d e d  

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

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

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

m a t e r i a l ,  w i t h  l e s s  t h a n  60 cm o f  a c c u m u l a t e d  lo a m y  s o i l  i n  

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

s i t e s .  S i t e s  w h i c h  h a d  m o r e  t h a n  60  cm o f  l o a m y  s o i l  

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

r i g h t  o f  t h o s e  sites w i t h  t h i n n e r  a c c u m u l a t i o n s . T i l l  s i t e s  

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

s e p a r a t e d  a c c o r d i n g  t o  P o r t  B r u c e  o r  P o r t  H u ro n  d e p o s i t i o n ,  

w i t h  t h e  e x ce p t i o n  of site S which m a y  be e r o d e d . 
L a c u s t r i n e  s i t e s  C a n d  U w e re  p l a c e d  w i t h  P o r t  B r u c e  t i l l  

s i t e s .  D i v i d i n g  t h e s e  s i t e s  i n t o  g r o u p s  b a s e d  o n  

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

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

w i t h  a  l a r g e r  d a t a  s e t .

Site ordination by ground flora ranked cover-abundance in 
relation to soil properties

S i t e  s c o r e s  i n  t h e  f i r s t  o r d i n a t i o n  a x i s  o f  RA o f  

g r o u n d  f l o r a  r a n k e d  c o v e r - a b u n d a n c e  v a l u e s ,  a n d  s i t e  s c o r e s  

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

C h a p t e r  2 ,  a r e  shown i n  T a b l e  3 . 3 .  The s i m p l e  c o r r e l a t i o n  

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

s c o r e s ,  f o r  t h e  f i r s t  a x e s  o n l y ,  was  r = 0 . 8 3 2 ;  w i t h  m i n e r a l  

s o i l  l a b  d a t a  t h e  c o r r e l a t i o n  was r = - 0 . 8 9 0 ,  a n d  w i t h  s o i l  

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



T a b l e  3 . 3 .  S i t e  r a n k s  an d  s c o r e s  f ro m  f 1 r s t - d 1 m e n s 1 o n  RA o r d i n a t i o n s  o f  g ro u n d  f l o r a  r a n k e d  c o v e r - a b u n d a n c e  v a l u e s  
a n d  o v e r s t o r y  BA by s p e c i e s ,  a n d  f ro m  PCA o f  s o i l s  d a t a .

S U e G round f 1 o r a  

RA r a n k  RA s c o r e

O v e r s t o r y  

RA r a n k  RA s c o r e

S o l l s - f l e l d  d a t a  

PCA r a n k  PCA s c o r e

S o 1 l s - l a b o r a t o r y  d a t a  
( m in e r a l  s o i l )

PCA r a n k  PCA s c o r e

S o 1 l s - l a b o r a t o r y  d a t a  

( o r g a n i c  a n d  m i n e r a l  s o i l )  
PCA r a n k  PCA s c o r e

A 20 - 1 2 9 24 - 1 7 5 14 - 0 . 3 9 7 0 .9 1 13 0 . 0 2
B 22 -1 5 2 21 - 1 5 5 24 - 1 . 3 0 6 0 . 9 3 4 0 . 8 9
C 19 -1 2 7 IB - 1 4 2 10 - 0 . 2 4 13 - 0 . 0 8 6 0 . 6 7

D 16 - 1 0 0 19 - 1 4 6 16 - 0 . 5 5 10 0 . 4 8 17 - 0 . 4 8
E 23 -1 5 4 17 -141 15 - 0 . 4 6 12 0 .3 1 15 - 0 . 0 8
F 24 - 1 7 0 23 - 1 6 3 20 - 0 . 8 0 2 1 .2 3 7 0 . 5 9
G 21 -151 20 - 1 5 4 IB - 0 . 6 3 8 0 . 7 9 12 0 . 1 3
H 2 194 4 202 3 1 .6 6 24 - 1 . 6 1 22 - 1 . 3 6
I 14 -7 2 11 - 1 4 21 - 1 . 0 9 5 1.01 2 1 .4 4
J 13 -6 8 13 - 5 5 17 - 0 . 6 2 9 0 . 6 3 8 0 . 3 5
K 11 -2 0 10 49 11 - 0 . 3 1 11 0 . 4 3 11 0 . 1 6
L 3 193 2 448 2 1 .7 9 20 - 1 . 1 9 23 - 1 . 3 3
M 9 109 6 166 12 - 0 . 3 1 16 - 0 . 3 5 14 - 0 . 0 5
N 10 0 14 - 9 7 23 - 1 . 2 3 3 1 .1 0 1 2 . 5 0
0 15 -7 3 16 - 1 3 8 13 - 0 . 3 8 4 1 .0 3 3 1 .2 5
P 12 -5B 12 - 2 3 7 0 . 5 8 14 - 0 . 2 2 9 0 . 2 8
Q 4 192 3 217 8 0 . 5 6 17 - 0 . 9 6 16 - 0 . 3 8
R e 155 7 135 6 0 . 9 4 19 - 1 . 1 6 20 - 1 .0 1
S IB -1 1 4 22 - 1 5 9 22 - 1 . 1 6 1 1 . 4 6 10 0 . 2 7
T 1 206 1 49B 1 1 .8 8 23 -1 .3 4 24 - 1 . 6 9
U 17 -1 1 3 15 - 1 3 7 19 - 0 . 7 2 15 0 . 2 5 5 0 . 7 4
V 5 1B7 9 12B 5 1 .1 6 21 -1  .2 4 21 -1 .0 3
w 6 ISO B 129 4 1 .3 8 22 - 1 . 3 3 19 - 0 . 9 5
X 7 174 5 175 9 0 . 2 3 18 - 1 .1 1 18 - 0 . 9 2
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r = - 0 . 6 8 5 .  C o r r e l a t i o n s  a m o n g  t h e s e  s c o r e s  a r e  a l l  

s i g n i f i c a n t  a t  a l p h a = 0 . 0 5  f o r  n = 2 4 .  C o r r e l a t i o n s  a r e

i n f l u e n c e d  by  s a m p l e  s i z e  s o  t h a t  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  v a l u e s  may r e s u l t  f r o m  r a n d o m  c o r r e l a t i o n s  o r  f r o m  t h e  

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

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

a p p e a r  t o  i n d i c a t e  t h a t  t h e r e  i s  a n  a s s o c i a t i o n  b e t w e e n  

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

D i f f e r e n t  s o i l  p r o p e r t i e s  a r e  a s s o c i a t e d  w i t h  t h e  f i r s t  

a x e s  o f  t h e  s e p a r a t e  s o i l  PCA ' s  . T h e  m i n e r a l  s o i l  

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

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

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

w e i g h t s  B h o r i z o n  c a t i o n s  a n d  n e g a t i v e l y  w e i g h t s  a c i d i t y . 

T h e  a s s o c i a t i o n  b e t w e e n  t h e  tw o  g r a d i e n t s  i n d i c a t e s  t h a t  

f l o r a  on  s i t e s  w i t h  low  s c o r e s  on  t h e  f i r s t  RA a x i s  o c c u r  i n  

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

h i g h  RA s c o r e s  o c c u r  i n  a r e a s  o f  h i g h  a c i d i t y .  T h e  

c o r r e l a t i o n  o f  f i r s t  d i m e n s  i o n  RA s c o r e s  w i t h  f i r s t  

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

o r g a n i c  l a y e r s  i n d i c a t e s  t h a t  s i t e s  w i t h  lo w  RA s c o r e s  a r e  

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

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

lo w  l e v e l s  o f  n u t r i e n t s . L i k e w i s e ,  t h e  c o r r e l a t i o n  o f  f i r s t  

d i m e n s i o n  RA s c o r e s  w i t h  f i r s t  d i m e n s i o n  PCA s c o r e s  o f  f i e l d  

d a t a  i n d i c a t e s  t h a t  s i t e s  w i t h  low s c o r e s  i n  b o t h  a n a l y s e s  

a r e  t h o s e  w i t h  g r e a t e r  a m o u n t s  o f  l o a m y  t e x t u r e d  s o i l .



140

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

h e r b a c e o u s  s p e c i e s  i s  r e l a t e d  t o  s o i l  p r o p e r t i e s .

S p e a r m a n ' s  c o e f f i c i e n t  o f  r a n k  c o r r e l a t i o n s  w e r e  a l s o  

c a l c u l a t e d  f o r  s i t e  r a n k s  i n  t h e  f i r s t  d i m e n s i o n  o f  RA a n d  

i n  t h e  f i r s t  d i m e n s i o n  o f  t h e  s e v e r a l  d i f f e r e n t  PCA' s . The  

c o r r e l a t i o n  o f  s i t e  r a n k s  i n  t h e  f i r s t  d i m e n s i o n  o f  RA o f  

g r o u n d  f l o r a  s p e c i e s  c o v e r - a b u n d a n c e  v a l u e s  w i t h  r a n k s  

p r o d u c e d  b y  PCA o f  m i n e r a l  s o i l  l a b o r a t o r y  d a t a  was 

r s = - 0 . 7 7 0 ;  w i t h  PCA o f  l a b o r a t o r y  d a t a  i n c l u d i n g  o r g a n i c  

l a y e r s  t h e  c o r r e l a t i o n  was r s = - 0 . 6 4 3 ,  a n d  w i t h  PCA o f  f i e l d  

d a t a  t h e  c o r r e l a t i o n  was  r s = 0 . 7 7 0 .  A l l  t h e s e  c o r r e l a t i o n s  

a r e  s i g n i f i c a n t  a  t  a l p h a  = 0 . 0 5  f o r  n = 2 4  , a n d  t h e  

i n t e r p r e t a t i o n s  a r e  t h e  same a s  t h o s e  f o r  t h e  s i m p l e  l i n e a r  

c o r r e l a t i o n s  among s i t e  s c o r e s .

Site ordination by ground flora abundance in relation to 
overstory species composition and basal area

A c h a r t  o f  o v e r s t o r y  s p e c i e s  c o m p o s i t i o n  e x p r e s s e d  a s  

b a s a l  a r e a  by  s p e c i e s  (m^ h a - 1 ) i s  a r r a y e d  a l o n g  t h e  f i r s t  

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

a b u n d a n c e  ( F i g u r e  3 . 2 ) .  S i t e s  T ,  H, a n d  L ,  f o r m e d  i n  s a n d y  

o u t w a s h  a n d  d o m i n a t e d  by  V a c c i n i u m  a n d  P t e r i d i u m , c o n t a i n  

b l a c k  a n d  p i n  o a k  s p e c i e s  i n  t h e  o v e r s t o r y  ( T a b l e  3 . 4 ) 1 . 

S i t e s  f o r m e d  i n  o u t w a s h  w i t h  lo a m y  i n c l u s i o n s  l e s s  t h a n  60 

cm t h i c k  i n  t h e  s u b s t r a t u m ,  i n c l u d i n g  s i t e s  Q t h r o u g h  M o n

1 S c i e n t i f i c  names  o f  t r e e  s p e c i e s  a p p e a r  i n  T a b l e  3 . 5 .
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F i g u r e  3 . 2 .  O v e r s t o r y  b a s a l  a r e a  o f  s e l e c t e d  s p e c i e s  f o r  
s i t e s  o r d i n a t e d  b y  r e c i p r o c a l  a v e r a g i n g  o f  
r a n k e d  g r o u n d  f l o r a  s p e c i e s  c o v e r - a b u n d a n c e  
v a l u e s .



T H L R M M K P J  1 O D U S C A G B E F

R. maple 

liiillil Basswood

RA ordered sites

B/P oaks  

S. maple

W. oak 

W. ash

R. oak 

Other

j



Table 3.4. Mean basal area of overstory species.

S i t e  Red B l a c k ,  P i n  W h ite  Red B assw ood S u g a r  W h ite  B e ec h  P a p e r  Q u a k in g  B l g t o o t h  B la c k  I ro n w o o d  W h i te  T o t a l
m a p le  o a k s  o ak  oak  m ap le  a s h  b i r c h  a s p e n  a s p e n  c h e r r y  p i n e  BA

2 . - 1< --------------------------------------------------------------------------------m h a   >

A - - - - 3 . 4 2 3 . 6 - - - - - - - - 2 7 .1
B - - - - 6 . 9 1 7 .2 4 . 6 0 . 7 - - 3 . 0 - - - 3 2 .1
C - - - - 1 8 .4 9 . 2 1.1 0 . 7 - - 5 . 3 - 0 . 7 - 3 5 .1
0 - - - - 1 0 .3 1 4 .5 - - - - 4 .  1 - - - 2 8 . 7
E - - - - 6 . 9 1 1 .5 1.1 4 . 6 - - 3 . 4 0 . 7 - - 2 9 . 4
F - - - - 4 .1 1 7 .2 1 .8 3 . 0 - - 1 .1 - - - 2 7 .1
G - - - - 6 . 4 1 8 .4 - - - - 3 . 0 - - - 2 8 . 2
H 6 . 9 3 . 0 - 1 2 .2 - - - - - - 0 . 7 - - - 2 2 . 5
I - - - 1 4 .9 4 . 6 5 . 7 - - 4 . 6 1.1 1.1 - - 1.1 3 3 . 3
J - - - 1 1 .5 4 . 6 6 . 9 2 . 3 3 . 4 - - - 1.1 1.1 - 3 1 . 0
K 5 . 7 - - 2 5 . 3 1.1 4 . 6 1.1 3 . 4 2 . 3 - - - - - 4 3 . 6
L 1 .8 19.1 1 .8 3 . 4 - - - - - - 1 .8 - - - 2 7 . 6
M 5 . 7 - 5 . 7 1 2 .6 - - - - - - - 1.1 - - 2 5 . 3
N - - - 8 . 0 16.1 6 . 9 2 . 3 2 . 3 1.1 - - - 2 . 3 3 . 4 4 2 . 5
0 - - - 2 . 3 1 8 .4 3 . 4 1 0 .3 1. 1 - - 2 . 3 - 1.1 - 3 9 . 0
P - - - 1 8 .4 4 . 6 5 . 7 5 . 7 1.1 - - - - - - 3 5 . 6
Q 4 . 6 - 2 3 .0 - - - - - - - 5 . 7 - - - 3 3 . 3
R 6 . 9 - 1 .1 2 3 . 0 - - - - - - 1.1 - - - 3 2 .1
S - - - - 6 . 9 5 . 7 16.1 9 . 2 1. 1 - - - - - 3 9 . 0
T - 1 2 .6 - 0 . 7 - - - - - - 1.1 - -  ' 0 . 7 1 4 .9
U - - - 3 . 4 1 1 .5 1 8 .4 - - 3 . 4 - - - - - 3 6 . 7
V 8 . 0 - - 2 4 .  1 - - - - - - 2 . 3 - - - 3 4 . 4
w 2 . 3 - 3 . 4 2 1 . 8 - - - - - - 2 . 3 - - - 2 9 . 8
X 4 . 6 - 8 . 0 1 4 .5 - - - - - - - - - - 2 7 .1

1A
3
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Table 3.5. Common and scientific names of tree species.

Common name S c i e n t i f i c  name

Red m a p l e A c e r  r u b r u m
S u g a r  m a p l e A c e r  s a c c h a r u m
N o r t h e r n  r e d  oak Q u e r c u s  r u b r a
P i n  o a k Q u e r c u s  p a l u s t r i s
B l a c k  o a k Q u e r c u s  v e l u t i n a
W h i t e  oak Q u e r c u s  a l b a
B e e c h F a q u s  g r a n d i f o l i a
W h i t e  a s h F r a x i n u s  a m e r i c a n a
B assw o o d T i l i a  a m e r i c a n a
B l a c k  c h e r r y P r u n u s  s e r o t i n a
I r o n w o o d O s t r y a  v i r q i n i a n a
P a p e r  b i r c h B e t u l a  p a p y r i f e r a
Q u a k i n g  a s p e n P o p u l u s  t r e m u l o i d e s
B i g t o o t h  a s p e n P o p u l u s  q r a n d i d e n t a t a
E a s t e r n  w h i t e  p i n e P i n u s  s t r o b u s
Red p i n e P i n u s  r e s i n o s a
J a c k  p i n e P i n u s  b a n k s i a n a

t h e  f i r s t  RA o r d i n a t i o n  a x i s ,  c o n t a i n  no  b l a c k  o r  p i n  o a k s .

b u t  d o  c o n t a i n  a  h i g h  b a s a l  a r e a  o f  n o r t h e r n  r e d  o a k . M os t  

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

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

e l i m i n a t e d  a n d / o r  r e d u c e d  i t s  p r e s e n c e  on  some s i t e s .

S i t e s  l o c a t e d  on  P o r t  H uron  t i l l ,  i n c l u d i n g  s i t e s  N, J ,  

I , a n d  0  a l o n g  t h e  g r o u n d  f l o r a  o r d i n a t i o n , s u p p o r t  t h e  

g r e a t e s t  t o t a l  b a s a l  a r e a  (B A ) o f  t h e  s i t e s  s t u d i e d . 

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

by  s u g a r  m a p l e  a n d  b a s s w o o d  s p e c i e s . S i t e s  I  a n d  J  s u p p o r t  

a  l a r g e  c o m p o n e n t  o f  n o r t h e r n  r e d  o a k ,  w h i l e  s i t e s  N a n d  0  

h a v e  a  s m a l l e r  o a k  c o m p o n e n t . S i t e s  f o r m e d  i n  P o r t  B r u c e  

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

e n t i r e l y  o f  t h e  m o r e  t y p i c a l  n o r t h e r n  h a r d w o o d  s p e c i e s .
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RA o f  o v e r s t o r y  b a s a l  a r e a  by  s p e c i e s  was  p e r f o r m e d  i n  

t h e  s a m e  m a n n e r  a s  t h e  RA o f  g r o u n d  f l o r a  r a n k e d  c o v e r -  

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

w e r e ,  r e s p e c t i v e l y ,  0 . 7 5 3 ,  0 . 6 2 9 ,  0 . 3 9 9 ,  a n d  0 . 2 5 5 .  Of t h e  

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

a c c o u n t e d  f o r  3 7 . 0 % ,  t h e  s e c o n d  f o r  3 0 . 9 % ,  t h e  t h i r d  f o r  

1 9 .6 % ,  a n d  t h e  f o u r t h  f o r  1 2 .5 % .  S c o r e s  a n d  r a n k s  o f  s i t e s  

i n  t h e  f i r s t  d i m e n s i o n  o f  t h e  RA o r d i n a t i o n  u s i n g  o v e r s t o r y  

a r e  shown i n  T a b l e  3 . 3 .  T h i s  RA o r d i n a t i o n  was  p e r f o r m e d  t o  

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

t h a t  d e r i v e d  f r o m  RA o f  g r o u n d  f l o r a  s p e c i e s  r a n k e d  c o v e r -  

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

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

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

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

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

c o v e r - a b u n d a n c e . S p e a r m a n ' s  c o e f f i c i e n t  o f  r a n k  c o r r e l a t i o n  

f o r  s i t e s  i n  t h e  f i r s t  d i m e n s  i o n  o f  RA o b t a i n e d  f r o m  

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

f i r s t  d i m e n s i o n  o f  RA u s i n g  g r o u n d  f l o r a  a t  r g = 0 . 9 3 4 ,  

s i g n i f i c a n t  a t  a l p h a  o f  0 . 0 5  ( T a b l e  3 . 3 ) .  S c o r e s  o f  s i t e s  

i n  t h e  f i r s t  a x e s  o f  t h e  RA o r d i n a t i o n s  by  g r o u n d  f l o r a  a n d  

o v e r s t o r y  w e r e  c o r r e l a t e d  by  s i m p l e  l i n e a r  c o r r e l a t i o n  a t  

r = 0 . 9 0 5 ,  a l s o  s i g n i f i c a n t  a t  a l p h a = 0 . 0 5 .  T h e s e  c o r r e l a t i o n s  

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

w i t h  g r o u n d  f l o r a  s p e c i e s  a b u n d a n c e .
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Differences in overstory composition between tills of 
different depositions

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

p r e s e n c e  o f  o a k  on  t i l l  s i t e s  o f  P o r t  H u ro n  d e p o s i t i o n  t h e i r  

a b s e n c e  on  t i l l  s i t e s  o f  P o r t  B r u c e  a g e .  One e x p l a n a t i o n  

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

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

t h e  a r e a  w h i c h  i n c l u d e s  P o r t  H u ro n  s i t e s ;  t h i s  d i f f e r e n c e  

r e f l e c t s  p o l i c i e s  i n  f o r e s t  m an ag e m e n t  on  d i f f e r e n t  R a n g e r  

D i s t r i c t s . D i s t u r b a n c e  f a v o r s  t h e  e s t a b l i s h m e n t  o f  o a k  

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

c l e a r c u t t i n g  ( W h i t n e y  1 9 8 6 ,  1 9 8 7 ) ,  o r  w i t h i n  a n  e s t a b l i s h e d  

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

( L o r i m e r  1 9 8 3 ) .  B e c a u s e  o f  t h e  h i g h  d i s t u r b a n c e  l e v e l  i n  

t h e  a r e a  o f  P o r t  H u r c i i  t i l l ,  m a n y  s i t e s  w e r e  n o t  o f  

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

a n d  may b e  b i a s e d .

A v e r a g e  a g e s  o f  d o m i n a n t  t r e e  s p e c i e s  on  P o r t  B r u c e  a n d  

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

( T a b l e  3 . 6 ) .  Oak i s  t h o u g h t  t o  b e  a  s u c c e s s i o n a l  s p e c i e s  

( H o s t  e t  a l . 1 9 8 7  ) ,  a n d  i t  i s  p r e s e n t  o n  s i t e s  w h i c h  a r e  

o l d e r  t h a n  many o f  t h e  s i t e s  w h i c h  l a c k  o a k . T h i s  i n d i c a t e s  

t h a t  s t a n d s  on  t h e  P o r t  B r u c e  s i t e s  l a c k e d  o a k  a t  t h e  t i m e  

o f  e s t a b l i s h m e n t , p a r t i c u l a r l y  a s  t h e r e  was  no  e v i d e n c e  o f  

r e c e n t  s e l e c t i v e  l o g g i n g .



T a b l e  3 . 6 .  C o m p a r i s o n  o f  a v e r a g e  a g e  o f  d o m i n a n t  t r e e  
s p e c i e s  o n  t i l l  s i t e s  o f  P o r t  B r u c e  a n d  P o r t  H u r o n  
d e p o s i t i o n .

P o r t  H u ro n  
S i t e

A v e r a g e a g e P o r t  B r u c e  
S i t e

A v e r a g e  a g e

N 97 D 57
J 75 A 53
I 70 G 72
0 60 B 60

E 65
F 72

Mean 7 5 . 5 Mean 6 1 . 4
S .D . 1 5 . 6 S .D . 7 . 4

V a r i a n c e s a n d  m e a n s a r e n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t
a l p h a = G .0 5 •

O r d i n a t i o n s  b a s e d  o n  v e g e t a t i o n  h a v e  s o m e t i m e s  b e e n  

i n t e r p r e t e d  a s  a s s o c i a t e d  w i t h  d i s t u r b a n c e  (G auch  1 9 8 2 ) .  

G r o u n d  f l o r a  i s  b e l i e v e d  t o  r e t u r n  t o  s t a b l e  p a t t e r n s  o f  

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

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

r e q u i r e  m o r e  t i m e  t o  a t t a i n  s t a b l e  c o m p o s i t i o n . B e c a u s e  

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

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

s p e c i e s  c o m p o s i t i o n  b e t w e e n  P o r t  B r u c e  a n d  P o r t  H u ro n  s i t e s  

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

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

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

B e c a u s e  d i f f e r e n c e s  i n  o v e r s t o r y  c o m p o s i t i o n  c o i n c i d e d  

w i t h  t h e  b o u n d a r i e s  o f  P o r t  H u ro n  a n d  P o r t  B r u c e  t i l l s ,  a
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s o i l  d i f f e r e n c e  w a s  s u s p e c t e d .  T h i s  p o s s i b i l i t y  w a s  

e x a m i n e d  b y  g r o u p i n g  s i t e s  a c c o r d i n g  t o  o v e r s t o r y  

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

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

a n d  P o r t  H u r o n  t i l l s  i n  p r i n c i p a l  c o m p o n e n t  a n a l y s i s  o f  

f i e l d  d a t a  w e r e  c o a r s e  f r a g m e n t  c o n t e n t , E h o r i z o n  

t h i c k n e s s , a n d  o v e r a l l  t e x t u r e  ( C h a p t e r  2 ) .  T h e s e  s o i l  

p r o p e r t i e s  w e r e  c o m p a r e d  a m ong  g r o u p s  b a s e d  o n  o v e r s t o r y  

c o m p o s i t i o n  t o  d e t e r m i n e  w h e t h e r  d i f f e r e n c e s  e x i s t e d .

G r o u p s  b a s e d  on  o v e r s t o r y  c o m p o s i t i o n  w e r e  s e t  u p  a s  

f o l l o w s : G r o u p  1 c o n s i s t e d  o f  s i t e s  T ,  H, a n d  L , w i t h

o v e r s t o r i e s  c o n t a i n i n g  b l a c k  a n d  p i n  o a k ;  G r o u p  2 i n c l u d e d  

s i t e s  Q, V, W, X, R, a n d  M, w h ic h  w e r e  t h o s e  s i t e s  d o m i n a t e d  

by  n o r t h e r n  r e d  o a k ,  w i t h  r e l a t i v e l y  low t o t a l  BA, a n d  no  

s p e c i e s  o f  t h e  n o r t h e r n  h a r d w o o d s  c o v e r  t y p e  p r e s e n t ; G r o u p  

3 s i t e s  w e r e  N, K, P ,  J , I , a n d  0 ,  w i t h  o v e r s t o r i e s  o f  

n o r t h e r n  r e d  o a k  a n d  n o r t h e r n  h a r d w o o d s ,  l o c a t e d  i n  a r e a s  o f  

P o r t  H u ro n  g l a c i a t i o n ;  a n d  G ro u p  4 ,  w h i c h  i n c l u d e d  s i t e s  D, 

A, B, C, D, E , F ,  G, a n d  U, l o c a t e d  i n  a r e a s  o f  P o r t  B r u c e  

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

3 . 7  p r e s e n t s  s t a t i s t i c a l  c o m p a r i s o n s  among s o i l  p r o p e r t i e s  

o f  t h e s e  g r o u p s .  V a r i a b l e  names a n d  u n i t s  a r e  e x p l a i n e d  i n  

T a b l e s  2 . 2  a n d  2 . 3 .  T e s t s  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  

b e t w e e n  g r o u p  v a r i a n c e s  a n d  g r o u p  m e a n s  a r e  a c c o r d i n g  t o  

S t e e l  a n d  T o r r i e  ( 1 9 8 0 ) .

S i l t  a n d  c l a y  c o n t e n t s  a v e r a g e d  o v e r  t h e  u p p e r  150 cm 

d e p t h  a r e  s h o w n  i n  F i g u r e  3 . 3 .  A v e r a g e  s i l t  a n d  c l a y



Table 3.7. Soil variable comparisons f o r  site groups based on overstory composition.

V a r i a b l e G ro u p s  
1 s t  2nd

Mean S .D .
<-------1 s t  g r o u p  —

n 
— >

Mean S .D .
<-------2nd g r o u p  —

n 
— >

F
( c a l c u l a t e d )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o le d
s

A p p r o x . 
d f  f o r  t

t
( c a l c u l a t e d )

TKNSUM 4 3 8 0 5 3 .6 4 194 3 .5 4 32 7 9 1 5 .4 9 2 0 1 2 .4 6 24 1 .0 7 2 23 31 54 5 3 5 .5 3 4 8 . 7 0 .2 5 8
TKNSUM 4 2 8 0 5 3 .6 4 1 9 4 3 .5 4 32 3 9 1 0 .6 9 1 6 4 4 .1 5 24 1 .3 9 7 31 23 54 4 8 0 .2 9 5 3 . 2 8 .6 2 6 *
TKNSUM 4 1 8 0 5 3 .6 4 1 9 4 3 .5 4 32 2 9 6 2 .7 4 5 7 9 . 3 6 12 11.253® 31 11 42 3 8 2 .1 2 4 1 . 0 1 3 .3 2 2 *
TKNSUM 3 2 7 9 1 5 .4 9 2 0 1 2 .4 6 24 3 9 1 0 .6 9 1 6 4 4 .1 5 24 1 .4 9 8 23 23 46 5 3 0 . 4 6 4 4 . 2 7 .5 4 9 *
TKNSUM 3 1 7 9 1 5 .4 9 2 0 1 2 .4 6 24 2 9 6 2 .7 4 5 7 9 . 3 6 12 1 2 .0 6 6 * 23 11 34 4 4 3 .5 3 2 9 . 6 1 1 .1 6 6 *
TKNSUM 2 1 3 9 1 0 .6 9 1 6 4 4 .1 5 24 2 9 6 3 .7 4 5 7 9 . 3 6 12 8.053® 23 11 34 3 7 4 .9 8 3 1 . 7 2 .5 2 5 *
TKPSUM 4 3 4 8 2 0 .1 9 1 6 2 2 .2 6 32 4 7 6 9 .5 9 2 2 5 7 .7 4 24 1.937® 23 31 54 5 4 2 .8 0 3 9 . 8 0 .0 9 3
TKPSUM 4 2 4 8 2 0 .1 9 1 6 2 2 .2 6 32 2 1 4 4 .2 9 1 0 6 7 .6 7 24 2 .3 0 9 * 31 23 54 3 6 0 .1 9 5 3 . 2 7 .4 2 9 *
TKPSUM 4 1 4 8 2 0 .1 9 1 6 2 2 .2 6 32 1579 .31 3 5 5 . 7 5 12 2 0 .7 9 4 * 31 11 42 3 0 4 .6 1 3 7 . 7 1 0 .6 3 9 *
TKPSUM 3 2 4 7 6 9 .5 9 2 2 5 7 .7 4 24 2 1 4 4 .2 9 1 0 6 7 .6 7 24 4.472® 23 23 46 5 0 9 .7 9 3 2 . 8 5 .1 4 9 *
TKPSUM 3 1 4 7 6 9 .5 9 2 2 5 7 .7 4 24 1 579 .31 3 5 5 .7 5 12 4 0 .2 7 7 * 23 11 34 4 7 2 . 1 6 2 5 . 2 6 .7 5 6 *
TKPSUM 2 1 2 1 4 4 .2 9 1 067 .6 7 24 1579 .31 3 5 5 . 7 5 12 9 .0 0 7 * 23 11 34 2 4 0 .9 2 3 1 .  1 2 .3 4 5 *
CASUM 4 3 3 3 5 2 0 .3 1 2 1 7 0 2 .9 5 32 3 2 2 6 3 .9 1 2 2 2 3 3 .1 5 24 1 .0 4 9 23 31 54 5 9 4 2 .7 0 4 9 . 0 0 .2 1 1
CASUM 4 2 3 3 5 2 0 .3 1 2 1 7 0 2 .9 5 32 1 4 9 0 2 .0 2 1 8 6 3 5 .6 0 24 1 .3 5 6 31 23 54 5 4 0 2 .7 4 5 2 . 9 3 .4 4 6 *
CASUM 4 1 3 3 5 2 0 .3 1 2 1 7 0 2 .9 5 32 6 1 4 2 .2 9 8 7 0 6 .9 1 12 6 .2 1 3 * 31 11 42 4 5 8 6 .5 9 4 1 . 7 5 .9 6 9 *
CASUM 3 2 3 2 2 6 3 .9 1 2 2 2 3 3 .1 5 24 1 4 9 0 2 .0 2 1 8 6 3 5 .6 0 24 1 .4 2 3 23 23 46 5 9 2 1 .7 1 4 4 . 6 2 .9 3 1 *
CASUM 3 1 3 2 263 .91 2 2 2 3 3 .1 5 24 6 1 4 2 .2 9 8 7 0 6 .9 1 12 6.520® 23 11 34 5 1 8 7 .8 6 3 2 . 8 5 .0 3 5 *
CASUM 2 1 1 4 902 .02 18 6 3 5 .6 0 24 6 1 4 2 .2 9 8 7 0 6 .9 1 12 4.581® 23 11 34 4 5 5 9 .3 6 3 3 . 9 1.921
KSUM 4 3 1117 .9 3 6 3 2 .5 1 32 1 4 9 1 .8 0 9 4 3 . 6 2 24 2.226® 23 31 54 2 2 2 .7 2 3 7 . 9 1 .6 7 8
KSUM 4 2 1117 .9 3 6 3 2 .5 1 32 5 7 0 .8 2 4 4 4 . 6 0 24 2.024® 31 23 54 144.01 5 3 . 8 3 .7 9 9 *
KSUM 4 1 1 1 1 7 .9 3 6 3 2 .5 1 32 1 9 6 .2 3 3 9 . 9 9 12 2 5 0 .1 7 2 * 31 11 42 112.41 31 .7 8 .1 9 9 *
KSUM 3 2 1 4 9 1 .8 0 9 4 3 .6 2 24 5 7 0 . 8 2 4 4 4 . 6 0 24 4.505® 23 23 46 2 1 2 .9 2 3 2 . 7 4 .3 2 5 *
KSUM 3 1 1 4 9 1 .8 0 9 4 3 .6 2 24 1 9 6 .2 3 3 9 . 9 9 12 5 5 6 .7 8 7 * 23 11 34 1 9 2 .9 6 2 3 . 2 5 .7 1 4 *
KSUM 2 1 5 7 0 .8 2 4 4 4 .6 0 24 1 9 6 .2 3 3 9 . 9 9 12 123.603® 23 11 34 9 1 .4 8 2 3 . 7 4 .0 9 4 *

•Significant difference between groups at a 1pha=0.05.
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Table 3.7. (continued).

V a r i a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S .D .
g r o u p  —

n 
— >

Mean
<-------2nd

S .D .

g r o u p  —
n 

— >
F

( c a l c u l a t e d )
d f ( n )  d f ( d )  

< -  f o r  F ->
d f
t

P o o l e d
s

A p p ro x .  
d f  f o r  t

t
( c a l c u l a t e

MGSUM 4 3 3 3 7 3 .0 2 2 4 4 7 .9 9 32 5 0 7 8 .3 2 3 2 6 1 .2 8 24 1 .7 7 5 23 31 54 7 9 4 .0 0 4 1 .1 2 .1 4 7 *

MGSUM 4 2 3 3 7 3 .0 2 2 4 4 7 .9 9 32 1 7 1 7 .5 3 2 3 0 8 .9 3 24 1 .1 2 4 31 23 54 6 3 9 .8 5 5 1 . 2 2 .5 8 7 *

MGSUM 4 1 3 3 7 3 .0 2 2 4 4 7 .9 9 32 3 4 9 .7 8 3 0 0 . 9 6 12 66.162® 31 11 42 4 4 1 . 3 8 3 3 . 4 6 .8 4 9 *

MGSUM 3 2 5 0 7 8 .3 2 3 2 6 1 .2 8 24 1 7 1 7 .5 3 2 3 0 8 .9 3 24 1 .9 9 5 23 23 46 8 1 5 . 6 6 41 .4 4 .1 2 0 *

MGSUM 3 1 5 0 7 8 .3 2 3 2 6 1 .2 8 24 3 4 9 .7 8 3 0 0 . 9 6 12 117.426® 23 11 34 6 7 1 .3 5 2 3 . 8 7 .0 4 3 *

MGSUM 2 1 1 7 1 7 .5 3 2 3 0 8 .9 3 24 3 4 9 .7 8 3 0 0 . 9 6 12 58.859® 23 11 34 4 7 9 . 2 5 2 4 . 5 2 .8 5 3 *

CSFRSUM 4 3 6 . 4 7 8 .9 1 32 2 .1 7 2 . 6 0 24 11.763® 31 23 54 1 .6 6 3 7 . 8 2 .5 8 6 *

CSFRSUM 4 2 6 . 4 7 8 .9 1 32 3 . 2 9 2 .1 1 24 17.879® 31 23 54 1 .6 3 3 5 . 5 1 .9 4 7

CSFRSUM 4 1 6 . 4 7 8 .9 1 32 0 . 7 5 0 . 6 4 12 190.917® 31 11 42 1 .5 9 3 1 . 9 3 .6 0 7 *

CSFRSUM 3 2 2.  17 2 . 6 0 24 3 . 2 9 2 .1 1 24 1 .5 2 0 23 23 46 0 . 6 8 4 4 .1 1 .6 3 8

CSFRSUM 3 1 2 .1 7 2 . 6 0 24 0 . 7 5 0 . 6 4 12 16.230® 23 11 34 0 . 5 6 2B.1 2.530®
CSFRSUM 2 1 3 . 2 9 2 .1 1 24 0 . 7 5 0 . 6 4 12 10.679® 23 11 34 0 . 4 7 3 0 . 2 5 .4 2 2 *

SILT 150 4 3 18.91 8 .2 1 32 2 0 .7 5 1 1 .3 7 24 1.918® 23 31 54 2 . 7 4 4 0 . 0 0 . 6 7 2

SILT150 4 2 18.91 8 .2 1 32 7 . 9 2 7 . 6 3 24 1 .1 5 8 31 23 54 2 . 1 2 8 5 5 1 . 5 5 .1 6 1 *
SIL T 150 4 1 18.91 8 .2 1 32 5 . 2 0 0 . 4 0 12 422 .794® 31 11 42 1 .4 5 5 7 3 1 . 4 9 .4 1 6 *
SIL T 150 3 2 2 0 .7 5 1 1 .3 7 24 7 . 9 2 7 . 6 3 24 2.221® 23 23 46 2 .7 9 4 5 4 0 . 2 4 .5 8 9 *
SIL T 150 3 1 2 0 .7 5 1 1 .3 7 24 5 . 2 0 0 . 4 0 12 810 .779® 23 11 34 2 .3 2 3 3 2 3 .1 6 .6 9 1 *
SIL T 150 2 1 7 . 9 2 7 . 6 3 24 5 . 2 0 0 . 4 0 12 365 .067® 23 11 34 1 .5 6 1 3 2 3 . 3 1 .7 4 3
CLT150 4 3 1 6 .0 8 9 . 2 8 32 2 0 .3 7 1 2 .5 8 24 1 .8 3 7 23 31 54 3 .0 4 6 4 4 0 . 6 1 .4 0 9
CLT150 4 2 1 6 .0 8 9 . 2 8 32 9 .9 1 9 . 0 5 24 1 .051 31 23 54 2 .4 7 1 0 5 0 . 3 2 .4 9 6 *
CLT150 4 1 1 6 .0 8 9 . 2 8 32 5 . 0 0 0 . 0 12 * 31 11 42 1 .6 4 0 4 3 1 . 0 6 .7 5 3 *
CLT150 3 2 2 0 .3 7 1 2 .5 8 24 9 .9 1 9 . 0 5 24 1 .9 3 0 23 23 46 3 .1 6 3 0 4 1 . 8 3 .3 0 7 *
CLT150 3 1 2 0 .3 7 1 2 .5 8 24 5 . 0 0 0 12 0 23 11 34 2 .5 6 7 0 2 3 . 0 5 .98B *
CLT150 2 1 9 .9 1 9 . 0 5 24 5 . 0 0 0 12 0 23 11 34 1 .8 4 8 0 2 3 . 0 2 .6 5 8 *

•Significant difference between groups at a1pha=0.05.



Table 3.7. (continued).

V a r i a b l e G ro u p s Mean S .D . n Mean S.D . n F d f  ( n ) d f  ( d ) d f P o o le d A p p r o x . t

1 s t 2nd <-------1 s t g r o u p  — —> <-------2nd g r o u p  — —> ( c a l c u l a t e d ) < -  f o r  F -> t s d f  f o r  t ( c a l c u l a t e !

NMIN 4 3 1 1 3 .3 8 41 .2 4 32 7 6 .9 4 4 0 .9 1 24 1 .0 1 6 31 23 54 1 1 .0 8 5 0 4 9 . 9 3 .2 8 8 *
NMIN 4 2 1 1 3 .3 8 4 1 .2 4 32 3 9 .4 1 1 4 .1 5 24 8 .4 9 0 * 31 23 54 7 .8 4 1 9 4 0 . 2 9 .4 3 2 *
NMIN 4 1 1 1 3 .3 8 4 1 .2 4 32 2 7 .8 4 3 . 5 9 12 1 3 1 .8 3 8 * 31 11 42 7 .3 6 3 7 3 2 . 2 1 1 .6 1 6 *
NMIN 3 2 7 6 .9 4 4 0 .9 1 24 3 9 .4 1 1 4 .1 5 24 8 .3 5 4 * 23 23 46 8 . 8 3 6 0 2 8 . 4 4 .2 4 7 *
NMIN 3 1 7 6 .9 4 4 0 .9 1 24 2 7 .8 4 3 . 5 9 12 1 2 9 .7 2 4 * 23 11 34 8 . 4 1 4 5 2 3 .7 5 .8 3 4 *
NMIN 2 1 3 9 .4 1 1 4 .1 5 24 2 7 .8 4 3 . 5 9 12 1 5 .5 2 8 * 23 11 34 3 .0 6 9 5 2 8 . 3 3 . 7 7 0 *
ETHICK 4 3 3 . 5 6 1 .9 3 8 5 . 0 3 3 . 5 3 6 3 .3 3 2 5 7 12 1 .5 9 5 7 7 . 2 0 . 9 2 2
ETHICK 4 2 3 . 5 6 1 .9 3 8 4 . 8 2 0 . 9 8 6 3 .9 2 5 7 5 12 0 .7 9 1 7 1 0 .8 1 .5 8 4
ETHICK 4 1 3 . 5 6 1 .9 3 8 2 .5 0 2 . 6 0 3 1 .8 0 4 2 7 9 1 .6 4 8 6 2 . 9 0 . 6 4 5
ETHICK 3 2 5 . 0 3 3 . 5 3 6 4 . 8 2 0 . 9 8 6 13 .0 7 7 * 5 5 10 1 .4 9 5 8 5 . 8 0 . 1 4 5
ETHICK 3 1 5 . 0 3 3 . 5 3 6 2 . 5 0 2 . 6 0 3 1 .8 4 8 5 2 7 2 .0 8 0 5 5 . 5 1 .2 1 8
ETHICK 2 1 4 . 8 2 0 . 9 8 6 2 .5 0 2 . 6 0 3 7 .0 7 8 * 2 5 7 1.5521 2 . 3 1 .4 9 3
BTHICK 4 3 10 4 .2 2 3 4 .9 7 32 7 9 .5 0 41 .4 3 24 1 .4 0 3 23 31 54 1 0 .4 7 6 0 4 4 . 7 2 .3 6 0 *
BTHICK 4 2 1 0 4 .2 2 3 4 .9 7 32 5 2 . 9 6 2 2 .8 7 24 2.340® 31 23 54 7 .7 4 6 6 5 3 .  1 6 .6 1 7 *
BTHICK 4 1 1 0 4 .2 2 3 4 .9 7 32 4 5 .7 5 6 . 5 8 12 2 8 .2 5 3 * 31 11 42 6 .4 6 7 9 3 6 . 2 9 .0 4 0 *
BTHICK 3 2 7 9 .5 0 41 .4 3 24 5 2 . 9 6 2 2 .8 7 24 3 .2 8 3 * 23 23 46 9 .6 5 9 5 3 5 . 8 2 .7 4 8 *
BTHICK 3 1 7 9 .5 0 4 1 . 4 3 24 4 5 .7 5 6 . 5 8 12 3 9 .6 4 7 * 23 11 34 8 .6 6 7 7 2 5 .2 3 .8 9 4 *
BTHICK 2 1 5 2 . 9 6 2 2 .8 7 24 4 5 . 7 5 6 . 5 8 12 1 2 .0 7 6 * 23 11 34 5 .0 3 9 1 2 9 . 6 1 .4 3 1 *

•Significant difference between groups at a1pha=0.05.
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F i g u r e  3 . 3 .  Mean s i l t  a n d  c l a y  p e r c e n t  o f  t h e  u p p e r  150 cm 
o f  s o i l  f o r  s i t e s  g r o u p e d  b y  o v e r s t o r y  
c o m p o s i t i o n .



%

1 2  3 4
Overstory groups

r r s rT T T T T i

i l l  Silt iiiiiiiii Clay
B a r s  w i t h  c o m m o n  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  3 . 7 )  

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

s i t e s  t h a n  on  n o r t h e r n  h a rd w o o d  s i t e s ,  b u t  d i f f e r e n c e s  w e r e  

n o t  s i g n i f i c a n t . B l a c k  a n d  p i n  o a k  s i t e s ,  a n d  s i t e s  w i t h  

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

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

( T a b l e  3 . 7 ) .

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

p r e s e n t e d  i n  F i g u r e  3 . 4 ,  s h o w i n g  t h a t  n o r t h e r n  h a r d w o o d  

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

t h a n  t h e  o a k - n o r t h e r n  h a r d w o o d  g r o u p  ( T a b l e  3 . 7 ) .  

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

f r o m  c o a r s e  f r a g m e n t s  o f  P o r t  B r u c e  a n d  P o r t  H u r o n  t i l l s  

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

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

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

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

T h i c k n e s s e s  o f  t h e  E a n d  B h o r i z o n s  f o r  t h e  g r o u p s  

b a s e d  o n  o v e r s t o r y  c o m p o s i t i o n  a r e  s h o w n  i n  F i g u r e  3 . 5 .  

O a k - n o r t h e r n  h a r d w o o d  s i t e s  h a d  t h i c k e r  E h o r i z o n s , a n d  

n o r t h e r n  h a r d w o o d  s i t e s  h a d  t h i c k e r  B h o r i z o n s , b u t  o n l y  t h e  

d i f f e r e n c e  i n  B h o r i z o n  t h i c k n e s s  w a s  s i g n i f i c a n t  ( T a b l e  

3 . 7 ) .  T h e  B h o r i z o n s  o f  s i t e s  f o r m e d  i n  t i l l , i n c l u d i n g  

m o s t  s i t e s  i n  t h e  o a k - n o r t h e r n  h a r d w o o d  a n d  n o r t h e r n  

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

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

l a y e r s . Some s i t e s  h a v e  m i n o r  s p o d i c  d e v e l o p m e n t  i n  B 

l a y e r s  a b o v e  t h e  a r g i l l i c  h o r i z o n . T h e  d e v e l o p m e n t  o f  B
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F i g u r e  3 . 4 .  M ean  c o a r s e  f r a g m e n t  c o n t e n t  a s  a  v o l u m e  
p e r c e n t a g e  o f  t h e  u p p e r  1 5 0  cm o f  s o i l  f o r  
s i t e s  g r o u p e d  by  o v e r s t o r y  c o m p o s i t i o n .
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Overstory groups
B a r s  w i t h  c o m m o n  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  3 . 7 )
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F i g u r e  3 . 5 .  Mean t h i c k n e s s  o f  t h e  E a n d  B s o i l  h o r i z o n s  f o r  
s i t e s  g r o u p e d  b y  o v e r s t o r y  c o m p o s i t i o n .
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B horizon, cm
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Overstory groups

B horizon E horizon

E horizon, cm

B a r s  w i t h  c o m m o n  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  3 . 7 )  
a ,  b ,  c ,  a n d  d c o m p a r e  B h o r i z o n  m e a n  t h i c k n e s s  
e  c o m p a r e s  E h o r i z o n  m e a n  t h i c k n e s s
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h o r i z o n s  m a y  b e  r e l a t e d  t o  t h e  l o n g e r  t i m e  s i n c e  

d e g l a c i a t i o n  o f  P o r t  B r u c e  t i l l  s o i l s ,  on  w h i c h  t h e  n o r t h e r n  

h a r d w o o d s  c o v e r  t y p e  i s  d o m i n a n t . T h e  d e v e l o p m e n t  o f  E 

h o r i z o n s  i s  l i k e l y  r e l a t e d  t o  v e g e t a t i o n , w i t h  t h e  m o r e  

a c i d i f y i n g  o a k  l i t t e r  w h i c h  i s  p r e s e n t  o n  m o s t  P o r t  H u ro n  

t i l l  s i t e s  c o n t r i b u t i n g  t o  e l u v i a t i o n .

A v e r a g e  s o i l  K j e l d a h l  N, P , a n d  Ca c o n t e n t s  o f  t h e  

u p p e r  1 5 0  cm a r e  d i s p l a y e d  i n  F i g u r e  3 . 6 .  An i n c r e a s i n g  

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

o v e r s t o r y  g r o u p s  1 and 3 ,  b u t  g r o u p s  3 a n d  4 c o n t a i n  n e a r l y  

i d e n t i c a l  l e v e l s  o f  H, P ,  a n d  Ca .

The  c o n t e n t  o f  s o i l  n u t r i e n t s  Mg a n d  K i n  t h e  u p p e r  150 

cm a r e  shown i n  F i g u r e  3 . 7 .  A g a i n ,  t h e r e  i s  a n  i n c r e a s e  i n  

l e v e l s  o f  t h e s e  n u t r i e n t s  f r o m  G r o u p  1 t h r o u g h  G r o u p  3 .  

D i f f e r e n c e s  i n  K c o n t e n t  b e t w e e n  o v e r s t o r y  g r o u p s  3 a n d  4 

a r e  m i n o r  a n d  n o n - s i g n i f i c a n t ,  b u t  Mg l e v e l s  w e r e  

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

G r o u p  3 ( T a b l e  3 . 7 ) .

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

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

r e s u l t  o f  c l i m a t e  a n d / o r  v e g e t a t i o n . T h e  t w o  d i f f e r e n t  

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

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

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

c o a r s e  f  r a g m e n t  c o n t e n t  a n d  B h o r i z o n  t h i c k n e s s , a n d  

p o s s i b l y  Mg c o n t e n t . A l t h o u g h  m i n e r a l o g y  r e q u i r e s  f u r t h e r  

i n v e s t i g a t i o n , a n d  s a m p l i n g  i n t e n s i t y  ma y  h a v e  b e e n
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F i g u r e  3 . 6 .  Mean K j e l d a h l  n i t r o g e n  a n d  p h o s p h o r o u s , a n d  
e x t r a c t a b l e  c a l c i u m  c o n t e n t  o f  t h e  u p p e r  150 cm 
o f  s o i l  f o r  s i t e s  g r o u p e d  b y  o v e r s t o r y  
c o m p o s i t i o n .



Mg/ha

1 2  3 4
Overstory groups

TKN TKP Ca
B a r s  w i t h  c o m m o n  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  3 . 7 )  
a ,  b ,  a n d  c  c o m p a r e  m e a n  T K N  c o n t e n t  
d,  e ,  a n d  f c o m p a r e  m e a n  T K P  c o n t e n t  
g a n d  h c o m p a r e  m e a n  C a  c o n t e n t
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F i g u r e  3 . 7 .  M e a n  e x t r a c t a b l e  m a g n e s i u m  a n d  p o t a s s i u m  
c o n t e n t  o f  t h e  u p p e r  150 cm o f  s o i l  f o r  s i t e s  
g r o u p e d  by  o v e r s t o r y  c o m p o s i t i o n .
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B a r s  w i t h  c o m m o n  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  3 . 7 )  

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

d e r i v e d  f r o m  p a r e n t  m a t e r i a l  a r e  n o t  r e s p o n s i b l e  f o r  

d i f f e r e n c e s  i n  s p e c i e s  c o m p o s i t i o n . O t h e r  p o s s i b l e  

e x p l a n a t i o n s  f o r  t h e  p r e s e n c e  o f  o a k  o n  P o r t  H u r o n  t i l l  

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

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

C l i m a t i c  d i f f e r e n c e s  e x i s t  b e t w e e n  s i t e s  o f  t h e  tw o  

o v e r s t o r y  g r o u p s .  S i t e s  c o n t a i n i n g  o a k  a r e ,  f o r  t h e  m o s t  

p a r t ,  n e a r e r  L a k e  H u r o n ,  w h e r e  t e m p e r a t u r e s  a r e  w a rm er  a n d  

l e s s  extreme, a n d  s n o w p a c k  is t h i n n e r  a n d  o f  s h o r t e r  

d u r a t i o n . T h e s e  are c o n d i  t  i o n s  w h i c h  i n c r e a s e  t h e  

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

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

f a c t o r  i n  d e t e r m i n i n g  s p e c i e s  c o m p o s i t i o n  d i f f e r e n c e s .

L i t t l e  i s  k n ow n  o f  s p e c i f i c  s i t e  h i s t o r y  p r i o r  t o  

a c q u i s i t i o n  o f  t h e  a r e a  by  t h e  U . S . F . S .  a b o u t  50 y e a r s  a g o ,  

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

u n c h e c k e d  t h r o u g h o u t  t h e  s t a t e  (Whitney 1 9 8 6 ,  1 9 8 7 ) .  F i r e -  

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

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

( B r u b a k e r  1 9 7 5 )  . F i r e  i n t e n s i t y  a n d  f r e q u e n c y  w a s  m u c h  

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

a l o n g  t h e s e  a r e a s  a s  a  c o r r i d o r  ( W h i t n e y  1 9 8 6 ,  1 9 8 7 ) .  I t  i s  

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

p i n e  a n d  m ix e d  p i n e  e c o s y s t e m s  o f  t h e  g l a c i a l  A u S a b l e  v a l l e y  

( F i g u r e  2 . 3 ) ,  a n d  d r i v e n  by p r e v a i l i n g  w i n d s  f r o m  t h e  w e s t , 

t r a v e l e d  u p  o n t o  t h e  G l e n n i e  m o r a i n e  n e a r  t h e  p o i n t  w h e r e
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t h e  v a l l e y  c u r v e s  f r o m  e a s t - w e s t  t o  n o r t h - s o u t h .  W h i t n e y  

( 1 9 8 6 ,  1 9 8 7 )  h a s  p r o p o s e d  t h a t  t h e  o a k  f o r e s t s  o f  M i c h i g a n  

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

H u ro n  N a t i o n a l  F o r e s t  o a k - n o r t h e r n  h a rd w o o d  s i t e s  may b e  a n  

e x a m p l e . N o r t h e r n  h a r d w o o d  s i t e s ,  l o c a t e d  m o s t l y  i n  t h e  

M a l t b y  Kames w h i c h  a r e  m ore  d i s t a n t  f r o m  t h e  r i v e r  c o r r i d o r , 

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

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

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

o a k  s e e d l i n g s  a r e  p r e s e n t  o n  P o r t  H u r o n  s i t e s  and n o t  o n  

P o r t  B r u c e  s i t e s .  H o w e v e r ,  t h e r e  i s  l i t t l e  r e c r u i t m e n t  i n t o  

t h e  s a p l i n g  l a y e r . T h i s  p henom enon  may b e  d u e  t o  t h e  p o o r e r  

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

p r o c e s s e s  o f  s u c c e s s i o n  ( H o s t  e t  a l .  1 9 8 7 ) .  H o w e v e r ,  o a k  

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

a s  a  g a p  p h a s e  s p e c i e s  ( L o r i m e r  1 9 8 3 ) .  G aps  a r e  p r e s e n t  i n  

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

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

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

b u t  i t s  g r o w t h  may h a v e  b e e n  r e s t r i c t e d  d u r i n g  r e c e n t  y e a r s  

by  r e p e a t e d  h e a v y  d e e r  b r o w s i n g .

Nitrogen mineralization and its association with other 
ecosystem components

A m o u n t s  o f  am m o n iu m -N  p r o d u c e d  d u r i n g  a n  a n a e r o b i c  

i n c u b a t i o n  a r e  shown i n  T a b l e  3 . 8 .  The a n a e r o b i c  i n c u b a t i o n  

i s  t h o u g h t  t o  p r o v i d e  a n  i n d e x  o f  m i c r o b i a l  b i o m a s s  l e v e l s ,
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T a b l e  3 . 8 .  Ammonium n i t r o g e n  m i n e r a l i z e d  f r o m  t h e  u p p e r  10 
cm o f  s o i l  d u r i n g  a  o n e  week a n a e r o b i c  i n c u b a t i o n .

S i t e <-------  NH^- - N , g kg ^ o v e n  d r y  s o i l  ------- >
Mean S .D .

A 8 3 . 3 6 2 9 . 7 0
B 1 3 2 . 0 3 6 0 . 0 8
C 1 0 5 . 3 7 1 4 . 7 9
D 9 3 . 5 0 7 . 5 8
E 1 0 2 . 7 0 3 3 . 2 8
F 1 2 6 . 6 4 1 0 . 4 0
G 1 1 3 . 4 1 4 1 . 0 8
H 2 8 . 9 7 1 . 0 2
I 1 1 0 . 6 5 4 2 . 5 7
J 4 9 . 1 2 2 6 . 1 2
K 4 3 . 1 7 8 . 6 6
L 2 6 . 5 4 3 . 0 5
M 5 0 . 4 9 3 2 . 9 9
N 8 7 . 0 7 3 2 . 0 3
0 1 1 2 . 8 8 4 5 . 2 1
P 5 8 . 7 2 2 8 . 6 9
Q 3 7 . 7 3 7 . 8 4
R 3 7 . 6 5 5 . 1 4
S 6 3 . 5 8 1 1 . 5 6
T 2 8 . 0 2 5 . 7 4
U 1 5 0 . 0 5 7 3 . 8 0
V 3 5 . 1 2 3 . 9 5
W 3 7 . 4 8 4 . 4 1
X 3 8 . 0 2 1 0 . 9 9
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a n d  h e n c e  o f  o r g a n i c  d e c o m p o s i t i o n  a n d  n u t r i e n t  t u r n o v e r  on  

a  s i t e  ( M y r o l d  1 9 8 7 ) .  T h e  d a t a  d o  n o t  p r o v i d e  a n  a c t u a l  

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

r e l a t i v e  a m o u n t s  o f  p o t e n t i a l  m i n e r a l i z a t i o n  among s i t e s . 

T h e  d a t a  f r o m  my s t u d y  i n d i c a t e  t h a t  a  w i d e  r a n g e  o f  

m i n e r a l i z a t i o n  p o t e n t i a l s  e x i s t  a m o n g  e c o s y s t e m s  i n  

n o r t h e a s t e r n  l o w e r  M i c h i g a n . F i g u r e  3 . 8  d i s p l a y s  N 

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

RA o r d i n a t i o n  b y  g r o u n d  f l o r a .  A l a r g e  i n c r e a s e  i n  

m i n e r a l i z e d  N a l o n g  t h e  o r d i n a t i o n  i s  e v i d e n t , a n d  t h e r e  i s  

a  s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n  o f  r = 0 . 8 4 5  b e t w e e n  N 

m i n e r a l i z e d  a n d  RA s i t e  o r d i n a t i o n  s c o r e s  ( F i g u r e  3 . 9 ) .  An 

e v e n  b e t t e r  a s s o c i a t i o n  may b e  d e s c r i b e d  b y  a  n o n - l i n e a r  

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

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

p o t e n t i a l  o f  a  s i t e .  Such  a n  a s s o c i a t i o n  i s  i m p o r t a n t  f o r  

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

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

p r o d u c t i v i t y ,  n e t  p r i m a r y  p r o d u c t i o n ,  a n d  N c o n t e n t  o f  

f o l i a g e  (K e en e y  1 9 8 0 ,  P o w e r s  1 9 8 0 ,  A b e r  a n d  M e l l i l o  1 9 8 4 ,  

P a s t o r  e t  a l .  1 9 8 4 ) .  M i n e r a l i z a t i o n  p o t e n t i a l  may b e  

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

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

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

p o t e n t i a l .

M i n e r a l i z a t i o n  p o t e n t i a l  h a s  b e e n  shown t o  v a r y  among 

e c o s y s t e m s  ( P a s t o r  e t  a l .  1 9 8 4 ,  Z a k  e t  a l .  1 9 8 6 ) .
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F i g u r e  3 . 8 .  Mean a n a e r o b i c  ammonium n i t r o g e n  m i n e r a l i z e d  
d u r i n g  a  o n e  w e e k  i n c u b a t i o n  o f  10  cm s o i l  
c o r e s ,  f o r  s i t e s  o r d i n a t e d  b y  r e c i p r o c a l  
a v e r a g i n g  o f  r a n k e d  g r o u n d  f l o r a  s p e c i e s  c o v e r -  
a b u n d a n c e  v a l u e s .
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F i g u r e  3 . 9 .  C o r r e l a t i o n  o f  s i t e  s c o r e s  f r o m  RA o f  g r o u n d
f l o r a  r a n k e d  c o v e r - a b u n d a n c e  d a t a  w i t h  a m o u n t s
o f  ammonium n i t r o g e n  m i n e r a l i z e d  d u r i n g  a  o n e
week i n c u b a t i o n  o f  10 cm s o i l  c o r e s .
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C o m p a r i s o n s  am ong  g r o u p s  b a s e d  o n  o v e r s t o r y  c o m p o s i t i o n  

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

s t u d y  a r e a  ( F i g u r e  3 . 1 0 ) .  B l a c k - p i n  o a k  s i t e s ,  n o r t h e r n  r e d  

o a k  s i t e s ,  o a k - n o r t h e r n  h a r d w o o d  s i t e s ,  a n d  n o r t h e r n  

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

a m o u n t s  o f  N, w i t h  t h e  n o r t h e r n  h a r d w o o d  s i t e s  m i n e r a l i z i n g  

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

s i t e s  ( T a b l e  3 . 7 ) .  W i t h i n - s i t e  v a r  i a b i 1 i  t y  i n  N 

m i n e r a l i z a t i o n  i n c r e a s e d  a s  t h e  mean  i n c r e a s e d  ( T a b l e  3 . 8 ) ,  

w h i c h  a g r e e s  w i t h  r e s u l t s  r e p o r t e d  i n  o t h e r  s t u d i e s  ( P o w e r s  

1 9 8 0 ,  Zak e t  a l .  1 9 8 6 ) .

S a m p l e s  f r o m  t h e  n o r t h e r n  h a r d w o o d s  o v e r s t o r y  g r o u p  

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

t h e  o a k - n o r t h e r n  h a r d w o o d s  g r o u p .  T h i s  r e s u l t  a g r e e s  w i t h  

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

m i n e r a l i z a t i o n  was l o w e r  i n  a  s u g a r  m a p l e - r e d  o a k  e c o s y s t e m  

t h a n  i n  a  s u g a r  m a p l e - b a s s w o o d  s y s t e m  ( Za k  e t  a l . 1 9 8 6 )  . 

H o w e v e r , i n  Z a k  e t  a l . ' s  s t u d y , t h e r e  w e r e  n o t a b l e  

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

s t a n d i n g  v o l u m e  w e r e  l o w e r  o n  s i t e s  w h i c h  c o n t a i n e d  o a k . 

D i f f e r e n c e s  i n  m i n e r a l i z a t i o n  may h a v e  b e e n  a s s o c i a t e d  w i t h  

s t a b l e  e n v i r o n m e n t a l  f a c t o r s .  I n  my s t u d y ,  s o i l  p r o p e r t i e s  

w e r e  n e a r l y  i d e n t i c a l  b e t w e e n  t h e  o a k - n o r t h e r n  h a r d w o o d  

s i t e s  a n d  t h e  n o r t h e r n  h a r d w o o d  s i t e s . B a s a l  a r e a  w a s  

g r e a t e r  on  o a k - n o r t h e r n  h a rd w o o d  s i t e s ,  b u t  v o lu m e  g r o w t h  

w a s  s l o w e r , a v e r a g i n g  3 . 7 3  m^ h a - 1  y r - 1  i n  o a k - n o r t h e r n  

h a r d w o o d  s i t e s  a n d  5 . 2 2  m^ h a - 1  y r - 1  i n  n o r t h e r n  h a r d w o o d
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F i g u r e  3 . 1 0 .  Mean a n a e r o b i c  ammonium n i t r o g e n  m i n e r a l i z e d  
d u r i n g  a  o n e  w e e k  i n c u b a t i o n  o f  10  cm s o i l  
c o t e s ,  f o r  s i t e s  g r o u p e d  b y  o v e r s t o r y  
c o m p o s i t i o n .
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s i t e s  ( T a b l e  3 . 3 ) .  T h e s e  d i f f e r e n c e s  i n  v o lu m e  g r o w t h  w e r e  

s i g n i f i c a n t  a t  a l p h a = 0 . Q 5  a s  d e t e r m i n e d  by  a  t - t e s t .  T h u s ,  

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

m i n e r a l i z a t i o n ,  w h i c h  a g r e e s  w i t h  o t h e r  s t u d i e s . H o w e v e r , 

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

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

i n  p o t e n t i a l  m i n e r a l i z a t i o n .

I f  t h e  d i f f e r e n c e  i n  o v e r s t o r y  c o m p o s i t i o n  b e t w e e n  

t h e  n o r t h e r n  h a r d w o o d s  a n d  t h e  o a k - n o r t h e r n  h a r d w o o d s  g r o u p s  

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

i f  N m i n e r a l i z a t i o n  i s  i n d i c a t i v e  o f  s i t e  p r o d u c t i v i t y  

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

m o r e  t h a n  75  y e a r s  a g o  may h a v e  r e s u l t e d  i n  p r e s e n t - d a y  

l o w e r  s i t e  p r o d u c t i v i t y . F o r e s t  m a n a g e r s  a r e  s e n s i t i v e  t o  

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

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

l o s s e s  h a v e  o c c u r r e d  o r  a r e  o c c u r r i n g .  I f  a  d i f f e r e n c e  i n  N 

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

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

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

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

Site ordination by ground flora cover-abundance in relation 
to properties of the forest floor

F o r e s t  f l o o r  l a y e r  s  s a m p l e d  i m m e d i a t e l y  a f t e r  

l i t t e r f a l l  w e r e  s e p a r a t e d  i n t o  l a y e r s  d e s i g n a t e d  Oi  a n d  O e ,  

( i . e . ,  u n d e c o m p o s e d  l i t t e r  a n d  p a r t i a l l y  d e c o m p o s e d  l i t t e r ) .
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Oven d r y  w e i g h t s  o f  t h e s e  l a y e r s ,  a r r a y e d  by  s i t e  a l o n g  t h e  

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

r a n k e d  c o v e r - a b u n d a n c e  v a l u e s ,  a p p e a r  i n  F i g u r e  3 . 1 1 .  The  

Oa l a y e r  was  n o t  p r e s e n t  o n  m o s t  s i t e s ;  w h e r e  p r e s e n t , i t  

was  s a m p l e d  a n d  a n a l y z e d  w i t h  s o i l s  ( A p p e n d i x  T a b l e  B . 1 ) .

W e i g h t  o f  t h e  Oe l a y e r  a v e r a g e d  1 1 , 7 4 7  kg  h a " 1 , a n d  

w e i g h t  o f  t h e  O i  a v e r a g e d  2 , 8 6 7  kg  h a ” 1 f o r  t h e  2 4 s t u d y  

s i t e s  s a m p l e d  i n  e a r l y  November  ( T a b l e  2 . 5 ) .  T h e s e  v a l u e s  

a r e  s o m ew h a t  l o w e r  t h a n  t h o s e  r e p o r t e d  on  t h e  H u b b a r d  B ro o k  

F o r e s t  i n  a n  A u g u s t  s a m p l i n g ,  when t h e  F l a y e r  ( c o m p a r a b l e  

t o  t h e  O e ) w e i g h e d  1 9 , 3 0 0  k g  h a ” 1 , a n d  t h e  L l a y e r  

( c o m p a r a b l e  t o  t h e  O i ) w e i g h e d  4 , 3 0 0  kg h a ” 1 (G osz  e t  a l . 

1 9 7 6 ) .  W e i g h t  o f  t h e  F l a y e r  on  t h e  H u b b a r d  B ro o k  F o r e s t  

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

i n  a m o u n t  o f  Oe m a t e r i a l  b e t w e e n  t h e  H u b b a r d  B ro o k  f o r e s t  

a n d  my s i t e s  i n  M i c h i g a n  a r e  m ore  l i k e l y  d u e  t o  e l e v a t i o n  

a n d  g e o g r a p h i c a l  s e t t i n g .

U n e x p e c t e d l y ,  t h e r e  was no a p p a r e n t  t r e n d  i n  Oe w e i g h t s  

a m o n g  d i f f e r e n t  e c o s y s t e m s  i n  my s t u d y . S i t e s  w i t h  a n  

o v e r s t o r y  o f  n o r t h e r n  h a r d w o o d s  h a d  a n  a v e r a g e  Oe w e i g h t  o f  

1 1678  kg h a ” 1 , o a k - n o r t h e r n  h a rd w o o d  s i t e s  a v e r a g e d  1 1711  kg 

h a ” 1 , n o r t h e r n  r e d  o a k  s i t e s  a v e r a g e d  12176  kg h a ” 1 , a n d  p i n  

o a k - b l a c k  o a k  s i t e s  a v e r a g e d  1 1 0 0 4  k g  h a ” 1 . T h e s e  

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

by  t - t e s t s  a t  a l p h a = 0 . 0 5 .  F e d e r e r  ( 1 9 8 4 )  h a s  r e p o r t e d  t h a t  

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

l i t t e r  i s  known t o  b e  l e s s  r e a d i l y  d e c o m p o s e d  t h a n  l i t t e r  o f
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F i g u r e  3 . 1 1 .  Dry  w e i g h t s  o f  a u tu m n  l i t t e r f a l l  ( O i )  a n d  
p a r t i a l l y  d e c o m p o s e d  f o r e s t  f l o o r  l a y e r s  
( O e )  f o r  s i t e s  o r d i n a t e d  b y  r e c i p r o c a l  
a v e r a g i n g  o f  r a n k e d  g r o u n d  f l o r a  s p e c i e s  c o v e r -  
a b u n d a n c e  v a l u e s .
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n o r t h e r n  h a r d w o o d  s p e c i e s ,  s o  i t  was  a n t i c i p a t e d  t h a t  t h e s e  

s i t e s  w o u l d  h a v e  a c c u m u l a t e d  g r e a t e r  a m o u n t s  o f  b e .  My 

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

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

a n d  n i t r o g e n  m i n e r a l i z a t i o n  i s  b e l i e v e d  t o  b e  a n  i n d e x  o f  

t h e  r a t e  o f  m i c r o b i a l  d e c o m p o s i t i o n  ( M y r o ld  1 9 8 7 ) .  A l o w e r  

l e v e l  o f  m i c r o b i a l  a c t i v i t y  w o u ld  b e  e x p e c t e d  t o  r e s u l t  i n  a  

g r e a t e r  a c c u m u l a t i o n  o f  Oe u n d e r  o a k  c a n o p i e s . R e a s o n s  f o r  

t h e  l a c k  o f  d i f f e r e n c e  b e t w e e n  Oe w e i g h t s  u n d e r  o a k  a n d  

n o r t h e r n  h a r d w o o d s  a r e  u n c l e a r . S a m p l e  s i z e s  c a l c u l a t e d  

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

d i f f e r e n c e s  b e t w e e n  some i n d i v i d u a l  s i t e s  a s  d e t e r m i n e d  by  

t - t e s t s ,  s o  s a m p l e  s i z e s  w e r e  b e l i e v e d  t o  b e  s u f f i c i e n t  f o r  

d e t e c t i n g  u n e q u a l  a c c u m u l a t i o n s  o f  Oe m a t e r i a l .

Age o f  t h e  o v e r s t o r y  was  n o t  b e l i e v e d  t o  b e  r e l a t e d  t o  

a c c u m u l a t i o n s  o f  f o r e s t  f l o o r  m a t e r i a l . T h i s  d i s a g r e e s  w i t h  

r e s u l t s  r e p o r t e d  b y  C o v i n g t o n  ( 1 9 8 1 ) ,  w h o  f o u n d  a n  

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

m a t u r i t y .  C o r r e l a t i o n s  o f  O e  w e i g h t  a n d  a g e  w e r e  

s i g n i f i c a n t  f o r  my 2 4 s i t e s , w i t h  r  = 0 . 4 4 ,  b u t  o n e  s i t e  

g r e a t l y  i n f l u e n c e d  t h e  c o r r e l a t i o n  ( F i g u r e  3 . 1 2 )  . 

C o r r e l a t i o n s  o f  Oe  w e i g h t  w i t h  t h e  b a s a l  a r e a s  o f  

i n d i v i d u a l  s p e c i e s  w e r e  s i g n i f i c a n t ,  w i t h  r = - 0 . 4 6  f o r  b e e c h ,  

a n d  r = - 0 .4 3  f o r  w h i t e  a s h  ( T a b l e  3 . 9 ) .  C o r r e l a t i o n s  a s  a  

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

c o r r e l a t i o n s  may be  o b t a i n e d  f r o m  s e t s  o f  ran d o m  n u m b e r s . 

C o r r e l a t i o n s  o f  Oe w e i g h t  w i t h  t h e  b a s a l  a r e a s  o f  o t h e r
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F i g u r e  3 . 1 2 .  C o r r e l a t i o n  o f  p a r t i a l l y  d e c o m p o s e d  f o r e s t  
f l o o r  l a y e r  (Oe) w e i g h t  w i t h  a v e r a g e  a g e  o f  t h e  
o v e r s t o r y .
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Table 3.9. Simple correlations among some forest floor variables and overstory basal area of selected species.

T o t a l  BA 01 w t . Oe w t . 01 TKN 01 TKP 01 Mg 01 Ca 01 K Oe TKN Oe TKP Oe Mg Oe Ca Oe K

T o t a l  BA 1 .0 0 0 0 .3 9 6 0 .0 6 7 0 .4 6 5 * 0.608® 0.541® 0 . 3 5 9 0.671® 0 . 2 0 6 0 .2 9 2 0.468® 0 . 3 6 5 0 .3 8 7

01 w t . 0 . 3 9 6 1 .0 0 0 0 .2 9 3 0 . 6 6 0 * 0.667® 0 .7 0 2 * 0.451® 0.808® 0 .3 7 1 0 . 3 8 4 0.435® 0 .4 1 6 * 0 .4 4 6 *
Oe w t . 0 .0 6 7 0 .2 9 3 1 .0 0 0 0 . 3 2 9 * 0 .0 6 1 0 .0 8 5 0 . 0 1 2 0 . 0 6 9 0.942® 0 .9 0 3 * 0.613® 0.549® 0 .8 6 9 *

01 TKN 0 .4 6 5 * 0 .6 6 0 * 0 .3 2 9 1 .0 0 0 0.835® 0 . 7 8 1 * 0.787® 0 .7 5 4 * 0.504® 0.581® 0.791® 0 . 7 8 2 * 0 .5 6 0 *

01 TKP 0 .6 0 8 * 0 .6 6 7 * 0 .0 6 1 0.035® 1 .0 0 0 0.809® 0.738® 0.902® 0 .2 7 5 0 . 3 9 6 0 .6 5 2 * 0.560® 0 .4 2 3 *
01 Mg 0 .5 4 1 * 0 .7 0 2 * 0 .0 8 5 0 .7 8 1 * 0.809® 1 .0 0 0 0.768® 0.849® 0 . 2 3 6 0 .2 9 5 0.686® 0 .6 7 0 * 0 .3 3 1
01 Ca 0 .3 5 9 0 .4 5 1 * 0 .0 1 2 0 .7 8 7 * 0.738® 0.768® 1 .0 0 0 0 .6 0 1 * 0 .1 1 5 0 .2 5 7 0.629® 0.741® 0 . 2 2 4
01 K 0 .6 7 1 * 0 .8 0 8 * 0 .0 6 9 0 . 7 5 4 * 0.902® 0.849® 0.601® 1 .0 0 0 0 . 2 5 0 0 .3 2 4 0 .5 4 8 * 0 .4 5 7 * 0 .4 0 1
Oe TKN 0 . 2 0 6 0 .3 7 1 0 .9 4 2 * 0.504® 0 . 2 7 5 0 . 2 3 6 0 .1 1 5 0 . 2 5 0 1 .0 0 0 0.976® 0 .7 5 4 * 0 .6 1 0 * 0 .9 4 6 *
Oe TKP 0 .2 9 2 0 .3 8 4 0 .9 0 3 * 0.581® 0 . 3 9 6 0 .2 9 5 0 .2 5 7 0 . 3 2 4 0.976® 1 .0 0 0 0 .8 1 3 * 0 .6 8 5 * 0 .9 6 9 *
Oe Mg 0 .4 6 8 * 0 .4 3 5 * 0 .6 1 3 * 0 .791® 0.652® 0 . 6 8 6 * 0.629® 0 .5 4 8 * 0.754® 0.813® 1 .0 0 0 0 .8 7 8 * 0 .8 0 6 *

Oe Ca 0 .3 6 5 0 .4 1 6 * 0 .5 4 9 * 0 .7 8 2 * 0.560® 0 .6 7 0 * 0.741® 0.457® 0.610® 0.685® 0 . 8 7 8 * 1 .0 0 0 0 .6 3 3 *
Oe K 0 .3 8 7 0 .4 4 6 * 0 .8 6 9 * 0.560® 0.423® 0 .3 3 1 0 . 2 2 4 0 .4 0 1 0.946® 0.969® 0 .8 0 6 * 0 .6 3 3 * 1 .0 0 0
R m ap le - 0 . 0 4 9 - 0 . 0 9 6 0 .2 3 1 - 0 .5 2 6 * -0 .4 5 1 ® -0 .4 9 3 ® -0 .6 9 4 ® - 0 . 3 1 7 0 . 1 2 6 0 . 0 4 6 - 0 . 3 1 0 - 0 .4 3 2 * 0 .1 0 1
B .P  o a k s - 0 .4 4 4 * - 0 . 3 3 5 - 0 . 0 8 9 - 0 . 3 3 7 - 0 . 3 8 9 -0 .4 2 5 ® -0 .4 8 3 ® - 0 .4 2 7 * - 0 . 1 6 6 - 0 . 2 7 2 - 0 . 3 6 5 - 0 . 3 5 7 - 0 . 3 0 4
W oak - 0 . 0 5 7 0 . 1 4 4 0 .  191 - 0 . 1 5 9 - 0 . 2 2 9 - 0 . 2 2 4 - 0 . 2 6 3 - 0 . 1 5 9 0 . 1 2 6 0 . 0 9 2 - 0 . 1 0 7 - 0 . 1 0 5 0 . 1 7 4
R oak 0 . 2 2 6 0 . 2 0 8 0 . 2 1 6 - 0 . 2 1 6 - 0 . 0 4 6 - 0 . 1 3 6 -0 .4 9 5 ® 0 . 1 6 5 0 .2 0 8 0 . 1 4 7 - 0 . 1 3 3 - 0 . 2 9 0 0 .2 3 1
Basswood 0 .5 0 2 * 0 .  185 0 .1 1 8 0 .7 4 0 * 0.685® 0.642® 0 .7 5 3 * 0.462® 0 . 2 9 8 0 .407® 0.714® 0 .6 9 8 * 0 . 3 2 7
S m ap le 0 .0 5 4 - 0 . 0 3 5 - 0 . 1 6 6 0 . 3 7 2 0 . 2 1 6 0 . 3 6 9 0.755® 0 .1 3 3 - 0 . 1 9 3 - 0 . 0 8 2 0 .2 7 8 0 .5 3 4 * - 0 . 1 2 6
W a s h 0 .4 5 1 * 0 .0 4 5 - 0 .4 3 1 * 0 . 0 8 8 0 .2 8 8 0 . 3 2 3 0 . 2 2 5 0 . 2 8 5 - 0 . 2 9 3 - 0 . 2 4 7 0 . 0 0 4 - 0 . 1 1 3 - 0 . 1 9 0
B eech 0 .3 8 4 - 0 . 0 1 3 - 0 .4 6 3 * - 0 . 0 3 5 0 . 1 6 2 0 . 2 5 4 0 . 1 6 4 0 . 2 3 9 - 0 . 3 8 0 - 0 . 3 2 7 - 0 . 1  14 - 0 . 1 5 5 - 0 . 3 1 4
P b i r c h 0 .4 2 0 * 0 .  107 - 0 . 0 0 9 0 . 3 8 6 0 .441® 0 . 2 7 7 0 .  160 0 .5 4 0 * 0 . 1 1 2 0 .  157 0 . 2 5 9 0 . 2 0 6 0 . 2 2 8

-Age 0 .2 3 7 0 . 1 4 9 0 .4 3 9 * 0 .  124 0 .0 3 9 - 0 . 0 0 3 - 0 . 1 4 8 0 .1 2 8 0.470® 0.470® 0 . 2 3 3 0 . 1 2 0 0 .5 1 5 *
RA s c o r e 0 .2 3 6 0 .0 7 2 - 0 . 2 0 7 0 . 4 7 6 * 0.433® 0 .4 9 8 * 0.831® 0 . 3 1 2 - 0 . 1 4 9 - 0 . 0 1 0 0 . 3 5 7 0 . 4 8 0 * - 0 . 0 4 2
N m1n 0 .2 6 2 0 .0 8 7 0 .0 3 1 0 .6 8 2 * 0.532® 0.519® 0.832® 0 .3 7 1 0 .1 4 7 0 . 2 6 6 0 .618® 0 .6 4 4 * 0 . 2 4 2

•Correlations greater than or equal to an absolute value-of 0.404 are significant at alpha=0.05 for n=24.



Table 3.9. (continued).

R m a p le  6 , P  o a k s  W oak R oak  Basswood S m a p le  W a s h B eech  P b i r c h Age RA s c o r e  Nmln

T o t a l  BA - 0 . 0 4 9  - 0 .4 4 4 * - 0 . 0 5 7 0 . 2 2 6 0.502® 0 . 0 5 4 0 .4 5 1 * 0 . 3 8 4 0 .4 2 0 * 0 . 2 3 7 0 . 2 3 6 0 . 2 6 2

01 w t . - 0 . 0 9 6  - 0 . 3 3 4 0 .1 4 4 0 .2 0 8 0 .1 8 5 - 0 . 0 3 5 0 . 0 4 5 - 0 . 0 1 3 0 .1 8 7 0 . 1 4 9 0 . 0 7 2 0 . 0 8 7

Oe w t . 0 .2 3 1  - 0 . 0 8 9 0 .1 9 1 0 .2 1 6 0 .1 1 8 - 0 . 1 6 6 -0 .4 3 1 ® - 0 .4 6 3 * - 0 . 0 0 9 0 .4 3 9 * - 0 . 2 0 7 0 .0 3 1

01 TKN - 0 . 5 2 6 *  - 0 . 3 3 7 - 0 . 1 5 9 - p . 216 0 .740® 0 . 3 7 2 0 . 0 8 8 - 0 . 0 3 5 0 . 3 8 6 0 . 1 2 4 0 .4 7 6 * 0 . 6 8 1 *

01 TKP -0 .4 5 1 ®  - 0 . 3 8 9 - 0 . 2 2 9 - 0 . 0 4 6 0.685® 0 . 2 1 6 0 . 2 8 8 0 . 1 6 2 0 .4 4 1 * 0 . 0 3 9 0 .4 3 3 * 0 . 5 3 2 *

01 Mg - 0 .4 9 3 *  - 0 .4 2 5 * - 0 . 2 2 4 - 0 . 1 3 6 0.642® 0 . 3 6 9 0 . 3 2 3 0 . 2 5 4 0 .2 7 7 - 0 . 0 0 3 0 .4 9 8 * 0 .5 1 9 *

01 Ca - 0 .6 9 4 *  - 0 .4 8 3 * - 0 . 2 6 3 - 0 .4 9 5 * 0 .7 5 3 * 0 .7 5 5 * 0 . 2 2 5 0 . 1 6 4 0 . 1 6 0 - 0 . 1 4 8 0 .8 3 1 * 0 . 8 3 2 *

01 K - 0 . 3 1 7  - 0 .4 2 7 * - 0 . 1 5 9 0 .  165 0 .4 6 2 * 0 . 1 3 3 0 . 2 8 5 0 . 2 3 9 0 .5 4 0 * 0 .1 2 8 0 . 3 1 2 0 . 3 7 2

Oe TKN 0 . 1 2 6  - 0 . 1 6 6 0 .  126 0 .2 0 8 0 . 2 9 8 - 0 . 1 9 3 - 0 . 2 9 3 - 0 . 3 8 0 0 . 1 1 2 0.469® - 0 . 1 4 9 0 . 1 4 7

Oe TKP 0 . 0 4 6  - 0 . 2 7 2 0 .0 9 2 0 .1 4 7 0.407® - 0 . 0 8 2 - 0 . 2 4 7 - 0 . 3 2 7 0 .1 5 7 0.470® - 0 . 0 1 0 0 . 2 6 6
Oe Mg - 0 . 3 1 0  - 0 . 3 6 5 - 0 . 1 0 7 - 0 . 1 3 3 0 .714® 0 . 2 7 8 0 . 0 0 4 - 0 . 1 1 4 0 . 2 5 9 0 . 2 3 3 0 . 3 5 7 0 .6 1 8 *
Oe Ca - 0 .4 3 2 *  - 0 . 3 5 7 - 0 . 1 0 5 - 0 . 2 9 0 0 .6 9 8 * 0 .5 3 4 * - 0 . 1 1 3 - 0 . 1 5 5 0 . 2 0 6 0 . 1 2 0 0 .4 8 0 * 0 .6 4 4 *

Oe K 0 .1 0 1  - 0 . 3 0 4 0 .1 7 4 0 .2 3 1 0 .3 2 7 - 0 . 1 2 6 - 0 . 1 9 0 - 0 . 3 1 4 0 . 2 2 8 0 .5 1 5 * - 0 . 0 4 2 0 . 2 4 2
R m ap le 1 .0 0 0  - 0 . 0 3 9 0 .3 4 2 0.661® -0 .6 0 7 ® -0 .6 1 7 ® - 0 .3 3 1 - 0 . 2 6 4 - 0 . 1 4 2 0 . 2 1 9 - 0 . 6 2 5 * - 0 . 6 5 0 *
B ,P  o a k s - 0 . 0 3 9  1 .0 0 0 - 0 . 0 5 3 - 0 . 1 7 9 - 0 .2 8 B - 0 . 3 1 0 - 0 . 1 6 5 - 0 . 1 8 6 - 0 . 1 4 2 - 0 . 1 9 9 - 0 . 4 8 1 * - 0 . 3 9 0
W oak 0 .3 4 2  - 0 . 0 5 3 1 .0 0 0 - 0 . 0 5 4 - 0 .3 3 1 - 0 . 3 5 7 - 0 . 1 9 0 - 0 . 2 1 4 - 0 . 1 6 4 0 . 3 2 6 - 0 . 3 7 8 - 0 . 3 3 4
R oak 0 .6 6 1 *  - 0 . 1 7 9 - 0 . 0 5 4 1 .0 0 0 - 0 .4 5 7 * -0 .5 5 1 ® - 0 . 2 1 0 - 0 . 1 5 9 0 . 1 7 3 0 . 3 0 6 - 0 . 4 9 5 * - 0 .5 2 6 *
Bassw ood - 0 .6 0 7 *  - 0 . 2 8 8 - 0 .3 3 1 -0 .4 5 7 ® 1 .0 0 0 0 .418® 0 . 3 8 3 0 . 1 8 2 0 . 1 4 6 - 0 . 0 6 7 0.542® 0 .6 9 8 *
S m a p le - 0 .6 1 7 *  - 0 . 3 1 0 - 0 . 3 5 7 -0 .5 5 1 ® 0.418® 1 .0 0 0 0 . 0 0 6 0 . 0 8 6 0 . 1 2 3 - 0 . 2 7 8 0 .8 4 9 * 0 .7 9 4 *
W a s h - 0 .3 3 1  - 0 . 1 6 5 - 0 . 1 9 0 - 0 . 2 1 8 0 . 3 8 3 0 . 0 0 6 1 .0 0 0 0 .7 1 8 * - 0 . 0 0 7 - 0 . 1 1 2 0 . 3 0 0 0 . 1 6 3
B eech - 0 . 2 6 4  - 0 . 1 8 6 - 0 . 2 1 4 - 0 . 1 5 9 0 .1 8 2 0 . 0 8 6 0 .710® 1 .0 0 0 0 . 0 9 0 0 . 0 4 9 0 . 3 8 5 0 . 0 7 7
P b i r c h - 0 . 1 4 2  - 0 . 1 4 2 - 0 . 1 6 4 0 .1 7 3 0 . 1 4 6 0 .  123 - 0 . 0 0 7 0 . 0 9 0 1 .0 0 0 0 . 1 2 5 0 .  113 0 . 3 4 6
Age 0 . 2 1 9  - 0 . 1 9 9 0 . 3 2 6 0 . 3 0 6 - 0 . 0 6 7 - 0 . 2 7 8 - 0 . 1 1 2 0 .0 4 9 0 .1 2 5 1 .0 0 0 - 0 . 2 3 2 - 0 . 1 7 0
RA s c o r e - 0 .6 2 5 *  - 0 .4 8 1 * - 0 . 3 7 8 - 0 .4 9 5 * 0.542® 0.849® 0 . 3 0 0 0 . 3 8 5 0 .1 1 3 - 0 . 2 3 2 1 .0 0 0 0 .8 4 5 *
N m1n - 0 .6 5 0 *  - 0 . 3 9 0 - 0 . 3 3 4 - 0 .5 2 6 * 0 .6 9 8 * 0.794® 0 . 1 6 2 0 .0 7 7 0 . 3 4 6 - 0 . 1 7 0 0 .8 4 5 * 1 .0 0 0

• C o r r e l a t i o n s  g r e a t e r  t h a n  o r  e q u a l  t o  a n  a b s o l u t e  v a l u e  o f  0 . 4 0 4  a r e  s i g n i f i c a n t  a t  a ! p h a = 0 .0 5  f o r  n = 24 .
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s p e c i e s  w e r e  n o t  s i g n i f i c a n t .  A n o n - p a r a m e t r i c  t e s t  o f  

a s s o c i a t i o n s  among v a r i a b l e s ,  t h e  S p e a r m a n ' s  c o e f f i c i e n t  o f  

r a n k  c o r r e l a t i o n ,  was  a l s o  p e r f o r m e d  w i t h  s i m i l a r  r e s u l t s .

A t  t h e  t i m e  o f  s a m p l e  c o l l e c t i o n ,  t h e  Oe l a y e r  was  t h i n  

a n d  m i x e d  i n t o  t h e  m i n e r a l  s o i l  a t  many o f  t h e  s i t e s .  The  

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

p a r t i c u l a r l y  d e e r  a n d  w i l d  t u r k e y ,  a n d  may h a v e  o b s c u r e d  a  

g e n e r a l  t r e n d  o f  Oe a c c u m u l a t i o n  a l o n g  t h e  s i t e  o r d i n a t i o n .  

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

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

t h e  o u t c o m e .

W e i g h t s  o f  new l i t t e r f a l l  ( O i ) a r e  a l s o  d i s p l a y e d  i n  

F i g u r e  3 . 1 1 .  T h i s  l a y e r  was  u n d i s t u r b e d  a t  t h e  t i m e  s a m p l e s  

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

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

was  2 , 8 8 7  kg  h a ” 1 . V a l u e s  r e p o r t e d  f o r  some o t h e r  s t u d i e s  

w e r e  h i g h e r , a v e r a g i n g  3 , 4 1 9  kg h a ” 1 a t  H u b b a r d  B ro o k  (G o sz  

e t  a l .  1 9 7 2 ) ,  3 , 8 5 8  kg  h a ” 1 i n  O h i o ,  a n d  9 , 5 1 0  kg h a ” 1 f o r  a  

y o u n g e r  o v e r s t o r y  i n  New B r u n s w i c k  (MacLean a n d  Wein 1 9 7 7 ) .  

O t h e r  s t u d i e s  i n  t h e  G r e a t  L a k e s  R e g i o n  r e p o r t e d  v a l u e s  m o re  

c o m p a r a b l e :  2 , 4 1 3  kg  h a ” 1 f o r  a n  a s p e n  o v e r s t o r y  a n d  3 , 7 2 6  

kg h a ” 1 f o r  a  m a p l e - b i r c h - a s p e n  o v e r s t o r y  i n  W i s c o n s i n  (Crow 

1 9 7 8 ) ,  1 , 7 4 9  kg h a ” 1 f o r  a  b l a c k  o a k - w h i t e  o a k  o v e r s t o r y ,  

3 , 1 7 9  kg  h a ” 1 f o r  a  s u g a r  m a p l e - r e d  o a k  o v e r s t o r y ,  a n d  2 , 6 2 4  

kg h a ” 1 f o r  a  s u g a r  m a p l e - b a s s w o o d  o v e r s t o r y  i n  n o r t h w e s t e r n  

l o w e r  M i c h i g a n  ( Zak e t  a l . 1 9 8 6 ) .  T h e r e  may b e  a  c l i m a t e -  

r e l a t e d  r e g i o n a l  t r e n d  i n  l i t t e r  p r o d u c t i o n .
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I n  my s t u d y ,  l i t t e r  w e i g h t s  w e r e  g r e a t e s t  o n  s i t e s  w i t h  

m i x e d  o a k - n o r t h e r n  h a r d w o o d  o v e r s t o r i e s ,  a v e r a g i n g  3 , 2 7 6  kg 

h a ” 1 . T h e  a m o u n t  o f  o a k - n o r t h e r n  h a r d w o o d  l i t t e r  w a s  

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

o v e r s t o r y  g r o u p  a s  e v a l u a t e d  b y  t - t e s t s  a t  a l p h a = 0 . 0 5 .  

L i t t e r  w e i g h t  a v e r a g e d  2 , 7 7 3  kg  h a ” 1 on  n o r t h e r n  h a r d w o o d  

s i t e s ,  2 , 8 2 6  kg  h a ” 1 o n  s i t e s  d o m i n a t e d  by  n o r t h e r n  r e d  o a k , 

a n d  2 , 5 4 7  k g  h a " 1 o n  p i n  o a k - b l a c k  o a k  s i t e s .  L i t t e r  

w e i g h t s  on  n o r t h e r n  h a r d w o o d  s i t e s ,  n o r t h e r n  r e d  o a k  s i t e s , 

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

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

r = 0 .4 0  ( T a b l e  3 . 9 ) .  T h i s  c o r r e l a t i o n  i s  n o t  s i g n i f i c a n t  a t  

a l p h a = 0 . 0 5 ,  b u t  i s  t h e  h i g h e s t  c o r r e l a t i o n  f o u n d  f o r  

v a r i a b l e s  e x a m i n e d , a n d  ma y  b e  t h e  o n l y  m e a n i n g f u l  

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

c o m p o s i t i o n . H o w e v e r , s p e c i e s  c o m p o s i t i o n  w a s  a l s o  n o n -  

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

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

w e i g h t s  t h a n  was  b a s a l  a r e a  o f  o t h e r  s p e c i e s ,  w i t h  r = - 0 . 3 3 ,  

a  n o n - s i g n i f i c a n t  c o r r e l a t i o n . O i  w e i g h t s  a r e  p o o r l y  

c o r  r e l a t e d  w i t h  Oe w e i  g h t s ,  h a v i n g  a  n o n - s i g n i f i c a n t  

c o r r e l a t i o n  o f  r = 0 . 2 9 .

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

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

d e c i d u o u s  f o r e s t s  by G osz  e t  a l . ( 1 9 7 2 )  a n d  B o e r n e r  ( 1 9 8 4 )

( T a b l e  3 . 1 0 ) .  A n a l y s i s  m e t h o d s  w e r e  c o m p a r a b l e  among t h e
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s t u d i e s ,  f o l l o w i n g  L i k e n s  a n d  B o r m a n n  ( 1 9 7 0 ) .  C a  

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

s i t e s  a r e  much g r e a t e r  t h a n  t h a t  f o u n d  on  t h e  H u b b a r d  B ro o k  

F o r e s t , o r  i n  O h i o .  T h e  c a l c a r e o u s  n a t u r e  o f  s o i l s  i n  

n o r t h e a s t e r n  l o w e r  M i c h i g a n  may b e  r e s p o n s i b l e ;  e c o s y s t e m s  

a r e  l i k e l y  s a t u r a t e d  w i t h  C a ,  a n d  may e v e n  b e  l i m i t e d  b y  

e x c e s s  Ca i n  some c a s e s .  The Ca c o n c e n t r a t i o n  o f  M i c h i g a n  

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

w h i c h  was  moved t o  t h e  a r e a  f r o m  t h e  n o r t h .  C o n c e n t r a t i o n s

T a b l e  3 . 1 0 .  
f l o o r  l a y e r s

N u t r i e n t  
a t  t h r e e

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

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

N u t r i e n t ,
l a y e r

M i c h i g a n
s t u d y

< ---------- —

H u b b a r d  B rook  
s t u d y

(G osz  e t  a l . 1 9 72 )

O h io  
s t u d y  

( B o e r n e r  1 9 8 4 )

N; Oi 0 . 9 2 1 . 1 9 6 0 . 8 1 5
Oe 1 . 4 8 1 . 8 6 ----—

P : Oi 0 . 1 0 7 0 . 0 7 9 0 . 0 8 3
Oe 0 . 1 0 8 0 . 1 1 6 — — —

Ca: Oi 2 . 0 5 0 . 7 9 0 0 . 9 5 8
Oe 1 . 9 3 0 . 6 3 4 — — “

Mg: Oi 0 . 1 7 3 0 . 1 2 9 0 . 1 6 9
Oe 0 . 5 3 0 0 . 0 6 0 — — —

K: Oi 0 . 2 3 9 0 . 4 5 6 0 . 4 7 9
Oe 0 . 1 3 9

S - n-

0 . 0 7 7

_ _ ppm -

Zn: Oi 4 6 . 8 1 3 7 . 5 _  _ —
Oe 7 7 . 2 1 5 1 . 6 ——

Mn: Oi 1829 2456 — _  —
Oe 2549 1630 ------
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o f  N, P ,  K, Mg, a n d  Mn i n  l i t t e r  a n d  f o r e s t  f l o o r  l a y e r s  a r e  

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

c o n c e n t r a t i o n s  a r e  much h i g h e r  a t  H u b b a r d  B ro o k  t h a n  i n  my 

s t u d y ;  r e a s o n s  f o r  t h i s  d i f f e r e n c e  a r e  u n c l e a r ,

N u t r i e n t  c o n t e n t s  o f  a u tu m n  l i t t e r f a l l  a r e  d i s p l a y e d  

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

o f  g r o u n d  f l o r a  r a n k e d  c o v e r - a b u n d a n c e  v a l u e s  ( F i g u r e s  3 . 1 3 ,  

3 . 1 4 ) .  K j e l d a h l  p h o s p h o r o u s  ( P ) c o n t e n t , a n d  m a g n e s i u m  

( M g ) a n d  p o t a s s i u m  ( K ) c o n t e n t  d e t e r m i n e d  f r o m  a c i d  

d i s s o l u t i o n  o f  d r y  a s h e d  s a m p l e s  a r e  shown i n  F i g u r e  2 . 1 3 .  

P o t a s s i u m  c o n t e n t  i s  d r a m a t i c a l l y  g r e a t e r  on  P o r t  H u ro n  t i l l  

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

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

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

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

o f  r = 0 . 8 1  b e t w e e n  O i  w e i g h t  a n d  O i  K c o n t e n t . P o t a s s i u m  

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

b i r c h ,  w i t h  r = 0 . 5 4 .  S p e c i e s  c o m p o s i t i o n  on  t h e s e  s i t e s  i s  

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

r e s u l t s  r e p o r t e d  b y  P a s t o r  e t  a l . ( 1 9 8 4 )  a n d  Zak  e t  a l .

( 1 9 8 6 ) .

F i g u r e  3 . 1 4  d i s p l a y s  K j e l d a h l  N a n d  Ca c o n t e n t  o f  t h e  

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

f r o m  t r e n d s  o f  P , Mg, a n d  K c o n t e n t . N i t r o g e n  r e t u r n  i s  

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

w i t h  t h e  b a s a l  a r e a  o f  b a s s w o o d ,  w i t h  r = 0 . 7 4  ( T a b l e  3 . 9 ) .  

C a l c i u m  r e t u r n  i s  g r e a t e r  on  s i t e s  w h i c h  s u p p o r t  n o r t h e r n
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F i g u r e  3 . 1 3 .  P h o s p h o r o u s ,  m a g n e s i u m ,  a n d  p o t a s s i u m  c o n t e n t  
o f  a u t u m n  l i t t e r f a l l  f o r  s i t e s  o r d i n a t e d  by  
r e c i p r o c a l  a v e r a g i n g  o f  r a n k e d  g r o u n d  f l o r a  
s p e c i e s  c o v e r - a b u n d a n c e  v a l u e s .
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F i g u r e  3 . 1 4 .  N i t r o g e n  a n d  c a l c i u m  c o n t e n t  o f  a u t u m n  
l i t t e r f a l l  f o r  s i t e s  o r d i n a t e d  b y  
r e c i p r o c a l  a v e r a g i n g  o f  r a n k e d  g r o u n d  f l o r a  
s p e c i e s  c o v e r - a b u n d a n c e  v a l u e s .
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h a r d w o o d  o r  m i x e d  n o r t h e r n  h a r d w o o d  o v e r s t o r i e s ,  a s  o p p o s e d  

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

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

RA,  w i t h  r = 0 . 8 3  ( T a b l e  3 . 9 ) .  C o r r e l a t i o n s  w e r e  a l s o  

s i g n i f i c a n t  b e t w e e n  Ca c o n t e n t  o f  l i t t e r f a l l  a n d  b a s a l  a r e a  

o f  s u g a r  m a p l e  a n d  b a s s w o o d , w i t h  r  = 0 . 7 6  a n d  r  = 0 . 7 5 ,  

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

o f  Ca c o n t e n t  w i t h  r e d  m a p l e  b a s a l  a r e a  ( r = - 0 . 6 9 ) .  P o o r e r , 

b u t  s t i l l  s i g n i f i c a n t  c o r r e l a t i o n s  o f  Ca c o n t e n t  w i t h  b a s a l  

a r e a s  o f  b l a c k  a n d  p i n  o a k s ,  a n d  r e d  o a k , w e r e  r = - 0 . 4 8  a n d  

r = - 0 . 4 9 ,  r e s p e c t i v e l y  ( T a b l e  3 . 9 ) .

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

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

c o v e r - a b u n d a n c e  v a r i e d  d e p e n d i n g  o n  t h e  n u t r i e n t . R e t u r n  o f  

K, P ,  a n d  Mg was  a s s o c i a t e d  m o s t  c l o s e l y  w i t h  t h e  a m o u n t  o f  

l i t t e r  p r o d u c e d , w h i l e  r e t u r n  o f  N a n d  e s p e c i a l l y  Ca w a s  

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

t h e  o v e r s t o r y .
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CONCLUSIONS

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

l o w e r  M i c h i g a n  by  RA o f  g r o u n d  f l o r a  r a n k e d  c o v e r - a b u n d a n c e  

v a l u e s  w a s  a s s o c i a t e d  w i t h  g l a c i a l  d e p o s  i  t  i o n a 1 

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

o v e r s t o r y  s p e c i e s  c o m p o s i t i o n .

S i t e s  a t  o n e  e x t reme o f  t h e  f i r s t  a x i s  o f  t h e  

o r d i n a t i o n  o c c u r r e d  on  s a n d s  i n  l o c a l i z e d  o u t w a s h  f e a t u r e s  

w i t h i n  m o r a i n a l  a r e a s . T h e s e  s i t e s  h a d  l o w  o v e r a l l  s o i l  

n u t r i e n t  c o n t e n t , h i g h  a b u n d a n c e s  o f  V a c c i n i u m  a n g u s t i f o l i u m  

a n d  P t e r i d i u m  a q u i l i n i u m  i n  t h e  h e r b a c e o u s  l a y e r , a n d  

s u p p o r t e d  b l a c k  a n d  p i n  o a k s  i n  t h e  o v e r s t o r y . L i t t e r  

p r o d u c t i o n  was  l o w e s t  f o r  t h e s e  s i t e s .

S i t e s  w h i c h  o c c u r r e d  on  o u t w a s h  s a n d  w i t h  i c e - r a f t e d  

t i l l  i n c l u s i o n s ,  on  i c e - d i s i n t e g r a t i o n  t o p o g r a p h y ,  w e r e  n e x t  

t o  o u t w a s h  s a n d  s i t e s  o n  t h e  f i r s t  a x i s  o f  t h e  o r d i n a t i o n  o f  

g r o u n d  f l o r a .  T h e s e  s i t e s  c o n t a i n e d  i n t e r m e d i a t e  l e v e l s  o f  

s o i l  n u t r i e n t s , h a d  l o w e r  a b u n d a n c e s  o f  V a c c i n i u m  a n d  

P t e r i d i u m , a n d  w e r e  d o m i n a t e d  by  r e d  o ak  i n  t h e  o v e r s t o r y .

S i t e s  l o c a t e d  on  two  d i f f e r e n t  t i l l s ,  o f  P o r t  B r u c e  a n d  

P o r t  H u r o n  d e p o s i t i o n ,  w e r e  d i f f e r e n t i a t e d  by  t h e  o r d i n a t i o n  

o f  g r o u n d  f l o r a . P o r t  H u r o n  s i t e s  s u p p o r t e d  m i x e d  o a k -  

n o r t h e r n  h a r d w o o d  o v e r s t o r i e s , a n d  c o n t a i n e d  h i g h e r  

a b u n d a n c e s  o f  P r e n a n t h e s  a l b a  a n d  S m i l a c i n a  r a c e m o s a  t h a n  

P o r t  B r u c e  s i t e s . S i t e s  on  P o r t  B r u c e  t i l l  s u p p o r t e d  o n l y  

n o r t h e r n  h a r d w o o d s ,  c o n t a i n e d  h i g h  a b u n d a n c e s  o f  O s m o r h i z a  

c h i l e n s i s ,  a n d  a l s o  h a d  V i o l a  c a n a d e n s i s  i n  t h e  h e r b a c e o u s
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l a y e r .  D i f f e r e n c e s  i n  o v e r s t o r y  c o m p o s i t i o n  w e r e  b e l i e v e d  

t o  b e  d u e  t o  d i f f e r i n g  c o n d i t i o n s  a t  t h e  t i m e  o f  s t a n d  

e s t a b l i s h m e n t .

S o i l  p h y s  i c a l  a n d  c h e m i c a l  p r o p e r  t i e s  o f  t h e  t w o  

o v e r s t o r y  t y p e s , o a k - n o r t h e r n  h a r d w o o d s  a n d  n o r t h e r n  

h a r d w o o d s ,  w e r e  c o m p a r e d  t o  d e t e r m i n e  w h e t h e r  a n y  o f  t h e m  

w e r e  a s s o c i a t e d  w i t h  d i f f e r e n c e s  i n  o v e r s t o r y  s p e c i e s  

e s t a b l i s h m e n t . T h e  o n l y  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  n o t  a t t r i b u t a b l e  t o  v e g e t a t i o n  w e r e  c o a r s e  

f r a g m e n t  c o n t e n t , t h i c k n e s s  o f  t h e  B h o r i z o n ,  a n d  p o s s i b l y  

Mg c o n t e n t , a l t h o u g h  Mg may b e  i n c r e a s e d  i n  t h e  s o l u m  

d u e  i n  p a r t  t o  s p e c i e s  c o m p o s i t i o n  d i f f e r e n c e s . M i n e r a l o g y  

o f  t h e  t i l l ,  a n d  w e a t h e r i n g  r a t e s  o f  t h e  c o a r s e  f r a g m e n t s  

m a y  h a v e  b e e n  a  f a c t o r  ? t h e s e  p r o p e r  t i e s  w e r e  n o t  

i n v e s t i g a t e d  i n  my s t u d y .  I t  a p p e a r s  t h a t  t h e  p r e s e n c e  o f  

r e d  o a k  o n  s o m e  t i l l  s i t e s  a n d  n o t  o n  o t h e r s  i s  n o t  

a s s o c i a t e d  w i t h  s o i l  t e x t u r e s ,  o r  w i t h  t h e  s u p p l y  o f  m a j o r  

s o i l  n u t r i e n t s . C l i m a t e  a n d  s i t e  h i s t o r y ,  p a r t i c u l a r l y  f i r e  

i n t e n s i t y  a n d  f r e q u e n c y ,  may h a v e  b e e n  r e s p o n s i b l e  f o r  

d i f f e r e n c e s  i n  s p e c i e s  e s t a b l i s h m e n t .

T h e  f i r s t  d i m e n s i o n a l  o r d i n a t i o n  o f  s i t e s  b y  RA o f  

g r o u n d  f l o r a  w a s  a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  a  

s i m i l a r  RA o r d i n a t i o n  w h i c h  u s e d  o v e r s t o r y  b a s a l  a r e a  b y  

s p e c i e s ,  a n d  t o  PCA o r d i n a t i o n s  o f  s o i l  f i e l d  a n d  l a b o r a t o r y  

d a t a . T h e s e  c o r r e l a t i o n s  i n d i c a t e  t h a t  t h e r e  i s  a n  

a s s o c i a t i o n  among g r o u n d  f l o r a ,  o v e r s t o r y  c o m p o s i t i o n ,  a n d
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soil properties.

The o r d i n a t i o n  o f  s i t e s  by  r a n k e d  g r o u n d  f l o r a  s p e c i e s  

c o v e r - a b u n d a n c e  v a l u e s  was  a s s o c i a t e d  w i t h  N m i n e r a l i z e d  

d u r i n g  a n a e r o b i c  i n c u b a t i o n . S i t e  s c o r e s  f r o m  RA w e r e  

c o r r e l a t e d  w i t h  m i n e r a l i z e d  N a t  r = 0 . 8 4 5 .  T h i s  f i n d i n g  i s  

i m p o r t a n t  b e c a u s e  N m i n e r a l i z a t i o n  h a s  b e e n  f o u n d  i n  o t h e r  

s t u d i e s  t o  b e  a s s o c i a t e d  w i t h  o v e r s t o r y  p r o d u c t i v i t y  ( Ke eny  

1 9 8 0 ,  P o w e r s  1 9 8 0 ,  A b e r  a n d  M e l l i l o  1 9 8 4 ,  P a s t o r  e t  a l . 

1 9 8 4 ) .  P r e d i c t i o n  o f  t h e  m i n e r a l i z a t i o n  r a t e  f r o m  f i e l d -  

o b s e r v e d  v e g e t a t i o n  d a t a  w o u l d  g r e a t l y  s i m p l i f y  i t s  

e s t i m a t i o n ; p r e s e n t  p r o c e d u r e s  r e q u i r e  f i e l d  s a m p l i n g , 

i n c u b a t i o n ,  a n d  l a b o r a t o r y  a n a l y s i s .

N m i n e r a l i z e d  d u r i n g  a n a e r o b i c  i n c u b a t i o n  was  f o u n d  t o  

b e  s i g n i f i c a n t l y  l o w e r  o n  s i t e s  w i t h  m i x e d  o a k - n o r t h e r n  

h a r d w o o d  o v e r s t o r i e s  t h a n  on  n o r t h e r n  h a r d w o o d  s i t e s , e v e n  

t h o u g h  t h e  s o i l s  h a d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t e x t u r e  

o r  i n  a v a i l a b l e  n u t r i e n t  l e v e l s , w i t h  t h e  e x c e p t i o n  o f  Mg. 

I f  o v e r s t o r y  c o m p o s i t i o n  d i f f e r e n c e s  a r e  r e l a t e d  t o  

d i s t u r b a n c e , t h e n  s o  m a y  b e  N m i n e r a l i z a t i o n  l e v e l s . 

A d d  i  t  i  o n a 1 s t u d y  o f  f i r e  d i  s  t u  r b a n c e  e f f e c t s  o n  N 

m i n e r a l i z a t i o n  i s  n e e d e d ;  i f  a  c a u s e - e f f e e t  r e l a t i o n s h i p  i s  

e s t a b l i s h e d , N m i n e r a l i z a t i o n  r a t e s  c o u l d  b e  u s e d  t o  

e v a l u a t e  l o n g - t e r m  e f f e c t s  o f  d i s t u r b a n c e .

W e i g h t  o f  t h e  p a r t i a l l y  d e c o m p o s e d  f o r e s t  f l o o r  l a y e r  

(Oe)  s a m p l e d  i n  l a t e  O c t o b e r  was  1 1 , 7 4 7  kg h a - 1 , a  f i g u r e  

s o m e w h a t  l o w e r  t h a n  t h e  19 , 3 0 0  kg  ha**'5' r e p o r t e d  o n  t h e  

H u b b a r d  B rook  F o r e s t  (Gosz  e t  a l . 1 9 7 6 ) .  O t h e r  f o r e s t  f l o o r
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w e i g h t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  a r e  n o t  c o m p a r a b l e ,  a s  

O i ,  Oe ,  a n d  Oa l a y e r s  w e r e  n o t  s a m p l e d  s e p a r a t e l y .  S i n c e  

l i t t e r f a l l  a p p e a r s  t o  b e  l o w e r  i n  t h e  G r e a t  L a k e s  r e g i o n  

t h a n  i n  t h e  n o r t h e a s t ,  p e r h a p s  f o r e s t  f l o o r  a c c u m u l a t i o n s  

a r e  a l s o  l e s s .  M o r  e  u n e x p e c t e d l y , t h e r e  w a s  n o t  a  

d i s c e r n i b l e  t r e n d  i n  f o r e s t  f l o o r  w e i g h t s  among e c o s y s t e m s  

s t u d i e d  h e r e . D i f f e r e n c e s  i n  l i t t e r  p r o d u c t i o n , l i t t e r  

q u a l i t y  a s s o c i a t e d  w i t h  s p e c i e s  c o m p o s  i  t  i o n , a n d  N 

m i n e r a l i z a t i o n  levels r a i s e d  t h e  e x p e c t a t i o n  t h a t  f o r e s t  

f l o o r  w e i g h t s  w o u ld  vary among e c o s y s t e m s . R e a s o n s  f o r  t h e  

l a c k  o f  d i f f e r e n c e  a r e  u n c l e a r . O t h e r  s t u d i e s  o f  t h e  f o r e s t  

f l o o r  do  n o t  make c o m p a r i s o n s  among e c o s y s t e m s ;  h o w e v e r , t h e  

H u b b a r d  B rook  s t u d y  n o t e d  g r e a t e r  a c c u m u l a t i o n s  o f  m a t e r i a l  

a t  h i g h e r  e l e v a t i o n s , w h e r e  c l i m a t e  s l o w e d  d e c o m p o s  i  t  i o n  

( Gosz  e t  a l . 1 9 7 6 ) .  A d d i t i o n a l  s t u d y  o f  t h e  f o r e s t  f l o o r  i s  

n e e d e d .

W e i g h t  o f  a u t u mn  l i t t e r f a l l  a v e r a g e d  2 , 8 8 7  kg h a - 1  f o r  

my s t u d y  s i t e s , a  f i g u r e  l o w e r  t h a n  t h o s e  r e p o r t e d  i n  t h e  

n o r t h e a s t  (Gosz  e t  a l .  1 9 7 2 ,  MacLean a n d  Wein 1 9 7 7 )  a n d  i n  

O h i o  ( B o e r n e r  1 9 8 4 ) ,  b u t  c o m p a r a b l e  t o  t h a t  r e p o r t e d  i n  

W i s c o n s i n  (Crow 1978)  a n d  n o r t h w e s t e r n  l o w e r  M i c h i g a n  ( Zak 

e t  a l . 1 9 8 6 ) .  T h e r e  may b e  a  r e g i o n a l  c l i m a t i c  i n f l u e n c e  

a c t i n g  on  l i t t e r  p r o d u c t i o n .  L i t t e r  w e i g h t s  w e r e  g r e a t e s t  

o n  m i x e d  o a k - n o r t h e r n  h a r d w o o d  s i t e s , i n t e r m e d i a t e  o n  

n o r t h e r n  h a r d w o o d  s i t e s  a n d  n o r t h e r n  r e d  o a k  s i t e s , a n d  

l o w e s t  o n  b l a c k  o a k - p i n  o a k  s i t e s .
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R e t u r n  o f  n u t r i e n t s  i n  a u t u m n  l i t t e r f a l l  w a s  

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  a mo u n t  o f  l i t t e r  p r o d u c e d  f o r  

t h e  n u t r i e n t s  P ,  Mg,  a n d  e s p e c i a l l y  K.  R e t u r n  o f  N a n d  

p a r t i c u l a r l y  Ca was  h i g h l y  c o r r e l a t e d  w i t h  t h e  p r e s e n c e  o f  

s u g a r  m a p l e  a n d  b a s s w o o d  i n  t h e  o v e r s t o r y .  T h i s  r e s u l t  

a g r e e s  w i t h  o t h e r  s t u d i e s  w h i c h  f o u n d  a s s o c i a t i o n s  b e t w e e n  

l i t t e r  q u a l i t y  a n d  s p e c i e s  c o m p o s i t i o n  ( P a s t o r  e t  a l .  1 9 8 4 ,  

Zak e t  a l .  1 9 8 6 ) .
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CHAPTER IV

CONCLUSIONS

P r e v i o u s  c h a p t e r s  h a v e  f o c u s e d  o n  t h e  o r d i n a t i o n  o f  

s i t e s  a l o n g  a  g r a d i e n t  e x p r e s s e d  b y  s e p a r a t e  e c o s y s t e m  

c o m p o n e n t s ,  i n c l u d i n g  h e r b a c e o u s  f l o r a ,  o v e r s t o r y  

c o m p o s  i  t  i o n , a n d  s o i l s .  A l s o , e x a m i n a t i o n  o f  t h e  

a s s o c i a t i o n s  o f  v a r i a b l e s  w i t h i n  a n d  a m on g  t h e  e c o s y s t e m  

c o m p o n e n t s  was  a n  i m p o r t a n t  p a r t  o f  my w o r k . T h i s  c h a p t e r  

s u m m a r  i z e s  c o n c l u s i o n s  o f  t h e  p r e v i o u s  c h a p t e r s , a n d  

d i s c u s s e s  ways  i n  w h i c h  t h e s e  r e s u l t s  may b e  a p p l i e d  t o  t h e  

d e v e l o p m e n t  o f  a n  e c o l o g i c a l  c l a s s i f i c a t i o n  s y s t e m .

PCA's w e r e  u s e d  i n  C h a p t e r  2 t o  s u m m a r i z e  t h e  l a r g e  

n umbe r  o f  s o i l  v a r i a b l e s  o b t a i n e d  f r o m  f i e l d  a n d  l a b o r a t o r y  

i n v e s t i g a t i o n s . F i e l d  d e t e r m i n e d  v a r i a b l e s  w h i c h  w e r e  m o s t  

i m p o r t a n t  i n  d i f f e r e n t i a t i n g  b e t w e e n  s i t e s  w e r e  t h o s e  

r e l a t e d  t o  t e x t u r e ,  p a r t i c u l a r l y  d e p t h s  t o  a c c u m u l a t i o n s  o f  

s o i l  l a y e r s  w i t h  i n c r e a s e d  s i l t  a n d / o r  c l a y  c o n t e n t , a n d  t h e  

t e x t u r e  o f  t h e s e  l a y e r s . C o a r s e  f r a g m e n t  c o n t e n t , E h o r i z o n  

t h i c k n e s s , a n d  o v e r a l l  t e x t u r a l  a v e r a g e s  w e r e  a l s o  i m p o r t a n t  

i n  d i s t i n g u i s h i n g  b e t w e e n  g l a c i a l  t i l l s  o f  t w o  d i f f e r e n t  

d e p o s i t i o n s . No s i n g l e  n u t r i e n t  among l a b o r a t o r y  d e t e r m i n e d  

v a r i a b l e s  d i s p l a y e d  a  g r e a t e r  a m o u n t  o f  v a r i a b i l i t y  t h a n  

o t h e r s . R a t h e r , t h e r e  w e r e  h o r i z o n  g r o u p s  o r  d e p t h  r a n g e s  

w h i c h  s u m m a r i z e d  m o s t  o f  t h e  v a r i a b i l i t y  i n  t h e  d a t a  s e t . 

I n  P C A ' s  o f  l a b o r a t o r y  d a t a  w h i c h  i n c l u d e d  o r g a n i c
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h o r i z o n s ,  n u t r i e n t  c o n t e n t  o f  t h e  o r g a n i c  l a y e r s  w a s  

e m p h a s i z e d  o v e r  t h a t  o f  t h e  m i n e r a l  s o i l .  When o r g a n i c  

l a y e r s  w e r e  e x c l u d e d  f r o m  t h e  a n a l y s i s ,  n u t r i e n t  c o n t e n t  o f  

t h e  B h o r i z o n  was  e m p h a s i z e d .  D e p t h  sums o f  s o i l  n u t r i e n t s  

e x h i b i t e d  l e s s  v a r i a t i o n  t h a n  h o r i z o n  s u m s ,  e x c e p t  f o r  t h o s e  

n u t r i e n t  sums  o f  t h e  e n t i r e  u p p e r  150 cm s o i l  d e p t h .  T h e s e  

n u t r i e n t  s u m s  d e s c r i b e d  s u c h  a  l a r g e  s i z e  c o m p o n e n t  o f  

o v e r a l l  s o i l  n u t r i e n t  c o n t e n t s  t h a t  no  o t h e r  i n t e r p r e t a t i o n s  

c o u l d  b e  d e r i v e d  f r o m  t h e  PCA. H o r i z o n  summed d a t a  p r o v i d e d  

b e t t e r  i n t e r p r e t a t i o n s .

T h e r e  was  a g r e e m e n t  among m o s t  s i t e  o r d i n a t i o n s  w i t h  

r e s p e c t  t o  t h e  f i r s t  t w o  P C s  o f  s e v e r a l  d i f f e r e n t  s o i l  

l a b o r a t o r y  a n d  f i e l d  d a t a  s e t s . S i t e  g r o u p i n g s  b a s e d  o n  

g l a c i a l  d e p o s i t i o n a l  e n v i r o n m e n t s  w e r e  n o t  c o n t r a d i c t e d  by  

t h e s e  P C A ' s .  S a nd  s i t e s  f o r m e d  i n  l o c a l i z e d  o u t w a s h  o n  i c e -  

d i s i n t e g r a t i o n  t o p o g r a p h y  w e r e  d i s t i n c t l y  s e p a r a t e d  f r o m  

s i t e s  f o r m e d  i n  l o a my  t i l l . S i t e s  f o r m e d  i n  o u t w a s h  w i t h  

i c e - r a f t e d  t i l l  i n c l u s i o n s  w e r e  p l a c e d  b e t w e e n  t h e s e  t w o  

e x t r e m e s  a l o n g  t h e  p r i m a r y  a x i s  o f  t h e  p l o t s . The  s e c o n d  PC 

w a s  u s u a l l y  e f f e c t i v e  i n  d i s p l a y i n g  a  s e p a r a t i o n  o f  P o r t  

B r u c e  t i l l  s i t e s  f r o m  P o r t  H ur o n  t i l l  s i t e s 1 , a l t h o u g h  t h e  

s e p a r a t i o n  w a s  n o t  a l w a y s  d i s t i n c t . B e c a u s e  o f  t h e  

c o r r e l a t i o n s  a m o n g  r e s u l t s  o b t a i n e d  f r o m  f i e l d  a n d  

l a b o r a t o r y  d a t a  s e t s , i t  i s  p o s s i b l e  t o  i n f e r  n u t r i e n t  

s t a t u s  o f  a  s i t e  f r o m  mo r e  e a s i l y  o b t a i n e d  f i e l d  d a t a .  I t

1Names a r e  a c c o r d i n g  t o  B u r g i s  ( 1 9 7 7 ,  1 9 8 1 ) .
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i s  a l s o  e v i d e n t  t h a t  t h e r e  a r e  c o r r e s p o n d i n g  g r a d i e n t s  o f  

s o i l  t e x t u r e  a n d  s o i l  n u t r i e n t  s t a t u s  o n  t h e  s t u d y  s i t e s .

S o i l  v a r i a b l e s  w e r e  c o m p a r e d  i n d i v i d u a l l y  among g r o u p s  

t o  t e s t  f o 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  d i f f e r e n c e s . 

C o m p a r i s o n s  b e t w e e n  o u t w a s h  s a n d  s i t e s  a n d  a l l  o t h e r  s i t e  

g r o u p s  w e r e  s i g n i f i c a n t  f o r  n e a r l y  a l l  n u t r i e n t  a n d  t e x t u r a l  

v a r i a b l e s  e x a m i n e d . L i k e w i s e , m o s t  c o m p a r i s o n s  b e t w e e n  

s i t e s  f o r m e d  i n  s a n d y  o u t w a s h  w i t h  t i l l  i n c l u s i o n s  a n d  s i t e s  

f o r m e d  i n  l oa my  t i l l  w e r e  s i g n i f i c a n t . S i t e s  f o r m e d  i n  t i l l  

f r o m  P o r t  B r u c e  a n d  P o r t  Hur on  g l a c i a l  d e p o s i t i o n s ,  h o w e v e r , 

w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  e x c e p t  w i t h  

r e s p e c t  t o  a  f e w  v a r i a b l e s . T h u s , s e p a r a t i n g  t h e s e  t w o  

t i l l s  i n t o  d i f f e r e n t  d e p o s i t i o n a l  e n v i r o n m e n t  g r o u p s  i s  n o t  

c o m p l e t e l y  s u p p o r t e d  by  a n a l y s i s  o f  s o i l s  d a t a .

The  o r d i n a t i o n  o f  s i t e s  by RA o f  g r o u n d  f l o r a  s p e c i e s  

r a n k e d  c o v e r - a b u n d a n c e  v a l u e s  was  a s s o c i a t e d  w i t h  o v e r s t o r y  

s p e c i e s  c o m p o s i t i o n ,  a n d  i n  a  g e n e r a l  way w i t h  d e p o s i t i o n a l  

e n v i r o n m e n t s  a n d  s o i l  c h a r a c t e r i s t i c s . S i t e s  a t  o n e  e x t r e m e  

o f  t h e  f i r s t  o r d i n a t i o n  a x i s  o c c u r r e d  on  s a n d s  i n  l o c a l i z e d  

o u t w a s h  f e a t u r e s  w i t h i n  m o r a i n a l  a r e a s . T h e s e  s i t e s  h a d  low 

o v e r a l l  s o i l  n u t r i e n t  c o n t e n t , h i g h  a b u n d a n c e s  o f  V a c c i n i u m  

a n g u s t i f o l i u m  a n d  P t e r i d i u m  a q u i l i n i u m  i n  t h e  h e r b a c e o u s  

l a y e r , a n d  s u p p o r t e d  b l a c k  a n d  p i n  o a k s  i n  t h e  o v e r s t o r y .  

L i t t e r  p r o d u c t i o n  was l o w e s t  on  t h e s e  s i t e s .

S i t e s  w h i c h  o c c u r r e d  on  o u t w a s h  s a n d  w i t h  i c e - r a f t e d  

t i l l  i n c l u s i o n s  w e r e  l o c a t e d  n e x t  t o  o u t w a s h  s a n d  s i t e s  

a l o n g  t h e  f i r s t  a x i s  o f  t h e  o r d i n a t i o n  o f  g r o u n d  f l o r a .
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T h e s e  s i t e s  c o n t a i n e d  i n t e r m e d i a t e  l e v e l s  o f  s o i l  n u t r i e n t s ,  

h a d  l o w e r  a b u n d a n c e s  o f  V a c c i n i u m  a n d  P t e r i d i u m , a n d  w e r e  

d o m i n a t e d  by  r e d  o ak  i n  t h e  o v e r s t o r y .

S i t e s  l o c a t e d  o n  t i l l s  o f  P o r t  B r u c e  a n d  P o r t  H u r o n  

d e p o s i t i o n  w e r e  w e l l  d i f f e r e n t i a t e d  on  t h e  f i r s t  a x i s  o f  t h e  

o r d i n a t i o n  o f  g r o u n d  f l o r a . P o r t  H u r o n  s i t e s  s u p p o r t e d  

m i x e d  o a k - n o r t h e r n  h a r d w o o d  o v e r s t o r i e s , a n d  c o n t a i n e d  

h i g h e r  a b u n d a n c e s  o f  P r e n a n t h e s  a l b a  a n d  S m i l a c i n a  r a c e m o s a  

t h a n  P o r t  B r u c e  s i t e s . S i t e s  on  P o r t  B r u c e  t i l l  s u p p o r t e d  

o n l y  n o r t h e r n  h a r d w o o d s , c o n t a i n e d  h i g h  a b u n d a n c e s  o f  

O s m o r h i z a  c h i l e n s i s , a n d  a l s o  h ad  V i o l a  c a n a d e n s i s  i n  t h e  

h e r b a c e o u s  l a y e r . D i f f e r e n c e s  i n  o v e r s t o r y  c o m p o s i t i o n  w e r e  

b e l i e v e d  t o  b e  d u e  t o  d i f f e r i n g  c o n d i t i o n s  a t  t h e  t i m e  o f  

s t a n d  e s t a b l i s h m e n t .

S o i l  p h y s i c a l  a n d  c h e m i c a l  p r o p e r  t  i e s  o f  t h e  t w o  

o v e r s t o r y  t y p e s , o a k - n o r t h e r n  h a r d w o o d s  a n d  n o r t h e r n  

h a r d w o o d s , w e r e  c o m p a r e d  t o  d e t e r m i n e  i f  t h e y  w e r e  

a s s o c i a t e d  w i t h  d i f f e r  e n c e s  i n  o v e r s t o r y  s p e c i e s  

e s t a b l i s h m e n t . T h e  o n l y  s t a t i s t i c a l l y  s i g n i f  i c a n t  

d i f f e r e n c e s  among v a r i a b l e s  n o t  a t t r i b u t a b l e  t o  v e g e t a t i o n  

w e r e  c o a r s e  f r a g m e n t  c o n t e n t , t h i c k n e s s  o f  t h e  B h o r i z o n ,  

a n d  p o s s i b l y  Mg, a l t h o u g h  Mg c o n t e n t  may b e  d u e  i n  p a r t  t o  

v e g e t a t i o n  d i f f e r e n c e s . T h e  p r e s e n c e  o f  r e d  o a k  o n  s o m e  

t i l l  s i t e s  a n d  n o t  on o t h e r s  i s  a p p a r e n t l y  n o t  a s s o c i a t e d  

w i t h  s o i l  t e x t u r e s , o r  w i t h  t h e  s u p p l y  o f  m a j o r  s o i l  

n u t r i e n t s . C l i m a t e  a n d  s i t e  h i s t o r y , p a r t i c u l a r l y  f i r e
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i n t e n s i t y  a n d  f r e q u e n c y ,  may h a v e  b e e n  r e s p o n s i b l e  f o r  

d i f f e r e n c e s  i n  s p e c i e s  e s t a b l i s h m e n t .

T h e  f i r s t  d i m e n s i o n  s i t e  s c o r e s  a n d  r a n k s  f r o m  

o r d i n a t i o n  by g r o u n d  f l o r a  was  a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  

w i t h  a  s i m i l a r  RA o r d i n a t i o n  w h i c h  u s e d  o v e r s t o r y  b a s a l  a r e a  

b y  s p e c i e s , a n d  t o  PCA o r d i n a t i o n s  o f  s o i l  f i e l d  a n d  

l a b o r a t o r y  d a t a .  T h e s e  c o r r e l a t i o n s  i n d i c a t e  t h a t  t h e r e  i s  

a n  a s s o c i a t i o n  among g r o u n d  f l o r a ,  o v e r s t o r y  c o m p o s i t i o n ,  

a n d  s o i l  p r o p e r t i e s .

The  o r d i n a t i o n  o f  s i t e s  by r a n k e d  g r o u n d  f l o r a  s p e c i e s  

c o v e r - a b u n d a n c e  v a l u e s  was  a s s o c i a t e d  w i t h  N m i n e r a l i z e d  

d u r i n g  a n a e r o b i c  i n c u b a t i o n .  S i t e  s c o r e s  f r o m  RA h a d  a  

l i n e a r  c o r  r e l a t i o n  w i t h  m i n e r a l i z e d  N a t  r  = 0 . 8 4 5  . T h i s  

f i n d i n g  i s  i m p o r t a n t  b e c a u s e  N m i n e r a l i z a t i o n  h a s  b e e n  shown 

t o  b e  a s s o c i a t e d  w i t h  o v e r s t o r y  p r o d u c t i v i t y  ( A b e r  a n d  

M e l l i l o  1 9 8 4 ,  P a s t o r  e t  a l . 1 9 8 4 ,  Keeny  1 9 8 0 ,  P o w e r s  1 9 8 0 ) .  

P r e d i c t i o n  o f  t h e  m i n e r a l i z a t i o n  r a t e  f r o m  f i e l d - o b s e r v e d  

v e g e t a t i o n  d a t a  may b e  p o s s i b l e  f o r  t h e s e  s i t e s .

N m i n e r a l i z e d  d u r i n g  a n a e r o b i c  i n c u b a t i o n  was  f o u n d  t o  

b e  s i g n i f i c a n t l y  l o w e r  o n  s i t e s  w i t h  m i x e d  o a k - n o r t h e r n  

h a r d w o o d  o v e r s t o r i e s  t h a n  on  n o r t h e r n  h a r d w o o d  s i t e s , e v e n  

t h o u g h  t h e  s o i l s  h a d  n e a r l y  i d e n t i c a l  t e x t u r e s  a n d  a v a i l a b l e  

n u t r i e n t  l e v e l s . N m i n e r a l i z a t i o n  l e v e l s  may b e  r e l a t e d  t o  

d i s t u r b a n c e  a s  w e l l  a s  t o  i n h e r e n t  s i t e  q u a l i t y ,  a n d  c o u l d  

p o s s i b l y  b e  u s e d  t o  e v a l u a t e  l o n g - t e r m  e f f e c t s  o f  

d i s t u r b a n c e .

W e i g h t  o f  t h e  p a r t i a l l y  d e c o m p o s e d  f o r e s t  f l o o r  l a y e r
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w a s  1 1 , 7 4 7  k g  h a - 1 , a  f i g u r e  s o m e w h a t  l o w e r  t h a n  t h a t  

r e p o r t e d  i n  t h e  n o r t h e a s t  ( G o s z  e t  a l .  1 9 7 6 ) .  A u t u m n  

l i t t e r f a l l  a p p e a r s  t o  b e  l o w e r  i n  t h e  G r e a t  L a k e s  r e g i o n  

t h a n  i n  t h e  n o r t h e a s t , a n d  p e r h a p s  f o r e s t  f l o o r  a c c u m u l a t i o n s  

a r e  a l s o  l e s s .  T h e r e  was  no  t r e n d  i n  d i f f e r i n g  f o r e s t  f l o o r  

w e i g h t s  a m on g  e c o s y s t e m s  s t u d i e d  h e r e . D i f f e r e n c e s  i n  

l i t t e r  p r o d u c t i o n ,  l i t t e r  q u a l i t y  a s s o c i a t e d  w i t h  s p e c i e s  

c o m p o s i t i o n ,  a n d  N m i n e r a l i z a t i o n  l e v e l s  w e r e  e x p e c t e d  t o  

r e s u l t  i n  v a r i a t i o n  among f o r e s t  f l o o r  w e i g h t s .  R e a s o n s  f o r  

t h e  l a c k  o f  d i f f e r e n c e  a r e  u n c l e a r .

W e i g h t  o f  a u t u m n  l i t t e r f a l l  a v e r a g e d  2 , 8 8 7  kg h a ” 1 , a  

f i g u r e  l o w e r  t h a n  t h o s e  r e p o r t e d  i n  t h e  n o r t h e a s t  ( Gos z  e t  

a l . 1 9 7 2 ,  MacLean and Wein 1977)  a n d  i n  O h i o  ( B o e r n e r  1 9 8 4 ) ,  

b u t  c o m p a r a b l e  t o  t h a t  r e p o r t e d  i n  W i s c o n s i n  (Crow 1 9 7 8 )  a n d  

n o r t h w e s t e r n  l o w e r  M i c h i g a n  (Zak e t  a l . 1 9 8 6 ) .  T h e r e  may b e  

a  r e g i o n a l  c l i m a t i c  i n f l u e n c e  a c t i n g  on  l i t t e r  p r o d u c t i o n .  

L i t t e r  w e i g h t s  w e r e  g r e a t e s t  on  m i x e d  o a k - n o r t h e r n  h a r d w o o d  

s i t e s , i n t e r m e d i a t e  on  n o r t h e r n  h a r d w o o d  s i t e s  a n d  n o r t h e r n  

r e d  o a k  s i t e s ,  a n d  l o w e s t  on  b l a c k  o a k - p i n  o a k  s i t e s .

R e t u r n  o f  n u t r  i e n t s  i n  a  u t  u m n  l i t t e r f a l l  w a s  

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  amo un t  o f  l i t t e r  p r o d u c e d  f o r  

t h e  n u t r i e n t s  P , Mg,  a n d  e s p e c i a l l y  K. R e t u r n  o f  N a n d  

p a r t i c u l a r l y  Ca was  h i g h l y  c o r r e l a t e d  w i t h  t h e  p r e s e n c e  o f  

s u g a r  m a p l e  a n d  b a s s w o o d  i n  t h e  o v e r s t o r y . A s s o c i a t i o n s  

b e t w e e n  l i t t e r  q u a l i t y  a n d  s p e c i e s  c o m p o s i t i o n  h a v e  b e e n  

n o t e d  i n  o t h e r  s t u d i e s  ( Z a k  e t  a l .  1 9 8 6 ,  P a s t o r  e t  a l .
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1984).

An e c o l o g i c a l  c l a s s i f i c a t i o n  s y s t e m  f o r  t h e s e  s i t e s  

c o u l d  b e  d e v e l o p e d  b a s e d  o n  s i t e  o r d i n a t i o n s  a n d  

d e s c r i p t i o n s ,  u s i n g  c o m b i n a t i o n s  o f  d i f f e r e n t  e c o s y s t e m  

c o m p o n e n t s  t o  i d e n t i f y  s i t e s  w h i c h  a r e  e c o l o g i c a l l y  

d i s t i n c t .  A l t h o u g h  t h e  s i z e  o f  my s a m p l e  i s  t o o  s m a l l  t o  

a d e q u a t e l y  d e s c r i b e  a l l  t h e  g r o u p s  w h i c h  e x i s t  i n  t h e  a r e a ,  

some s t e p s  t o w a r d  d e v e l o p i n g  a n  e c o s y s t e m  c l a s s i f i c a t i o n  may 

b e  d e s c r i b e d .

My s t u d y  h a s  d e m o n s t r a t e d  t h a t  t h e r e  a r e  s i g n i f i c a n t  

c o r r e l a t i o n s  among f i r s t  d i m e n s i o n  s i t e  o r d i n a t i o n s  b a s e d  on  

g r o u n d  f l o r a  r a n k e d  c o v e r - a b u n d a n c e  v a l u e s ,  on  o v e r s t o r y  

b a s a l  a r e a  b y  s p e c i e s , a n d  o n  s o i l  f i e l d  a n d  l a b o r a t o r y  

d e t e r m i n e d  p r o p e r t i e s . A g r e e m e n t  a m o n g  o r d i n a t i o n s  

s i m p l i f i e s  t h e  c l a s s i f i c a t i o n  p r o c e d u r e ;  i n  i n s t a n c e s  w h e r e  

t h e r e  i s  n o t  a g r e e m e n t , a n  a r b i t r a r y  d e c i s i o n  m u s t  b e  m a d e . 

S u ch  d e c i s i o n s  a r e  i n h e r e n t  i n  m o s t  c l a s s i f i c a t i o n  s y s t e m s  

{Wickware  a n d  C o w e l l  1 9 8 5 ) .

A n a l y s i s  o f  s o i l s  d a t a  h a s  i n d i c a t e d  t h a t  t h e r e  i s  a  

g o o d  b a s i s  f o r  s e p a r a t i n g  s i t e s  o f  d i f f e r e n t  d e p o s i t i o n a l  

e n v i r o n m e n t s , w h i c h  h a v e  d i f f e r e n t  k i n d s  o f  s u r f  i c i a l  

m a t e r  i a l  r e s u l t i n g  f r o m  g l a c i a l  a c t i v i t y . S o i l  d a t a  

a n a l y s i s  d o e s  n o t  e n t i r e l y  j u s t i f y  s e p a r a t i n g  P o r t  B r u c e  

t i l l  f r o m  P o r t  H u r o n  t i l l , a s  o n l y  a  f e w  v a r i a b l e s  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t h e m .  A l s o , l a c u s t r i n e  

s i t e s  a p p e a r  t o  b e  s i m i l a r  t o  t i l l  s i t e s  i n  t e x t u r e  a n d  

n u t r i e n t  c o n t e n t , a l t h o u g h  s a m p l e  s i z e  i s  t o o  s m a l l  w i t h i n
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t h i s  g r o u p  t o  b e  c e r t a i n  t h a t  i t  s h o u l d  n o t  b e  s e p a r a t e d .  

H o w e v e r ,  s o i l  a n a l y s i s  d o e s  d e m o n s t r a t e  t h a t  a t  l e a s t  t h r e e  

d e p o s i t i o n a l  e n v i r o n m e n t  g r o u p s  a r e  p r e s e n t  i n  t h e  s t u d y  

a r e a :  s i t e s  f o r m e d  i n  o u t w a s h  s a n d  f r o m  l o c a l i z e d

d e p o s i t i o n  on  i c e - d i s i n t e g r a t i o n  t o p o g r a p h y ,  s i t e s  f o r m e d  i n  

o u t w a s h  s a n d ,  c o n t a i n i n g  i n c l u s i o n s  o f  i c e - r a f t e d  t i l l  o r  

f l o w  t i l l  on  i c e - d i s i n t e g r a t i o n  t o p o g r a p h y ,  a n d  s i t e s  f o r m e d  

i n  l o a my  t e x t u r e d  t i l l  on  m o r a i n e s .  S i t e s  on  o u t w a s h  p l a i n s  

a n d  i n  l a r g e  g l a c i a l  d r a i n a g e s  w e r e  n o t  i n v e s t i g a t e d  a s  p a r t  

o f  my s t u d y , a n d  w i l l  l i k e l y  c o m p r i s e  a n o t h e r  g r o u p  o f  

e c o s y s t e m s .

T h e s e  d e p o s i t i o n a l  e n v i r o n m e n t / s u r f i c i a l  d e p o s i t  

g r o u p i n g s  d o  n o t  c o r r e s p o n d  w i t h  m a p p e d  b o u n d a r i e s  o f  

g l a c i a l  l a n d f o r m s  a s  i d e n t i f i e d  by  B u r g i s  ( 1 9 7 7 ,  1 9 8 1 ) ,  a s  

t h e  s c a l e  o f  m a p p i n g  u s e d  i n  h e r  s t u d y  i s  t o o  s m a l l  t o  

d i s t i n g u i s h  l o c a l i z e d  d e p o s i t s  o f  s u r f i c i a l  m a t e r i a l . The  

d i f f e r e n t  s u r f i c i a l  d e p o s i t s  h a v e  a  l a r g e  i n f l u e n c e  o n  s o i l  

p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  b e l i e v e d  i m p o r t a n t  i n  

e c o s y s t e m  f u n c t i o n ,  a n d  m u s t  b e  r e c o g n i z e d  i n  

c l a s s i f i c a t i o n .

F l o r i s t i c  c o m p o s i t i o n  may b e  u s e d  t o  s u b d i v i d e  s i t e  

g r o u p s  w h i c h  w e r e  d e v e l o p e d  b a s e d  o n  d e p o s  i  t  i o n a l  

e n v i r o n m e n t s  a n d  s o i l  p r o p e r t i e s . T h e  2 4 s t u d y  s i t e s  

e x h i b i t e d  a  c l o s e  a s s o c i a t i o n  b e t w e e n  t h e  c o m p o s i t i o n  o f  

h e r b a c e o u s  f l o r a  a n d  o v e r s t o r y  f l o r a  a s  e v i d e n c e d  b y  t h e  

c o r r e l a t i o n  o f  s i t e  s c o r e s  i n  RA; h o w e v e r ,  d i v i s i o n s  b a s e d
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o n  f l o r a  s h o u l d  u s e  h e r b a c e o u s  p l a n t s  r a t h e r  t h a n  o v e r s t o r y  

s p e c i e s  b e c a u s e  o f  t h e  r e l a t i v e l y  r a p i d  s t a b i l i z a t i o n  o f  

p l a n t  c o m m u n i t i e s  f o l l o w i n g  d i s t u r b a n c e .

S o i l  d a t a  a n a l y s i s  d i d  n o t  c o m p l e t e l y  j u s t i f y  

s e p a r a t i o n  o f  P o r t  B r u c e  a n d  P o r t  H u r o n  s i t e s . H o w e v e r , 

t h e s e  s i t e  g r o u p s  d i f f e r e d  s u b s t a n t i a l l y  i n  o v e r s t o r y  a n d  

g r o u n d  f l o r a  s p e c i e s  c o m p o s i t i o n , a n d  i n  l e v e l s  o f  N 

m i n e r a l i z a t i o n . B e c a u s e  o f  t h e  a s s o c i a t i o n  o f  N 

m i n e r a l i z a t i o n  l e v e l s  w i t h  m i c r o b i a l  b i o m a s s  ( M y r o l d  1 9 8 7 ) ,  

m i c r o b i a l  d e c o m p o s i t i o n  may b e  s u b s t a n t i a l l y  d i f f e r e n t  on  

s o i l s  w h i c h  a r e  v e r y  mu ch  a l i k e .  T h e s e  d i f f e r e n c e s  i n  

m i c r o b i a l  a c t i v i t y  may b e  a  r e s u l t  o f  s u c c e s s i o n ,  o r  b e  a  

c a u s a l  f a c t o r  i n  s u c c e s s i o n ;  t h e y  may o r  may n o t  b e  r e l a t e d  

t o  d i s t u r b a n c e .  I n  a n y  e v e n t , a  c l a s s i f i c a t i o n  s y s t e m  m u s t  

r e c o g n i z e  t h a t  f l o r i s t i c  c o m m u n i t i e s  c a n  i n d i c a t e  a n  

i m p o r t a n t  d i f f e r e n c e  i n  l a n d  p o t e n t i a l  e v e n  t h o u g h  s o i l s  a r e  

a l i k e .  F o r  t h i s  r e a s o n ,  a  c l a s s i f i c a t i o n  s y s t e m  i n  my s t u d y  

a r e a  s h o u l d  s e p a r a t e  s i t e s  f o r m e d  i n  l o a my  t i l l  b u t  h a v i n g  

d i f f e r e n t  f l o r i s t i c  c o m p o s i t i o n .

A n o t h e r  p r o b l e m  t o  c o n s i d e r  i n  e c o s y s t e m  c l a s s i f i c a t i o n  

i s  t h e  e f f e c t  o f  c o m p e n s a t i n g  f a c t o r s . S i t e  K b e l o n g s  t o  

t h e  d e p o s i  t i o n a l  e n v i r o n m e n t  g r o u p  o f  s i t e s  f o r m e d  i n  

o u t w a s h  w i t h  l oamy t i l l  i n c l u s i o n s . The  s i t e  h a s  o n e  p e d o n  

w h i c h  i s  e x t r e m e l y  s a n d y ,  o n e  w h i c h  h a s  s a n d y  l o a m  t e x t u r e s ,  

a n o t h e r  i n  w h i c h  s a n d y  c l a y  l oa m t i l l  i s  n e a r  t h e  s u r f a c e ,  

a n d  a  f o u r t h  i n  w h i c h  t i l l  i s  l o c a t e d  d e e p  i n  t h e  p r o f i l e .  

O r d i n a t i o n  o f  s o i l s  p l a c e s  t h i s  s i t e  i n  a  b o r d e r l i n e



213

l o c a t i o n  w i t h  t i l l  s i t e s ;  o r d i n a t i o n  o f  f l o r a  p l a c e s  i t  

f i r m l y  t o g e t h e r  w i t h  t i l l  s i t e s .  F l o r a  may r e s p o n d  t o  t h e  

o v e r a l l  n u t r i e n t  c a p i t a l  o f  a  s i t e  t h r o u g h  r o o t  a b s o r p t i o n  

a n d  c y c l i n g  o f  n u t r i e n t s  i n  o v e r s t o r y  l i t t e r f a l l , s o  t h a t  

t h e  i n h e r e n t l y  l e s s  p r o d u c t i v e  m i c r o s i t e s  w i t h i n  a n  a r e a  may 

b e  e n r i c h e d  by  n u t r i e n t s  c a p t u r e d  o u t s i d e  t h e  m i c r o s i t e  a n d  

a c c u m u l a t e d  i n  t h e  s u r f a c e  l i t t e r  a n d  s o i l  l a y e r s .  I n  my 

s t u d y  a r e a ,  t h e  g r o u p  o f  s i t e s  f o r m e d  i n  o u t w a s h  w i t h  i c e -  

r a f t e d  t i l l  o r  f 1 ow t i l l  i n c l u s i o n s  m a y  h a v e  t o  b e  

s u b d i v i d e d  o n  a n  a r e a l  s c a l e  t o  q u a n t i f y  v a r i a b i l i t y . 

S e p a r a t e  g r o u p s  s h o u l d  b e  s e t  up  d e p e n d i n g  on  t h e  e x t e n t  o f  

t i l l  m a t e r i a l  i n  t h e  s i t e . T h e  a l t e r n a t i v e , w h i c h  w o u l d  

r e q u i r e  t h e s e  i n t e r m e d i a t e  s i t e s  t o  b e  p l a c e d  w i t h  t i l l  

s i t e s  i n  t h e  c l a s s i f i c a t i o n  s y s t e m ,  w o u l d  n o t  a c c o m m o d a t e  

m a n a g e m e n t  o b j e c t i v e s  o t h e r  t h a n  p r o d u c t i o n ,  s u c h  a s  t h e  

d e v e l o p m e n t  o f  t r a i l s  a n d  c a m p s i t e s , o r  m o r e  e x o t i c  

o p e r a t i o n s  s u c h  a s  w e t l a n d s  a m e l i o r a t i o n .

A n o t h e r  c l a s s i f i c a t i o n  q u e s t i o n  a r i s e s  w i t h  r e s p e c t  t o  

s i t e  P , w h i c h  a p p a r e n t l y  h a s  a  c l a y  l a y e r  d e e p  i n  t h e  

s u b s t r a t u m  w i t h  a  w a t e r  t a b l e  p r e s e n t  a b o v e  i t . T e x t u r e s  

a b o v e  t h e  w a t e r  t a b l e  a r e  a l m o s  t  e n t i r e l y  s a n d .  

D e p o s i t i o n a l l y , t h e  s i t e  b e l o n g s  t o  t h e  g r o u p  o f  s i t e s  

f o r m e d  i n  s a n d y  o u t w a s h  w i t h  t i l l  i n c l u s i o n s ,  a l t h o u g h  t h e  

o r i g i n  o f  t h e  c l a y  u n d e r  t h e  w a t e r  t a b l e  i s  d i f f i c u l t  t o  

e s t a b l i s h .  F l o r i s t i c a l l y , t h e  s i t e  i s  n o t  d i s t i n g u i s h a b l e  

f r o m  t h o s e  s i t e s  f o r m e d  i n  l oamy t i l l ,  b u t  i t  w o u l d  l i k e l y
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r e s p o n d  v e r y  d i f f e r e n t l y  t o  c e r t a i n  m a n ag e me n t  t e c h n i q u e s .  

T h e r e  a r e  e x a m p l e s  o f  s i m i l a r  s i t e s  w h i c h  h a v e  b e e n  c l e a r c u t  

a n d  f a i l e d  t o  r e g e n e r a t e  b e c a u s e  c o n d i t i o n s  a t  t h e  s a n d y  

s u r f a c e  w e r e  t o o  h a r s h  f o r  s e e d l i n g  e s t a b l i s h m e n t  ( D . T .  

C l e l a n d ,  p e r s o n a l  c o m m u n i c a t i o n ) . B e c a u s e  o f  r e g e n e r a t i o n  

p r o b l e m s  a n d  o t h e r  m a n a g e m e n t  c o n c e r n s , s i t e  P c a n n o t  b e  

c l a s s i f i e d  t o g e t h e r  w i t h  t i l l  s o i l s . A n o t h e r  s u b d i v i s i o n  o f  

t h e  d e p o s i t i o n a l  e n v i r o n m e n t  g r o u p  i s  r e q u i r e d  f o r  s i t e s  

s u c h  a s  t h e s e ,  a l t h o u g h  t h e i r  a r e a l  e x t e n t  i s  l i k e l y  t o  b e  

s m a l l •

I n  s ummary ,  t h e r e  a t  l e a s t  s i x  g r o u p s  i d e n t i f i e d  w i t h i n  

my s a m p l e , a n d  a t  l e a s t  o n e  m o r e  o u t s i d e  my s a m p l e . T h e  

g r o u p s  n o t  s a m p l e d  a r e  r e s t r i c t e d  t o  o u t w a s h  p l a i n s  a n d  

l a r g e  s a n d y  g l a c i a l  d r a i n a g e s ; t h e s e  w e r e  n o t  s a m p l e d  

b e c a u s e  u n d i s t u r b e d  e x a m p l e s  c o u l d  n o t  b e  l o c a t e d .  T h e s e  

s i t e s  w i l l  l i k e l y  b e  d i v i d e d  i n t o  o n e s  w h i c h  o c c u r  o n  

p l a i n s ,  a n d  o n e s  w h i c h  o c c u r  on  s l o p i n g  a r e a s  l e a d i n g  i n t o  

d r a i n a g e  v a l l e y s .

G ro u p  1 ,  a s  i d e n t i f i e d  among my s t u d y  s i t e s ,  o c c u r s  

w i t h i n  t h e  b o u n d a r i e s  o f  m o r a i n e s  a s  i d e n t i f i e d  by  B u r g i s  

( 1 9 7 7 ,  1 9 8 1 ) .  I t  c o n s i s t s  o f  s i t e s  f o r m e d  i n  l o c a l i z e d  

o u t w a s h  on  h i l l y  t e r r a i n  r e s u l t i n g  f r o m  i c e - d i s i n t e g r a t i o n  

a s  t h e  m e l t i n g  g l a c i e r  r e m a i n e d  i n  a  s t a g n a n t  p o s i t i o n . 

O v e r s t o r i e s  a r e  c o m p r i s e d  m a i n l y  o f  b l a c k  a n d  p i n  o a k s ,  w i t h  

a  c o m p o n e n t  o f  n o r t h e r n  r e d  o a k . T h e  h e r b a c e o u s  l a y e r  

c o n s i s t s  o f  h i g h  a b u n d a n c e s  o f  V a c c i n i u m  a n d  P t e r i d i u m , w i t h  

o n l y  low r e p r e s e n t a t i o n  o f  o t h e r  s p e c i e s . S i t e s  T ,  H, a n d  L
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c o m p r i s e  t h i s  g r o u p .

G r o u p  2 c o n s i s t s  o f  s i t e s  f o r m e d  i n  o u t w a s h ,  c o n t a i n i n g  

p o c k e t s  o f  l o a my  t i l l  w h i c h  w e r e  t r a n s p o r t e d  a s  i c e - r a f t e d  

i n c l u s i o n s  o r  a s  f l o w  t i l l . T h e s e  s i t e s  h a v e  o v e r s t o r i e s  

d o m i n a t e d  b y  n o r t h e r n  r e d  o a k , w i t h  a  s i z a b l e  r e d  m a p l e  

c o m p o n e n t . Some s i t e s  h a v e  a  c o m p o n e n t  o f  w h i t e  o a k , w h i c h  

w o u l d  l i k e l y  b e  p r e s e n t  o n  m o r e  s i t e s  h a d  n o t  s e l e c t i v e  

l o g g i n g  d i m i n i s h e d  i t s  a b u n d a n c e . T h e  h e r b a c e o u s  l a y e r  

c o n t a i n s  h i g h  a b u n d a n c e s  o f  V a c c i n i u m  a n d  P t e r i d i u m , b u t  

l e s s  t h a n  i n  G ro u p  1 ,  a n d  o t h e r  s p e c i e s  a r e  s l i g h t l y  m o r e  

a b u n d a n t . S i t e s  Q, V, W, X, R,  a n d  M a r e  among t h i s  g r o u p .

G r o u p  3 i s  a  s u b d i v i s i o n  o f  G r o u p  2 ,  w i t h  t h e  s a m e  

d e p o s i t i o n a l  e n v i r o n m e n t  a n d  s o i l  c h a r a c t e r i s t i c s , b u t  w i t h  

a  w a t e r  t a b l e  p r e s e n t  i n  t h e  s u b s t r a t u m . T h e  o v e r s t o r y  

c o n s i s t s  o f  n o r t h e r n  r e d  o a k , a n d  a  m i x t u r e  o f  n o r t h e r n  

h a r d w o o d  s p e c i e s  i n c l u d i n g  s u g a r  m a p l e ,  b a s s w o o d ,  w h i t e  a s h ,  

a n d  b e e c h . R e p r e s e n t a t i v e  f l o r a  i n c l u d e  P r e n a n t h e s , 

S m i l a c i n a , V i b u r n u m , a n d  M i a n t h e m um;  n o  V a c c i n i u m  o r  

P t e r i d i u m  a r e  p r e s e n t . S i t e  P i s  t h e  o n l y  e x a m p l e  among my 

d a t a , a n d  t h e  a r e a l  e x t e n t  o f  t h i s  g r o u p  i s  l i k e l y  t o  b e  

s m a l l .

G r o u p  4 i s  a n o t h e r  s u b d i v i s i o n  o f  G r o u p  2 ,  w i t h  t h e  

s ame  d e p o s i t i o n a l  e n v i r o n m e n t ,  b u t  w i t h  a  g r e a t e r  a m o u n t  o f  

t i l l  m a t e r i a l  p r e s e n t  a s  i n c l u s i o n s  t h a n  i s  a v e r a g e  f o r  t h e  

g r o u p .  B a s e d  on  a  s m a l l  s a m p l e ,  i t  i s  d i f f i c u l t  t o  e s t i m a t e  

t h e  a r e a l  e x t e n t  o f  t i l l  w h i c h  s h o u l d  b e  r e q u i r e d  f o r  t h i s
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c l a s s i f i c a t i o n ,  b u t  i t  i s  l i k e l y  t h a t  i t  m u s t  b e  p r e s e n t  i n  

o v e r  h a l f  o f  s o i l  b o r i n g s  w i t h i n  a  s i t e .  The  o v e r s t o r y  i s  

s i m i l a r  t o  t h a t  o f  G r o u p  3 ,  e x c e p t  t h a t  r e d  m a p l e  may  b e  

p r e s e n t .  The  h e r b a c e o u s  f l o r a  i s  a l s o  s i m i l a r  t o  G r o u p  3 ,  

b u t  may i n c l u d e  G a l i u m . The o n l y  s i t e  i n  t h i s  g r o u p  i s  K.

G r o u p  5 s i t e s  a r e  f o r m e d  i n  l o a m y  t i l l  o n  m o r a i n e s ; 

m o s t  h a v e  a  t h i n  s u r f a c e  l a y e r  o f  l o a my  s a n d  o r  s a n d y  l o a m .  

T h e s e  s i t e s  m a y  b e  c o m m o n  t o  a l l  a r e a s  o f  P o r t  H u r o n  

d e p o s i t i o n ,  o r  t h e y  may  b e  d i s t u r b a n c e - r e l a t e d  a n d  o c c u r  

o n l y  w i t h i n  a  f i x e d  d i s t a n c e  f r o m  t h e  g l a c i a l  A u S ab le  V a l l e y  

d r a i n a g e  s y s t e m ;  t h i s  q u e s t i o n  w i l l  h a v e  t o  b e  a d d r e s s e d  

d u r i n g  t h e  m a p p i n g  p h a s e  o f  i m p l e m e n t i n g  t h e  e c o l o g i c a l  

c l a s s i f i c a t i o n  s y s t e m .  O v e r s t o r i e s  c o n s i s t  o f  a  m i x t u r e  o f  

n o r t h e r n  r e d  o ak  a n d  n o r t h e r n  h a r d w o o d s  i n  v a r y i n g  a m o u n t s ,  

a n d  t h e  g r o u n d  f l o r a  i s  l i k e  t h a t  o f  G r o u p  4 .  S i t e s  I , J ,  

N,  a n d  0  a r e  r e p r e s e n t a t i v e  o f  t h i s  g r o u p .

G r o u p  6 a l s o  c o n s i s t s  o f  s i t e s  f o r m e d  i n  l o a m y  t i l l  

n e a r  t h e  s u r f a c e ,  on  m o r a i n e s . I t  may b e  r e s t r i c t e d  t o  t i l l  

o f  P o r t  B r u c e  d e p o s i t i o n ,  o r  may o c c u r  on  s i t e s  w h i c h  w e r e  

n o t  s u b j e c t e d  t o  f r e q u e n t  f i r e  d i s t u r b a n c e  a s  a  r e s u l t  o f  

t h e i r  l o c a t i o n  w i t h  r e s p e c t  t o  p y r i c  e c o s y s t e m s  a n d  

p r e v a i l i n g  w i n d  p a t t e r n s . T h e  o v e r s t o r y  c o n t a i n s  o n l y  

n o r t h e r n  h a r d w o o d  s p e c i e s ,  a n d  m o s t  s i t e s  a r e  d o m i n a t e d  by  

s u g a r  m a p l e . Among t h e  g r o u n d  f l o r a ,  a  h i g h  a b u n d a n c e  o f  

O s m o r h i z a  i s  p r e s e n t , a n d  G a l i u m  i s  a b u n d a n t  on  m o s t  s i t e s . 

P r e n a n t h e s , V i b u r n u m , a n d  S m i l a c i n a  a r e  o f t e n  p r e s e n t , b u t  

o n l y  a t  v e r y  low a b u n d a n c e s .  V i o l a  c a n a d e n s i s  i s  r e s t r i c t e d
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t o  s i t e s  o f  t h i s  g r o u p .  S p r i n g  e p h e m e r a l s  w e r e  n o t  o b s e r v e d  

d u e  t o  t h e  l a t e n e s s  o f  s a m p l i n g ,  b u t  may a l s o  b e  i m p o r t a n t  

i n  i d e n t i f y i n g  t h i s  g r o u p .  S i t e s  A,  B,  D,  E ,  P ,  a n d  G 

r e p r e s e n t  t h i s  g r o u p .

L a c u s t r i n e  s i t e s  C a n d  U, l o c a t e d  w i t h i n  t h e  b o u n d a r i e s  

o f  P o r t  B r u c e  t i l l ,  a r e  l i k e l y  t o  become  p a r t  o f  G r o u p  6 .  

A n a l y s i s  o f  s o i l s  a n d  f l o r a  d i d  n o t  i n d i c a t e  t h a t  t h e r e  w e r e  

a n y  d i f f e r e n c e s  i m p o r t a n t  e n o u g h  t o  s e p a r a t e  t h e m ,  b u t  

m a n a g e m e n t  p r a c t i c e s  w i l l  h a v e  t o  b e  c o n s i d e r e d .  The  h i g h  

s i l t  c o n t e n t  o f  s o i l s  may r e s u l t  i n  a n  o p e r a b i l i t y  p r o b l e m  

i n  s i t e s  o f  l a c u s t r i n e  o r i g i n .

T h e  g r o u p s  i d e n t i f i e d  r e p r e s e n t  a  s u b d i v i s  i o n  o f  

d e p o s i t i o n a l  e n v i r o n m e n t  g r o u p s  w h i c h  h a v e  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  i n  s o i l  p r o p e r t i e s . S u b d i v i s i o n s  

a r e  b a s e d  on  f l o r i s t i c  d i f f e r e n c e s  w h i c h  a r e  b e l i e v e d  t o  b e  

d u e  t o  f a c t o r s  i m p o r t a n t  t o  s u c c e s s i o n  a n d  p r o d u c t i v i t y . 

O t h e r  s u b d i v i s i o n s  a r e  i n  a n t i c i p a t i o n  o f  m a n a g e m e n t  

p r a c t i c e s , b o t h  f o r  s i l v i c u l t u r a l  a n d  f o r  m u l t i p l e - u s e  

o b j e c t i v e s . T h e  g r o u p s  w i l l  p r o v i d e  a  f r a m e w o r k  f o r  

e c o s y s t e m  m a p p i n g ,  b u t  w i l l  b e  r e f i n e d  a n d  l i k e l y  u n d e r g o  

a d d i t i o n a l  s u b d i v i s i o n  a s  more  s i t e s  a r e  i n v e s t i g a t e d .



218
LITERATURE CITED

A b e r ,  J . D . ,  a n d  J . M .  M e l i l l o .  1 9 8 4 .  N u t r i e n t  c y c l i n g  
m o d e l s  a n d  l a n d  c l a s s i f i c a t i o n .  p .  2 0 5 - 2 1 7 .  I n  J . G .  
B o c k h e i m ,  e d .  F o r e s t  Land  C l a s s i f i c a t i o n :  E x p e r i e n c e s ,  
P r o b l e m s ,  P e r s p e c t i v e s .  P r o c e e d i n g s  o f  t h e  s y m p o s i u m .  
M a d i s o n ,  W i s c o n s i n ,  Mar ch  1 8 - 2 0 ,  1 9 8 4 .  276 p p .

B o e r n e r , R . E . J .  1 9 8 4 .  N u t r i e n t  f l u x e s  i n  l i t t e r f a l l  a n d  
d e c o m p o s i t i o n  i n  f o u r  f o r e s t s  a l o n g  a  g r a d i e n t  o f  s o i l  
f e r t i l i t y  i n  s o u t h e r n  O h i o .  C an .  J .  F o r . R e s . 1 4 :  7 9 4 -  
8 0 2 .

B u r g i s ,  W. A . 1 9  7 7 .  L a t e - W i s c o n s i n a n  h i s t o r y  o f
n o r t h e a s t e r n  l o w e r  M i c h i g a n . P h . D .  d i s s e r t a t i o n . 
U n i v e r s i t y  o f  M i c h i g a n . U n i v e r s i t y  M i c r o f i l m s  
I n t e r n a t i o n a l ,  Ann A r b o r , M i c h i g a n .  M i c r o f i l m  No.  7 8 -  
4 6 5 9 .

B u r g i s ,  W . A .  1 9 8 1 .  L a t e - W i s c o n s i n a n  h i s t o r y  o f  
n o r t h e a s t e r n  l o w e r  M i c h i g a n . p  1 - 1 0 4 .  I n  B u r g i s , 
W . A . , a n d  D . F .  E s c h m a n , e d s .  M i d w e s t  F r i e n d s  o f  t h e  
P l e i s t o c e n e  3 0 t h  A n n u a l  F i e l d  C o n f e r e n c e ,  May 2 9 - 3 1 ,  
1 9 8 1 .  U n i v .  o f  M i c h i g a n ,  Ann A r b o r . 110 p .

C r o w ,  T . R .  1 9 7 8 .  B i o m a s s  a n d  p r o d u c t i o n  i n  t h r e e  
c o n t i g u o u s  f o r e s t s  i n  n o r t h e r n  W i s c o n s i n .  E c o l o g y  59 :  
2 6 5 - 2 7 3 .

G o s z , J . R . ,  G . E .  L i k e n s ,  a n d  F . H .  Bor mann .  1 9 7 2 .  N u t r i e n t  
c o n t e n t  o f  l i t t e r  f a l l  o n  t h e  H u b b a r d  B r o o k  
E x p e r i m e n t a l  F o r e s t ,  New H a m p s h i r e .  E c o l o g y  53 :  7 6 9 -  
7 8 4 .

G o s z , J . R . ,  G . E .  L i k e n s ,  a n d  F . H .  Bor mann .  1 9 7 6 .  O r g a n i c  
m a t t e r  a n d  n u t r i e n t  d y n a m i c s  o f  t h e  f o r e s t  a n d  f o r e s t  
f l o o r  i n  t h e  H u b b a r d  Br ook  F o r e s t . O e c o l o g i a  22 :  3 0 5 -  
3 2 0 .

K e e n e y , D . R .  1 9  8 0 .  P r e d i c t i o n  o f  s o i l  n i t r o g e n  
a v a i l a b i l i t y  i n  f o r e s t  e c o s y s t e m s : a  l i t e r a t u r e  r e v i e w .  
F o r e s t  S c i .  26 :  1 5 9 - 1 7 1 .

MacLean ,  D . A . , a n d  R.W. Wei n .  1 9 7 7 .  N u t r i e n t  a c c u m u l a t i o n  
f o r  p o s t f i r e  j a c k  p i n e  a n d  h a r d w o o d  s u c c e s s i o n  p a t t e r n s  
i n  New B r u n s w i c k . C an .  J .  F o r . R e s . 7 :  5 6 2 - 5 7 8 .

M e l i 1 l o , J . M . ,  J . D . A b e r , a n d  J . F .  M u r a t o r e . 19  8 2 .
N i t r o g e n  a n d  l i g n i n  c o n t r o l  o f  h a r d w o o d  l e a f  l i t t e r  
d e c o m p o s i t i o n  d y n a m i c s .  E c o l o g y  63 :  6 2 1 - 6 2 6 .
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M y r o l d ,  D.D.  1 9 8 7 .  R e l a t i o n s h i p  b e t w e e n  m i c r o b i a l  b i o m a s s  

n i t r o g e n  a n d  a  n i t r o g e n  a v a i l a b i l i t y  i n d e x .  S o i l  S c i .  
S o c .  Am. J .  51 :  1 0 4 7 - 1 0 4 9 .

P a s t o r ,  J . ,  J . D .  A b e r ,  C . A.  M c C l a u g h e r t y , a n d  J . M .  M e l i l l o .  
1 9 8 4 .  A b o v e g r o u n d  p r o d u c t i o n  a n d  N a n d  P c y c l i n g  a l o n g  
a  n i t r o g e n  m i n e r a l i z a t i o n  g r a d i e n t  on  B l a c k h a w k  I s l a n d ,  
W i s c o n s i n .  E c o l o g y  6 5 :  2 5 6 - 2 6 8 .
& S o n s ,  New Y o r k .  263 p p .

P o w e r s ,  R . F .  1 9 8 0 .  M i n e r a l i z a b l e  s o i l  n i t r o g e n  a s  a n  i n d e x  
o f  n i t r o g e n  a v a i l a b i l i t y  t o  f o r e s t  t r e e s .  S o i l  S c i .  
S o c .  Am. J .  4 4 :  1 3 1 4 - 1 3 2 0 .

W i c k w a r e ,  G.M.  a n d  D.W.  C o w e l l .  1 9 8 5 .  F o r e s t  E c o s y s t e m  
C l a s s i f i c a t i o n  o f  t h e  T u r k e y  L a k e s  W a t e r s h e d ,  O n t a r i o .  
E c o l o g i c a l  La nd  C l a s s i f i c a t i o n  S e r i e s  No.  1 8 .  L a n d s  
D i r e c t o r a t e ,  E n v i r o n m e n t a l  C o n s e r v a t i o n  S e r v i c e ,  
E n v i r o n m e n t  C a n a d a .  33 p p .

Z a k ,  D . R . ,  K . S .  P r e g i t z e r , a n d  G . E .  H o s t .  1 9 8 6 .  L a n d s c a p e  
v a r i a t i o n  i n  n i t r o g e n  m i n e r a l i z a t i o n  a n d  n i t r i f i c a t i o n .  
C a n .  J .  F o r .  R e s .  1 6 :  1 2 5 8 - 1 2 6 3 .
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Table A.I. Soil variable comparisons for site groups based on depositional environment and surficial deposit.

V a r i a b l e  G ro u p s  Mean S .D .  n 
1 s t  2nd <-------1 s t  g r o u p --------- >

Mean S .D .  n 
<-------2nd g r o u p --------- >

F
( c a l c . )

d f ( n )  d f ( d )  d f  
< -  f o r  F ->  t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

ABRAYP 1 2 4 . 6 8 1 .4 0 3 7 . 5 8 3 . 6 7 8 6 .8 7 2 7 2 9 1 .5 3 8 . 8 - 1 . 8 9 7
ABRAYP 1 3 4 . 6 8 1 .4 0 3 2 2 .7 4 2 2 .2 5 6 2 5 2 .5 8 3 * 5 2 7 9 . 1 2 5 .  1 - 1 . 9 8 0
ABRAYP 1 4 4.6B 1 .4 0 3 1 4 .7 7 4 . 0 4 5 8 . 3 2 7 4 2 6 1 .9 8 5 . 3 - 5 .0 9 8 *
ABRAYP 1 5 4 . 6 8 1 .4 0 3 5 . 4 7 0 . 8 2 2 2 .9 1 5 2 1 3 0 . 9 9 3 . 0 - 0 . 7 9 4
ABRAYP 2 3 7 .5 8 3 . 6 7 8 2 2 .7 4 2 2 .2 5 6 3 6 .7 5 6 * 5 7 12 9 . 1 8 5 . 2 - 1 . 6 5 2
ABRAYP 2 4 7 . 5 8 3 .6 7 8 1 4 .7 7 4 . 0 4 5 1 .2 1 2 4 7 11 2 . 2 2 8 . 0 - 3 .2 3 2 *
ABRAYP 2 5 7 .5 8 3 . 6 7 8 5 . 4 7 0 . 8 2 2 2 0 .0 3 1 7 1 8 1 .4 2 7 . 9 1 .4 8 5
ABRAYP 3 4 2 2 .7 4 2 2 .2 5 6 1 4 .7 7 4 . 0 4 5 3 0 .3 3 2 * 5 4 9 9 . 2 6 5 . 4 0 .8 6 1
ABRAYP 3 5 2 2 .7 4 2 2 .2 5 6 5 . 4 7 0 . 8 2 2 7 3 6 .2 6 2 * 5 1 6 9 .  10 5 . 0 1 .8 9 7
ABRAYP 4 5 1 4 .7 7 4 . 0 4 5 5 . 4 7 0 . 8 2 2 2 4 .2 7 4 4 1 5 1 .9 0 4 . 7 4 .9 0 1 *
ACA 1 2 9 0 .5 1 5 2 .7 2 3 3 7 6 . 2 6 4 5 9 . 1 6 8 7 5 .8 5 4 * 7 2 9 1 6 5 .1 7 7 . 5 - 1 . 7 3 0
ACA 1 3 9 0 .5 1 5 2 .7 2 3 1 5 5 1 .3 7 5 7 4 .0 9 6 11 8 .5 7 9 * 5 2 7 2 3 6 .3 4 5 . 2 - 6 .1 8 1 *
ACA 1 4 9 0 .5 1 5 2 .7 2 3 1 5 4 8 .2 6 7 6 5 .9 1 5 2 1 1 .0 5 9 * 4 2 6 3 4 3 .8 8 4 .1 - 4 .2 3 9 *
ACA 1 5 9 0 .5 1 5 2 .7 2 3 7 4 1 .7 2 2 2 9 .9 0 2 1 9 .0 1 6 * 1 2 3 1 6 5 .3 9 1.1 - 3 . 9 3 7
ACA 2 3 3 7 6 . 2 6 4 5 9 . 1 6 8 1 5 5 1 .3 7 5 7 4 . 0 9 6 1 .563 5 7 12 2 8 5 .1 0 9 . 4 - 4 .1 2 2 *
ACA 2 4 3 7 6 . 2 6 4 5 9 . 1 6 8 1 5 4 8 .2 6 7 6 5 .9 1 5 2 .7 8 2 4 7 11 3 7 9 .0 5 5 . 8 - 3 .0 9 2 *
ACA 2 5 3 7 6 .2 6 4 5 9 . 1 6 8 7 4 1 .7 2 2 2 9 .9 0 2 3 .9 8 9 7 1 8 2 2 9 .7 4 3 . 5 - 1 .5 9 1
ACA 3 4 1 5 5 1 .3 7 5 7 4 .0 9 6 1 5 4 8 .2 6 7 6 5 .9 1 5 1 .7 8 0 4 5 9 4 1 5 .0 3 7 . 3 0 .0 0 7
ACA 3 5 1 5 5 1 .3 7 5 7 4 .0 9 6 7 4 1 .7 2 2 2 9 .9 0 2 6 .2 3 6 5 1 6 2 8 5 .2 3 5 .1 2 .8 3 9 *
ACA 4 5 1 5 4 8 .2 6 7 6 5 .9 1 5 7 4 1 .7 2 2 2 9 .9 0 2 1 1 .0 9 9 4 1 5 3 7 9 .1 4 5 . 0 2 .1 2 7
AHBUF 1 2 1 .7 0 E -4 4 . 3 7 E - 5 3 1 . 17E-4 7 . 14E-5 8 2 .6 7 0 7 2 9 0 . 0 0 6 . 2 1 .4 8 5
AHBUF 1 3 1 . 7 0 E -4 4 .3 7 E - 5 3 1 . 2 9 E -6 7 .4 9 E - 7 6 3 4 0 4 .0 8 * 2 5 7 0 . 0 0 2 . 0 6 .6 8 6 *
AHBUF 1 4 1 .7 0 E -4 4 .3 7 E - 5 3 7 . 9 9 E - 6 6 . 5 6 E - 6 5 4 4 .3 7 7 * 2 4 6 0 . 0 0 2 .1 6 .3 7 8 *
AHBUF 1 5 1 .7 0 E -4 4 .3 7 E - 5 3 4 . 8 6 E - 6 6 . 6 3 E - 6 2 4 3 .4 4 5 2 1 3 0 . 0 0 2 .  1 6 .4 3 5 *
AHBUF 2 3 1 . 17E-4 7 . 14E-5 8 1 . 29E -6 7 .4 9 E - 7 6 9 0 8 7 .2 6 * 7 5 12 0 . 0 0 7 . 0 4 .5 8 3 *

♦Significant difference between groups at alpha=0.05.



Table A.i. (continued).

V a r i a b l e G ro u p s  
1 s t  2nd

Mean
<-------1 s t

S .D .  
g r o u p  —

n
—>

Mean
<-------2nd

S .D .
g r o u p  —

n 
—>

F
( c a l c . )

d f  ( n )  
< -  f o r

d f  ( d )  
F ->

d f
t

P o o l e d  
s  d f

A p p r o x . 
f o r  t

t
( c a l c . )

AHBUF 2 4 1 . 17E-4 7 .  14E-5 6 7 . 9 9 E - 6 6 . 5 6 E - 6 5 1 1 8 .4 6 5 * 7 4 11 0 . 0 0 7 . 2 4 .2 0 9 *
AHBUF 2 5 1 .1 7 E -4 7 . 14E-5 8 4 . 8 6 E - 6 6 . 6 3 E - 6 2 1 1 5 .9 7 6 7 1 8 0 . 0 0 7 . 4 4 .3 6 8 *
AHBUF 3 4 1 -2 9 E -6 7 . 4 9 E - 7 6 7 . 9 9 E - 6 6 . 5 6 E - 6 5 7 6 .7 0 9 * 4 5 9 0 . 0 0 4 .1 - 2 .2 7 1
AHBUF 3 5 1 . 29E-6 7 . 49E-7 6 4 . 8 6 E - 6 6 . 6 3 E - 6 2 7 8 .3 5 4 * 1 5 6 0 . 0 0 1 .0 - 0 . 7 6 0
AHBUF 4 S 7 . 9 9 E - 6 6 . 5 6 E - 6 5 4 . 8 6 E - 6 6 . 6 3 E - 6 2 .1.021 1 4 5 0 . 0 0 1 .9 0 . 5 6 6
AK 1 2 2B .34 4 . 6 0 3 4 2 . 0 2 2 7 .8 1 8 3 6 .5 5 0 * 7 2 9 1 0 .1 8 7 . 9 - 1 . 3 4 3
AK 1 3 2 0 .3 4 4 . 6 0 3 4 8 .7 8 8 . 7 2 6 3 . 5 9 3 5 2 7 4 . 4 4 6 . 8 - 4 .6 0 2 *
AK 1 4 2 0 .3 4 4 . 6 0 3 7 7 .9 3 3 5 . 7 6 5 6 0 .4 3 4 * 4 2 6 16.21 4 . 2 - 3 .0 5 9 *
AK 1 5 2 0 .3 4 4 . 6 0 3 3 5 .8 4 5 . 6 3 2 1 .4 9 8 1 2 3 4 . 7 9 1 .9 - 1 . 5 6 7
AK 2 3 4 2 .0 2 2 7 .8 1 8 4 8 .7 8 8 . 7 2 6 1 0 .1 7 1 * 7 5 12 1 0 .4 6 8 . 7 - 0 . 6 4 6
AK 2 . 4 4 2 .0 2 2 7 .8 1 8 7 7 .9 3 3 5 . 7 6 5 1 .6 5 3 4 7 11 1 8 .7 7 7 . 0 - 1 . 9 1 3
AK 2 5 4 2 .0 2 27 .8 1 8 3 5 .8 4 5 . 6 3 2 2 4 .4 0 0 7 1 8 10.61 8 . 0 0 .5 8 3
AK 3 4 4 0 .7 0 8 . 7 2 6 7 7 .9 3 3 5 . 7 6 5 1 6 .8 1 8 * 4 5 9 1 6 .3 8 4 . 4 - 1 . 7 7 9
AK 3 5 4 8 .7 0 8 . 7 2 6 3 5 .8 4 5 . 6 3 2 2 .3 9 9 5 1 6 5 . 3 4 2 . 9 2 .4 2 3
AK 4 5 7 7 .9 3 3 5 . 7 6 5 3 5 .8 4 5 . 6 3 2 4 0 . 3 4 4 4 1 5 1 6 .4 8 4 . 4 2 .5 5 4
AMG 1 2 1 6 .9 8 4 . 3 6 3 4 5 . 8 3 3 9 .4 4 8 8 1 .8 2 8 * 7 2 9 1 4 .1 7 7 . 4 - 2 . 0 3 6
AMG 1 3 1 6 .9 0 4 . 3 6 3 8 9 . 3 3 1 7 .3 6 6 1 5 .8 5 4 5 2 7 7 . 5 2 6 .1 - 9 .6 2 0 *
AMG 1 4 1 6 .9 8 4 . 3 6 3 150.51 7 2 . 5 4 £ 2 7 6 .8 1 0 * 4 2 6 3 2 . 5 4 4 . 0 - 4 .1 0 4 *
AMG 1 5 1 6 .9 8 4 . 3 6 3 5 2 .6 5 2 5 .2 8 2 3 3 .6 1 9 1 2 3 1 8 .0 5 1 .0 - 1 . 9 7 6
AMG 2 3 4 5 . 8 3 3 9 .4 4 8 8 9 . 3 3 1 7 .3 6 6 5 .1 6 1 7 5 12 1 5 .6 4 10 .1 - 2 .7 8 1 *
AMG 2 4 4 5 . 8 3 3 9 .4 4 8 150.51 7 2 .5 4 5 3 . 3 8 3 4 7 11 3 5 .3 1 5 . 5 - 2 .9 6 5 *
AMG 2 5 4 5 .8 3 3 9 .4 4 8 5 2 .6 5 2 5 .2 8 2 2 .4 3 4 7 1 8 2 2 .6 7 2 . 5 - 0 .3 0 1

AMG 3 4 8 9 .3 3 1 7 .3 6 6 1 50 .51 7 2 . 5 4 5 1 7 .4 6 0 * 4 5 9 3 3 .2 1 4 . 4 - 1 . 8 4 2

AMG 3 5 8 9 .3 3 1 7 .3 6 6 5 2 .6 5 2 5 .2 8 2 2 .1 2 1 1 5 6 1 9 .2 3 1 .3 1 .9 0 8
AMG 4 5 150 .51 7 2 . 5 4 5 5 2 . 6 5 2 5 .2 8 2 8 . 2 3 4 4 1 5 3 7 . 0 4 5 . 0 2 .6 4 2 *

•Significant difference between groups at a1pha=0.05.
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Table A.i. (continued).

V a r i a b l e  G ro u p s  
1 s t  2nd

Mean S .D .  n 
<-------1 s t  g r o u p --------- >

Mean S .D .  n 
<-------2nd g r o u p --------- >

F d f ( n )  d f ( d )  o f  
( c a l c . )  < -  f o r  F ->  t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

ATKN 1 2 8 3 4 . 2 4 112.21 3 9 7 2 . 7 8 54 3 .5 1 8 2 3 .4 6 1 7 2 9 2 0 2 .7 9 8 . 3 - 0 . 6 8 3

ATKN 1 3 8 3 4 .2 4 112.21 3 1 9 8 3 .3 0 4 4 3 . 7 4 6 1 5 .6 3 8 5 2 7 19 2 .3 9 6 .1 - 5 .9 7 3 *
ATKN 1 4 8 3 4 .2 4 112.21 3 1 7 9 1 .8 9 4 9 4 .2 3 5 1 9 .4 0 0 4 2 6 2 3 0 .3 3 4 . 6 - 4 .1 5 8 *
ATKN 1 5 8 3 4 . 2 4 112.21 3 9 0 9 . 4 7 7 . 5 5 2 2 2 0 .8 8 7 2 1 3 6 5 . 0 0 2 . 0 - 1 . 1 5 7
ATKN 2 3 9 7 2 . 7 8 5 4 3 .5 1 8 1 9 8 3 .3 0 4 4 3 .7 4 6 1 .5 0 0 7 5 12 2 6 4 .0 9 1 1 .9 - 3 . 8 2 6 *
ATKN 2 4 9 7 2 .7 8 5 4 3 .5 1 8 1 7 9 1 .8 9 4 9 4 .2 3 5 1 .2 0 9 7 4 11 2 9 2 .8 8 9 . 3 - 2 .7 9 7 *
ATKN 2 5 9 7 2 .7 8 5 4 3 .5 1 8 9 0 9 . 4 7 7 . 5 5 2 5 1 8 2 .2 8 * 7 1 8 1 9 2 .2 3 7 . 0 0 . 3 2 9
ATKN 3 4 1 9 8 3 .3 0 4 4 3 .7 4 6 1 7 9 1 .8 9 4 9 4 .2 3 5 1.241 4 5 9 2 8 5 .7 8 8 . 2 0 . 6 7 0
ATKN 3 5 1 9 8 3 .3 0 4 4 3 . 7 4 6 9 0 9 . 4 7 7 . 5 5 2 3454.33® 5 1 6 1 8 1 .2 3 5 . 0 5 . 9 2 5 *
ATKN 4 5 1 7 9 1 .8 9 4 9 4 .2 3 5 9 0 9 . 4 7 7 . 5 5 2 4 2 8 5 .1 3 ° 4 1 5 2 2 1 .0 9 4 . 0 3 . 9 9 1 *
ATKP 1 2 8 1 . 4 0 3 1 .2 8 3 6 9 . 5 9 2 6 .7 2 8 1 .3 7 0 2 7 9 2 0 .3 8 3 . 2 0 . 5 7 9
ATKP 1 3 81 .4 0 31 .2 8 3 2 7 4 .2 7 1 3 1 .9 5 6 1 7 .7 9 4 5 2 7 5 6 . 8 2 6 . 0 - 3 .3 9 5 *
ATKP 1 4 8 1 . 4 0 31 .28 3 19 1 .8 4 4 3 . 5 0 5 1 .9 3 4 4 2 6 2 6 .5 4 5 . 6 - 4 .1 6 1 *
ATKP 1 5 8 1 . 4 0 31 .2 8 3 7 6 .7 9 3 . 1 4 2 9 9 . 2 3 7 2 1 3 1 8 .2 0 2 .1 0 . 2 5 3
ATKP 2 3 6 9 .5 9 2 6 .7 2 8 2 7 4 .2 7 1 3 1 .9 5 6 24.386® 5 7 12 5 4 . 6 9 5 . 3 - 3 .7 4 3 *
ATKP 2 4 6 9 . 5 9 2 6 .7 2 8 1 9 1 .8 4 4 3 . 5 0 5 2 .6 5 0 4 7 11 2 1 ,6 3 5 . 9 - 5 .6 5 3 *
ATKP 2 5 6 9 . 5 9 2 6 .7 2 8 7 6 . 7 9 3 .  14 2 7 2 .4 1 3 7 1 8 9 . 7 0 7 . 6 - 0 . 7 4 2
ATKP 3 4 2 7 4 .2 7 1 3 1 .9 5 6 1 9 1 .8 4 4 3 . 5 0 5 9 .2 0 1 5 4 9 5 7 .2 7 6 . 3 1 .4 3 9
ATKP 3 5 2 7 4 .2 7 13 1 .9 5 6 7 6 . 7 9 3 . 1 4 2 1765.87® 5 1 6 5 3 .9 1 5 . 0 3 .6 6 3 *
ATKP 4 5 1 9 1 .8 4 4 3 . 5 0 5 7 6 . 7 9 3 .  14 2 1 9 1 .9 2 0 4 1 5 1 9 .5 8 4 .  1 5 .8 7 6 *
BBRAYP 1 2 2 1 5 .8 5 5 3 .3 1 3 2 1 1 . 5 6 1 1 3 .2 2 8 4 .5 1 1 7 2 9 5 0 . 4 9 8 . 0 0 . 0 8 5
BBRAYP 1 3 2 1 5 .8 5 5 3 .3 1 3 2 4 2 .8 5 2 4 7 .1 7 6 2 1 .4 9 7 5 2 7 1 0 5 .5 0 5 . 8 - 0 . 2 5 6

BBRAYP 1 4 2 1 5 .8 5 53 .3 1 3 2 4 5 .5 7 2 7 1 .1 1 5 2 5 .8 6 3 4 2 6 1 2 5 .0 9 4 . 5 - 0 . 2 3 8
BBRAYP 1 5 2 1 5 .8 5 5 3 .3 1 3 3 3 5 .6 9 4 3 1 . 5 5 2 65.531® 1 2 3 3 0 6 .7 0 1 . 0 - 0 .3 9 1
BBRAYP 2 3 2 1 1 .5 6 1 1 3 .2 2 8 2 4 2 .8 5 2 4 7 .1 7 6 4 . 7 6 6 5 7 12 1 0 8 .5 6 6 . 6 - 0 . 2 8 8

•Significant difference between groups at a1pha=0.05.
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Table A.i. (continued).

a r l a b l e G ro u p s Mean S .D .  n Mean S .D .  n F d f ( n ) d f  ( d ) d f P o o le d A p p ro x . t

1 s t 2nd <-------1 s t g r o u p -------> <-------2nd g r o u p -------> ( c a l c . ) < -  f o r ' F -> t s  d f f o r  t ( c a l c . )

BBRAVP 2 4 2 1 1 .5 6 11 3 .2 2 8 2 4 5 .5 7 2 7 1 .1 1 5 5.734® 4 7 11 12 7 .6 8 4 . 9 - 0 . 2 6 6

BBRAYP 2 5 2 1 1 .5 6 1 1 3 .2 2 8 3 3 5 .6 9 4 3 1 . 5 5 2 14.528® 1 7 8 3 0 7 .7 7 1 .0 - 0 . 4 0 3

BBRAYP 3 4 2 4 2 .8 5 2 4 7 .1 7 6 2 4 5 .5 7 2 7 1 .1 1 5 1 .2 0 3 4 5 9 1 5 7 .7 4 8 . 3 - 0 . 0 1 7

BBRAYP 3 5 2 4 2 .6 5 2 4 7 .1 7 6 3 3 5 .6 9 4 3 1 . 5 5 2 3 .0 4 8 1 5 6 3 2 1 .4 0 1 .2 - 0 . 2 8 9

BBRAVP 4 5 2 4 5 .5 7 2 7 1 .1 1 5 3 3 5 .6 9 4 3 1 . 5 5 2 2 .5 3 4 1 4 5 3 2 8 .3 6 1 .3 - 0 . 2 7 4

BCA 1 2 2 0 2 .4 0 2 3 3 .9 9 3 3 0 7 5 .3 0 4 5 2 2 .4 7 8 3 7 3 .5 5 7 * 7 2 9 1 6 0 4 .6 3 7 .1 - 1 . 7 9 0

BCA 1 3 2 0 2 .4 0 2 3 3 .9 9 3 2 1 7 6 3 .6 9 8 3 7 9 .4 2 6 1 2 8 2 .4 3 * 5 2 7 3 4 2 3 .5 5 5 . 0 - 6 .2 9 8 *

BCA 1 4 2 0 2 .4 0 2 3 3 .9 9 3 1 7 9 6 6 .9 4 8 7 3 0 . 3 9 5 1 3 9 2 .1 1 * 4 2 6 3 9 0 6 .6 9 4 . 0 -4 .5 4 7 ®

BCA 1 5 2 0 2 .4 0 2 3 3 .9 9 3 6 8 7 3 .6 7 1 6 5 .5 5 2 1 .9 9 8 2 1 3 1 7 8 .7 6 2 . 9 - 3 7 .3 2 0 *

BCA 2 3 3 0 7 5 .3 0 4 5 2 2 .4 7 8 2 1 7 6 3 .6 9 8 3 7 9 .4 2 6 3 . 4 3 3 5 7 12 3 7 7 6 .1 1 7 . 2 - 4 .9 4 9 *

BCA 2 4 3 0 7 5 .3 0 4 5 2 2 .4 7 8 1 7 9 6 6 .9 4 8 7 3 0 .3 9 5 3 . 7 2 7 4 7 11 4 2 1 9 .0 7 5 . 4 - 3 .5 3 0 *

BCA 2 5 3 0 7 5 .3 0 4 5 2 2 .4 7 8 6 8 7 3 .6 7 1 6 5 .5 5 2 7 4 6 .2 6 5 7 1 8 1603 .21 7 .1 - 2 .3 6 9 *

BCA 3 4 2 1 7 6 3 .6 9 8 3 7 9 .4 2 6 1 7 9 6 6 .9 4 8 7 3 0 .3 9 5 1 .0 8 6 4 5 9 5 1 9 0 .9 9 8 . 5 , 0 .7 3 1

BCA 3 5 2 1 7 6 3 .6 9 8 3 7 9 .4 2 6 6 8 7 3 .6 7 1 6 5 .5 5 2 2 5 6 1 .9 4 * 5 1 6 3 4 2 2 .8 9 5 . 0 4 .3 5 0 *

BCA 4 5 1 7 9 6 6 .9 4 8 7 3 0 .3 9 5 6 8 7 3 .6 7 16 5 .5 5 2 2 7 8 1 .0 5 * 4 1 5 3 9 0 6 .1 0 4 . 0 2 .8 4 0 *
BHBUF 1 2 3 . 0 9 E - 4 9 . 18E-5 3 2 .9 2 E - 4 1 .0 4 E - 4 8 1 .2 8 3 7 2 9 0 . 0 0 4 .  1 0 . 2 6 4

BHBUF 1 3 3 . 0 9 E - 4 9 . 18E-5 3 1 .5 1 E - 4 1 .2 3 E - 4 6 1 .7 9 5 5 2 7 0 . 0 0 5 . 4 2 .1 6 4

BHBUF 1 4 3 . 0 9 E - 4 9 .1 B E -5 3 7 . 9 4 E - 5 3 . 6 3 E - 5 5 6 . 3 9 5 2 4 6 0 . 0 0 2 . 4 4 .1 4 2 *

BHBUF 1 5 3 .0 9 E - 4 9 . 1 8 E - 5 3 9 . 7 6 E - 5 3 . 8 5 E - 5 2 5 . 6 8 5 2 1 3 0 . 0 0 2 . 8 3 .5 4 8 *
BHBUF 2 3 2 .9 2 E - 4 1 . 04 E -4 8 1 .5 1 E - 4 1 . 23E-4 6 1 .3 9 9 5 7 12 0 . 0 0 9 . 8 2 . 2 6 6 *
BHBUF 2 4 2 .9 2 E - 4 1 .0 4 E -4 8 7 . 9 4 E - 5 3 . 6 3 E - 5 5 8 . 2 0 8 7 4 11 0 . 0 0 9 . 4 5 .2 8 9 *
BHBUF 2 5 2 .9 2 E - 4 1 .0 4 E -4 8 9 . 7 6 E - 5 3 . 8 5 E - 5 2 7 .2 9 7 7 1 8 0 . 0 0 5 . 4 4 .2 4 9 *

BHBUF 3 4 1 .5  IE -4 1 . 2 3 E -4 6 7 .9 4 E - 5 3 . 6 3 E - 5 5 11.481® 5 4 9 0 . 0 0 6 . 0 1 .3 5 7
BHBUF 3 5 1 .5 1 E - 4 1 .2 3 E - 4 6 9 . 7 6 E - 5 3 . 8 5 E - 5 2 1 0 .2 0 7 5 1 6 0 . 0 0 5 . 8 0 .9 3 5
BHBUF 4 5 7 . 9 4 E - 5 3 .6 3 E - 5 5 9 . 7 6 E - 5 3 . 8 5 E - 5 2 1 .1 2 5 1 4 5 0 . 0 0 1 .8 - 0 . 5 7 4

♦Significant difference between groups at a1pha=0.05.
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Table A.I. (continued).

V a r i a b l e  G roups  
1 s t  2nd

Mean S .D .  n 
<-------1 s t  g r o u p ---------->

Mean S .D .  n 
<-------2nd g r o u p --------- >

F d f ( n )  d f ( d )  d f  
( c a l c . )  < -  f o r  F ->  t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

BK 1 2 6 2 .7 7 1 1 .5 9 3 2 8 1 .7 9 3 9 6 .8 2 8 1 1 7 2 .2 5 * 7 2 9 1 4 0 .4 6 7 . 0 - 1 . 5 5 9
BK 1 3 6 2 .7 7 1 1 .5 9 3 8 2 7 . 8 9 3 9 9 .8 5 6 1190.22® 5 2 7 1 6 3 .3 8 5 . 0 - 4 .6 8 3 *
BK 1 4 6 2 .7 7 1 1 .5 9 3 1 0 3 7 .6 0 2 7 6 .1 0 5 567 .500® 4 2 6 1 2 3 .6 6 4 . 0 -7 .8 8 3 ®
BK 1 5 6 2 .7 7 1 1 .5 9 3 5 9 8 .9 7 1.41 2 6 7 . 5 6 6 2 1 3 6 . 7 7 2 .  1 - 7 9 .2 5 7 *
BK 2 3 2 8 1 .7 9 3 9 6 .8 2 B 8 2 7 . 8 9 3 9 9 .8 5 6 1 .0 1 5 5 7 12 2 1 5 .2 4 1 0 .9 - 2 .5 3 7 *
BK 2 4 2 8 1 .7 9 3 9 6 .8 2 8 1 0 3 7 .6 0 2 7 6 .1 0 5 2 .0 6 6 7 4 11 1 8 6 .8 9 1 0 .8 - 4 .0 4 4 *
BK 2 5 2 8 1 .7 9 3 9 6 .8 2 8 5 9 8 .9 7 1.41 2 79204 .3® 7 1 8 1 4 0 .3 0 7 . 0 - 2 .2 6 1
BK 3 4 8 2 7 .8 9 3 9 9 . 8 5 6 1 0 3 7 .6 0 2 7 6 .1 0 5 2 .0 9 7 5 4 9 2 0 4 .6 8 8 . 8 - 1 . 0 2 5
BK 3 5 8 2 7 .8 9 3 9 9 .8 5 6 5 9 8 .9 7 1.41 2 80418 .5® 5 1 6 1 6 3 .2 4 5 . 0 1 .4 0 2
BK 4 5 1 0 3 7 .6 0 2 7 6 .  10 5 5 9 8 .9 7 1 .41 2 38343 .8® 4 1 5 1 2 3 .4 8 4 . 0 3 .5 5 2 *
BUG 1 2 4 5 .1 2 4 7 . 8 3 3 6 4 3 .2 5 1141.01 8 569 .086® 7 2 9 4 0 4 .3 5 7 .1 - 1 . 4 7 9
BMG 1 3 4 5 .  12 4 7 .8 3 3 2 2 0 7 .6 5 1 2 6 5 .6 9 6 700 .251® 5 2 7 5 1 7 .4 5 5 . 0 - 4 .1 7 9 *
BMG 1 4 4 5 .  12 4 7 . 8 3 3 3 2 9 1 .2 0 7 9 8 .2 9 5 278.561® 4 2 6 3 5 8 .0 7 4 . 0 - 9 .0 6 5 *
BMG 1 5 4 5 .1 2 4 7 . 8 3 3 1340.61 5 1 3 . 9 0 2 1 1 5 .4 4 0 * 1 2 3 3 6 4 .4 3 1 .0 - 3 . 5 5 5
BMG 2 3 6 4 3 .2 5 1141 .01 8 2 2 0 7 .6 5 1 2 6 5 .6 9 6 1 .2 3 0 5 7 12 6 5 5 . 5 4 1 0 .2 - 2 .3 8 6 *
BMG 2 4 6 4 3 .2 5 1141 .01 8 3 2 9 1 .2 0 7 9 8 .2 9 5 2 .0 4 3 7 4 11 5 3 8 . 6 9 1 0 .7 - 4 .9 1 5 *
BMG 2 5 6 4 3 .2 5 1141 .01 8 1340 .61 5 1 3 . 9 0 2 4 . 9 3 0 7 1 8 5 4 2 . 9 4 4 .1 - 1 . 2 8 4
BMG 3 4 2 2 0 7 .6 5 1 2 6 5 .6 9 6 3 2 9 1 .2 0 7 9 8 .2 9 5 2 .5 1 4 5 4 9 6 2 8 . 0 5 8 . 5 - 1 . 7 2 5
BMG 3 5 2 2 0 7 .6 5 1 2 6 5 .6 9 6 1340.61 5 1 3 . 9 0 2 6 . 0 6 6 5 1 6 6 3 1 . 7 0 5 . 0 1 .3 7 3
BMG 4 5 3 2 9 1 .2 0 7 9 8 .2 9 5 1340.61 5 1 3 .9 0 2 2 .4 1 3 4 1 5 5 0 9 .4 1 3 .1 3 .8 2 9 *
BTKN 1 2 1 3 8 0 .5 6 2 2 3 .8 6 3 2 0 7 9 .5 8 1 0 0 6 .3 5 8 2 0 . 2 0 9 7 2 9 3 7 8 . 5 5 8 . 5 - 1 . 8 4 7
BTKN 1 3 1 3 8 0 .5 6 2 2 3 .8 6 3 5 2 8 5 .1 6 6 5 7 .3 9 6 8 . 6 2 4 5 2 7 2 9 7 .8 8 6 . 7 - 1 3 .1 0 8 *
BTKN 1 4 1 3 8 0 .5 6 2 2 3 . 8 6 3 4 3 6 0 .1 5 6 5 6 .3 7 5 8 . 5 9 7 4 2 6 3 2 0 . 7 3 5 . 3 - 9 .2 9 0 *
BTKN 1 5 1 3 8 0 .5 6 2 2 3 .8 6 3 3 5 9 1 .3 9 5 6 0 . 0 6 2 6 . 2 5 9 1 2 3 4 1 6 . 5 8 1 .2 - 5 .3 0 7 *
BTKN 2 3 2 0 7 9 .5 8 1 0 0 6 .3 5 8 5 2 8 5 .1 6 6 5 7 .3 9 6 2 .3 4 3 7 5 12 4 4 5 . 6 7 1 1 .9 - 7 .1 9 3 *

♦Significant difference between groups at a1pha=0.05.
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Table A.I. (continued).

i / a r l a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S .D .  
g r o u p  -----

n
->

Mean 
<-------2nd

S.D .
g r o u p  -----

n
->

F
( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o l e d  
s  d f

Approx 
f o r  t

t
( c a l c . )

BTKN 2 4 2 0 7 9 .5 8 1 0 0 6 .3 5 8 4 3 6 0 .1 5 6 5 6 .3 7 5 2 .3 5 1 7 4 11 4 6 1 . 2 6 1 0 .9 - 4 .9 4 4 *

BTKN 2 5 2 0 7 9 .5 0 1 0 0 6 .3 5 8 3 5 9 1 .3 9 5 6 0 . 0 6 2 3 . 2 2 9 7 1 8 5 3 2 .3 8 3 . 0 - 2 .8 4 0 *
BTKN 3 4 5 2 8 5 .1 6 6 5 7 . 3 9 6 4 3 6 0 .1 5 6 5 6 .3 7 5 1 .0 0 3 5 4 9 3 9 7 .7 3 8 . 6 2 .3 2 6 *

BTKN 3 5 5 2 8 5 .1 6 6 5 7 .3 9 6 3 5 9 1 .3 9 5 6 0 .0 6 2 1 .3 7 8 5. 1 6 4 7 8 . 3 9 2 . 0 3 .5 4 1 *

BTKN 4 5 4 3 6 0 .1 5 6 5 6 . 3 7 5 3 5 9 1 .3 9 5 6 0 . 0 6 2 1 .3 7 3 4 1 5 4 9 2 .9 5 2 . 2 1 .5 6 0

BTKP 1 2 7 9 5 .7 8 1 6 7 .9 0 3 1 0 7 6 .5 7 7 9 6 .2 2 8 2 2 .4 8 9 7 2 9 2 9 7 .7 3 8 . 3 - 0 . 9 4 3

BTKP 1 3 7 9 5 .7 8 1 6 7 .9 0 3 3 5 0 2 .5 2 1 1 5 6 .3 7 6 4 7 .4 3 4 * 5 2 7 4 8 1 . 9 4 5 . 4 - 5 .6 1 6 *
BTKP 1 4 7 9 5 .7 8 1 6 7 .9 0 3 3 1 2 8 .5 0 1 4 7 7 .1 5 5 7 7 .4 0 1 * 4 2 6 6 6 7 .6 8 4 . 2 - 3 .4 9 4 *
BTKP 1 5 7 9 5 .7 8 1 6 7 .9 0 3 2 4 6 4 .2 4 1 8 9 8 .0 3 2 1 2 7 .7 9 2 * 1 2 3 1345 .61 1 .0 - 1 . 2 4 0
BTKP 2 3 1 0 7 6 .5 7 7 9 6 .2 2 8 3 5 0 2 .5 2 1 1 5 6 .3 7 6 2 .1 0 9 5 7 12 5 4 9 .6 5 8 . 4 - 4 .4 1 4 *
BTKP 2 4 1 0 7 6 .5 7 7 9 6 .2 2 8 3 1 2 8 .5 0 1 4 7 7 .1 5 5 3 .4 4 2 4 7 1 1 7 1 8 .0 8 5 . 5 -2 .B 5 8 *
BTKP 2 5 1 0 7 6 .5 7 7 9 6 .2 2 8 2 4 6 4 .2 4 1 8 9 8 .0 3 2 5 . 6 8 3 1 7 8 1371 .31 1.1 - 1 . 0 1 2
BTKP 3 4 3 5 0 2 .5 2 1 1 5 6 .3 7 6 3 1 2 8 .5 0 1 4 7 7 .1 5 5 1 .6 3 2 4 5 9 8 1 1 .9 5 7 . 6 0 .4 6 1
BTKP 3 5 3 5 0 2 .5 2 1 1 5 6 .3 7 6 2 4 6 4 .2 4 1 8 9 8 .0 3 2 2 .6 9 4 1 5 6 1 4 2 2 .7 2 1 .3 0 . 7 3 0
BTKP 4 5 3 1 2 8 .5 0 1 4 7 7 .1 5 5 2 4 6 4 .2 4 1 8 9 8 .0 3 2 1 .651 1 4 5 1 4 9 5 .8 8 1 .5 0 . 4 4 4
CASUM 1 2 6 1 4 2 .2 9 4 4 6 7 .9 5 3 1 6 2 0 6 .7 9 1 0 6 6 1 .3 7 8 5 . 6 9 4 7 2 9 4 5 6 7 .5 3 8 . 5 - 2 .2 0 3 *
CASUM 1 3 6 1 4 2 .2 9 4 4 6 7 .9 5 3 3 6 6 6 4 .0 1 1 4 9 6 1 .4 2 6 1 1 .2 1 3 5 2 7 6 6 3 0 .3 5 6 . 4 - 4 .6 0 3 *
CASUM 1 4 6 1 4 2 .2 9 4 4 6 7 .9 5 3 4 3 4 9 2 .6 4 1 4 2 4 0 .2 3 5 1 0 .1 5 8 4 2 6 6 8 7 1 .0 3 5 .  1 - 5 .4 3 6 *
CASUM 1 5 6 1 4 2 .2 9 4 4 6 7 .9 5 3 2 4 0 8 9 .2 2 1 3 9 0 5 .8 6 2 9 . 6 8 7 1 2 3 1 0 1 6 5 .6 6 1. 1 - 1 . 7 6 5
CASUM 2 3 1 6 2 0 6 .7 9 10 6 6 1 .3 7 8 3 6 6 6 4 .0 1 1 4 9 6 1 .4 2 6 1 .9 6 9 5 7 12 7 1 7 7 .4 3 8 . 6 - 2 .8 5 0 *
CASUM 2 4 1 6 2 0 6 .7 9 10 6 6 1 .3 7 8 4 3 4 9 2 .6 4 1 4 2 4 0 .2 3 5 1 .7 8 4 4 7 11 7 4 0 0 .3 3 6 . 8 - 3 .6 8 7 *
CASUM 2 5 1 6 2 0 6 .7 9 1 0 6 6 1 .3 7 8 2 4 0 8 9 .2 2 1 3 9 0 5 .8 6 2 1.701 1 7 8 1 0 5 3 0 .6 5 1 .3 - 0 . 7 4 9
CASUM 3 4 3 6 6 6 4 .0 1 14 9 6 1 .4 2 6 4 3 4 9 2 .6 4 1 4 2 4 0 .2 3 5 1 .1 0 4 5 4 9 8 8 2 4 .0 7 8 . 8 - 0 . 7 7 4
CASUM 3 5 3 6 6 6 4 .0 1 14 9 6 1 .4 2 6 2 4 0 8 9 .2 2 1 3 9 0 5 .8 6 2 1 .1 5 8 5 1 6 1 1 5 7 5 .5 7 1 .9 1 .0 8 6
CASUM 4 5 4 3 4 9 2 .6 4 14 2 4 0 .2 3 5 2 4 0 8 9 .2 2 1 3 9 0 5 .8 6 2 1 .0 4 9 4 1 5 1 1 7 1 5 .0 9 1 .9 1 .6 5 6

•Significant difference between groups at a 1pha=0.05.
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Table A.i. (continued).

V a r i a b l e  G ro u p s  
1 s t  2nd

Mean S .D .  n 
<-------1 s t  g r o u p --------- >

Mean S .D .  n 
<-------2nd g r o u p --------- >

F
( c a l c . )

d f ( n )  d f ( d )  d f  
< -  f o r  F ->  t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

CBRAYP 1 2 1 8 1 .9 2 3 7 . 4 6 3 1 0 4 .1 3 5 3 .1 1 8 2 .0 1 0 7 2 9 2 8 .6 4 5 . 3 2 .7 1 6 *

CBRAYP 1 3 1 8 1 .9 2 3 7 . 4 6 3 1 5 .1 8 11 .3 0 6 1 0 .9 9 0 * 2 5 7 2 2 .1 1 2 . 2 7 .5 4 0 *
CBRAYP 1 4 1 8 1 .9 2 3 7 .4 6 3 3 3 .7 4 2 1 .8 8 5 2 .9 3 1 2 4 6 2 3 .7 4 2 . 8 6 .2 4 2 *
CBRAYP 1 5 1 8 1 .9 2 3 7 .4 6 3 4 5 . 0 8 2 6 .7 3 2 1 .9 6 4 2 1 3 2 8 .7 2 2 . 9 4 .7 6 4 *

CBRAYP 2 3 1 0 4 .1 3 5 3 .1 1 8 1 5 .1 8 1 1 .3 0 6 2 2 .0 9 0 * 7 5 12 19 .3 4 7 . 8 4 .6 0 0 *
CBRAYP 2 4 1 0 4 .1 3 5 3 .1 1 8 3 3 . 7 4 2 1 .8 8 5 ' 5 .8 9 2 7 4 1 1 21 . 17 1 0 .0 3 .3 2 4 *

CBRAYP 2 5 1 0 4 .1 3 5 3 .  11 8 4 5 . 0 8 2 6 .7 3 2 3 . 9 4 8 7 1 8 2 6 .6 4 3 . 5 2 .2 1 6
CBRAYP 3 4 15. 18 1 1 .3 0 6 3 3 . 7 4 2 1 .8 8 5 3 . 7 4 9 4 5 9 1 0 .8 2 5 . 7 - 1 . 7 1 6
CBRAYP 3 5 15. 18 11 .3 0 6 4 5 . 0 8 2 6 .7 3 2 5 . 5 9 6 1 5 6 1 9 .4 6 1 . 1 - 1 . 5 3 7

CBRAYP 4 • 5 3 3 .7 4 21 .88 5 4 5 . 0 8 2 6 .7 3 2 1 .4 9 2 1 4 5 2 1 .2 8 1 .6 - 0 . 5 3 3

CCA 1 2 5 7 1 0 . 7 6 4 3 8 1 .7 3 3 1 2 5 2 2 .8 9 8 9 2 3 .8 0 8 4 .  148 7 2 9 4 0 4 4 .0 2 7 . 7 - 1 . 6 8 4
CCA 1 3 5 7 1 0 .7 6 4 3 8 1 .7 3 3 1 3 0 0 6 .7 2 1 0 9 6 6 .6 7 6 6 . 2 6 4 5 2 7 5 1 4 2 .4 2 6 . 9 - 1 . 4 1 9
CCA 1 4 5 7 1 0 .7 6 4 3 8 1 .7 3 3 2 3 6 6 3 .7 8 9 4 3 4 .9 3 5 4 . 6 3 6 4 2 6 4 9 1 9 .7 0 5 . 9 - 3 .6 4 9 *
CCA 1 5 5 7 1 0 .7 6 4 3 8 1 .7 3 3 1 5 9 9 6 .1 5 1 3 9 2 6 .6 0 2 1 0 .1 0 2 1 2 3 1 0 1 6 7 .3 5 1.1 - 1 . 0 1 2
CCA 2 3 1 2 5 2 2 .8 9 8 9 2 3 .8 0 8 1 3 0 0 6 .7 2 1 0 9 6 6 .6 7 6 1 .5 1 0 5 7 12 5 4 7 7 .1 3 9 . 5 - 0 . 0 8 8
CCA 2 4 1 2 5 2 2 .8 9 8 9 2 3 .8 0 8 2 3 6 6 3 .7 8 9 4 3 4 .9 3 5 1 .1 1 8 4 7 11 5 2 6 8 .5 7 8 . 2 - 2 . 1 1 5
CCA 2 5 1 2 5 2 2 .8 9 8 9 2 3 .8 0 8 1 5 9 9 6 .1 5 1 3 9 2 6 .6 0 2 2 .4 3 6 1 7 8 1 0 3 4 0 .6 7 1 .2 - 0 . 3 3 6
CCA 3 4 1 3 0 0 6 .7 2 10 9 6 6 .6 7 6 2 3 6 6 3 .7 8 9 4 3 4 . 9 3 5 1 .351 5 4 9 6 1 5 2 .0 9 9 . 0 - 1 . 7 3 2
CCA 3 5 1 3 0 0 6 .7 2 10 9 6 6 .6 7 6 1 5 9 9 6 .1 5 1 3 9 2 6 .6 0 2 1 .6 1 3 1 5 6 1 0 8 1 7 .5 7 1 .4 - 0 . 2 7 6
CCA 4 5 2 3 6 6 3 .7 8 9 4 3 4 .9 3 5 1 5 9 9 6 .1 5 1 3 9 2 6 .6 0 2 2 .1 7 9 1 4 5 10 7 1 3 .4 8 1 .4 0 . 7 1 6
CHBUF 1 2 1 . 0 8 E -4 5 .1 9 E - 5 3 6 . 9 8 E - 5 4 . 5 7 E - 5 8 1 .2 9 0 2 7 9 0 . 0 0 3 . 3 1 .1 2 2
CHBUF 1 3 1 .0 8 E - 4 5 . 19E-5 3 5 . 2 6 E - 6 6 . 6 9 E - 6 6 60.164® 2 5 7 0 . 0 0 2 . 0 3 . 4 1 5
CHBUF 1 4 1 .0 8 E - 4 5 .1 9 E - 5 3 7 . 8 6 E - 6 B .0 7 E -6 5 4 1 .3 6 1 * 2 4 6 0 . 0 0 2 .1 3 . 3 1 8
CHBUF 1 5 1 . 0 8 E -4 5 .1 9 E - 5 3 1 . 5 0 E -5 1 .4 2 E - 6 2 1 3 3 5 .8 5 * 2 1 3 0 . 0 0 2 . 0 3 . 1 0 2
CHBUF 2 3 6 . 9 8 E - 5 4 .5 7 E - 5 8 5 . 2 6 E - 6 6 . 6 9 E - 6 6 4 6 .6 6 4 * 7 5 12 0 . 0 0 7 . 4 3 .9 3 9 *

•Significant difference between groups at alpha=0.05.
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Table A.I. (continued).

/ a r l a b l e G roups 
1 s t  2nd

Mean 
<-------1 s t

S .D .
g r o u p  ----

n 
—>

Mean 
<-------2nd

S .D .  
g r o u p  -----

n 
—>

F

( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o le d  
s  d f

A p p ro x . 
f o r  t

t
( c a l c . )

CHBUF 2 4 6 .9 B E -5 4 . 5 7 E - 5 8 7 . 8 6 E - 6 8 . 0 7 E - 6 5 3 2 .069® 7 4 11 0 . 0 0 7 . 7 3.741®

CHBUF 2 5 6 .9 B E -5 4 . 5 7 E - 5 8 1 . 50E -5 1 .4 2 E - 6 2 1035.75® 7 1 8 0 . 0 0 7 .1 3 .3 8 5 *

CHBUF 3 4 5 . 2 6 E - 6 6 .S 9 E - 6 6 7 . 8 6 E - 6 8 . 0 7 E - 6 5 1 .4 5 5 4 5 9 0 . 0 0 7 . 8 - 0 . 5 7 4

CHBUF 3 5 5 . 2 6 E - 6 6 . 6 9 E - 6 6 1 .5 0 E -5 1 .4 2 E - 6 2 2 2 .1 9 6 5 1 6 0 . 0 0 5 . 9 - 3 .3 4 7 *

CHBUF 4 5 7 . 8 6 E - 6 B .0 7 E -6 5 1 . 50 E -5 1 . 4 2 E -6 2 3 2 . 2 9 8 4 1 5 0 . 0 0 4 . 5 - 1 . 9 0 6

CK 1 2 8 8 .9 1 2 8 .9 6 3 3 4 0 .2 4 1 3 8 .6 6 6 2 2 .9 2 5 7 2 9 5 1 . 8 0 8 . 3 - 4 .8 5 2 *

CK 1 3 8 8 .9 1 2 8 .9 6 3 2 2 2 .3 6 2 6 8 .4 5 6 85.927® 5 2 7 1 1 0 .8 6 5 . 2 - 1 . 2 0 4

CK 1 4 8 8 .9 1 2 8 .9 6 3 5 7 0 .3 8 2 6 7 .9 7 5 85 .620® 4 2 6 1 2 1 .0 0 4 . 2 - 3 .9 7 9 *

CK 1 5 8B.91 2 8 .9 6 3 4 5 0 . 1 9 1 4 3 .2 9 2 2 4 .4 8 1 1 2 3 1 0 2 .6 9 1.1 - 3 .5 1 8 *
CK 2 3 3 4 0 .2 4 1 3 8 .6 6 8 2 2 2 . 3 6 2 6 8 .4 5 6 3 . 7 4 8 5 7 12 1 2 0 .0 6 7 . 0 0 . 9 8 2
CK 2 4 3 4 0 .2 4 1 3 8 .6 6 8 5 7 0 . 3 8 2 6 7 .9 7 5 3 .7 3 5 4 7 11 1 2 9 .4 8 5 . 4 - 1 . 7 7 7
CK 2 5 3 4 0 .2 4 1 3 8 .6 6 8 4 5 0 . 1 9 1 4 3 .2 9 2 1 .0 6 8 1 7 8 1 1 2 .5 6 1 .5 - 0 . 9 7 7
CK 3 4 2 2 2 .3 6 2 6 8 .4 5 6 5 7 0 .3 8 2 6 7 .9 7 5 1 .0 0 4 5 4 9 1 6 2 .4 0 8 . 6 - 2 . 1 4 3
CK 3 5 2 2 2 .3 6 2 6 8 .4 5 6 4 5 0 . 1 9 1 4 3 .2 9 2 3 . 5 1 0 5 1 6 1 4 9 .2 5 3 . 7 - 1 . 5 2 6
CK 4 5 5 7 0 .3 8 2 6 7 .9 7 5 4 5 0 . 1 9 1 4 3 .2 9 2 3 .4 9 7 4 1 5 1 5 6 .9 3 3 . 9 0 . 7 6 6
CMG 1 2 2 7 5 .8 5 1 5 6 .8 6 3 1 2 8 6 .6 2 8 2 6 . 3 3 8 2 7 .7 5 1 7 2 9 3 0 5 .8 7 8 .  1 - 3 .3 0 5 *
CMG 1 3 2 7 5 .8 5 1 5 6 .8 6 3 9 3 3 . 4 4 1 2 3 5 .9 7 6 62.086® 5 2 7 5 1 2 . 6 5 5 . 3 - 1 . 2 8 3
CMG 1 4 2 7 5 .8 5 1 5 6 .8 6 3 2 7 4 2 .5 0 1 1 5 8 .5 8 5 54.554® 4 2 6 5 2 5 .9 9 4 . 2 - 4 .6 9 0 *
CMG 1 5 2 7 5 .8 5 1 5 6 .8 6 3 2 3 1 6 .3 7 2 1 0 9 .9 6 2 180.936® 1 2 3 1494 .71 1 .0 - 1 . 3 6 5
CMG 2 3 1 2 8 6 .6 2 8 2 6 .3 3 8 9 3 3 . 4 4 1 2 3 5 .9 7 6 2 .2 3 7 5 7 12 5 8 3 . 0 6 8 . 3 0 . 6 0 6
CMG 2 4 1 2 8 6 .6 2 8 2 6 . 3 3 8 2 7 4 2 .5 0 1 1 5 8 .5 8 5 1 .9 6 6 4 7 11 5 9 4 .8 2 6 . 6 - 2 .4 4 8 *
CMG 2 5 128 6 .6 2 8 2 6 .3 3 8 2 3 1 6 .3 7 2 1 0 9 .9 6 2 6 . 5 2 0 1 7 8 1 5 2 0 .3 0 1.1 - 0 . 6 7 7
CMG 3 4 9 3 3 .4 4 1 2 3 5 .9 7 6 2 7 4 2 .5 0 1 1 5 8 .5 8 5 1 .1 3 8 5 4 9 7 2 3 . 2 3 8 . 8 - 2 . 5 0 1 *
CMG 3 5 9 3 3 .4 4 1 2 3 5 .9 7 6 2 3 1 6 .3 7 2 1 0 9 .9 6 2 2 .9 1 4 1 5 6 1 5 7 4 .9 8 1 .2 - 0 . 8 7 8
CMG 4 5 2 7 4 2 .5 0 1 1 5 8 .5 8 5 2 3 1 6 .3 7 2 1 0 9 .9 6 2 3 . 3 1 7 1 4 5 1 5 7 9 .3 8 1 .3 0 . 2 7 0

•Significant difference between groups at a1pha=0.05.

228



Table A.I. (continued).

V a r i a b l e G ro u p s  
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Approx 
f o r  t

t
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CTKN 1 2 5 8 1 .9 7 9 8 . 2 8 3 1 2 7 7 .3 8 5 5 3 .7 3 8 3 1 .7 4 4 7 2 9 2 0 3 .8 3 8 . 0 - 3 . 4 1 2 *
CTKN 1 3 5 8 1 .9 7 9 8 .2 8 3 9 4 4 . 8 4 1 0 2 1 .9 0 6 108.115® 5 2 7 4 2 1 . 0 3 5 . 2 - 0 . 8 6 2
CTKN 1 4 5 8 1 .9 7 9 8 .2 8 3 2 1 8 1 .6 6 1 6 1 8 .9 7 5 2 7 1 .3 6 1 * 4 2 6 7 2 6 .2 5 4 . 0 - 2 . 2 0 3
CTKN 1 5 5 8 1 .9 7 9 8 .2 8 3 2 2 8 3 .3 6 1 9 6 5 .5 2 2 399.967® 1 2 3 1 3 9 0 .9 9 1 .0 - 1 . 2 2 3
CTKN 2 3 1 2 7 7 .3 8 5 5 3 .7 3 8 9 4 4 . 8 4 1 0 2 1 .9 0 6 3 . 4 0 6 5 7 12 4 6 0 .8 4 7 . 2 0 . 7 2 2
CTKN 2 4 1 2 7 7 .3 8 5 5 3 .7 3 8 2 1 8 1 .6 6 1 6 1 8 .9 7 5 8.548® 4 7 11 7 5 0 .0 3 4 . 6 - 1 . 2 0 6
CTKN 2 5 1 2 7 7 .3 8 5 5 3 .7 3 8 2 2 8 3 .3 6 1 9 6 5 .5 2 2 12.600® 1 7 8 1 4 0 3 .5 5 1 .0 - 0 . 7 1 7
CTKN 3 4 9 4 4 .8 4 1 0 2 1 .9 0 6 2 1 8 1 .6 6 1 6 1 8 .9 7 5 2 .5 1 0 4 5 9 6 3 5 . 6 2 6 . 5 - 1 . 4 8 0
CTKN 3 5 9 4 4 .8 4 1 0 2 1 .9 0 6 2 2 8 3 .3 6 1 9 6 5 .5 2 2 3 . 6 9 9 1 5 6 1 4 5 1 .1 0 1 .2 - 0 . 9 2 2
CTKN 4 5 2 1 8 1 .6 6 1 6 1 8 .9 7 5 2 2 8 3 .3 6 1 9 6 5 .5 2 2 1 .4 7 4 1 4 5 1567 .11 1 .6 - 0 . 0 6 5
CTKP 1 2 6 9 0 .6 7 1 1 .2 0 3 1 2 0 7 .9 4 4 4 6 . 8 7 8 1591.94® 7 2 9 1 5 8 .1 2 7 . 0 -3 .2 7 1 ®
CTKP 1 3 6 9 0 .6 7 1 1 .2 0 3 1 0 1 5 .0 8 7 8 3 .8 3 6 4897.88® 5 2 7 3 2 0 .0 6 5 . 0 - 1 . 0 1 4
CTKP 1 4 6 9 0 .6 7 1 1 .2 0 3 2 2 4 6 .8 6 1 0 9 1 .0 6 5 9489 .89® 4 2 6 4 8 7 . 9 8 4 . 0 -3 .1 8 9 ®
CTKP 1 5 6 9 0 .6 7 11 .2 0 3 2 3 0 0 .1 0 1 6 1 8 .6 3 2 20886.2® 1 2 3 1 1 4 4 .5 6 1 .0 - 1 . 4 0 6
CTKP 2 3 1 2 0 7 .9 4 4 4 6 .8 7 8 1 0 1 5 .0 8 7 8 3 .8 3 6 3 .0 7 7 5 7 12 3 5 6 .8 8 7 . 4  ■ 0 . 5 4 0
CTKP 2 4 1 2 0 7 .9 4 4 4 6 .8 7 8 2 2 4 6 .8 6 1 0 9 1 .0 6 5 5.961® 4 7 11 5 1 2 .8 8 4 . 9 - 2 . 0 2 6
CTKP 2 5 1 2 0 7 .9 4 4 4 6 .8 7 8 2 3 0 0 .1 0 1 6 1 8 .6 3 2 13.120® 1 7 8 1 1 5 5 .4 0 1 .0 - 0 . 9 4 5
CTKP 3 4 1 0 1 5 .0 8 7 8 3 .8 3 6 2 2 4 6 .8 6 1 0 9 1 .0 6 5 1 .9 3 8 4 5 9 5 8 3 .5 1 7 .1 - 2 .1 1 1
CTKP 3 5 1 0 1 5 .0 8 7 8 3 .8 3 6 2 3 0 0 .1 0 1 6 1 8 .6 3 2 4 . 2 6 4 1 5 6 1 1 8 8 .4 4 1 .2 - 1 .0 8 1
CTKP 4 5 2 2 4 6 .8 6 1 0 9 1 .0 6 5 2 3 0 0 .1 0 1 6 1 8 .6 3 2 2 .2 0 1 1 4 5 1244 .21 1 .4 - 0 . 0 4 3
KSUM 1 2 1 9 6 .2 3 4 0 . 1 2 3 6 8 8 . 7 4 4 5 2 . 3 2 8 127.107® 7 2 9 1 6 1 .5 9 7 . 3 - 3 .0 4 8 ®
KSUM 1 3 1 9 6 .2 3 4 0 .1 2 3 1 1 1 9 .7 0 6 0 5 .2 5 6 227.587® 5 2 7 2 4 8 .1 8 5 .  1 - 3 . 7 2 1 *
KSUM 1 4 1 9 6 .2 3 4 0 . 1 2 3 1 7 1 2 .5 8 4 1 3 .4 1 5 106.179® 4 2 6 1 8 6 .3 3 4 .  1 -8 .1 3 8 ®
KSUM 1 5 1 9 6 .2 3 4 0 . 1 2 3 1112 .61 1 4 3 .9 5 2 1 2 .8 7 4 1 2 3 1 0 4 .3 9 1 . 1 - 8 . 7 7 8

KSUM 2 3 6 8 8 .7 4 4 5 2 .3 2 8 1 1 1 9 .7 0 6 0 5 . 2 5 6 1.791 5 7 12 2 9 4 .3 3 8 . 9 - 1 . 4 6 4

*S1gn1fleant difference between groups at alpha=0.05.
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Table A.I. (continued).
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< -  f o r  F ->

d f
t

Poo 1ed
s  d f

A p p r o x . 
f o r  t

t
( c a l c . )

KSUM 2 4 6 8 0 .7 4 4 5 2 .3 2 8 1 7 1 2 .5 8 4 1 3 .4 1 5 1 .1 9 7 7 4 11 2 4 4 .4 5 9 . 3 - 4 .1 8 8 *
KSUM 2 5 6 8 8 .7 4 4 5 2 .3 2 8 1112 .61 1 4 3 .9 5 2 9 . 8 7 3 7 1 8 1 8 9 .5 7 6 . 4 - 2 . 2 3 6
KSUM 3 4 1 1 1 9 .7 0 6 0 5 .2 5 6 1 7 1 2 .5 8 4 1 3 .4 1 5 2 .1 4 3 5 4 9 3 0 8 .6 0 8 . 7 - 1 .9 2 1

KSUM 3 5 1 1 1 9 .7 0 6 0 5 .2 5 6 1112 .61 1 4 3 .9 5 2 1 7 .6 7 9 5 1 6 2 6 7 .2 4 6 . 0 0 .0 2 7
KSUM 4 5 1 7 1 2 .5 8 4 1 3 .4 1 5 1112 .61 1 4 3 .9 5 2 8 . 2 4 8 4 1 5 2 1 1 .0 5 5 . 0 2 .8 4 3 *
MGSUM 1 2 3 4 9 .7 8 192.91 3 1 9 9 3 .9 7 1 4 1 2 .1 5 8 53.586® 7 2 9 5 1 1 .5 4 7 . 6 - 3 .2 1 4 *
MGSUM 1 3 3 4 9 .7 8 192.91 3 3 2 5 1 .1 9 2 3 5 0 .2 7 6 148.431® 5 2 7 9 6 5 .9 4 5 .  1 - 3 .0 0 4 *
MGSUM 1 4 3 4 9 .7 8 192.91 3 6 2 0 9 .0 1 1 1 6 2 .8 9 5 3 6 .3 3 9 4 2 6 5 3 1 .8 5 4 . 4 - 1 1 .0 1 7 *
MGSUM 1 5 3 4 9 .7 8 192.91 3 3 7 3 8 .5 1 2 6 4 5 .5 2 2 1 8 8 .0 6 7 1 2 3 1 8 7 3 .9 8 1 . 0 - 1 . 8 0 8
MGSUM 2 3 1 9 9 3 .9 7 1412 .1 5 8 3 2 5 1 .1 9 2 3 5 0 .2 7 6 2 .7 7 0 5 7 12 1 0 8 1 .6 2 7 . 7 - 1 . 1 6 2
MGSUM 2 4 1 9 9 3 .9 7 1 4 1 2 .1 5 8 6 2 0 9 .0 1 1 1 6 2 .8 9 5 1 .4 7 5 7 4 11 7 2 0 .9 3 9 . 9 - 5 .8 4 7 *
MGSUM 2 5 1 9 9 3 .9 7 1 4 1 2 .1 5 8 3 7 3 8 .5 1 2 6 4 5 .5 2 2 3 . 5 1 0 1 7 8 1 9 3 6 .1 5 1 .1 - 0 .9 0 1
MGSUM 3 4 3 2 5 1 .1 9 2 3 5 0 .2 7 6 6 2 0 9 .0 1 1 1 6 2 .8 9 5 4 . 0 8 5 5 4 9 1 0 9 1 .3 7 7 . 6 - 2 .7 1 0 *
MGSUM 3 5 3 2 5 1 .  19 2 3 5 0 .2 7 6 3 7 3 8 .5 1 2 6 4 5 .5 2 2 1 .2 6 7 1 5 6 2 1 0 2 .3 8 1 .6 - 0 . 2 3 2
MGSUM 4 5 6 2 0 9 .0 1 1 1 6 2 .8 9 5 3 7 3 8 .5 1 2 6 4 5 .5 2 2 5 .  175 1 4 5 1941.61 1 .2 1 .2 7 2
OECA 1 2 1 1 0 .5 5 1 1 .7 3 3 1 8 8 .9 7 3 7 . 7 6 8 10 .3 6 3 7 2 9 1 4 .9 7 9 . 0 - 5 .2 3 9 *
OECA 1 3 1 1 0 .5 5 1 1 .7 3 3 2 6 3 .8 6 6 3 .2 4 6 2 9 . 0 6 6 5 2 7 2 6 .6 9 5 . 6 - 5 .7 4 4 *
OECA 1 4 1 1 0 .5 5 1 1 .7 3 3 2 4 0 .8 9 1 4 9 .7 7 5 16 3 .0 2 5 * 4 2 6 6 7 .3 2 4 .1 - 1 . 9 3 6
OECA 1 5 1 1 0 .5 5 1 1 .7 3 3 4 0 1 .1 8 7 0 .9 2 2 3 6 .5 5 5 1 2 3 5 0 .6 0 1 .0 - 5 .7 4 3 *
OECA 2 3 1 8 8 .9 7 3 7 .7 6 8 2 6 3 .8 6 6 3 .2 4 6 2 .8 0 5 5 7 12 2 9 .0 7 7 . 6 - 2 .5 7 7 *
OECA 2 4 1 8 8 .9 7 3 7 . 7 6 8 2 4 0 .8 9 1 4 9 .7 7 5 1 5 .7 3 2 * 4 7 11 6 8 . 3 0 4 . 3 - 0 . 7 6 0
OECA 2 5 1 8 8 .9 7 3 7 . 7 6 8 4 0 1 .1 8 7 0 .9 2 2 3 .5 2 8 1 7 8 5 1 .8 9 1 . 1 - 4 .0 8 9 *

OECA 3 4 2 6 3 .8 6 6 3 . 2 4 6 2 4 0 .8 9 1 4 9 .7 7 5 5 . 6 0 9 4 5 9 71 .7 8 5 . 2 0 . 3 2 0
OECA 3 5 2 6 3 .8 6 6 3 . 2 4 6 4 0 1 .1 8 7 0 .9 2 2 1 .2 5 8 1 5 6 5 6 . 4 0 1 .6 - 2 . 4 3 5
OECA 4 5 2 4 0 .8 9 1 4 9 .7 7 5 4 0 1 . IB 7 0 .9 2 2 4 . 4 6 0 4 1 5 8 3 . 6 7 4 . 3 - 1 . 9 1 6

'Significant difference between groups at a1pha=0.05.
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Table A.I. (continued).

V a r i a b l e G roups 
1 s t  2nd

Mean 
<-------1 s t

S .D .
g r o u p  ----

n 
—>

Mean 
<-------2nd

S .D .
g r o u p  -----

n 
—>

F
( c a l c . )

d f  ( n )  
< -  f o r

d f  (d )  
F ->

d f
t

P o o le d  
s  d f

A pprox .  
f o r  t

t
( c a l c . )

OEK 1 2 1 2 .0 0 1 .0 3 3 1 7 .9 9 3 .0 1 8 8 . 5 4 0 7 2 9 1 .2 2 9 . 0 - 4 .9 1 4 *
OEK 1 3 1 2 .0 0 1 .0 3 3 1 4 .4 4 3 . 0 5 6 8 . 7 6 8 5 2 7 1 .3 8 6 . 7 - 1 . 7 6 8
OEK 1 4 1 2 .0 0 1 .0 3 3 1 7 .0 8 7 . 6 5 5 5 5 .1 6 3 * 4 2 6 3 . 4 7 4 . 2 - 1 . 4 6 3
OEK 1 5 1 2 .0 0 1 .0 3 3 2 0 .1 6 2 . 9 5 2 8 . 2 0 3 1 2 3 2 .  17 1 .2 - 3 .7 6 2 *
OEK 2 3 1 7 .9 9 3 .0 1 8 1 4 .4 4 3 . 0 5 6 1 .0 2 7 5 7 12 1 .6 4 1 0 .8 2 .1 6 7
OEK 2 4 1 7 .9 9 3 .0 1 8 1 7 .0 8 7 . 6 5 5 6 . 4 5 9 * 4 7 11 3 . 5 8 4 . 8 0 . 2 5 4
OEK 2 5 1 7 .9 9 3 .0 1 8 2 0 . 1 6 2 . 9 5 2 1 .041 7 1 8 2 .3 4 1 . 6 - 0 . 9 2 7
OEK 3 4 1 4 .4 4 3 . 0 5 6 1 7 .0 8 7 . 6 5 5 6 .2 9 1 4 5 9 3 . 6 4 5 .1 - 0 . 7 2 5
OEK 3 5 1 4 .4 4 3 . 0 5 6 2 0 .1 6 2 . 9 5 2 1 .0 6 9 5 1 6 2 .4 3 1 .8 - 2 . 3 5 5
OEK 4 5 1 7 .0 8 7 . 6 5 5 2 0 .1 6 2 .9 5 2 6 .7 2 5 4 1 5 4 .0 1 4 . 8 - 0 . 7 6 9
OEMS 1 2 8 . 2 3 0 . 8 3 3 1 3 .6 5 1 .8 7 8 5 . 0 7 6 7 2 9 0 . 8 2 8 . 3 - 6 .6 3 8 *
OEMS 1 ' 3 8 . 2 3 0 . 8 3 3 1 5 .6 4 4 . 0 2 6 2 3 .4 5 8 5 2 7 1.71 5 . 8 - 4 .3 3 4 *
OEMS 1 4 8 . 2 3 0 . 8 3 3 1 8 .5 9 1 0 .7 6 5 16 8 .0 6 2 * 4 2 6 4 . 8 4 4 .  1 - 2 . 1 4 2

OEMS 1 5 8 . 2 3 0 . 8 3 3 2 3 .2 7 3 . 2 6 2 15 .4 2 7 1 2 3 2 . 3 5 1 . 1 - 6 .3 8 8 *
OEMG 2 3 1 3 .6 5 1 .8 7 8 1 5 .6 4 4 . 0 2 6 4 .6 2 1 5 7 12 1 .7 7 6 . 6 - 1 . 1 2 5
OEMS 2 4 13 .6 5 1 .8 7 8 1 8 .5 9 1 0 .7 6 5 3 3 .1 0 9 * 4 7 11 4 . 8 6 4 . 2 - 1 . 0 1 7

OEMG 2 5 1 3 .6 5 1 .8 7 8 2 3 .2 7 3 . 2 6 2 3 .0 3 9 1 7 8 2 . 4 0 1 .2 - 4 .0 1 1 *
OEMG 3 4 1 5 .6 4 4 . 0 2 6 1 8 .5 9 1 0 .7 6 5 7 .1 6 4 4 5 9 5 . 0 8 4 . 9 - 0 . 5 8 0
OEMG 3 5 1 5 .6 4 4 . 0 2 5 2 3 .2 7 3 . 2 6 2 1.521 5 1 6 2 .8 3 2 . 2 - 2 .6 9 6 *
OEMG 4 5 18 .5 9 1 0 .7 6 5 2 3 .2 7 3 . 2 6 2 1 0 .8 9 4 4 1 5 5 . 3 4 5 . 0 - 0 . 8 7 7
OETKN 1 2 1 4 5 .8 2 4 . 9 2 3 1 9 5 .4 3 4 5 . 0 6 8 8 3 .8 7 9 * 7 2 9 16. IB 7 . 4 - 3 .0 6 6 *
OETKN 1 3 14 5 .8 2 4 . 9 2 3 1 4 3 .8 2 3 8 .7 2 6 6 1 .9 3 6 * 5 2 7 1 6 .0 6 5 . 3 0 .  125
OETKN 1 4 1 4 5 .8 2 4 . 9 2 3 1 6 9 .4 0 1 0 2 .8 8 5 4 3 7 .2 5 2 * 4 2 6 4 6 . 1 0 4 . 0 - 0 . 5 1 2
OETKN 1 5 1 4 5 .8 2 4 . 9 2 3 2 4 4 .6 4 5 3 . 0 6 2 1 1 6 .3 0 7 * 1 2 3 3 7 .6 3 1 .0 - 2 . 6 2 6
OETKN 2 3 19 5 .4 3 4 5 . 0 6 8 1 4 3 .8 2 3 8 .7 2 6 1 .3 5 4 7 5 12 2 2 .4 4 1 1 .7 2 .3 0 0 *

♦Significant difference between groups at alpha=0.05.



Table A.I. (continued).

i / a r l a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S .D .
g r o u p  —

n 
—>

Mean 
<-------2nd

S.D .
g r o u p  —

n
—>

F
( c a l c . )

d f  ( n )  
< -  f o r

d f  ( d )
■ F ->

d f
t

P o o le d  
s  d f

A p p ro x . 
f o r  t

t
( c a l c . )

OETKN 2 4 19 5 .4 3 4 5 .0 6 8 1 6 9 .4 0 1 0 2 .8 8 5 5 .2 1 3 4 7 11 4 8 . 6 9 5 . 0 0 .5 3 5
OETKN 2 5 1 9 5 .4 3 4 5 . 0 6 8 2 4 4 .6 4 5 3 . 0 6 2 1 .3 8 7 1 7 8 4 0 . 7 6 1 .4 - 1 . 2 0 7
OETKN 3 4 1 4 3 .B2 3 8 .7 2 6 1 6 9 .4 0 1 0 2 .8 8 5 7 .0 6 0 4 5 9 4 8 .6 5 4 . 9 - 0 . 5 2 6
OETKN 3 5 1 4 3 .6 2 3 8 .7 2 6 2 4 4 .6 4 5 3 . 0 6 2 1 .8 7 8 1 5 6 4 0 .7 1 1 .4 - 2 .4 7 6 *
OETKN 4 5 1 6 9 .4 0 1 0 2 .8 8 5 2 4 4 . 6 4 5 3 . 0 6 2 3 .7 5 9 4 1 5 5 9 .3 7 4 . 0 - 1 . 2 6 7
OETKP 1 2 9 . 4 7 0 . 6 0 3 1 3 .6 0 3 .0 1 8 2 5 .1 6 7 7 2 9 1 .1 2 8 . 2 - 3 .6 9 0 *
OETKP 1 3 9 . 4 7 0 . 6 0 3 1 1 .2 9 2 .4 3 6 1 6 .4 0 3 5 2 7 1 .0 5 6 .1 - 1 . 7 3 2
OETKP 1 4 9 . 4 7 0 . 6 0 3 1 2 .9 3 6 . 8 4 5 129.960® 4 2 6 3 . 0 8 4 .  1 - 1 . 1 2 4
OETKP 1 5 9 . 4 7 0 . 6 0 3 1 7 .5 7 4 . 6 9 2 61.100® 1 2 3 3 . 3 3 1 .0 - 2 . 4 2 9
OETKP 2 3 1 3 .6 0 3 .0 1 8 1 1 .2 9 2 . 4 3 6 1 .5 3 4 7 5 12 1 .4 5 1 1 .9 1 .5 8 8
OETKP 2 4 1 3 .6 0 3 .0 1 8 1 2 .9 3 6 . 8 4 5 5 . 1 6 4 4 7 11 3 . 2 4 5 . 0 0 .2 0 7
OETKP 2 5 1 3 .6 0 3 .0 1 8 1 7 .5 7 4 . 6 9 2 2 .4 2 8 1 7 8 3 . 4 8 1 .2 - 1 . 1 4 0
OETKP 3 4 1 1 .2 9 2 .4 3 6 1 2 .9 3 6 . 8 4 5 7 .9 2 3 * 4 5 9 3 . 2 2 4 . 8 - 0 . 5 1 0
OETKP 3 5 1 1 .2 9 2 .4 3 6 1 7 .5 7 4 . 6 9 2 3 .7 2 5 1 5 6 3 . 4 6 1 .2 - 1 . 8 1 4
OETKP 4 5 1 2 .9 3 6 . 8 4 5 1 7 .5 7 4 . 6 9 2 2 .  127 4 1 5 4 .5 1 2 . 9 - 1 . 0 2 8
0 1 CA 1 2 2 8 .0 7 4 . 3 0 3 4 3 . 3 8 11 .8 7 8 7 .6 2 0 7 2 9 4 . 8 8 8 . 9 - 3 .1 4 0 *
0 1 CA 1 3 2 8 .0 7 4 . 3 0 3 7 8 . 3 6 7 . 0 8 6 2 .7 1 1 5 2 7 3 .8 1 6 . 4 - 1 3 .1 9 9 *
OICA 1 4 2 8 .0 7 4 . 3 0 3 7 2 .7 8 1 3 .2 8 5 9 . 5 3 8 4 2 6 6 . 4 4 5 . 2 - 6 .9 4 6 *
01 CA 1 5 2 6 .0 7 4 . 3 0 3 7 6 . 4 9 1 4 .1 7 2 1 0 .8 5 9 1 2 3 1 0 .3 2 1.1 - 4 .6 9 1 *
OICA 2 3 4 3 . 3 8 1 1 .8 7 8 7 8 . 3 6 7 . 0 8 6 2 .8 1 1 7 5 12 5 .  10 1 1 .6 - 6 .8 6 5 *
OICA 2 4 4 3 . 3 8 1 1 .8 7 8 7 2 .7 8 1 3 .2 8 5 1 .2 5 2 4 7 11 7 . 2 7 7 . 9 - 4 .0 4 3 *
OICA 2 5 4 3 . 3 8 1 1 .8 7 8 7 6 . 4 9 1 4 .1 7 2 1 .4 2 5 1 7 8 1 0 .8 6 1 .4 - 3 .0 4 8 *
OICA 3 4 7 8 . 3 6 7 . OB 6 7 2 .7 8 1 3 .2 8 .5 3 .5 1 8 4 5 9 6 .6 1 5 . 9 0 .8 4 5
OICA 3 5 7 8 . 3 6 7 .0 8 6 7 6 . 4 9 1 4 .1 7 2 4 . 0 0 6 1 5 6 1 0 .4 3 1 .2 0 . 1 7 9
OICA 4 5 7 2 .7 8 13 .2 8 5 7 6 . 4 9 1 4 .1 7 2 1 .1 3 9 1 4 5 1 1 .6 5 1 .8 - 0 . 3 1 9

•Significant difference between groups at alpha=0.05.
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Table A.i. (continued).

V a r i a b l e G roups 
1 s t  2nd

Mean 
<-------1 s t

S .D .

g r o u p  —

n 
—>

Mean 

<-------2nd
S .D .

g r o u p  ----

n 
—>

F

( c a l c . )

d f  ( n )  

< -  f o r

d f  (d )  
F ->

d f
t

P o o l e d  
s  d f

A p p r o x . 
f o r  t

t
( c a l c . )

OIK 1 2 4 .2 1 1 .0 2 3 6 . 6 9 2 .  14 8 4 . 4 0 2 7 2 9 0 . 9 6 7 . 9 - 2 .5 8 7 *
OIK 1 3 4 .2 1 1 .0 2 3 6 . 2 3 0 . 9 0 6 1 .2 8 4 2 5 7 0 . 6 9 3 . 6 - 2 .9 1 0 *
OIK 1 4 4 .2 1 1 .0 2 3 9 . 5 9 2 . 0 4 5 4 . 0 0 0 4 2 6 1 .0 9 6 . 0 - 4 .9 5 5 *
OIK 1 5 4 .2 1 1 .0 2 3 7 . 4 6 0 . 6 0 2 2 .8 9 0 2 1 3 0 . 7 3 3 . 0 - 4 .4 7 8 *
OIK 2 3 6 . 6 9 2 . 1 4 6 6 . 2 3 0 . 9 0 6 5 . 6 5 4 7 5 12 0 . 8 4 9 . 9 0 .5 4 7
OIK 2 4 6 . 6 9 2 . 1 4 8 9 . 5 9 2 . 0 4 5 1 .1 0 0 7 4 11 1 .1 9 9 . 0 - 2 .4 4 7 *
OIK 2 5 6 . 6 9 2 .  14 8 7 . 4 6 0 . 6 0 2 1 2 .721 7 1 8 0 . 8 7 7 .1 - 0 . 8 8 8
OIK 3 4 6 . 2 3 0 . 9 0 6 9 . 5 9 2 . 0 4 5 5 . 1 3 8 4 5 9 0 . 9 8 5 . 3 - 3 .4 1 6 *
OIK 3 5 6 . 2 3 0 . 9 0 6 7 . 4 6 0 . 6 0 2 2 .2 5 0 5 1 6 0 . 5 6 2 . 8 - 2 . 1 9 2

OIK 4 5 9 . 5 9 2 .0 4 5 7 . 4 6 0 . 6 0 2 1 1 .5 6 0 4 1 5 1.01 5 . 0 2 .1 1 7
01 MG 1 2 3 . 6 0 0 .3 1 3 4 .6 1 1 .1 7 8 1 4 .2 4 5 7 2 9 0 . 4 5 8 . 8 - 2 .2 4 1

OIMG 1 ' 3 3 . 6 0 0 .3 1 3 5 . 1 3 0 . 7 0 6 5 . 0 9 9 5 2 7 0 . 3 4 7 . 0 - 4 .5 3 7 *
OIMG 1 4 3 . 6 0 0 .3 1 3 6 . 2 0 1 .0 4 5 1 1 .2 5 5 4 2 6 0 . 5 0 5 .1 - 5 .2 1 7 *
OIMG 1 5 3 . 6 0 0 .3 1 3 5 . 6 2 0 . 3 6 2 1 .3 4 9 1 2 3 0 .3 1 2 . 0 - 6 .4 9 1 *

OIMG 2 3 4 .6 1 1 .1 7 8 5 . 1 3 0 . 7 0 6 2 .7 9 4 7 5 12 0 . 5 0 1 1 .6 - 1 . 0 3 4

OIMG 2 4 4 .6 1 1. 17 8 6 . 2 0 1 .0 4 5 1 .2 6 6 7 4 11 0 . 6 2 9 . 5 - 2 .5 5 4 *

OIMG 2 5 4 .6 1 1 .1 7 8 5 . 6 2 0 . 3 6 2 1 0 .5 6 2 7 1 8 0 . 4 9 6 . 6 - 2 . 0 7 9

OIMG 3 4 5 . 1 3 0 . 7 0 6 6 . 2 0 1 .0 4 5 2 .2 0 7 4 5 9 0 . 5 5 6 . 8 - 1 . 9 6 0
OIMG 3 5 5 . 1 3 0 . 7 0 6 5 . 6 2 0 . 3 6 2 3 .7 8 1 5 1 6 0 . 3 8 3 . 9 - 1 . 2 8 0
OIMG 4 5 6 . 2 0 1 .0 4 5 5 . 6 2 0 . 3 6 2 8 . 3 4 6 4 1 5 0 . 5 3 5 . 0 1 .0 9 4
OITKN 1 2 2 1 .1 5 2 .8 1 3 2 4 . 2 5 3 . 4 9 8 1 .5 4 3 7 2 9 2 . 0 4 4 . 5 - 1 .5 2 1
OITKN 1 3 2 1 .1 5 2 .8 1 3 2 6 .7 5 2 . 0 0 6 1 .9 7 4 2 5 7 1 .8 2 3 .1 - 3 .0 8 3 *
OITKN 1 4 2 1 .1 5 2 .8 1 3 3 0 . 1 9 5 . 8 8 5 4 . 3 7 9 4 2 6 3 . 0 9 5 . 9 - 2 .9 2 6 *
OITKN 1 5 2 1 .1 5 2 .8 1 3 3 4 . 1 4 2 . 4 9 2 1 .2 7 4 2 1 3 2 .3 9 2 . 5 - 5 .4 2 6 *
OITKN 2 3 2 4 .2 5 3 . 4 9 8 2 6 . 7 5 2 . 0 0 6 3 . 0 4 5 7 5 12 1 .4 8 1 1 .4 - 1 . 6 9 0

• S i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  g r o u p s  a t  a l p h a = 0 . 0 5 .

1
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Table A.I. (continued).

V a r i a b l e  G roups  
1 s t  2nd

Mean S .O .  n 
<-------1 s t  g r o u p --------- >

Mean S .D .  n 
<-------2nd g r o u p --------- >

F
( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

OITKN 2 4 2 4 .2 5 3 . 4 9 8 3 0 .1 9 5 . 8 8 5 2 . 8 3 9 4 7 11 2 . 9 0 5 . 8 - 2 . 0 4 5
OITKN 2 5 2 4 .2 5 3 . 4 9 8 3 4 . 1 4 2 .4 9 2 1 .9 6 5 7 1 8 2 . 1 5 2 .1 - 4 .6 0 0 *
OITKN 3 4 2 6 .7 5 2 . 0 0 6 3 0 . 1 9 5 . 8 8 5 8 .6 4 4 * 4 5 9 2 . 7 5 4 . 8 - 1 . 2 4 9
OITKN 3 5 2 6 .7 5 2 . 0 0 6 3 4 . 1 4 2 . 4 9 2 1 .5 5 0 1 5 6 1 .9 4 1 .5 - 3 .8 0 8 *
OITKN 4 5 3 0 .1 9 5 . 8 8 5 3 4 .  14 2 . 4 9 2 5 . 5 7 6 4 1 5 3 . 1 6 4 . 7 - 1 . 2 4 8
OITKP 1 2 2 .0 0 0 . 4 4 3 2 .6 8 0 . 5 2 8 1 .3 9 7 7 2 9 0 .3 1 4 . 3 - 2 . 1 6 8

OITKP 1 3 2 .0 0 0 . 4 4 3 2 . 0 9 0 . 2 8 6 2 .4 6 9 2 5 7 0 . 2 8 2 . 8 - 3 .5 5 4 *
OITKP 1 4 2 .0 0 0 . 4 4 3 4 . 2 6 1 .0 0 5 5 . 1 6 5 4 2 6 0 .5 1 5 . 8 - 4 . 3 9 4 *
OITKP 1 5 2 . 0 0 0 . 4 4 3 3 . 5 8 0 . 9 9 2 5 . 0 6 2 1 2 3 0 . 7 4 1 .3 - 2 . 1 2 2
OITKP 2 3 2 .6 8 0 . 5 2 8 2 . 9 9 0 . 2 8 6 3 . 4 4 9 7 5 12 0 . 2 2 11.1 - 1 . 4 3 2
OITKP 2 4 2 .6 8 0 . 5 2 8 4 . 2 6 1 .0 0 5 3 .6 9 8 4 7 11 0 . 4 8 5 . 4 - 3 . 2 6 8 *
OITKP 2 5 2 .6 8 0 . 5 2 a 3 . 5 8 0 . 9 9 2 3 . 6 2 5 1 7 8 0 . 7 2 1.1 - 1 . 2 4 3
OITKP 3 4 2 .9 9 0 . 2 8 6 4 . 2 6 1 .0 0 5 1 2 .7 5 5 * 4 5 9 0 . 4 6 4 . 5 - 2 . 7 5 1 *
OITKP 3 5 2 . 9 9 0 . 2 8 6 3 . 5 8 0 . 9 9 2 12.501® 1 5 6 0 .7 1 1. 1 - 0 . 8 3 2
OITKP 4 5 4 . 2 6 1 .0 0 5 3 . 5 8 0 . 9 9 2 1 .0 2 0 4 1 5 0 . 8 3 1 .9 - 0 . 8 1 9
TKNSUM 1 2 2 9 6 3 .7 4 3 2 8 .8 6 3 4 5 4 9 .4 2 1 6 3 8 .9 0 8 2 4 .8 3 6 7 2 9 6 0 9 .7 5 8 . 3 - 2 . 6 0 1 *
TKNSUM 1 3 2 9 6 3 .7 4 3 2 8 .8 6 3 8 3 8 3 .8 6 1 4 1 2 .1 9 6 1 8 .4 4 0 5 2 7 6 0 6 .9 8 6 . 0 - 8 .9 3 0 *
TKNSUM 1 4 2 9 6 3 .7 4 3 2 8 .8 6 3 8 5 3 3 .3 0 1 4 3 6 .4 0 5 1 9 .0 7 8 4 2 6 6 6 9 . 8 5 4 . 7 - 8 . 3 1 5 *
TKNSUM 1 5 2 9 6 3 .7 4 3 2 8 . 8 6 3 7 0 6 2 .9 9 1 3 4 2 .3 5 2 16 .661 1 2 3 9 6 7 . 9 9 1. 1 - 4 .2 3 5 *
TKNSUM 2 3 4 5 4 9 .4 2 1 6 3 8 .9 0 8 8 3 8 3 .8 6 1 4 1 2 .1 9 6 1 .3 4 7 7 5 12 8 1 7 . 3 9 1 1 .7 - 4 . 6 9 1 *
TKNSUM 2 4 4 5 4 9 .4 2 1 6 3 8 .9 0 8 8 5 3 3 .3 0 1 4 3 6 .4 0 5 1 .3 0 2 7 4 11 8 6 5 . 1 0 9 . 5 - 4 . 6 0 5 *
TKNSUM 2 5 4 5 4 9 .4 2 1 6 3 8 .9 0 8 7 0 6 2 .9 9 1 3 4 2 .3 5 2 1 .491 7 1 8 1 1 1 2 .0 7 1 .8 - 2 . 2 6 0
TKNSUM 3 4 8 3 8 3 .8 6 1 4 1 2 .1 9 6 8 5 3 3 .3 0 1 4 3 6 .4 0 5 1 .0 3 5 4 5 9 8 6 3 . 1 5 8 . 6 - 0 . 1 7 3
TKNSUM 3 5 8 3 8 3 .8 6 1 4 1 2 .1 9 6 7 0 6 2 .9 9 1 3 4 2 .3 5 2 1 .1 0 7 5 1 6 1 1 1 0 .5 5 1 .8 1 .1 8 9
TKNSUM 4 5 8 5 3 3 .3 0 1 4 3 6 .4 0 5 7 0 6 2 .9 9 1 3 4 2 .3 5 2 1 .1 4 5 4 1 5 1 1 4 6 .1 2 2 . 0 1 .2 8 3

•Significant difference between groups at a 1pha=0.05.
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Table A.I. (continued).

V a r i a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S .O .
g r o u p  ----

n
->

Mean 
<-------2nd

S .D .  
g r o u p  —

n
—>

F
( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o le d  
s  d f

Approx 
f o r  t

t
( c a l c . )

TKPSUM 1 2 1579.31 1 8 1 .2 9 3 2 3 7 0 .3 7 8 8 0 .1 1 8 2 3 .5 6 8 7 2 9 3 2 8 .3 0 8 . 3 - 2 .4 1 0 *
TKPSUM 1 3 1579.31 18 1 .2 9 3 4 8 0 6 .1 6 1457 .11 6 64.601® 5 2 7 6 0 4 .0 0 5 . 3 - 5 .3 4 2 *
TKPSUM 1 4 1579 .31 1 8 1 .2 9 3 5 5 8 4 .3 8 1 5 4 2 .8 3 5 72.425® 4 2 6 6 9 7 .8 7 4 . 2 - 5 .7 3 9 *
TKPSUM 1 5 1579.31 1 8 1 .2 9 3 4 8 6 2 .2 8 2 8 1 .9 4 2 2 .4 1 9 1 2 3 2 2 5 .1 7 1 .o - 1 4 .5 8 0 *
TKPSUM 2 3 2 3 7 0 .3 7 8 8 0 .1 1 8 4 8 0 6 .1 6 1457 .11 6 2 .7 4 1 5 7 12 6 7 1 .3 3 7 . 7 - 3 .6 2 8 *
TKPSUM 2 4 2 3 7 0 .3 7 8 8 0 .1 1 8 5 5 8 4 .3 8 1 5 4 2 .8 3 5 3 . 0 7 3 4 7 11 7 5 6 .8 9 5 . 7 - 4 .2 4 6 *
TKPSUM 2 5 2 3 7 0 .3 7 8 8 0 .1 1 8 4 8 6 2 .2 8 2 8 1 .9 4 2 9 . 7 4 5 7 1 8 3 6 9 .5 5 6 . 4 - 6 .7 4 3 *
TKPSUM 3 4 4 8 0 6 .1 6 1457.11 6 5 5 8 4 .3 8 1 5 4 2 .8 3 5 1 .121 4 5 9 9 1 1 . 0 0 8 . 4 - 0 . 8 5 4
TKPSUM 3 5 4 8 0 6 .1 6 1457 .11 6 4 8 6 2 .2 8 2 8 1 .9 4 2 2 6 .7 1 0 5 1 6 6 2 7 .3 8 5 . 8 - 0 . 0 8 9
TKPSUM 4 5 5 5 8 4 .3 8 1542 .8 3 5 4 8 6 2 .2 8 2 8 1 .9 4 2 2 9 .9 4 5 4 1 5 7 1 8 .2 0 4 . 6 1 .0 0 5
ATHICK 1 2 4 . 5 0 0 . 8 7 3 3 .9 1 1 .4 5 8 2 .8 0 8 7 2 9 0 . 7 2 6 . 4 0 . 8 2 9
ATHICK 1 3 4 . 5 0 0 . 8 7 3 5 . 7 9 2 . 1 6 6 6 .2 4 7 5 2 7 1 .0 2 6 . 9 - 1 . 2 7 2

ATHICK 1 4 4 . 5 0 0 . 8 7 3 5 . 5 0 3 . 0 2 5 1 2 .1 6 7 4 2 6 1 .4 4 5 . 0 - 0 . 6 9 4
ATHICK 1 5 4 . 5 0 0 . 8 7 3 2 .8 7 0 . 8 8 2 1 .0 4 2 1 2 3 0 . 8 0 2 . 2 2 .0 3 0
ATHICK 2 3 3 .9 1 1 .4 5 8 5 . 7 9 2 . 1 6 6 2 .2 2 5 5 7 12 1 .0 2 8 . 3 - 1 . 8 4 5
ATHICK 2 4 3 .9 1 1 .4 5 8 5 . 5 0 3 . 0 2 5 4 .3 3 3 4 7 11 1 .4 5 5 . 2 - 1 . 1 0 3
ATHICK 2 5 3 .9 1 1 .4 5 8 2 .8 7 0 . 8 8 2 2 .6 9 6 7 1 8 0 .8 1 2 . 6 1 .2 7 5
ATHICK 3 4 5 . 7 9 2 . 1 6 6 5 . 5 0 3 . 0 2 5 1 .9 4 8 4 5 9 1 .61 7 .1 0 .1 8 1
ATHICK 3 5 5 . 7 9 2 . 1 6 6 2 .8 7 0 . 8 8 2 5 .9 9 7 5 1 6 1 .0 8 5 . 0 2 .6 9 5 *
ATHICK 4 5 5 . 5 0 3 . 0 2 5 2 .8 7 0 . 8 8 2 1 1 .6 8 0 4 1 5 1 .4 9 5 . 0 1 .7 6 4
ETHICK 1 2 2 .5 0 2 . 6 0 3 5 . 5 3 1 .9 3 8 1 .8 1 3 2 7 9 1 .6 5 2 . 9 - 1 . 8 3 6
ETHICK 1 3 2 . 5 0 2 . 6 0 3 2 . 9 5 1 .7 2 6 2 .2 8 4 2 5 7 1 .6 6 2 . 9 - 0 . 2 7 2
ETHICK 1 4 2 . 5 0 2 . 6 0 3 3 . 6 4 2 . 8 6 5 1 .2 1 2 4 2 6 1 .9 7 4 . 7 - 0 . 5 7 8
ETHICK 1 5 2 . 5 0 2 . 6 0 3 5 . 4 0 1 .5 6 2 2 . 7 8 9 2 1 3 1 . 8 6 3 . 0 - 1 . 5 5 9
ETHICK 2 3 5 . 5 3 1 .9 3 8 2 . 9 5 1 .7 2 6 1 .2 6 0 7 5 12 0 . 9 8 1 1 .5 2 .6 3 1 *

•Significant difference between groups at a1pha=0.05.
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Table A.I. (continued).

V a r i a b l e G roups  
1 s t  2nd

Mean 
<-------1 s t

S .D .  
g r o u p  —

n 
—>

Mean 

<-------2nd
S .D .  

g r o u p  —
n

—>
F

( c a l c . )
d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o le d  
s  d f

A p p ro x . 
f o r  t

t
( c a l c . )

ETHICK 2 4 5 . 5 3 1 .9 3 8 3 . 6 4 2 . 8 6 5 2 .1 9 7 4 7 11 1 .4 5 6 . 3 1.301
ETHICK 2 5 5 . 5 3 1 .9 3 8 5 . 4 0 1 .5 6 2 1 .5 3 8 7 1 8 1 .2 9 1 .9 0 .0 9 7
ETHICK 3 4 2 . 9 5 1 .7 2 6 3 . 6 4 2 . 8 6 5 2 .7 6 8 4 5 9 1 .4 6 6 . 3 - 0 . 4 7 3
ETHICK 3 5 2 . 9 5 1 .7 2 6 5 . 4 0 1 .5 6 2 1.221 5 1 6 1 .3 0 1 .9 - 1 . 8 7 8
ETHICK 4 5 3 . 6 4 2 . 8 6 5 5 . 4 0 1 .5 6 2 3 .3 7 9 4 1 5 1 .6 9 3 . 8 - 1 . 0 4 3
BTHICK 1 2 4 5 . 7 5 3 . 0 3 3 6 0 . 8 4 2 6 .3 7 8 75.703® 7 2 9 9 . 4 9 7 . 5 - 1 .5 9 1
BTHICK 1 3 4 5 . 7 5 3 . 0 3 3 109.71 1 8 .5 3 6 3 7 .3 6 2 5 2 7 7 . 7 6 5 . 5 - 8 .2 3 8 *
BTHICK 1 4 4 5 . 7 5 3 . 0 3 3 8 0 . 4 0 13.81 5 2 0 .7 6 4 4 2 6 6 . 4 2 4 . 6 - 5 .3 9 7 *
BTHICK 1 5 4 5 . 7 5 3 . 0 3 3 8 7 . 7 5 5 0 . 5 6 2 278.218® 1 2 3 3 5 .7 9 1 .0 - 1 . 1 7 3
BTHICK 2 3 6 0 . 8 4 2 6 .3 7 8 109 .71 1 8 .5 3 6 2 .0 2 6 7 5 12 12.01 1 2 .0 - 4 .0 7 0 *
BTHICK 2 4 6 0 .8 4 2 6 .3 7 8 8 0 . 4 0 13.81 5 3 . 6 4 6 7 ' 4 11 1 1 .1 8 1 0 .8 - 1 . 7 4 9
BTHICK 2 5 6 0 .8 4 2 6 .3 7 8 8 7 . 7 5 5 0 . 5 6 2 3 .6 7 5 1 7 8 3 6 .9 5 1.1 - 0 . 7 2 8
BTHICK 3 4 109.71 18 .5 3 6 8 0 . 4 0 13.81 5 1 .7 9 9 5 4 9 9 . 7 7 8 . 9 3 .0 0 1 *
BTHICK 3 5 109.71 18 .5 3 6 8 7 .7 5 5 0 . 5 6 2 7 .4 4 7 1 5 6 3 6 .5 4 1.1 0 .6 0 1
BTHICK 4 5 8 0 . 4 0 13.81 5 8 7 . 7 5 5 0 . 5 6 2 13.399® 1 4 5 3 6 .2 8 1.1 - 0 . 2 0 3
BSTHICK 1 2 41 .9 7 6 . 6 6 3 3 7 .9 8 6 . 6 8 8 1 .0 0 7 7 2 9 4 .5 1 3 . 6 0 .8 8 5
BSTHICK 1 3 41 .9 7 6 . 6 6 3 2 4 .0 7 1 2 .3 0 6 3 .4 1 2 5 2 7 6 . 3 2 6 . 8 2 .8 3 1 *
BSTHICK 1 4 41 .9 7 6 . 6 6 3 4 . 8 0 6 . 6 6 5 1 .0 0 0 2 4 6 4 . 8 6 4 . 3 7 .6 4 4 *
BSTHICK 1 5 41 .9 7 6 . 6 6 3 2 8 .8 0 1 6 .9 7 2 6 . 4 9 6 1 2 3 1 2 .6 0 1 .2 1 .0 4 5
BSTHICK 2 3 3 7 .9 8 6 . 6 8 8 2 4 .0 7 1 2 .3 0 6 3 .3 8 9 5 7 12 5 . 5 5 7 . 2 2 .5 0 6 *
BSTHICK 2 4 3 7 .9 8 6 . 6 8 8 4 . 8 0 6 . 6 6 5 1 .0 0 7 7 4 11 3 . 8 0 8 . 7 8 .7 2 9 *
BSTHICK 2 5 3 7 .9 8 6 . 6 8 8 2 8 .8 0 1 6 .9 7 2 6 .4 5 3 1 7 8 1 2 .2 3 1. 1 0 .7 5 0
BSTHICK 3 4 2 4 .0 7 1 2 .3 0 6 4 . 8 0 6 . 6 6 5 3 .4 1 3 5 4 9 5 . 8 4 7 . 9 3 .3 0 0 *
BSTHICK 3 5 2 4 .0 7 1 2 .3 0 6 2 8 .8 0 1 6 .9 7 2 1 .9 0 4 1 5 6 13.01 1 .4 - 0 . 3 6 4
BSTHICK 4 5 4 . 8 0 6 . 6 6 5 2 8 .8 0 1 6 .9 7 2 6 .4 9 7 1 4 5 1 2 .3 6 1 .1 - 1 .9 4 1

•Significant difference between groups at a1pha=0.05.
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Table A.I. (continued).

V a r i a b l e  G roups Mean S .O .  n Mean S .D .  n F d f ( n )  d f ( d )  d f P o o l e d  A p p ro x .  t
1 s t  2nd <-------1 s t  g r o u p ----------> <-------2nd g r o u p --------- > ( c a l c . ) < -  f o r  F ->  t s  d f  f o r  t  ( c a l c . )

BTTHICK 1 2 0 . 0 0 0 . 0 0 3 1 .7 9 5 . 0 6 8 . 7 2 9 1 .7 9 7 . 0 -1  .0 0 0
BTTHICK 1 3 0 . 0 0 0 . 0 0 3 0 . 0 0 0 . 0 0 6 2 5 7 0 . 0 0 .
BTTHICK 1 4 0 . 0 0 0 . 0 0 3 3 7 .9 8 1 2 .9 7 5 . 4 2 6 5 . 8 0 4 . 0 -6 .5 4 9 ®
BTTHICK 1 5 0 . 0 0 0 . 0 0 3 1 5 .5 0 2 1 .9 2 2 . 1 2 3 1 5 .5 0 1 .0 - 1 . 0 0 0
BTTHICK 2 3 1 .7 9 5 . 0 6 8 0 . 0 0 0 . 0 0 6 . 7 5 12 1 .7 9 7 . 0 1 .0 0 0
BTTHICK 2 4 1 .7 9 5 . 0 6 8 3 7 . 9 8 1 2 .9 7 5 6.579® 4 7 11 6 . 0 7 4 . 8 - 5 .9 6 4 ®
BTTHICK 2 5 1 .7 9 5 . 0 6 a 1 5 .5 0 2 1 .9 2 2 18.798® 1 7 8 1 5 .6 0 1 .0 - 0 . 8 7 9
BTTHICK 3 4 0 . 0 0 0 . 0 0 6 3 7 .9 8 1 2 .9 7 5 . 4 5 9 5 . 8 0 4 . 0 - 6 .5 4 9 *
BTTHICK 3 5 0 . 0 0 0 . 0 0 6 1 5 .5 0 2 1 .9 2 2 1 5 6 1 5 .5 0 1 .0 - 1 . 0 0 0
BTTHICK 4 5 3 7 .9 8 1 2 .9 7 5 1 5 .5 0 2 1 .9 2 2 2 .8 5 7 1 4 5 1 6 .5 5 1 .3 1 .3 5 8
CTHICK 1 2 9 9 . 7 5 3 . 8 5 3 8 7 . 5 0 1 9 .3 0 8 2 5 .1 6 0 7 2 9 7 .1 8 8 . 2 1 .7 0 7
CTHICK 1 3 9 9 . 7 5 3 . 8 5 3 3 6 . 7 9 1 4 .3 2 6 1 3 .8 4 9 5 2 7 6 . 2 6 6 . 2 10.065®
CTHICK 1 4 9 9 .7 5 3 . 8 5 3 6 4 . 1 5 1 5 .2 9 5 1 5 .7 9 0 4 2 6 7 . 1 9 4 . 8 4 .9 5 0 *

CTHICK 1 5 9 9 .7 5 3 . 8 5 3 5 9 . 5 0 4 9 . 8 5 2 167.772® 1 2 3 3 5 .3 2 1 .0 1. 140
CTHICK 2 3 8 7 . 5 0 1 9 .3 0 6 3 6 . 7 9 1 4 .3 2 6 1 .8 1 7 7 5 12 8 . 9 9 1 2 .0 5 .6 4 2 *
CTHICK 2 4 8 7 . 5 0 1 9 .3 0 8 6 4 .  15 1 5 .2 9 5 1 .5 9 3 7 4 11 9 . 6 6 1 0 .2 2.417®
CTHICK 2 5 8 7 . 5 0 1 9 .3 0 8 5 9 .5 0 4 9 . 8 5 2 6 .6 6 8 1 7 8 3 5 . 9 0 1.1 0 . 7 8 0
CTHICK 3 4 3 6 .7 9 1 4 .3 2 6 6 4 .  15 1 5 .2 9 5 1. 140 4 5 9 9 . 0 0 8 . 4 - 3 .0 4 0 *
CTHICK 3 5 3 6 . 7 9 1 4 .3 2 6 5 9 . 5 0 4 9 .8 5 2 12.115® 1 5 6 3 5 .7 3 1.1 - 0 . 6 3 6
CTHICK 4 5 6 4 .1 5 1 5 .2 9 5 5 9 . 5 0 4 9 . 8 5 2 1 0 .6 2 5 1 4 5 3 5 .9 1 1.1 0 .1 2 9
ACLAV 1 2 5 . 0 0 0 . 0 0 3 4 . 8 7 1 .7 5 8 7 2 9 0 . 6 2 7 . 0 0 .2 0 2
ACLAY 1 3 5 . 0 0 0 . 0 0 3 1 1 .6 7 1 . 4 6 6 5 2 7 0 . 6 0 5 . 0 - 1 1 .1 5 9 *
ACLAY 1 4 5 . 0 0 0 . 0 0 3 8 . 9 5 1 .1 4 5 . 4 2 6 0 .5 1 4 . 0 - 7 .7 6 S *
ACLAY 1 5 5 . 0 0 0 . 0 0 3 9 . 7 5 2 .1 2 2 . 1 2 3 1 .5 0 1 . 0 - 3 . 1 6 7
ACLAY 2 3 4 .8 7 1 .7 5 8 1 1 .6 7 1 .4 6 6 1 .4 3 4 7 5 12 0 . 8 6 1 1 .8 - 7 .8 9 0 *

•Significant difference between groups at a1pha=0.05.
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Table A.I. (continued).

V a r i a b l e  G roups Mean S .D .  n Mean S .D .  n F d f ( n )  d f ( d )  d f P o o l e d  A p p ro x .  t
1 s t  2nd <-------1 s t  g r o u p ----------> <-------2nd g r o u p --------- > ( c a l c . ) < -  f o r  F ->  t s  d f  f o r  t  ( c a l c . )

ACLAV 2 4 4 . 8 7 1 .7 5 8 8 . 9 5 1 .1 4 5 2 . 3 7 4 7 4 11 0 . 8 0 1 0 .9 - 5 .0 8 3 *
ACLAV 2 5 4 . 8 7 1 .7 5 8 9 . 7 5 2 . 1 2 2 1 .4 6 5 1 7 8 1 .6 2 1 .4 - 3 .0 0 4 *
ACLAY 3 4 1 1 .6 7 1 .4 6 6 8 . 9 5 1 .1 4 5 1 .6 5 5 5 4 9 0 . 7 8 9 . 0 3 .4 6 2 *
ACLAV 3 5 1 1 .6 7 1 .4 6 6 9 . 7 5 2 .1 2 2 2 .1 0 1 1 5 6 1 .61 1 .3 1 .1 8 7
ACLAY 4 5 6 . 9 5 1. 14 5 9 . 7 5 2 .1 2 2 3 .4 7 8 1 4 5 1 .5 8 1 .2 - 0 . 5 0 5
ACSFR 1 2 0 . 1 7 0 . 1 9 3 0 . 2 5 0 .2 1 8 1 .2 4 0 7 2 9 0 . 1 3 4 . 0 - 0 . 5 4 5
ACSFR 1 3 0 .  17 0 . 1 9 3 2 . 2 4 1 .2 7 6 45 .395® 5 2 7 0 . 5 3 5 . 4 - 3 .8 8 8 *
ACSFR 1 4 0 .  17 0 . 1 9 3 0 . 8 4 0 . 6 0 5 1 0 .1 5 4 4 2 6 0 . 2 9 5 .1 - 2 .2 9 1
ACSFR 1 5 0 . 1 7 0 . 1 9 3 0 . 8 2 0 . 5 3 2 7 .8 9 5 1 2 3 0 . 3 9 1 .2 - 1 . 6 6 4
ACSFR 2 3 0 . 2 5 0 .2 1 8 2 . 2 4 1 .2 7 6 36.600® 5 7 12 0 . 5 2 5 . 2 - 3 .7 9 6 *
ACSFR 2 4 0 . 2 5 0 .2 1 8 0 . 8 4 0 . 6 0 5 B. 187® 4 7 11 0 . 2 8 4 . 6 - 2 . 1 2 5
ACSFR 2 5 0 . 2 5 0 .2 1 8 0 . 8 2 0 . 5 3 2 6 . 3 6 5 1 7 8 0 . 3 8 1 .1 - 1 . 5 1 2
ACSFR 3 4 2 .2 4 1 .2 7 6 0 . 8 4 0 . 6 0 5 4 . 4 7 0 5 4 9 0 . 5 8 7 . 4 2 .3 9 0 *
ACSFR 3 5 2 .2 4 1 .2 7 6 0 . 8 2 0 . 5 3 2 5 . 7 5 0 5 1 6 0 . 6 4 4 . 9 2 .2 0 6
ACSFR 4 5 0 . 8 4 0 . 6 0 5 0 . 8 2 0 . 5 3 2 1 .2 8 6 4 1 5 0 . 4 6 2 . 2 0 . 0 3 3
ASAND 1 2 8 7 .6 7 4 . 0 4 3 7 5 .6 9 2 6 .4 9 8 42.963® 7 2 9 9 . 6 5 7 . 8 1.241
ASAND 1 3 8 7 . 6 7 4 . 0 4 3 6 0 . 5 0 4 . 3 2 6 1 .1 4 5 5 2 7 2 .9 3 4 . 4 9 .2 8 5 *
ASAND 1 4 8 7 .6 7 4 . 0 4 3 6 0 . 3 5 1 4 .4 8 5 1 2 .8 4 5 4 2 6 6 . 8 9 4 . 9 3 .9 6 8 *
ASAND 1 5 8 7 .6 7 4 . 0 4 3 6 4 . 3 7 1 1 .8 4 2 8 . 5 8 9 1 2 3 8 . 6 9 1 .2 2 .6 7 9
ASAND 2 3 7 5 .6 9 2 6 .4 9 8 6 0 . 5 0 4 . 3 2 6 37.526® 7 5 12 9 . 5 3 7 . 5 1 .5 9 4
ASAND 2 4 7 5 .6 9 2 6 .4 9 8 6 0 .3 5 1 4 .4 8 5 3 . 3 4 5 7 4 11 1 1 .3 9 1 0 .9 1 .3 4 7
ASAND 2 5 7 5 .6 9 2 6 .4 9 8 6 4 . 3 7 1 1 .8 4 2 5 . 0 0 2 7 1 8 1 2 .5 6 4 .1 0 .9 0 0
ASAND 3 4 6 0 . 5 0 4 . 3 2 6 6 0 .3 5 1 4 .4 8 5 11.219® 4 5 9 6 .7 1 4 . 6 0 .0 2 2
ASAND 3 5 6 0 . 5 0 4 . 3 2 6 6 4 .3 7 1 1 .8 4 2 7 . 5 0 2 1 5 6 8 . 5 6 1.1 - 0 . 4 5 3
ASAND 4 5 6 0 . 3 5 1 4 .4 8 5 6 4 . 3 7 1 1 .8 4 2 1 .4 9 6 4 1 5 1 0 .5 9 2 . 3 - 0 . 3 8 0

•Significant difference between groups at a 1pha=0.05.
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Table A.I. (continued).

V a r i a b l e  G ro u p s Mean S .D .  n Mean S .D . n F d f ( n )  d f ( d )  d f P o o l e d  A p p ro x .  t

1 s t  2nd <-------1 s t  g r o u p --------- > <-------2nd  g r o u p  — — > ( c a l c . ) < -  f o r  F - >  t s  d f  f o r  t  ( c a l c . )

ASILT 1 2 7 .3 3 4 . 0 4 3 6 . 9 4 5 . 1 0 8 1 .5 9 4 7 2 9 2 . 9 5 4 . 6 0 . 1 3 4

ASILT 1 3 7 .3 3 4 . 0 4 3 2 7 .8 3 2 . 8 7 6 1 .9 8 2 2 5 7 2 .61 3 .1 - 7 .8 5 1 *

ASILT 1 4 7 . 3 3 4 . 0 4 3 2 0 .7 0 2 . 5 8 5 2 . 4 4 9 2 4 6 2 . 6 0 3 . 0 - 5 . 1 3 4 *

ASILT 1 5 7 . 3 3 4 . 0 4 3 2 5 .8 7 9 . 7 2 2 5 . 7 8 8 1 2 3 7 . 2 6 1 .2 - 2 . 5 5 4

ASILT 2 3 6 . 9 4 5 . 1 0 8 2 7 .8 3 2 . 8 7 6 3 . 1 5 8 7 5 12 2 .  15 1 1 .3 - 9 .7 1 4 *

ASILT 2 4 6 . 9 4 5 . 1 0 8 2 0 .7 0 2 .5 8 5 3 . 9 0 3 7 4 11 2 .  14 1 0 .8 - 6 .4 2 5 *

ASILT 2 5 6 . 9 4 5 . 1 0 8 2 5 .8 7 9 . 7 2 2 3 .6 3 1 1 7 8 7 .1 1 1.1 - 2 .6 6 4 *

ASILT 3 4 2 7 .8 3 2 .8 7 6 2 0 . 7 0 2 . 5 8 5 1 .2 3 6 5 4 9 1 .6 5 8 . 9 4 .3 3 5 *
ASILT 3 5 2 7 .8 3 2 .8 7 6 2 5 .8 7 9 . 7 2 2 11.470® 1 5 6 6 . 9 7 1.1 0 .2 8 1

ASILT 4 5 2 0 .7 0 2 .5 8 5 2 5 .8 7 9 . 7 2 2 14.175® 1 4 5 6 . 9 7 1.1 - 0 . 7 4 2
BCLAY 1 2 5 . 0 0 0 . 0 0 3 6 . 7 5 3 . 0 2 8 7 2 9 1 .0 7 7 . 0 - 1 . 6 3 8
BCLAY 1 3 5 . 0 0 0 . 0 0 3 1 5 .9 2 5 . 9 8 6 5 2 7 2 . 4 4 5 . 0 - 4 .4 6 9 *
BCLAY 1 4 5 . 0 0 0 . 0 0 3 2 0 .6 2 1 .4 0 5 4 2 6 0 . 6 3 4 . 0 - 2 4 .9 3 8 *
BCLAY 1 5 5 . 0 0 0 . 0 0 3 1 2 .4 3 5 . 9 8 2 1 2 3 4 . 2 2 1 . 0 ' - 1 . 7 5 7
BCLAY 2 3 6 . 7 5 3 . 0 2 8 1 5 .9 2 5 . 9 8 6 3 .9 3 8 5 7 12 2 . 6 7 6 . 9 - 3 .4 4 0 *
BCLAY 2 4 6 . 7 5 3 . 0 2 8 2 0 .6 2 1 .4 0 5 4 . 6 3 3 7 4 11 1 .2 4 1 0 .5 - 1 1 .2 2 2 *
BCLAY 2 5 6 . 7 5 3 . 0 2 8 1 2 .4 3 5 . 9 8 2 3 . 9 2 6 1 7 8 4 . 3 6 1.1 - 1 . 3 0 3
BCLAY 3 4 1 5 .9 2 5 . 9 8 6 2 0 .6 2 1 .4 0 5 1 8 .2 4 3 * 5 4 9 2 . 5 2 5 . 6 - 1 . 8 6 7
BCLAY 3 5 1 5 .9 2 5 . 9 8 6 1 2 .4 3 5 . 9 8 2 1 .0 0 3 5 1 6 4 . 8 8 1 .7 0 . 7 1 5
BCLAY 4 5 2 0 .6 2 1 .4 0 5 1 2 .4 3 5 . 9 8 2 18.189® 1 4 5 4 . 2 7 1 .0 1 .9 2 0
BCSFR 1 2 2 .  17 0 . 6 6 3 5 . 4 2 3 . 5 7 8 29.377® 7 2 9 1 .3 2 8 .1 - 2 .4 6 7 *
BCSFR 1 3 2 .  17 0 . 6 6 3 8 . 7 9 8 .5 1 6 16 7 .0 0 3 * 5 2 7 3 . 5 0 5 .1 - 1 . 8 9 5
BCSFR 1 4 2 . 1 7 0 . 6 6 3 2 . 7 0 2 . 1 2 5 1 0 .4 0 4 4 2 6 1 .0 2 5 .1 - 0 .5 2 1
BCSFR 1 5 2 .  17 0 . 6 6 3 1 .9 5 0 . 4 2 2 2 .4 1 1 2 1 3 0 . 4 8 3 . 0 0 . 4 4 7
BCSFR 2 3 5 . 4 2 3 . 5 7 8 8 . 7 9 8 .5 1 6 5 .6 8 5 * 5 7 12 3 . 7 0 6 . 3 - 0 . 9 1 2

•Significant difference between groups at alpha=0.05.
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Table A.I. (continued).

V a r i a b l e G roups  
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f o r  t

t
( c a l c . )

BCSFR 2 4 5 . 4 2 3 . 5 7 8 2 . 7 0 2 .1 2 5 2 .8 2 4 7 4 11 1 .5 8 1 1 .0 1 .721
BCSFR 2 5 5 . 4 2 3 .5 7 8 1 .9 5 0 . 4 2 2 7 0 .8 2 5 7 1 8 1 .3 0 7 . 6 2.673®
BCSFR 3 4 8 . 7 9 8 .5 1 6 2 . 7 0 2 . 1 2 5 16.051® 5 4 9 3 . 6 0 5 . 7 1.691
BCSFR 3 5 8 . 7 9 8 .5 1 6 1 .9 5 0 . 4 2 2 4 0 2 .6 2 4 5 1 6 3 . 4 9 5 .  1 1 .961
BCSFR 4 5 2 . 7 0 2 .1 2 5 1 .9 5 0 . 4 2 2 2 5 .0 8 3 4 1 5 1 .0 0 4 . 7 0 .7 5 3
BSAND 1 2 8 9 . 6 7 0 . 5 6 3 8 3 . 4 6 7 . 3 8 8 171.723® 7 2 9 2 . 6 3 7 . 2 2.365®
BSAND 1 3 8 9 . 6 7 0 . 5 6 3 6 1 .3 2 1 2 .5 3 6 495.757® 5 2 7 5 . 1 3 5 . 0 5.531®
BSAND 1 4 8 9 . 6 7 0 . 5 6 3 5 1 .7 2 9 . 5 3 5 286.914® 4 2 6 4 . 2 8 4 . 0 8 .8 7 5 *
BSAND 1 5 8 9 . 6 7 0 . 5 6 3 6 7 . 2 9 1 8 .3 0 2 1056.43® 1 2 3 1 2 .9 4 1 .0 1 .7 3 0
BSAND 2 3 8 3 . 4 6 7 . 3 8 8 61 .3 2 1 2 .5 3 6 2 .8 8 7 5 7 12 5 . 7 4 7 . 6 3 .8 5 5 *
BSAND 2 4 8 3 . 4 6 7 . 3 8 8 51 .7 2 9 . 5 3 5 1.671 4 7 11 5 . 0 0 7 . 0 6 .3 5 0 *
BSAND 2 5 8 3 . 4 6 7 .3 8 8 6 7 . 2 9 1 8 .3 0 2 6 .1 5 2 1 7 8 1 3 .2 0 1. 1 1 .2 2 5
BSAND 3 4 6 1 .3 2 1 2 .5 3 6 5 1 . 7 2 9 . 5 3 5 1 .7 2 8 5 4 9 6 . 6 6 9 . 0 1 .441
BSAND 3 5 6 1 . 3 2 1 2 .5 3 6 6 7 .2 9 1 8 .3 0 2 2 .1 3 1 1 5 6 13.91 1 .3 - 0 . 4 2 9
BSAND 4 5 5 1 . 7 2 9 . 5 3 5 6 7 . 2 9 1 8 .3 0 2 3 . 6 8 2 1 4 5 1 3 .6 2 1 .2 - 1 . 1 4 3
BSILT 1 2 5 . 3 3 0 . 5 6 3 9 . 8 0 4 .5 1 e 64.092® 7 2 9 1 .6 3 7 . 5 -2 ,7 5 2 ®
BSILT 1 3 5 . 3 3 0 . 5 6 3 2 2 .7 8 7 . 4 9 6 177.100® 5 2 7 3 . 0 8 5 .  1 - 5 .6 7 7 *
BSILT 1 4 5 . 3 3 0 . 5 6 3 2 7 .6 6 9 . 3 5 5 276.116® 4 2 6 4 . 2 0 4 . 0 - 5 .3 2 3 *

BSILT 1 5 5 . 3 3 0 . 5 6 3 2 0 .2 9 1 2 .3 2 2 479.102® 1 2 3 8 . 7 2 1 .0 - 1 . 7 1 6
BSILT 2 3 9 . 8 0 4 .5 1 8 2 2 .7 8 7 . 4 9 6 2 .7 6 3 5 7 12 3 . 4 5 7 . 7 -3 .7 6 5 ®
BSILT 2 4 9 . 8 0 4 .5 1 8 2 7 . 6 6 9 . 3 5 5 4 . 3 0 8 4 7 11 4 . 4 8 5 . 2 - 3 .9 9 0 *
BSILT 2 5 9 . 8 0 4 .5 1 8 2 0 .2 9 1 2 .3 2 2 7 . 4 7 5 1 7 8 8 . 8 6 1. 1 - 1 . 1 8 4
BSILT 3 4 2 2 .7 8 7 . 4 9 6 2 7 . 6 6 9 . 3 5 5 1 .5 5 9 4 5 9 5 . 1 8 7 . 7 - 0 .9 4 1
BSILT 3 5 2 2 .7 8 7 . 4 9 6 2 0 .2 9 1 2 .3 2 2 2 .7 0 5 1 5 6 9 . 2 3 1 .3 0 . 2 7 0
BSILT 4 5 2 7 .6 6 9 . 3 5 5 2 0 .2 9 1 2 .3 2 2 1 .7 3 5 1 4 5 9 . 6 6 1 . 5 0 .7 6 3

•Significant difference between groups at alpha=0.05.
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Table A.I. (continued).

/ a r l a b l e G ro u p s  
1 s t  2nd

Mean 
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S .D .
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■ F ->
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A p p r o x . 
f o r  t

t
( c a l c . )

CCLAV 1 2 5 . 0 0 0 . 0 0 3 1 1 .4 7 8 . 2 8 8 7 2 9 2 .9 3 7 . 0 - 2 . 2 1 0
CCLAV 1 3 5 . 0 0 0 . 0 0 3 1 4 .8 5 1 2 .2 3 6 . 5 2 7 4 . 9 9 5 . 0 - 1 . 9 7 3
CCLAV 1 4 5 . 0 0 0 . 0 0 3 3 5 .4 9 1 3 .8 9 5 . 4 2 6 6 .2 1 4 . 0 - 4 .9 0 8 *
CCLAV 1 5 5 . 0 0 0 . 0 0 3 2 7 .1 4 1 2 .9 9 2 . 1 2 3 9 . 1 9 1 .0 - 2 . 4 1 0
CCLAV 2 3 1 1 .4 7 8 . 2 8 8 1 4 .8 5 1 2 .2 3 6 2 .1 8 1 5 7 12 5 . 7 9 8 . 3 - 0 . 5 8 4

CCLAV 2 4 11 .4 7 8 . 2 8 8 3 5 . 4 9 1 3 .8 9 5 2 .8 1 2 4 7 11 6 . 8 7 5 . 8 - 3 .4 9 7 *

CCLAV 2 5 11 .4 7 8 . 2 8 8 27 .  14 1 2 .9 9 2 2 .4 6 1 1 7 8 9 . 6 4 1 .2 - 1 . 6 2 5
CCLAY 3 4 1 4 .0 5 1 2 .2 3 6 3 5 .4 9 1 3 .8 9 5 1 .2 8 9 4 5 9 7 .9 7 8 .  1 - 2 . 5 8 9 *
CCLAV 3 5 1 4 .8 5 1 2 .2 3 6 2 7 .1 4 1 2 .9 9 2 1 .1 2 8 1 5 6 1 0 .4 6 1 .6 - 1 . 1 7 5
CCLAV 4 5 3 5 .4 9 1 3 .8 9 5 27 .  14 1 2 .9 9 2 1 .1 4 3 4 1 5 1 1 .0 9 2 . 0 0 . 7 5 2

CSAND 1 2 9 0 . 0 0 0.00 3 7 8 .0 8 1 3 .8 9 8 . 7 2 9 4 .9 1 7 . 0 2 .4 2 6 *

CSAND 1 3 9 0 .0 0 0.00 3 5 8 .3 4 2 0 .5 8 6 . 5 2 7 8 . 4 0 5 . 0 3 .7 6 8 *

CSAND 1 4 9 0 . 0 0 0.00 3 4 2 . 6 4 2 1 .6 7 5 4 2 6 9 . 6 9 4 . 0 4 .8 8 8 *
CSAND 1 5 9 0 .0 0 0 . 0 0 3 5 6 .5 8 2 3 .4 5 2 . 1 2 3 1 6 .5 8 1 . 0 2 .0 1 5
CSAND 2 3 7 0 .0 8 13 .8 9 8 5 8 . 3 4 2 0 .5 8 6 2 .1 9 4 5 7 12 9 . 7 3 8 . 3 2 .0 2 9
CSAND 2 4 7 8 .0 8 1 3 .8 9 8 4 2 .6 4 21 .6 7 5 2 .4 3 2 4 7 11 1 0 .8 6 6 .  1 3 .2 6 3 *

CSAND 2 5 7 8 . 0 8 1 3 .8 9 8 5 6 .5 8 2 3 .4 5 2 2 .8 5 0 1 7 a 1 7 .3 0 1 .2 1 .2 4 3
CSAND 3 4 5 8 . 3 4 2 0 .5 8 6 4 2 . 6 4 2 1 .6 7 5 1 .1 0 8 4 5 9 1 2 .8 2 8 . 5 1 .2 2 4
CSAND 3 5 5 8 . 3 4 2 0 .5 8 6 5 6 .5 8 2 3 .4 5 2 1 .2 9 9 1 5 6 1 8 .5 9 1 .6 0 .0 9 4
CSAND 4 5 4 2 . 6 4 2 1 .6 7 5 5 6 . 5 8 2 3 .4 5 2 1 .1 7 2 1 4 5 19.21 1 .7 - 0 . 7 2 6
CSILT 1 2 5 . 0 0 0 . 0 0 3 7 . 3 2 3 . 9 3 a . 7 2 9 1 .3 9 7 . 0 - 1 . 6 7 0
CSILT 1 3 5 . 0 0 0 . 0 0 3 1 0 .1 4 6 . 3 2 6 5 2 7 2 . 5 8 5 . 0 - 1 . 9 9 2
CSILT 1 4 5 . 0 0 0 . 0 0 3 2 1 .8 7 8 . 1 0 5 . 4 2 6 3 . 6 2 4 . 0 - 4 .6 5 9 *
CSILT 1 5 5 . 0 0 0 . 0 0 3 1 6 .2 7 1 0 .4 6 2 . 1 2 3 7 . 4 0 1 .0 - 1 . 5 2 4
CSILT 2 3 7 .3 2 3 . 9 3 8 1 0 .1 4 6 . 3 2 6 2 .5 9 1 5 7 12 2 . 9 3 7 . 8 - 0 . 9 6 3

•Significant difference between groups at a1pha=0.05.



Table A.I. (continued).

V a r i a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S.D .
g r o u p  ----

n 
—>

Mean 
<-------2nd

S.D .
g r o u p  -----

n
->

F
( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o le d  
s  d f

A p p r o x . 
f o r  t

t
( c a l c . )

CSILT 2 4 7 . 3 2 3 . 9 3 8 2 1 .8 7 8 . 1 0 *5 4 . 2 4 9 4 7 11 3 . 8 8 5 . 2 - 3 .7 5 2 *

CSILT 2 5 7 . 3 2 3 . 9 3 8 1 6 .2 7 1 0 .4 6 2 7 .0 8 8 1 7 8 7 . 5 2 1. 1 - 1 . 1 9 0
CSILT 3 4 1 0 .1 4 6 . 3 2 6 2 1 .8 7 8 . 1 0 5 1 .6 3 9 4 5 9 4 . 4 5 7 . 5 - 2 .6 3 7 *

CSILT 3 5 1 0 .1 4 6 . 3 2 6 1 6 .2 7 1 0 .4 6 2 2 .7 3 5 1 5 6 7 . 8 3 1 .3 - 0 . 7 8 3
CSILT 4 5 2 1 .8 7 8 . 1 0 5 1 6 .2 7 1 0 .4 6 2 1 .6 6 8 1 4 5 8 . 2 3 1 .5 0 . 6 8 0
OEWT 1 2 1 1 0 0 3 .5 6 7 6 4 .5 7 3 1 2 9 0 2 .9 2 2 2 4 9 .9 1 8 8 .6 6 9 7 2 9 9 0 9 . 7 4 9 . 0 - 2 . 0 8 8
OEWT 1 3 1 1 0 0 3 .5 6 7 6 4 .5 7 3 1 1 0 0 2 .0 0 1 4 8 5 .6 9 6 3 . 7 7 6 5 2 7 7 5 0 . 1 6 6 . 9 0 .0 0 2
OEWT 1 4 1 1 0 0 3 .5 6 7 6 4 .5 7 3 1 0 4 5 5 .2 7 4 1 3 1 .2 1 5 2 9 .1 9 5 4 2 6 1 8 9 9 .5 4 4 . 4 0 .2 8 9
OEWT 1 5 1 1 0 0 3 .5 6 7 6 4 .5 7 3 1 3 7 0 5 .8 3 1 7 1 8 .9 8 2 5 . 0 5 5 1 2 3 1 2 9 3 .1 8 1 .3 - 2 . 0 9 0
OEWT 2 3 12 9 0 2 .9 2 2249 .9 1 8 1 1 0 0 2 .0 0 1 4 8 5 .6 9 6 2 .2 9 3 7 5 12 1 0 0 0 .3 2 1 1 .9 1 .9 0 0
OEWT 2 4 12 9 0 2 .9 2 2 2 4 9 .9 1 8 1 0 4 5 5 .2 7 4 1 3 1 .2 1 5 3 .3 7 2 4 7 11 2 0 1 1 .5 0 5 . 5 1 .2 1 7
OEWT 2 5 1 2 9 0 2 .9 2 2 2 4 9 .9 1 8 1 3 7 0 5 .8 3 1 7 1 8 .9 8 2 1 .7 1 3 7 1 8 1 4 5 2 .6 6 2 . 0 - 0 . 5 5 3
OEWT 3 4 1 1 0 0 2 .0 0 1 4 8 5 .6 9 6 1 0 4 5 5 .2 7 4 1 3 1 .2 1 5 7 .7 3 2 * 4 5 9 1 9 4 4 .5 5 4 . 9 0 .2 8 1
OEWT 3 5 1 1 0 0 2 .0 0 1 4 8 5 .6 9 6 1 3 7 0 5 .8 3 1 7 1 8 .9 8 2 1 .3 3 9 1 5 6 1 3 5 8 .4 3 1 .5 - 1 . 9 9 0

OEWT 4 5 10455 .27 4 1 3 1 .2 1 5 1 3 7 0 5 .8 3 1 7 1 8 .9 8 2 5 . 7 7 6 4 1 5 2 2 1 1 .5 2 4 . 7 - 1 . 4 7 0
OIWT 1 2 2 5 4 7 .8 9 3 2 7 .3 5 3 2 9 6 9 .5 4 3 9 7 .8 0 8 1 .4 7 7 7 2 9 2 3 5 .5 8 4 . 4 - 1 . 7 9 0
OIWT 1 3 2 5 4 7 .8 9 3 2 7 .3 5 3 2 7 6 6 .2 2 2 5 2 .9 9 6 1 .6 7 4 2 5 7 2 1 5 .3 8 3 . 3 - 1 . 0 1 4
OIWT 1 4 2 5 4 7 .8 9 3 2 7 .3 5 3 3 1 3 7 .8 7 3 9 7 .1 8 5 1 .4 7 2 4 2 6 2 5 9 .3 7 5 .1 - 2 . 2 7 5
OIWT 1 5 2 5 4 7 .8 9 3 2 7 .3 5 3 2 7 9 4 .1 7 3 5 9 .4 5 2 1 .2 0 6 1 2 3 3 1 6 .7 3 2 .  1 - 0 . 7 7 8
OIWT 2 3 2 9 6 9 .5 4 3 9 7 .8 0 a 2 7 6 6 .2 2 2 5 2 .9 9 6 2 .4 7 2 7 5 12 1 7 4 .4 9 1 1 .8 1 .1 6 5
OIWT 2 4 2 9 6 9 .5 4 3 9 7 .8 0 8 3 1 3 7 .8 7 3 9 7 .1 8 5 1 .0 0 3 7 4 11 2 2 6 . 5 6 8 . 6 - 0 . 7 4 3
OIWT 2 5 2 9 6 9 .5 4 3 9 7 .8 0 8 2 7 9 4 .1 7 3 5 9 .4 5 2 1 .2 2 5 7 1 8 2 9 0 .4 8 1 .7 0 . 6 0 4
OIWT 3 4 2 7 6 6 .2 2 2 5 2 .9 9 6 3 1 3 7 .8 7 3 9 7 .1 8 5 2 .4 6 5 4 5 9 2 0 5 .4 7 6 . 6 - 1 . 8 0 9
OIWT 3 5 2 7 6 6 .2 2 2 5 2 .9 9 6 2 7 9 4 .1 7 3 5 9 . 4 5 2 2 .0 1 9 1 5 6 2 7 4 .3 5 1 .4 - 0 . 1 0 2
OIWT 4 5 3 1 3 7 .8 7 3 9 7 .1 8 5 2 7 9 4 .1 7 3 5 9 .4 5 2 1 .221 4 1 5 3 1 0 .0 8 2 .1 1 .1 0 8

•Significant difference between groups at alpha=0.05.
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Table A.i. (continued).

V a r i a b l e  G ro u p s  Mean S .D .  n 
1 s t  2nd <-------1 s t  g r o u p ---------->

Mean S .D .  n 
<-------2nd  g r o u p --------- >

F d f ( n )  d f ( d )  d f  
( c a l c . )  < -  f o r  F - >  t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

DEPLS 1 2 4 0 6 . 6 7 1 6 1 .6 6 3 1 4 0 .3 7 1 5 5 .1 7 8 1 .0 8 5 2 7 9 1 0 8 .2 6 3 . 5 2 .4 6 0
DEPLS 1 3 4 0 6 .6 7 1 6 1 .6 6 3 3 3 8 . 3 3 2 5 0 . 4 5 6 2 .4 0 0 5 2 7 1 3 8 .4 4 6 .1 0 .4 9 4

DEPLS 1 4 4 0 6 . 6 7 1 6 1 .6 6 3 1 9 1 .2 0 2 3 1 .0 4 5 2 .0 4 3 4 2 6 1 3 9 .2 4 5 . 7 1 .5 4 7
DEPLS 1 5 4 0 6 . 6 7 1 6 1 .6 6 3 6 0 . 5 0 6 4 . 3 5 2 6 . 3 1 2 2 1 3 1 0 3 .8 3 2 . 8 3 .3 3 4 *

DEPLS 2 3 1 4 0 .3 7 1 5 5 .1 7 8 3 3 8 .3 3 2 5 0 .4 5 6 2 .6 0 5 5 7 12 1 1 6 .0 3 7 . 8 - 1 . 7 0 6

DEPLS 2 4 1 4 0 .3 7 1 5 5 .1 7 8 1 9 1 .2 0 2 3 1 . 0 4 5 2 .2 1 7 4 7 11 1 1 6 .9 8 6 . 3 - 0 . 4 3 4
DEPLS 2 5 14 0 .3 7 1 5 5 .1 7 8 6 0 . 5 0 6 4 . 3 5 2 5 .8 1 5 7 1 8 7 1 .2 7 4 . 6 1.121
DEPLS 3 4 3 3 8 .3 3 2 5 0 .4 5 6 1 9 1 .2 0 2 3 1 .0 4 5 1 .1 7 5 5 4 9 1 4 5 .3 6 8 . 9 1 .0 1 2
DEPLS 3 5 3 3 8 .3 3 2 5 0 .4 5 6 6 0 . 5 0 6 4 . 3 5 2 1 5 .1 5 0 5 1 6 111 .91 6 . 0 2 .4 8 3 *
DEPLS 4 5 1 9 1 .2 0 2 3 1 .0 4 5 6 0 . 5 0 6 4 . 3 5 2 1 2 .8 9 2 4 1 5 1 1 2 .9 0 5 . 0 1 .1 5 8
DEPSCL 1 2 5 0 0 . 0 0 0 . 0 0 3 2 8 6 .1 2 1 8 6 .1 2 8 . 7 2 9 6 5 . 8 0 7 . 0 3 .2 5 0 *
DEPSCL 1 3 5 0 0 .0 0 0 . 0 0 3 8 0 . 6 7 3 5 .0 1 6 . 5 2 7 1 4 .2 9 5 . 0 2 9 .3 3 7 *

DEPSCL 1 4 5 0 0 .0 0 0 . 0 0 3 5 6 .8 0 8 . 0 4 5 . 4 2 6 3 . 6 0 4 . 0 12 3 .2 0 6 *
DEPSCL 1 5 5 0 0 .0 0 0 . 0 0 3 1 1 2 .5 0 1 0 2 .5 3 2 . 1 2 3 7 2 . 5 0 1 .0 5 .3 4 5
DEPSCL 2 3 2 8 6 .1 2 1 8 6 .1 2 8 8 0 .6 7 35 .0 1 6 2 8 .2 5 7 * 7 5 12 6 7 . 3 4 7 . 7 3 .0 5 1 *
DEPSCL 2 4 2 8 6 .1 2 1 8 6 .1 2 8 5 6 .8 0 8 . 0 4 5 5 3 5 .3 9 2 * 7 4 11 6 5 . 9 0 7 . 0 3 .4 8 0 *
DEPSCL 2 5 2 8 6 .1 2 1 8 6 .1 2 8 1 1 2 .5 0 1 0 2 .5 3 2 3 .2 9 5 7 1 8 9 7 .9 1 3 . 0 1 .7 7 3
DEPSCL 3 4 8 0 .6 7 3 5 .0 1 6 5 6 . 8 0 8 . 0 4 5 1 8 .9 4 7 * 5 4 9 1 4 .7 4 5 . 6 1 .6 1 9
DEPSCL 3 5 8 0 .6 7 3 5 .0 1 6 1 1 2 .5 0 1 0 2 .5 3 2 8 . 5 7 6 1 5 6 7 3 . 9 0 1.1 - 0 .4 3 1
DEPSCL 4 5 5 6 .8 0 8 . 0 4 5 1 1 2 .5 0 1 0 2 .5 3 2 16 2 .4 8 1 * 1 4 5 7 2 .5 9 1 .0 - 0 . 7 6 7
DEPSL 1 2 5 0 0 .0 0 0 . 0 0 3 2 1 8 .2 5 1 5 0 .4 2 8 . 7 2 9 5 3 . 1 8 7 . 0 5 .2 9 8 *
DEPSL 1 3 5 0 0 .0 0 0 . 0 0 3 2 9 .1 7 2 0 .7 8 6 . 5 2 7 8 . 4 8 5 . 0 5 5 .5 0 3 *
DEPSL 1 4 5 0 0 . 0 0 0 . 0 0 3 2 2 .2 0 6 . 2 6 5 . 4 2 6 2 . 8 0 4 . 0 17 0 .6 4 3 *
DEPSL 1 5 5 0 0 . 0 0 0 . 0 0 3 1 2 6 .0 0 2 2 .6 3 2 . 1 2 3 1 6 .0 0 1 .0 2 3 .3 7 5 *
DEPSL 2 3 2 1 8 .2 5 1 5 0 .4 2 8 2 9 .1 7 2 0 .7 8 6 5 2 .4 0 6 * 7 5 12 5 3 . 8 5 7 . 4 3 .5 1 1 *

•Significant difference between groups at a1pha=0.05.
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Table A.1. (continued).

/ e n a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S.D .
g r o u p  ----
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->
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S .D .  
g r o u p  -----

n
->

F

( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o l e d  
s  d f

Approx 
f o r  t

t
( c a l c . )

DEPSL 2 4 2 1 6 .2 5 1 5 0 .4 2 8 2 2 .2 0 6 . 2 6 5 5 7 7 .2 2 1 * 7 4 11 5 3 . 2 6 7 . 0 3 .681®
DEPSL 2 5 2 1 8 .2 5 1 5 0 .4 2 8 1 2 6 .0 0 2 2 .6 3 2 4 4 . 1 9 3 7 1 8 5 5 . 5 4 7 . 9 1 .661
DEPSL 3 4 2 9 .1 7 2 0 .7 8 6 2 2 .2 0 6 . 2 6 5 11.014® 5 4 9 8 . 9 3 6 .1 0 . 7 8 0
DEPSL 3 5 2 9 .  17 2 0 .7 8 6 1 2 6 .0 0 2 2 .6 3 2 1 .1 8 6 1 5 6 18.11 1 .6 - 5 .3 4 7 *
DEPSL 4 5 2 2 .2 0 6 . 2 6 5 1 2 6 .0 0 2 2 .6 3 2 13.061® 1 4 5 1 6 .2 4 1.1 - 6 . 3 9 0
DEPTEX 1 2 5 0 0 .0 0 0 . 0 0 3 1 4 6 .2 5 7 7 .2 6 8 7 2 9 2 7 .3 1 7 . 0 12.951®
DEPTEX 1 3 5 0 0 .0 0 0 . 0 0 3 5 8 . 0 0 3 2 . 8 3 6 5 2 7 1 3 .4 0 5 . 0 3 2 .9 8 1 *
DEPTEX 1 4 5 0 0 .0 0 0 . 0 0 3 4 3 . 8 0 4 . 5 5 5 4 2 6 2 . 0 3 4 . 0 2 2 4 .2 1 0 *
DEPTEX 1 5 5 0 0 .0 0 0 . 0 0 3 1 0 0 .0 0 1 1 1 .7 2 2 1 2 3 7 9 . 0 0 1 . 0 5 . 0 6 3
DEPTEX 2 3 1 4 6 .2 5 7 7 .2 6 8 5 8 . 0 0 3 2 .8 3 6 5 . 5 3 9 7 5 12 3 0 .4 3 1 0 .0 2 .9 0 1 *
DEPTEX 2 4 1 4 6 .2 5 7 7 . 2 6 8 4 3 . 8 0 4 . 5 5 5 288 .347® 7 4 11 2 7 .3 9 7 .1 3.740®
DEPTEX 2 5 1 4 6 .2 5 7 7 . 2 6 8 1 0 0 .0 0 1 1 1 .7 2 2 2 .0 9 1 1 7 8 8 3 . 5 9 1 .3 0 .5 5 3
DEPTEX 3 4 5 8 . 0 0 3 2 . 8 3 6 4 3 . 8 0 4 . 5 5 5 52.058® 5 4 9 1 3 .5 6 5 . 2 1 .0 4 8
DEPTEX 3 5 5 8 .0 0 3 2 .8 3 6 1 0 0 .0 0 1 1 1 .7 2 2 1 1 .5 8 3 * 1 5 6 8 0 . 1 3 1 . 1 ' - 0 . 5 2 4
DEPTEX 4 5 4 3 .8 0 4 . 5 5 5 1 0 0 .0 0 1 1 1 .7 2 2 6 02 .995® 1 4 5 7 9 .0 3 1 .0 - 0 .7 1 1

TEXC 1 2 5 . 0 0 0 . 0 0 3 1 6 .2 5 9 . 7 5 8 7 2 9 3 . 4 5 7 . 0 -3 .2 6 3 ®
TEXC 1 3 5 . 0 0 0 . 0 0 3 2 6 .1 7 8 . 4 0 6 5 2 7 3 . 4 3 5 . 0 - 6 .1 7 2 *
TEXC 1 4 5 . 0 0 0 . 0 0 3 3 0 . 2 0 3 . 1 9 5 4 2 6 1 .4 3 4 . 0 - 1 7 .6 4 4 *

TEXC 1 5 5 . 0 0 0 . 0 0 3 3 1 . 5 0 4 . 9 5 2 1 2 3 3 . 5 0 1 .0 - 7 .5 7 1 *
TEXC 2 3 1 6 .2 5 9 . 7 5 8 2 6 .1 7 8 . 4 0 6 1 .3 4 7 7 5 12 4 . 8 6 1 1 .7 - 2 . 0 3 9
TEXC 2 4 1 6 .2 5 9 . 7 5 8 3 0 . 2 0 3 . 1 9 5 9.321® 7 4 11 3 . 7 3 9 .  1 - 3 .7 3 8 *
TEXC 2 5 1 6 .2 5 9 . 7 5 8 3 1 .5 0 4 . 9 5 2 3 . 8 8 0 7 1 8 4 .9 1 3 . 4 - 3 .1 0 4 *
TEXC 3 4 2 6 .1 7 8 . 4 0 6 3 0 . 2 0 3 . 1 9 5 6 . 9 1 8 5 4 9 3 .7 1 6 . 6 - 1 . 0 8 6
TEXC 3 5 2 6 .1 7 8 . 4 0 6 3 1 . 5 0 4 . 9 5 2 2 . 8 8 0 5 1 6 4 . 9 0 3 . 2 - 1 . 0 8 8
TEXC 4 5 3 0 . 2 0 3 . 1 9 5 3 1 . 3 0 4 . 9 5 2 2 .4 0 2 1 4 5 3 . 7 8 1 .4 - 0 . 3 4 4

•Significant difference between groups at alpha=0.05.
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Table A.I. (continued).

/ a r l a b l  e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S .D .  
g r o u p  -----
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—>
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n
—>

F
( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o l e d  
s  d f

A p p r o x . 
f o r  t

t
( c a l c . )

TEXS 1 2 9 0 . 0 0 0 . 0 0 3 5 0 .8 8 2 2 . 5 0 8 7 2 9 7 . 9 5 7 . 0 4 .9 1 9 *
TEXS 1 3 9 0 . 0 0 0 . 0 0 3 5 0 . 5 0 2 0 .1 0 6 . 5 2 7 8 . 2 0 5 . 0 4 .8 1 4 *
TEXS 1 4 9 0 . 0 0 0 . 0 0 3 4 2 . 8 0 2 1 .0 8 5 . 4 2 6 9 . 4 3 4 . 0 5 .0 0 8 *
TEXS 1 5 9 0 . 0 0 0 . 0 0 3 3 3 .5 0 3 3 .2 3 2 . 1 2 3 2 3 .5 0 1 .0 2 .4 0 4
TEXS 2 3 5 0 . 8 8 2 2 .5 0 8 5 0 . 5 0 2 0 . 1 0 6 1 .2 5 3 7 5 12 1 1 .4 3 1 1 .5 0 .0 3 3
TEXS 2 4 5 0 .8 8 2 2 .5 0 8 4 2 . 8 0 2 1 .0 8 5 1 .1 3 9 7 4 11 1 2 .3 3 9 .1 0 .6 5 5
TEXS 2 5 5 0 . 8 8 2 2 .5 0 8 3 3 .5 0 3 3 .2 3 2 2 .1 8 2 1 7 8 2 4 .8 1 1 .2 0 . 7 0 0
TEXS 3 4 5 0 . 5 0 2 0 .1 0 6 4 2 . 8 0 2 1 .0 8 5 1 .1 0 0 4 5 9 1 2 .5 0 8 . 5 0 . 6 1 6
TEXS 3 5 5 0 . 5 0 2 0 .1 0 6 3 3 . 5 0 3 3 .2 3 2 2 .7 3 5 1 5 6 2 4 .8 9 1 .3 0 . 6 8 3
TEXS 4 5 4 2 . 8 0 2 1 .0 8 5 3 3 . 5 0 3 3 .2 3 2 2 .4 8 6 1 4 5 2 5 .3 2 1 . 3 0 .3 6 7
TEXSI 1 2 5 . 0 0 0 . 0 0 3 3 2 .8 8 1 7 .3 7 8 . 7 2 9 6 . 1 4 7 . 0 - 4 .5 3 8 *
TEXSI 1 3 5 . 0 0 0 . 0 0 3 2 3 .3 3 1 6 .0 2 6 5 2 7 6 . 5 4 5 . 0 - 2 .8 0 3 *
TEXSI 1 4 5 . 0 0 0 . 0 0 3 2 7 .0 0 1 7 .8 9 5 4 2 6 8 . 0 0 4 . 0 - 2 . 7 5 0
TEXSI 1 5 5 . 0 0 0 . 0 0 3 3 5 .0 0 2 8 .2 8 2 1 2 3 2 0 .0 0 1 .0 - 1 . 5 0 0
TEXSI 2 3 3 2 .8 8 1 7 .3 7 8 2 3 .3 3 1 6 .0 2 6 1 .1 7 6 7 5 12 8 . 9 7 1 1 .4 1 .0 6 3
TEXSI 2 4 3 2 .8 8 1 7 .3 7 8 2 7 .0 0 1 7 .8 9 5 1 .0 6 0 4 7 11 1 0 .0 9 8 . 4 0 .5 8 2
TEXSI 2 5 3 2 .8 8 1 7 .3 7 8 3 5 . 0 0 2 8 .2 8 2 2 .6 5 0 1 7 8 2 0 .9 2 1 .2 - 0 . 1 0 2
TEXSI 3 4 2 3 .3 3 1 6 .0 2 6 2 7 .0 0 1 7 .8 9 5 1 .2 4 7 4 5 9 1 0 .3 3 8 . 2 - 0 . 3 5 5
TEXSI 3 5 2 3 .3 3 1 6 .0 2 6 3 5 .0 0 2 8 .2 8 2 3 .1 1 7 1 5 6 2 1 .0 4 1 .2 - 0 . 5 5 4
TEXSI 4 5 2 7 .0 0 1 7 .8 9 5 3 5 . 0 0 2 8 .2 8 2 2 .5 0 0 1 4 5 2 1 .5 4 1 .3 - 0 .3 7 1
BIC 1 2 0 . 6 7 0 . 3 8 3 2 .9 1 1 .2 4 6 1 0 .5 2 3 7 2 9 0 . 4 9 9 . 0 - 4 .5 6 7 *
BIC 1 3 0 . 6 7 0 . 3 8 3 4 . 7 9 0 . 3 3 6 1 .321 2 5 7 0 . 2 6 3 . 6 - 1 5 .9 3 5 *

BIC 1 4 0 . 6 7 0 . 3 8 3 4 . 9 0 0 . 2 2 5 2 .9 1 7 2 4 6 0 . 2 4 2 . 8 - 1 7 .4 8 6 *
BIC 1 5 0 . 6 7 0 . 3 8 3 4 . 7 5 0 . 3 5 2 1 .1 6 7 2 1 3 0 . 3 3 2 . 4 - 1 2 .2 5 0 *
BIC 2 3 2 .9 1 1 .2 4 8 4 . 7 9 0 . 3 3 6 1 3 .8 9 8 * 7 5 12 0 . 4 6 8 . 3 - 4 .1 1 2 *

•Significant difference between groups at alpha=0.05.

245



Table A.I. (continued).

i / a r i a b l e G ro u p s  
1 s t  2nd

Mean 

<-------1 s t
S .D .  

g r o u p  —
n 

—>
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S .D .

g r o u p  ----
n

—>
F

( c a l c . )
d f  ( n )  
< -  f o r

d f  ( d )
• F ->

d f
t

P o o le d  
s  d f

A p p r o x . 
f o r  t

t
( c a l c . )

BIC 2 4 2 .91 1 .2 4 8 4 . 9 0 0 . 2 2 5 3 0 .6 9 2 * 7 4 11 0 . 4 5 7 . 7 - 4 .4 3 8 *
BIC 2 5 2 .9 1 1 .2 4 8 4 . 7 5 0 . 3 5 2 1 2 .2 7 7 * 7 1 8 0 . 5 0 7 .  1 - 3 .6 5 6 *
BIC 3 4 4 . 7 9 0 . 3 3 6 4 . 9 0 0 . 2 2 5 2 .2 0 8 5 4 9 0 . 1 7 8 . 7 - 0 . 6 4 3
BIC 3 5 4 . 7 9 0 . 3 3 6 4 . 7 5 0 . 3 5 2 1 .1 3 2 1 5 6 0 .2B 1 .6 0 . 1 4 6
BIC 4 5 4 . 9 0 0 . 2 2 5 4 . 7 5 0 . 3 5 2 2 .5 0 0 1 4 5 0 . 2 7 1 .3 0 .5 5 7
CLT150 1 2 5 . 0 0 0 . 0 0 3 1 1 .3 8 10.41 8 7 2 9 3 . 6 8 7 . 0 - 1 . 7 3 3
CLT150 1 3 5 . 0 0 0 . 0 0 3 2 6 .1 7 8 . 4 0 6 . 5 2 7 3 . 4 3 5 . 0 - 6 .1 7 2 *
CLT150 1 4 5 . 0 0 0 . 0 0 3 2 7 .4 0 6 . 0 7 5 . 4 2 6 2 .7 1 4 . 0 - 8 .2 5 7 *
CLT150 1 5 5 . 0 0 0 . 0 0 3 2 0 .0 0 21 .21 2 . 1 2 3 1 5 .0 0 1 .0 - 1 . 0 0 0
CLT150 2 3 11 .3 8 10.41 8 26 .  17 8 . 4 0 6 1 .5 3 4 7 5 12 5 . 0 3 11 .9 - 2 .9 4 1
CLT150 2 4 11 .3 8 10.41 8 2 7 .4 0 6 . 0 7 5 2 .9 4 2 7 4 11 4 . 5 7 11 .0 - 3 . 5 0 6
CLT150 2 5 1 1 .3 8 10.41 8 2 0 .0 0 2 1 .2 1 2 4 . 1 5 6 1 7 8 1 5 .4 4 1 .1 - 0 . 5 5 8
CLT150 3 4 2 6 .  17 8 . 4 0 6 2 7 .4 0 6 .0 7 5 1 .9 1 8 5 4 9 4 . 3 7 8 . 9 - 0 . 2 8 2
CLT150 3 5 2 6 .1 7 8 . 4 0 6 2 0 .0 0 21 .21 2 6 .3 7 7 1 5 6 1 5 .3 9 1.1 0 .4 0 1
CLT150 4 5 2 7 .4 0 6 . 0 7 5 2 0 .0 0 21 .21 2 1 2 .2 2 8 * 1 4 5 1 5 .2 4 1. 1 0 .4 8 5
SLT150 1 2 9 0 . 0 0 0 . 0 0 3 7 7 . 7 5 1 5 .3 6 8 . 7 2 9 5 . 4 3 7 . 0 2 .2 5 6
SLT150 1 3 9 0 . 0 0 0 . 0 0 3 5 0 . 5 0 2 0 .1 0 6 5 2 7 8 . 2 0 5 . 0 4 .8 1 4 *
SLT150 1 4 9 0 . 0 0 0 . 0 0 3 4 4 . 6 0 2 0 .4 0 5 4 2 6 9 .  12 4 . 0 4 .9 7 6 *
SLT150 1 5 9 0 . 0 0 0 . 0 0 3 4 6 . 5 0 5 1 .6 2 2 1 2 3 3 6 .5 0 1 .0 1. 192
SLT150 2 3 7 7 .7 5 1 5 .3 6 8 5 0 . 5 0

ooCM 6 1 .7 1 2 5 7 12 9 . 8 4 9 .1 2 .7 7 0 *

SLT150 2 4 7 7 .7 5 1 5 .3 6 8 4 4 . 6 0 2 0 .4 0 5 1 .7 6 5 4 7 11 1 0 .6 2 6 . 8 3 .1 2 2 *

SLT150 2 5 7 7 .7 5 1 5 .3 6 8 4 6 . 5 0 5 1 . 6 2 2 1 1 .2 9 4 * 1 7 8 3 6 . 9 0 1 .0 0 .8 4 7

SLT150 3 4 5 0 . 5 0 2 0 .1 0 6 4 4 . 6 0 2 0 .4 0 5 1 .031 4 5 9 1 2 .2 7 8 . 6 0 .4 8 1
SLT150 3 5 5 0 . 5 0 2 0 .1 0 6 4 6 . 5 0 5 1 . 6 2 2 6 . 5 9 7 1 5 6 3 7 .4 1 1.1 0 .1 0 7

SLT150 4 5 4 4 . 6 0 2 0 .4 0 5 4 6 . 5 0 5 1 . 6 2 2 6 . 4 0 0 1 4 5 3 7 . 6 2 1.1 - 0 .0 5 1

•Significant difference between groups at alpha=0.05.
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Table A.1. (continued).

V a r i a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S .D .
g r o u p  —

n 
—>

Mean 
<-------2nd

S .D .  
g r o u p  —

n 
—>

F
( c a l c . )

d f  ( n )  
< -  f o r

d f  ( d )  
F ->

d f
t

P o o l e d  
s  d f

A pprox,  
f o r  t

t
( c a l c . )

S IL T 150 1 2 5 . 0 0 0 . 0 0 3 1 0 .8 8 7 . 3 0 8 7 2 9 2 . 5 8 7 . 0 - 2 . 2 7 7

S IL T 150 1 3 5 . 0 0 0 . 0 0 3 2 3 .3 3 1 6 .0 2 6 . 5 2 7 6 . 5 4 5 . 0 - 2 .8 0 3 *
SIL T 150 1 4 5 . 0 0 0 . 0 0 3 2 8 .0 0 1 8 .5 7 5 . 4 2 6 8 .3 1 4 . 0 - 2 . 7 6 9
SILT150 1 5 5 . 0 0 0 . 0 0 3 3 3 . 5 0 3 0 .4 1 2 1 2 3 2 1 .5 0 1 .0 - 1 . 3 2 6
SIL T 150 2 3 1 0 .8 8 7 . 3 0 8 2 3 .3 3 1 6 .0 2 6 4 . 8 1 8 5 7 12 7 . 0 3 6 . 6 - 1 . 7 7 2
SIL T 150 2 4 1 0 .8 8 7 . 3 0 8 2 8 .0 0 1 8 .5 7 5 6.477® 4 7 11 8 . 7 0 4 . 8 - 1 . 9 6 9
SIL T 150 2 5 1 0 .8 8 7 . 3 0 8 3 3 . 5 0 3 0 .4 1 2 1 7 .3 5 6 * 1 7 8 2 1 .6 5 1 .0 - 1 . 0 4 5
S IL T 150 3 4 2 3 .3 3 1 6 .0 2 6 2 8 .0 0 1 8 .5 7 5 1 .3 4 4 4 5 9 1 0 .5 7 8 . 0 - 0 .4 4 1
S IL T 150 3 5 2 3 .3 3 1 6 .0 2 6 3 3 . 5 0 3 0 .4 1 2 3 . 6 0 2 1 5 6 2 2 .4 7 1 .2 - 0 . 4 5 2
S IL T 150 4 5 2 8 .0 0 1 8 .5 7 5 3 3 . 5 0 3 0 .4 1 2 2 .6 8 0 1 4 5 2 3 .0 5 1 .3 - 0 . 2 3 9
CGT150 1 2 5 . 0 0 0 . 0 0 3 2 1 .0 0 1 0 .7 8 8 . 7 2 9 3 .8 1 7 . 0 - 4 .1 9 7 *
CGT150 1 3 5 . 0 0 0 . 0 0 3 2 9 .1 7 2 . 8 6 6 . 5 2 7 1 .1 7 5 . 0 - 2 0 .7 1 4 *
CGT150 1 4 5 . 0 0 0 . 0 0 3 3 1 . 6 0 3 .5 1 5 . 4 2 6 1 .5 7 4 . 0 - 1 6 .9 6 0 *
CGT150 1 5 5 . 0 0 0 . 0 0 3 2 5 .0 0 14. 14 2 . 1 2 3 1 0 .0 0 1 .0 - 2 . 0 0 0
CGT150 2 3 2 1 .0 0 1 0 .7 8 8 2 9 .1 7 2 . 8 6 6 1 4 .2 3 9 * 7 5 12 3 . 9 9 8 . 3 - 2 . 0 4 8
CGT150 2 4 2 1 .0 0 10 .7 8 8 3 1 . 6 0 3 .5 1 5 9 . 4 5 4 * 7 4 11 4 . 1 2 9 . 1 - 2 .5 7 1 *
CGT150 2 5 2 1 .0 0 1 0 .7 8 8 2 5 .0 0 14. 14 2 1 .7 2 0 1 7 8 1 0 .7 0 1 .3 - 0 . 3 7 4
CGT150 3 4 29 .  17 2 . 8 6 6 3 1 .6 0 3 .5 1 5 1 .5 0 6 4 5 9 1 .9 5 7 . 8 - 1 . 2 4 5
CGT150 3 5 29 .  17 2 . 8 6 6 2 5 .0 0 14. 14 2 2 4 .4 9 0 * 1 5 6 1 0 .0 7 1 .0 0 .4 1 4
CGT150 4 5 3 1 .6 0 3 .5 1 5 2 5 .0 0 1 4 .1 4 2 16.260® 1 4 5 1 0 .1 2 1 .0 0 . 6 5 2
SGT150 1 2 8 7 . 6 7 4 . 0 4 3 4 6 . 5 0 2 2 .2 5 .8 3 0 .2 9 7 7 2 9 8 . 2 0 8 .1 5 .0 1 8 *
SGT150 1 3 8 7 . 6 7 4 . 0 4 3 4 9 . 1 7 1 9 .1 9 6 2 2 .5 4 1 5 2 7 8 . 1 7 5 . 8 4 .7 1 0 *
SGT150 1 4 8 7 .6 7 4 . 0 4 3 3 3 . 4 0 2 3 .5 0 5 3 3 .8 1 4 4 2 6 1 0 .7 7 4 . 4 5 .0 4 1 *
SGT150 1 5 8 7 . 6 7 4 . 0 4 3 1 5 .0 0 7 . 0 7 2 3 .0 6 1 1 2 3 5 . 5 2 1 .4 1 3 .1 7 0 *
SGT150 2 3 4 6 . 5 0 2 2 .2 5 8 4 9 . 1 7 1 9 .1 9 6 1 .3 4 4 7 5 12 1 1 .1 0 1 1 .7 - 0 . 2 4 0

•Significant difference between groups at alpha=0.05.
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Table A.1. (continued).

/ a r l e b l e G roups  
1 s t  2nd

Mean 
<------- i s t

S .D .  
g r o u p  -----

n 
—>

Mean 
<-------2nd

S .D .  
g r o u p  -----

n  
—>

F
( c a l c . )

d f ( n )  d f ( d )  
< -  f o r  F ->

d f
t

P o o le d  
s  d f

A p p r o x . 
f o r  t

t
( c a l c . )

SGT150 2 4 4 6 . 5 0 2 2 .2 5 8 3 3 . 4 0 2 3 .5 0 5 1 .1 1 6 4 7 11 1 3 .1 3 8 . 3 0 .9 9 8
SGT150 2 5 4 6 . 5 0 2 2 .2 5 8 1 5 .0 0 7 . 0 7 2 9 .8 9 7 7 1 8 9 . 3 2 6 . 4 3 .3 8 0 *
SGT1S0 3 4 4 9 .1 7 1 9 .1 9 6 3 3 . 4 0 2 3 .5 0 5 1 .5 0 0 4 5 9 13. 11 7 . 8 1 .2 0 3
SGT150 3 5 4 9 .1 7 1 9 .1 9 6 1 5 .0 0 7 . 0 7 2 7 . 3 6 3 5 1 6 9 . 2 9 5 . 4 3 .6 7 7 *
SGT150 4 5 3 3 . 4 0 2 3 .5 0 5 1 5 .0 0 7 . 0 7 2 1 1 .0 4 6 4 1 5 1 1 .6 4 5 . 0 1.581
SIGT150 1 2 7 . 3 3 4 . 0 4 3 3 2 . 5 0 1 8 .3 2 8 2 0 .5 5 4 7 2 9 6 . 8 9 8 . 4 - 3 .6 5 5 *
SIGT150 1 3 7 . 3 3 4 . 0 4 3 2 1 .6 7 1 6 .3 3 6 1 6 .3 2 7 5 2 7 7 . 0 6 6 .1 - 2 . 0 2 9
SIGT150 1 4 7 . 3 3 4 . 0 4 3 3 5 . 0 0 2 0 .0 0 5 2 4 .4 9 0 4 2 6 9 . 2 4 4 . 5 - 2 . 9 9 3 *
SIGT150 1 5 7 .3 3 4 . 0 4 3 6 0 . 0 0 7 . 0 7 2 3 .0 6 1 1 2 3 5 . 5 2 ! .4 - 9 .5 4 5 *
SIGT150 2 3 3 2 .5 0 1 8 .3 2 8 2 1 .6 7 1 6 .3 3 6 1 .2 5 9 7 5 12 9 . 3 0 1 1 .5 1. 165
SIGT150 2 4 3 2 .5 0 18 .3 2 8 3 5 . 0 0 2 0 .0 0 5 1.191 4 7 11 11 .0 4 8 . 0 - 0 . 2 2 6
SIGT150 2 5 3 2 .5 0 18 .3 2 8 6 0 .0 0 7 . 0 7 2 6 .7 1 4 7 1 8 8 . 1 8 5 .  1 - 3 .3 6 1 *
SIGT150 3 4 2 1 .6 7 1 6 .3 3 6 3 5 . 0 0 2 0 .0 0 5 1 .5 0 0 4 5 9 1 1 .1 6 7 . 8 - 1 . 1 9 5
SIGT150 3 5 2 1 .6 7 1 6 .3 3 6 6 0 . 0 0 7 . 0 7 2 5 .3 3 3 5 1 6 8 . 3 3 4 . 7 - 4 .6 0 0 *
SIGT150 4 5 3 5 .0 0 2 0 .0 0 5 6 0 . 0 0 7 . 0 7 2 8 . 0 0 0 4 1 5 1 0 .2 5 5 . 0 - 2 . 4 4 0
CLAV450 1 2 5 . 0 0 0 . 0 0 3 2 1 .0 0 1 0 .7 8 8 7 2 9 3 .8 1 7 . 0 - 4 .1 9 7 *

CLAV450 1 3 5 . 0 0 0 . 0 0 3 2 9 .1 7 2 . 8 6 6 . 5 2 7 1 .1 7 5 . 0 - 2 0 .7 1 4 *
CLAV450 1 4 5 . 0 0 0 . 0 0 3 3 1 . 6 0 3 .5 1 5 . 4 2 6 1 .5 7 4 . 0 - 1 6 .9 6 0 *
CLAY450 1 5 5 . 0 0 0 . 0 0 3 3 1 . 5 0 4 . 9 5 2 . 1 2 3 3 . 5 0 1 . 0 - 7 .5 7 1
CLAY450 2 3 2 1 .0 0 1 0 .7 8 8 2 9 .1 7 2 . 8 6 6 1 4 . 2 3 9 ” 7 5 12 3 . 9 9 8 . 3 - 2 . 0 4 8
CLAY450 2 4 2 1 .0 0 1 0 .7 8 8 3 1 . 6 0 3 .5 1 5 9 .4 5 4 * 7 4 11 4 . 1 2 9 .1 - 2 .5 7 1 *
CLAV450 2 5 2 1 .0 0 1 0 .7 8 8 3 1 . 5 0 4 . 9 5 2 4 . 7 4 6 7 1 8 5 . 1 8 4 . 0 - 2 . 0 2 9
CLAY450 3 4 2 9 .1 7 2 . 8 6 6 3 1 . 6 0 3 .5 1 5 1 .5 0 6 4 5 9 1 .9 5 7 . 8 - 1 . 2 4 5
CLAY450 3 5 2 9 .1 7 2 . 8 6 6 3 1 . 5 0 4 . 9 5 2 3 . 0 0 0 1 5 6 3 . 6 9 1 .2 - 0 . 6 3 2
CLAV450 4 5 3 1 . 6 0 3 .5 1 5 3 1 . 5 0 4 . 9 5 2 1 .9 9 2 1 4 5 3 . 8 4 1 .4 0 . 0 2 6

•Significant difference between groups at alpha=0.05.
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Table A.I. (continued).

V a r i a b l e  G ro u p s  
1 s t  2nd

Mean S .D .  n 
<-------1s t  g r o u p --------- >

Mean S .D .  n 
<-------2nd g r o u p --------- >

F
( c a l c . )

d f ( n )  d f ( d )  d f  
< -  f o r  F ->  t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

SAND450 1 2 8 7 . 6 7 4 . 0 4 3 4 6 . 5 0 2 2 .2 5 8 3 0 . 2 9 7 7 2 9 8 . 2 0 8 .1 5 .0 1 8 *
SAND450 1 3 8 7 . 6 7 4 . 0 4 3 4 9 . 1 7 1 9 .1 9 6 2 2 .5 4 1 5 2 7 8 . 1 7 5 . 8 4 . 7 1 0 *
SAND450 1 4 8 7 .6 7 4 . 0 4 3 3 3 . 4 0 2 3 .5 0 5 3 3 . 8 1 4 4 2 6 1 0 .7 7 4 . 4 5 .0 4 1 *
SAND450 1 5 8 7 . 6 7 4 . 0 4 3 3 3 .5 0 3 3 .2 3 2 6 7 .6 2 2 * 1 2 3 2 3 .6 2 1 -C 2 .2 9 4
SAND450 2 3 4 6 . 5 0 2 2 .2 5 8 4 9 . 1 7 1 9 .1 9 6 1 .3 4 4 7 5 12 11. 10 1 1 .7 - 0 . 2 4 0
SAND450 2 4 4 6 . 5 0 2 2 .2 5 8 3 3 . 4 0 2 3 .5 0 5 1 .1 1 6 4 7 11 1 3 .1 3 8 . 3 0 . 9 9 8
SAND4S0 2 5 4 6 . 5 0 2 2 .2 5 8 3 3 . 5 0 3 3 . 2 3 2 2 .2 3 2 1 7 8 2 4 .7 8 1 .2 0 .5 2 5
SAND450 3 4 4 9 .1 7 1 9 .1 9 6 3 3 . 4 0 2 3 . 5 0 5 1 .5 0 0 4 5 9 13. 11 7 . 8 1 .2 0 3
SAND450 3 S 4 9 .  17 19. 19 6 3 3 .5 0 3 3 .2 3 2 3 . 0 0 0 1 5 6 2 4 .7 7 1 .2 0 .6 3 2
SAND450 4 . 5 3 3 .4 0 2 3 .5 0 5 3 3 . 5 0 3 3 .2 3 2 2 . 0 0 0 1 4 5 2 5 .7 4 1 .4 - 0 . 0 0 4
SILT450 1 2 7 . 3 3 4 . 0 4 3 3 2 .5 0 1 8 .3 2 8 2 0 . 5 5 4 7 2 9 6 . 8 9 8 . 4 - 3 .6 5 5 *
SILT450 1 3 7 . 3 3 4 . 0 4 3 21 .6 7 1 6 .3 3 6 1 6 .3 2 7 5 2 7 7 . 0 6 6 .1 - 2 . 0 2 9
SILT450 1 4 7 . 3 3 4 . 0 4 3 3 5 . 0 0 2 0 .0 0 5 2 4 . 4 9 0 4 2 6 9 . 2 4 4 . 5 - 2 .9 9 3 *
SILT450 1 5 7 . 3 3 4 . 0 4 3 3 5 . 0 0 2 8 .2 8 2 4 8 .9 8 0 * 1 2 3 2 0 . 1 4 1 . 0  ' - 1 . 3 7 4
SILT450 2 3 3 2 .5 0 1 8 .3 2 8 2 1 .6 7 1 6 .3 3 6 1 .2 5 9 7 5 12 9 . 3 0 11 . 5 1 .1 6 5
SILT450 2 4 3 2 .5 0 1 8 .3 2 8 3 5 .0 0 2 0 .0 0 5 1 .191 4 7 11 1 1 .0 4 8 . 0 - 0 . 2 2 6
SILT450 2 5 3 2 .5 0 1 8 .3 2 8 3 5 . 0 0 2 8 .2 8 2 2 .3 8 3 1 7 8 2 1 .0 2 1 .2 - 0 . 1 1 9
SILT450 3 4 2 1 .6 7 1 6 .3 3 6 3 5 . 0 0 2 0 .0 0 5 1 .5 0 0 4 5 9 1 1 .1 6 7 . 8 - 1 . 1 9 5
SILT450 3 5 2 1 .6 7 1 6 .3 3 6 3 5 . 0 0 2 8 .2 8 2 3 . 0 0 0 1 5 6 2 1 .0 8 1 .2 - 0 . 6 3 2
SILT450 4 5 3 5 . 0 0 2 0 .0 0 5 3 5 . 0 0 2 8 .2 8 2 2 . 0 0 0 1 4 5 2 1 .9 1 1 .4 0 .0 0 0
PF 1 2 5 . 3 3 2 .3 1 3 4 . 7 5 1 .4 9 8 2 .4 0 9 2 7 9 1 .4 3 2 . 7 0 .4 0 7
PF 1 3 5 . 3 3 2 .3 1 3 4 . 6 7 1.21 6 3 . 6 3 6 2 5 7 1 .4 2 2 . 6 0 .4 6 9
PF 1 4 5 . 3 3 2 .3 1 3 4 . 8 0 2 .4 9 5 1 .1 6 2 4 2 6 1 . 7 4 4 . 6 0 .3 0 7
PF 1 5 5 . 3 3 2 .3 1 3 7 . 0 0 0 . 0 0 2 . 2 1 3 1 .3 3 2 . 0 - 1 . 2 5 0
PF 2 3 4 . 7 5 1 . 4 9 8 4 . 6 7 1.21 6 1 .5 1 0 7 5 12 0 . 7 2 1 1 .9 0 .1 1 5

•Significant difference between groups at a1pha=0.05.
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Table A.I. (continued).

V a r i a b l e G ro u p s  
1 s t  2nd

Mean 
<-------1 s t

S .D .  
g r o u p  —

n 
—>

Mean 
<-------2nd

S.D .  
g r o u p  —

n
—>

F
( c a l c . )

d f  ( n )  
< -  f o r

d f  ( d )  
F ->

d f
t

P o o le d  
s  d f

A pprox .  
f o r  t

t
( c a l c . )

PF 2 4 4 . 7 5 1 .4 9 8 4 . 8 0 2 . 4 9 5 2 .8 0 0 4 7 11 1 .2 3 5 . 8 - 0 .0 4 1
PF 2 5 4 . 7 5 1 .4 9 8 7 . 0 0 0 . 0 0 2 . 7 1 8 0 . 5 3 7 . 0 - 4 .2 7 7 *
PF 3 4 4 . 6 7 1.21 6 4 . 8 0 2 . 4 9 5 4 . 2 2 7 4 5 9 1 .2 2 5 . 6 - 0 . 1 0 9
PF 3 5 4 . 6 7 1.21 6 7 . 0 0 0 . 0 0 2 . 5 1 6 0 . 4 9 5 . 0 -4 .7 1 9 ®
PF 4 5 4 . 8 0 2 .4 9 5 7 . 0 0 0 . 0 0 2 . 4 1 5 1.11 4 . 0 - 1 . 9 7 6
MOTTDEP 1 2 4 3 0 . 0 0 1 2 1 .2 4 3 2 2 3 .3 7 1 8 7 .7 8 8 2 .3 9 9 7 2 9 9 6 .4 8 5 . 9 2 .1 4 2
MOTTDEP 1 3 4 3 0 . 0 0 1 2 1 .2 4 3 13 2 .6 7 1 8 8 .1 7 6 2 .4 0 9 5 2 7 1 0 3 .9 3 6 . 2 2 .8 6 1 *
MOTTDEP 1 4 4 3 0 . 0 0 1 2 1 .2 4 3 1 5 9 .8 0 1 9 5 .5 9 5 2 .6 0 2 4 2 6 1 1 2 .0 3 5 . 9 2 .4 1 2
MOTTDEP 1 5 4 3 0 .0 0 1 2 1 .2 4 3 2 3 4 .0 0 1 9 7 .9 9 2 2 .6 6 7 1 2 3 1 5 6 .5 2 1 .5 1 .2 5 2
MOTTDEP 2 . 3 2 2 3 .3 7 1 8 7 .7 8 8 1 3 2 .6 7 1 8 8 .1 7 6 1 .0 0 4 5 7 12 1 0 1 .5 3 1 0 .9 0 .8 9 3
MOTTDEP 2 4 2 2 3 .3 7 1 8 7 .7 8 8 1 5 9 .8 0 19 5 .5 9 5 1 .0 8 5 4 7 11 109.81 8 . 4 0 .5 7 9
MOTTDEP 2 5 2 2 3 .3 7 1 8 7 .7 8 8 2 3 4 .0 0 19 7 .9 9 2 1 .1 1 2 1 7 8 1 5 4 .9 4 1 .5 - 0 . 0 6 9
MOTTDEP 3 4 1 3 2 .6 7 1 8 8 .1 7 6 1 5 9 .8 0 19 5 .5 9 5 1 .0 8 0 4 5 9 1 1 6 .4 2 8 . 5 - 0 . 2 3 3
MOTTDEP 3 5 13 2 .6 7 188. 17 6 2 3 4 .0 0 1 9 7 .9 9 2 1 .1 0 7 1 5 6 1 5 9 .6 9 1 .7 - 0 . 6 3 5
MOTTDEP 4 5 1 5 9 .8 0 1 9 5 .5 9 5 2 3 4 .0 0 1 9 7 .9 9 2 i . 0 2 5 1 4 5 1 6 5 .0 8 1 .9 - 0 . 4 4 9
DRCLASS 1 2 2 . 0 0 1 .0 0 3 2 .8 7 1 .3 6 8 1 .8 3 9 7 2 9 0 . 7 5 5 . 0 - 1 . 1 6 6
DRCLASS 1 3 2 .0 0 1 .0 0 3 3 . 6 7 0 . 5 2 6 3 . 7 5 0 2 5 7 0 .6 1 2 . 6 -2 .7 1 2 ®
DRCLASS 1 4 2 . 0 0 1 .0 0 3 4 . 2 0 1 .1 0 5 1 .2 0 0 4 2 6 0 . 7 6 4 . 7 - 2 .9 0 5 *
DRCLASS 1 5 2 .0 0 1 .0 0 3 3 . 5 0 0 .7 1 2 2 .0 0 0 2 1 3 0 . 7 6 2 . 9 - 1 . 9 6 4
DRCLASS 2 3 2 .8 7 1 .3 6 8 3 . 6 7 0 . 5 2 6 6.897® 7 5 12 0 . 5 2 9 . 5 - 1 .5 1 1
DRCLASS 2 4 2 . 8 7 1 .3 6 8 4 . 2 0 1 .1 0 5 1 .5 3 3 7 4 11 0 . 6 9 10 .1 - 1 . 9 3 3
DRCLASS 2 5 2 .8 7 1 .3 6 8 3 . 5 0 0 .7 1 2 3 .6 7 9 7 1 8 0 . 6 9 3 . 3 - 0 . 9 0 2
DRCLASS 3 4 3 . 6 7 0 . 5 2 6 4 . 2 0 1 .1 0 5 4 . 5 0 0 4 5 9 0 . 5 3 5 . 5 - 1 . 0 0 0

DRCLASS 3 5 3 . 6 7 0 . 5 2 6 3 . 5 0 0 .7 1 2 1 .8 7 5 1 5 6 0 . 5 4 1 .4 0 .3 0 7
DRCLASS 4 5 4 . 2 0 1 .1 0 5 3 . 5 0 0 .7 1 2 2 . 4 0 0 4 1 5 0 . 7 0 3 .1 1 .0 0 0

•Significant difference between groups at aipha=0.05.
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T a b l e  A . I .  ( c o n t i n u e d ) .

V a r i a b l e  G roups  
1 s t  2nd

Mean S .D .  n 
<-------1 s t  g r o u p --------- >

Mean S .D .  n 
<-------2nd g r o u p --------- >

F
( c a l c . )

d f ( n )  d f ( d )  d f  
< -  f o r  F ->  t

P o o l e d  A p p ro x .  t  
s  d f  f o r  t  ( c a l c . )

ROOTDEP 1 2 1 5 4 .3 3 2 9 .1 4 3 1 3 7 .3 2 4 2 . 1 3 8 2 . 0 9 0 7 2 9 2 2 .4 7 5 . 4 0 .7 5 7

ROOTDEP 1 3 15 4 .3 3 29 .  14 3 1 1 8 .3 3 17.61 6 2 .7 3 7 2 5 7 1 8 .3 0 2 . 8 1 .9 6 7

ROOTDEP 1 4 1 5 4 .3 3 2 9 .1 4 3 1 3 2 .9 0 1 5 .9 0 5 3 . 3 6 0 2 4 6 1 8 .2 7 2 . 7 1 .1 7 3
ROOTDEP 1 5 1 5 4 .3 3 2 9 . 1 4 3 8 8 . 0 0 7 . 0 7 2 1 6 .9 8 7 2 1 3 1 7 .5 5 2 . 3 3 .7 7 9 *
ROOTDEP 2 3 1 3 7 .3 2 4 2 . 1 3 8 1 1 8 .3 3 17.61 6 5 . 7 2 0 7 5 12 1 6 .5 4 9 . 9 1. 148
ROOTDEP 2 4 1 3 7 .3 2 4 2 . 1 3 8 1 3 2 .9 0 1 5 .9 0 5 7 .0 2 1 7 4 11 1 6 .5 0 9 . 7 0 .2 6 8
ROOTDEP 2 5 1 3 7 .3 2 4 2 . 1 3 8 8 8 . 0 0 7 . 0 7 2 3 5 . 4 9 6 7 1 8 15.71 8 . 0 3 .1 3 9 *
ROOTDEP 3 4 1 1 8 .3 3 17.61 6 1 3 2 .9 0 1 5 .9 0 5 1 .2 2 7 5 4 9 10.11 8 . 9 - 1 . 4 4 0
ROOTDEP 3 5 1 1 8 .3 3 17.61 6 8 8 . 0 0 7 . 0 7 2 6 . 2 0 5 5 1 6 8 . 7 6 5 .1 3 .4 6 3 *
ROOTDEP 4 5 1 3 2 .9 0 1 5 .9 0 5 8 8 . 0 0 7 . 0 7 2 5 . 0 5 6 4 1 5 8 . 6 9 4 . 5 5 .1 6 5 *

•Significant difference between groups at alpha=0.05.
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S ite  A. EES No. 87. Burgis landform: Maltfcy Kames.
Locaticn: T. 24 N ., R. 3 E ., Sec. 17, SE o f  SE.

General Description; South-facing 20% slops a t edge o f moraine, l ik e ly  eroded. A t i l l  
layer o f  varied thickness i s  present, usually beginning a t a  depth o f  about 65 cm and 
continuing for about 40 an ., with limestones. Surface s o i l  i s  losny sand, substratuns 
contain layers o f  a l l  textures.

S o il fa n ily  c la ss if ica tio n : Typic Fragiboralfs, coarse-lceroy, mixed.

Depositicnal aw ircm ent/fcareit n ateria l: Port Brute t e a l  t i l l .

S o il Baden Data:

Horizon D^jth Texture Cs fr E5t fH pH TKN TKP Ca Mg K Bray's I
an vol % g/oc H20 CaOL2 <—;— —  ng/kg

Subplot 1
A 0 - 8 1 3.4 0.772 5.32 6.19 5000.2 636.2 31(H) 178 107.4 28.64
B 8 -2 0 Is 13.2 1.408 5.67 5.64 462.2 252.2 760 28 19.3 14.54
Ex 2 0 -6 8 Is 4.6 1.800 6.24 5.34 160.0 113.1 433 15 14.3 2.21
BEx 68-108 g rsl 31.7 1.800 6.96 6.96 372.2 185.0 1565 142 52.9 3.94
a  108-150 s 1.0 1.595 7.44 6.85 147.4 84.7 320 27 12.0 5.26
C2 150-183 Is 11.9 1.747 7.14 7.% 308.0 170.0 1710 90 37.1 4.03

Subplot 2
A 0 - 10 s i 8.7 1.008 7.24 7.15 2726.2 546.1 4360 136 51.6 70.35
B 10“ 28 l f s 4 .0 1.458 6.52 6.42 319.0 171.4 490 25 17.8 23.74
Ex 28- 35 Is 6.2 1.800 6.98 6.71 152.6 108.6 400 13 16.0 10.11
BEx 35- 73 v s tsc l 49.2 1.800 7.06 7.27 874.2 459.7 3880 197 83.1 0.61
C 73-210 vgrs 49.8 1.536 8.01 7.66 51.0 149.6 1810 38 7.9 0.78

Subplot 3
A 0- 9 Is 2.4 1.145 5.64 5.60 1733.6 378.6 1574 110 61.2 33.76
B 9 - 32 Is 4.5 1.499 5.22 5.55 229.4 90.6 247 20 11.5 4.92
Ex 32- 50 Is 5.2 1.800 5.88 6.20 190.8 78.5 300 27 14.2 2.55
EBx 50- 64 g r ls 28.7 1.800 5.82 6.29 141.4 72.5 380 34 13.9 0.84
BEx 64-106 vgrsl 43.2 1.800 5.77 5.77 389.4 208.6 2080 120 27.2 0.11
Cl 106-125 s 12.4 1.638 7.73 7.50 27.8 55.8 1700 38 6.2 0.09
C2 125-133 Is 1.2 1.580 8.10 7.57 83.6 112.4 2970 67 11.1 0.84
C3 133-150 grs 32.4 1.557 7.95 7.40 169.8 152.1 3480 65 11.5 0.00
C4 150-160 s i 6.9 1.740 8.38 7.69 53.0 74.7 2840 61 10.8 0.23
C5,6 160-213 s 0.1 1.757 7.02 7.38 4.2 31.6 1590 26 2.9 0.00
C7 213-229 Is 7.5 1.770 8.47 7.75 15.4 57.9 3420 94 10.6 2.65
C8 229-244 s 0.2 1.775 7.16 7.52 10.8 31.6 1530 32 3.9 0.00
C9 244-396 s 5.0 1.792 8.02 7.57 4.4 59.1 1830 39 3.6 0.16
0 .0 ,11  396-457 l f s 0.2 1.805 7.79 7.47 21.8 44.4 1880 34 4.2 0.00

Sukplot 4
A 0- 9 f s l 2.9 0.919 7.26 7.18 3494.6 37.5 3050 63 44.7 177.07
B 9 - 28 l f s 2.4 1.425 7.35 6.95 409.6 254.7 1210 21 40.0 96.33
Ex 28- 64 l f s 3.2 1.800 6.96 7.03 263.8 139.2 813 15 22.7 10.42
BExl 64-106 1 6.1 1.800 6.26 6.69 326.4 242.6 1530 42 57.9 7.90
BEx2 106-150 grl 25.4 1.800 7.52 7.43 427.4 320.1 2300 165 78.5 3.87
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S ite  B ECS No. 88. Burgis landform: Maltby Kanes,
lo ca tio n ; T. 24 N ., R. 3 E ., Sec. 17, I® o f  SE.

General Description; Nbrth-facing 16% slope above water-holding k e tt le  feature. A thick  
t i l l  layer i s  presort, usually beginning a t  a  d^ath o f  about 30 cm and axrtiruing past a  
depth o f  150 cm., containing limestones and s i l t y  layers. Surface s o i l  i s  loamy sand or 
sandy loam. Substratum were not saipled.

S o il family c la ss ifica tio n : Typic Fragiboralfs, f in e  loany, mixed.

Depositional am rcraerrt/tarait material; Port Bruce basal t i l l .

S o il Bedcn Data:

Horizcai Depth ■texture Cs f  r Efet BD pH pH TKN TKP Ca Mg K Bray's P
on v c lL % g/oc H20 caci.2 <----- —  mg/kg ---------- >

aihplot 1
A,E 0- 4 f s l 1.5 0.570 5.45 4.81 7735.4 654.7 2970 282 158.0 43.41
Bs 4- 26 l f s 2.6 1.340 4.26 4.18 775.4 385.1 390 48 44.7 37.77
EBx 26- 42 l f s 4.0 1.800 4.86 4.55 261.6 168.0 254 39 23.2 4.99
3/Ek 42- 59 f s l 3.7 1.800 4.92 4.27 361.4 185.3 835 192 87.7 2.22
Bt 59- 94 s ic 0.2 1.618 5.38 5.13 415.6 307.8 1797 490 123.6 13.35
B d 94-105 s c l 2.0 1.678 6.53 6.11 246.0 167.8 859 206 45.3 2.19
BC2 105-145 s i l 1.4 1.501 5.24 5.07 306.4 236.7 1280 336 68.5 2.54
BC3 145-160 s c l 2.7 1.739 5.92 5.82 246.2 173.0 933 217 50.2 2.49

Sjfcplot 2
A 0 - 3 1 0.9 0.420 5.66 6.14 10562.4 930.6 9280 656 361.6 53.34
BS 3- 14 s i 1.2 1.385 5.47 5.89 873.8 353.0 958 80 55.5 9.63
EBx 14- 26 s i 2.1 1.800 5.92 6.04 272.8 97.9 537 57 29.3 1.47
Q/Ekl 26- 51 c l 0.7 1.800 5.32 4.74 510.8 184.2 1630 233 111.0 3.19
B/EXL 51- 86 c l 1.3 1.800 5.37 5.72 375.6 175.6 1130 238 76.6 3.48
BC 86-155 s i l 0.7 1.488 7.51 7.39 393.4 327.6 4180 370 79.0 2.60

Subplot 3
A 0- 2 f s l 0.5 0 603 5.57 6.29 7215.4 995.7 4950 342 193.0 34.68
BE 2- 11 f s l 1.6 1 332 5.29 4.93 740.4 289.4 529 52 41.4 14.34
F/Bx. 11- 31 1 0.4 1 800 4.37 4.05 314.8 104.1 690 149 78.1 2.29
B/Ex 31- 55 1 1.2 1 800 6.35 6.81 405.0 289.0 1570 236 103.0 5.38
Bt 55- 91 s ic l 1.4 1 618 7.55 7.46 335.2 382.7 3980 408 94.3 2.50
BC 91-160 sc l 2.4 1 674 7.67 7.38 335.2 352.5 7800 576 136.2 2.59

Subplot 4
A 0- 4 s i 3.4 0.706 4.60 4.98 5797.2 586.5 2530 236 108.0 31.32
B 4- 15 f s l 2.2 1.324 4.74 4.57 771.0 434.6 479 63 44.0 63.18
E/Bx 15- 27 1 1.1 1.800 4.75 4.17 364.6 217.9 433 78 56.2 13.75
EyEx 27- 60 1 1.0 1.800 5.18 4.27 405.6 249.9 990 265 102.5 13.09
B t 60- 98 s i d 1.7 1.618 7.49 7.19 475.6 391.6 3340 560 121.7 2.12
BC 98-123 s i 0.6 1.705 7.56 7.11 335.6 246.3 1160 253 48.9 4.76
CL 123-140 s 0.6 1.574 5.92 5.84 100.0 124.2 223 53 17.1 9.87
C2 140-175 s c l 0.6 1.742 7.20 7.33 357.8 281.0 2140 393 79.6 3.53
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S ite  C ECS 1*>. 90. Burgis landform: Maltby Karnes.
Location: T. 24 N., R. 4 E . , Sec. 6 , N4 o f NE.

General Description: Nearly le v e l surface topography. S ite  i s  located on a  plateau, cn a
h illto p . S ilty  layers are present below 150 an depths. Surface s o i l  i s  loany sand.

S o il family c la ss ifica tio n : A lfic  Ifeplorthotfe, sandy, mixed, fr ig id .

Depositicnal envircnnent/parent n ateria l: Laojsstrine s i l t s .

S o il Pedcn Data:

Horiaon Depth Itexture Cs fr  Etet H) pH pH TKN TKP Ca Mg K Bray's P 
an vol % g/oc HZ) C ad2 <-------------------- mg/kg---------------------- >

Subplot 1
A 0 - 3 Is 0.0 0.423 5.42 6.00 10483.8 727 7 8040 532 372.4 38.96
E 3 -  7 Is 0.1 1.602 5.96 5.84 84.6 94 8 330 38 38.8 13.13
BS 7 -  43 s i 0.1 1.605 7.05 7.15 359.2 347 5 460 35 48.8 56.17
Ex 43- 58 Is 0.0 1.800 6.26 6.29 473.0 133 4 479 37 22.6 13.43
E/Bn 58- 96 s c l 0.1 1.700 6.54 6.13 168.0 206 7 1010 197 90.6 22.70
BC 96-135 s ic l 0.0 1.585 5.79 5.07 345.6 391 6 1530 267 122.0 24.45
a 135-229 s i 0.0 1.755 6.04 5.95 268.8 460 0 1950 324 125.5 12.56
C2 229-305 s i 0.0 1.782 7.21 6.92 222.6 492 1 2270 868 140.8 14.79

Subplot 2
A 0 - 2 Is 0.0 0 802 5.91 5 52 4663.8 384.5 3560 240 238.0 22.58
AE 2 - 6 Is 0.4 1 243 6.09 5 90 1162.0 223.2 780 64 37.2 13.11
Bsl 6 -  25 Is 0.8 1 429 5.30 4 99 404.0 332.4 296 25 25.9 71.32
Bs2 25- 43 Is 1.4 1 507 5.67 4 96 283.0 287.6 151 15 19.4 92.43
B 43- 95 s 2.0 1 539 5.78 5 42 73.2 119.2 117 19 19.7 18.27
E/Bn 95-142 s 3.5 1 700 5.75 5 27 75.8 129.2 140 20 21.4 37.76
BC 142-152 s ic l 0.7 1 582 5.37 5 14 240.0 228.5 1460 171 109.0 20.98
C 152-305 s i 0.1 1 772 5.74 4 19 250.2 344.9 1770 229 138.0 21.68

Subplot 3 
A 0 - 2 Is 1.8 0.744 5.66 6.05 5324.2 581.7 1750 106 89.8 44.44
AE 2- 7 Is 1.7 1.265 5.15 4.60 1048.4 265.8 680 42 27.6 18.86
Bsl 7 -  25 Is 1.8 1.403 4.78 4.94 490.4 286.0 259 29 21.7 31.43
Bs2 25- 46 Is 2.8 1.511 5.20 4.84 282.2 153.0 120 8 13.8 29.48
E/Bn 46- 83 s 3.6 1.700 5.85 5.89 98.6 88.8 160 18 13.6 3.46
B/E 83-125 Is 3.9 1.629 7.11 6.57 93.4 120.6 506 113 17.9 0.38
BC 125-168 Is 3.5 1.512 7.63 7.36 65.0 108.4 1860 85 14.2 0.97
a 168-198 s 7.0 1.755 7.60 7.60 41.6 97.3 2110 63 9.9 1.81
C2 198-274 Is 2.4 1.775 8.35 7.67 32.2 101.8 2725 77 16.6 2.36
C3 274-335 s i l 0.3 1.790 7.49 7.44 50.6 141.3 2830 97 26.5 3.86
C4 335-351 s c l 0.0 1.796 7.51 7.53 103.8 290.9 2830 187 59.5 6.48
C5 351-381 Is 6.0 1.799 7.80 7.20 17.6 61.9 2270 53 9.8 0.98
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S ite  C, cent. 
Sutplot 4 
Qa 0 - 2 an 0.0 0.182 5.70 6.83 18489.3 1337.4 10640 347 670.0 104.79
AE 2 - 6 Is 0.4 1.217 5.44 5.78 1301.6 312.8 829 66 52.0 18.54
Bsl 6 - 37 s 1.2 1.456 6.17 5.77 272.0 508.6 409 23 35.0 80.95
Bb2 37- 57 s 1.9 1.538 6.83 6.80 186.8 213.1 230 10 22.2 69.34
Bn 57- 98 s 1.6 1.700 6.24 5.81 127.8 132.8 150 7 12.0 42.52
iVBn 98-140 s i 0.3 1.700 6.22 5.84 75.6 140.9 538 92 46.0 10.56
a 140-183 s c l 0.0 1.744 6.76 6.34 96.4 159.3 700 142 64.8 23.04
C2 183-274 s i 0.0 1.772 4.80 4.59 200.2 344.4 1410 283 117.5 31.71
a 274-381 s i 0.2 1.794 7.45 7.40 167.2 400.4 3920 574 91.6 21.42
rr^ib 320-323 cemented 0.0 1.793 6.49 6.78 252.4 909.2 2272 792 65.4 29.60
C4 381-411 s i 3.5 1.802 7.65 7.56 62.0 158.8 2840 193 34.7 3.91
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S ite  D ECS lb .  91. ftirg is  landform: Maltby Karnes.
Locaticn: T. 24 N ., R. 4 E ., Sec. 8, cen ter o f  N h a lf .

General Description: Nearly lev e l surface topography. S ite  i s  located cn a  plateau on a 
ridgetcp. A t i l l  layer about 50 an thick i s  present, beginning a t  variable depths between 
40 and 90 an, containing lirrestcnes. Surface s o i l  i s  sandy loan. Substratuns are sand 
with gravel s tr a tifica tio n .

S o il family c la ss ifica tio n : A lfic  H=pLorthods, aoarse-losty, moral, fr ig id .

Dqpositicnal envirarment/parent material: Port Bruoe basal t i l l .

S o il Fedcn Data:

Horizon Dqgth Texture Cs fr Est S ) pH pH TKN TKP Ca Mg K Bray's
an vol % g /cc H20 CaC12 < ~ — ngAg ---------- 5

Subplot 1
A 0 - 4 s i 0.0 0.842 5.91 6.12 4246.6 541.5 3640 256 137.0 36.94
Bs 4 -3 2 s i 1.6 1.477 5.72 5.61 425.4 139.1 506 32 17.2 3.89
Eta 32- 42 Is 1.9 1.700 7.21 6.54 106.4 63.3 360 9 18.4 0.38
Bt 42- 91 vgrsl 37.8 1.618 7.76 7.43 219.8 111.4 1530 108 27.5 2.84
a  91-130 s 0.1 1.654 7.07 7.19 24.4 51.4 748 36 5.0 1.25
C2 130-183 s 14.6 1.741 7.80 7.52 33.2 437.6 1740 39 8.9 1.33
C3 183-442 s 3.1 1.791 7.77 7.45 15.6 33.9 1635 33 4.3 0.00

Subplot 2
A 0 - 3 1 0.2 0 815 7.11 6.75 4527.2 580.6 3940 334 146.2 62.43
AE 3- 10 1 1.7 1 166 4.96 5.42 1601.4 345.5 1128 92 30.2 6.14
Bsl 10- 26 s i 1.0 1 475 6.95 7.07 723.4 299.2 3140 96 33.7 17.31
Bb2 26— 44 s i 0.5 1 503 6.91 6.77 529.6 220.8 1090 28 22.7 23.00
E/Bn 44- 60 Is 1.6 1 700 6.78 6.84 135.8 80.9 470 12 19.7 4.24
B/E 60- 97 s 0.8 1 601 6.72 6.92 35.4 43.7 259 10 9.8 3.19
Bt 97-130 grscl 20.6 1 618 7.35 6.85 222.0 126.7 1650 120 50.7 0.00
C 130-381 s 5.1 1 780 8.08 7.58 15.4 125.8 2010 39 4.4 0.00

Subplot 3
A 0- 4 Si 1.2 0.757 5.75 6.53 5177.8 732.0 4160 172 104.7 79.27
E 4- 6 f s l 0 .9 1.308 5.42 5.41 841.4 259.2 1130 34 22.2 39.89
Bs 4- 28 f s l 1.3 1.350 5.27 5.22 742.0 606.8 838 22 24.4 109.32
Ex 28- 59 f s l 0.8 1.800 5.40 5.15 120.6 78.9 630 49 37.3 5.87
E/Efti 59- 74 Is 8.8 1.700 7.04 6.81 146.6 95.3 670 98 24.0 3.45
E/B 74- 91 s 0.4 1.608 6.24 5.75 43.4 45.4 170 10 9.7 2.30
Bt 91-155 vgrsl 36.3 1.618 7.36 7.14 304.2 224.4 2240 186 51.4 0.36
C 155-259 s 7.7 1.765 7.75 7.40 11.2 28.2 1340 25 3.0 0.31
Gsuh 205-210 s i 3.3 1.765 7.80 7.32 165.2 150.0 3135 193 17.6 1.42

S ± p lo t 4
A 0- 8 s i 0.5 0.729 5.74 5.38 5511.6 694.8 4120 312 151.6 38.33
Bsl 8 - 30 s i 4.3 1.393 5.21 5.69 731.4 342.0 565 51 26.3 18.90
Bs2 30- 41 s i 3.1 1.427 5.25 5.02 459.4 195.8 420 27 23.6 8.57
Ex 41- 54 s i 7.8 1.800 5.68 5.03 149.8 86.3 522 33 25.8 3.12
EyBn 54- 68 Is 3.8 1.700 5.26 5.31 72.0 57.9 486 31 20.9 1.84
Bt 68-130 vcbsl 42.3 1.618 6.99 7.16 222.0 150.6 1370 170 32.1 0.21
C 130-168 grs 22.8 1.505 7.58 7.54 47.4 94.2 2540 52 6.1 0.00
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S ite  E EES No. 94. Burgis larrifonn: Maltby Kanes.
Location: T. 24 N ., R. 3 E ., Sec. 9, LW c£ SW.

General D escrip tion : G enerally w est-fa c in g  s i t e ,  average s lo p e  o f  11%, lo c a te d  on  
imdulating topography in  a saddle betweai two ridges. A t i l l  layer o f  about 30 to  40 an 
thick i s  present, beginning a t a depth o f about 90 cm, containing lim estones. Surface 
s o i l  i s  sandy loan. Substratum are gravelly sandy loan.

S o il family c la ss ifica tio n : A lfic  Haplorthotfe, a ic se - lo sn y , mixed, fr ig id .

Depositianal envircnreit/pareit naterial: Port Bruce basal t i l l .

S o il Psdcn Data:

Horizon Depth Uexture Cs f  r B3t H) m  re 1KN TKP Ga m K Bray's P
an val % g /cc H20 <----- ■—  mg/kg — ------->

SbbpLot 1
A 0 - 4 s i 1.9 0.626 6.35 6.47 6873.6 503.2 5440 450 151.4 26.15
AE 4 -1 1 s i 2.6 1.246 4.32 4.35 1146.8 229.9 830 72 26.9 11.27
Bs 11- 39 s i 5.9 1.599 5.04 4.70 232.4 101.6 175 19 21.0 3.47
Bn 39- 58 Is 5.6 1.700 5.10 4.50 373.4 146.2 279 31 23.5 4.29
E^Bn 58- 88 Is 12.5 1.700 5.64 5.45 112.2 60.3 275 28 20.4 0.65
Bt 88-124 s c l 7.2 1.618 6.48 6.56 317.2 201.4 1285 209 69.2 3.64
C 124-274 s i 13.0 1.762 7.81 7.52 98.4 149.4 2950 103 33.5 0.00

Subplot 2
A1 0 - 2 s i 1.5 0.744 5.99 6.48 5327.8 569.6 3700 246 160.0 27.49
A2 2 -1 4 s i 1.6 1.163 5.31 6.10 1621.9 322.7 1080 92 44.3 7.94
BS 14- 50 s i 0.9 1.437 5.83 5.31 475.2 228.6 529 45 19.2 15.55
Bn 5 0 -7 6 Is 6.1 1.700 6.10 5.66 78.4 57.9 427 41 17.6 1.78
Bt 76-134 v s t s d 43.7 1.618 6.67 7.42 326.0 199.5 2200 254 56.0 2.74
a  134-165 s 7.3 1.510 7.46 7.32 37.2 88.0 1950 48 8.9 1.57
C2 165-231 Is 4.8 1.762 6.86 7.27 58.4 110.3 2960 84 19.4 1.21

Subplot 3
A 0 - 5 s i 2.3 0.751 6.14 6.30 5242.2 677.9 4680 260 169.4 35.06
AB 5 -1 5 s i 1.2 1.192 5.15 6.03 1448.8 440.0 659 60 40.2 7.69
Bw 1 5 -4 0 Is 1.3 1.447 5.58 6.08 349.2 182.9 503 26 22.2 8.46
B d  4 0 -9 6 Is 7.5 1.560 5.80 5.80 181.0 124.0 460 17 18.4 6.83
BC2 96-140 Is 9.2 1.645 7.65 7.27 209.8 218.1 950 119 41.5 5.37
d  140-183 s i 1.5 1.744 6.83 6.93 134.8 178.2 785 110 33.4 6.76
C2 183-229 s i 13.6 1.765 7.83 7.31 78.8 142.2 2970 94 48.4 0.00

Subplot 4
A 0 - 7 1 4.3 0.847 5.95 5.91 4188.0 392.2 3920 174 76.0 22.10
AE 7 - 16 Is 4.2 1.395 5.61 5.91 503.0 n o .  2 820 30 0.0 8.76
Bhs 1 6 -2 3 s i 5.1 1.418 6.07 5.53 571.6 391.6 717 32 21.0 50.14
Bs 16- 42 s i 4.8 1.439 5.84 5.74 543.6 372.3 876 29 23.8 35.31
Bn 4 2 -8 1 s 6.7 1.700 5.11 4.85 123.2 61.3 124 10 12.4 2.78
E/B 81-106 Is 10.0 1.653 6.20 5.14 185.2 77.4 480 66 38.8 0.51
Bt 106-132 s c l 4.2 1.618 6.94 6.65 233.2 170.0 1330 211 53.9 2.22
CL 132-183 s i 14.1 1.742 7.51 7.46 99.2 154.6 3700 116 35.2 0.00
C2 183-307 s i 2.9 1.777 8.24 7.77 57.0 111.3 4000 106 25.5 0.00
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S ite  F ECS N3. 95. Burgis landfom : Maltby Kanes,
lo ca tio n : T. 24 N., R. 3 E ., Sec. 15, JW o f  NE.

General D escription Sicpes average 8% cn sn a il undulating ridges cn a  generally le v e l  
marainal area. A t i l l  layer 60 on or mere in  thicknsss i s  present, beginning a t  depths o f  
about 40 on, containing limestones. Surface s o i l  i s  sandy loan. Substratura are sand, 
loany sand, or sandy loan, with gravel stra tifica tio n .

S o il fa n ily  c la ssifica tio n : A lfic  Hsplorthods, fina-lcary , miued, fr ig id .

Depositicnal envircmant/pjarent material: Fort Brace basal t i l l .

S o il Fedm Data:

Horizon D̂ pfch Ttexture Cs fr Est ED tH pa TKN UCP Ca Kg K Bray's
on vol % g /cc H20 fXTI2 <■—— —-  mg/kg

Subplot 1
Qa 0 - 3 on 1.4 0.498 7.25 7.48 8978.2 770.4 7440 436 275.4 79.82
A 3- 20 s i 2.6 1.052 6.18 6.11 2387.8 798,2 2000 121 63.0 26.48
AE 20- 28 s i 4.8 1.308 6.46 6.23 840.8 393.1 1010 68 34.8 20.34
Eln 28- 47 Is 2.1 1.700 6.28 6.58 147.6 130.3 448 28 23.5 25.85
B/E 47- 72 s c l 2.4 1.448 5.68 5.25 346.8 237.3 1480 174 97.8 17.21
B t 72-145 s c l 2.7 1.618 7.83 7.43 305.0 307.5 3820 244 73.2 2.71
C 145-183 s c l 3.1 1.746 7.84 7.45 219.8 228.7 3980 201 63.3 0.00

Subplot 2 
A 0 - 4 s i 2.0 0.908 4.90 5.71 3600.4 510.1 1518 138 113.4 28.34
Bb 4 -2 0 s i 2.2 1.343 4.81 4.78 715.8 348.0 360 40 38.5 61.74
Eln 2 0 -3 1 i s 4.1 1.700 5.17 5.03 159.2 81.0 350 59 24.8 2.04
B/E 31- 50 s c l 3.7 1.432 5.21 5.06 388.6 208.6 1265 245 85.2 2.22
Bt 50-103 d 1.6 1.618 7.62 7.51 351.8 337.8 4480 352 81.6 0.65
a  103-140 s 2.3 1.602 7.66 7.38 92.4 104.8 2870 118 17.9 0.00
C2 140-198 Is 3.2 1.748 7.75 7.53 81.9 80.3 2880 92 U .8 2.52

SUbplot 3
A 0 - 5 f s l 4.0 0.780 5.24 5.75 4909.0 529.4 1300 93 40.6 22.00
Bs 5 -1 3 f s l 1.7 1.640 4.92 4.82 206.8 102.0 288 39 20.4 1.83
Eln 1 3 -3 6 f s l 1.6 1.700 5.12 4.64 277.0 117.4 945 212 64.8 4.30
EyHn 36— 65 fs c l 0.8 1.700 5.52 4.56 326.4 131.2 919 208 63.6 5.15
Bt 65- 95 d 2.4 1.618 6.61 6.63 362.8 270.9 1660 384 88.8 7.68
C 95-168 f s d 1.7 1.595 7.98 7.63 172.0 235.2 4260 234 61.5 0.00

Subplot 4 
A 0 - 2 s i 0.4 0.785 6.51 6.30 4850.6 454.1 4320 300 136.6 26.34
AE 2- 12 Is 0.6 1.302 4.27 3.67 870.2 188.9 234 22 32.4 23.55
& 12- 32 s i 0.7 1.391 5.09 4.72 507.0 306.5 320 27 28.0 45.84
Bn 32- 53 Is 0.7 1.700 5.71 5.60 139.2 106.5 266 15 18.5 18.05
Bt 53-105 s d 1.4 1.618 7.19 6.81 266.4 232.3 2010 206 53.9 3.01
a 105-152 s 0.7 1.592 7.61 7.22 36.8 57.1 707 73 12.9 2.71
C2 152-198 Is 3.5 1.751 8.06 7.74 43.8 65.8 1745 116 25.8 3.91
C3 198-290 s i 6.0 1.777 7.30 7.27 164.6 160.5 1250 162 36.1 2.14
C4 290-320 s i 0.3 1.790 7.38 7.37 103.4 92.8 918 154 37.6 1.80
C5 320-351 s 1.5 1.795 7.89 7.53 20.4 54.6 1980 73 11.5 1.44
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S its  G ECS Nb. 96. Burgis landform: Maltby Kanes.
Location: T. 24 N., R. 3 E ., Sec. 9, Sri o f EE.

General D escrip tion: Slcfpes average 7% on a bench on a  n o r th ea st-fa c in g  m orainal 
h ills ic fe . A t i l l  layer o f varying thickness i s  present, usually about 40 an thick and 
beginning a t  depths o f  about 70 an, containing limestones. Surface s o i l  i s  sandy loam. 
SubstratuTB are sard, Icany sard, sandy loan, sandy clay  loan, or s i l t y  clay  loam, with 
sane gravel s tr a tif ica tio n .

S o il fan ily  c la ssifica tio n : A lfic  Haplorthocis, coarse-loany, ntbsd, fr ig id .

Depositicnal envircm m t/parent material: Port Brace basal t i l l .

S o il Baden Data;

Horizon Dmfch 'torture Qs f  r E st ro pa pa TKN OKP Ga Mg K Bray's
an val % q/toc H20 ra n ?  < — -— mg/kg

Subplot 1
A 0- 4 s i 2.4 0.799 6.32 6.28 4697.2 565.2 3500 150 122.2 19.02
m 4- 10 s i 0.8 1.260 6.08 6.01 1074.8 417.5 1050 58 33.7 32.11
Bsl 10- 38 Is 1.1 1.501 5.40 5.03 235.4 208.4 287 21 22.0 40.62
Bs2 38- 58 Is 6.3 1.559 4.67 4.42 216.6 221.3 189 13 21.2 55.00
E/Bn 58-114 Is 0.2 1.700 6.45 5.90 77.4 67.8 360 25 26.0 2.99
Bt 114-168 so l 1.6 1.618 6.89 6.30 145.2 145.0 1130 101 62.4 9.62
BC 168-2U s i 1.8 1.759 7.03 7.18 165.2 49.5 1100 171 38.2 4.06
C 213-231 1 2.3 1.770 7.21 7.46 156.8 188.5 3520 185 48.4 1.42

Subplot 2 
A 0 - 6 s i 2.6 0.956 5.89 5.58 3160.4 561.2 2200 114 100.2 31.34
m 6 - 16 s i 1.2 1.348 5.83 5.05 674.0 321.2 667 32 21.2 46.75
Bw 16- 34 s i 2.5 1.490 5.58 5.47 247.8 216.2 341 28 24.2 48.44
E^Bnl 34- 48 Is 2.5 1.700 5.94 5.33 142.8 260.7 320 27 45.0 59.30
E/Bn2 48- 70 Is 4.2 1.700 5.54 5.13 125.4 219.0 575 65 57.4 22.00
Btl 70- 98 s c l 1.4 1.618 5.98 5.45 260.2 312.6 1540 322 98.6 9.93
Bt2 98-130 c l 0.3 1.618 7.78 7.53 329.8 419.4 4780 476 113.4 2.80
BC 130-155 s ic l 0.3 1.583 7.47 7.50 251.4 401.2 4760 332 84.7 0.00
C 155-168 s i 4.9 1.744 7.63 7.55 130.4 181.5 2300 203 40.6 15.37

Subplot 3 
A 0 - 7 s i 1.5 0.890 5.31 5.01 3766.0 424.1 2640 152 94.6 22.55
AB 7 - 13 s i 1.2 1.227 4.86 4.62 1246.6 288.4 814 45 26.3 15.25
Bs 13- 52 f s l 3.6 1.393 5.48 4.89 489.8 635.5 355 46 31.6 224.05
E/Bx 52- 76 s i 0.8 1.800 5.23 4.63 168.8 198.8 330 57 42.9 69.30
B/E 76-102 s c l 1.6 1.649 5.04 4.51 194.4 179.0 770 110 58.5 12.27
BC 102-145 Is 1.7 1.617 5.57 5.13 164.8 130.3 490 80 27.5 7.83
a 145-183 s c l 3.1 1.746 7.67 7.27 319.4 254.9 4280 436 85.2 3.94
C2 183-214 s ic l 0.9 1.762 7.44 7.27 156.8 150.2 1465 243 44.3 3.69

Subplot 4 
A 0 - 5 f s l 2.8 0.978 5.90 5.95 2973.0 387.3 2360 156 85.2 25.81
Bs 5- 35 f s l 2.6 1.358 4.83 4.51 528.8 527.2 296 28 35.1 70.00
E/Bm 35- 62 1 0.1 1.700 4.44 4.23 300.8 249.6 660 218 130.0 27.17
Bt 62- 83 c l 0.1 1.618 5.20 4.54 349.4 325.4 1040 350 169.0 26.62
BC 83-183 s i 1.4 1.571 7.91 7.65 107.8 164.5 3410 140 44.6 0.40
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S ite  H EES No. 98. Burgis landform: Maltby Karnes.
Location: T. 24 N. , R. 3 E ., Sec. 5, cen te r o f  N h a lf  o f NE.

General Description: Slopes average 13% cn a south-facing h il ls id e  in  a  ro llin g  area o f  
ioe-d isintegraticn  topography. S o ils  are sandy to  a  depth o f  450 cm.

S o il family c la ssifica tio n : Ehtic H^iLorthcds, sandy, mixed, fr ig id .

Depcsiticnal erRrircnrent/fcareit material: Outwash sand.

S o il Pedcn Data:

Horizon Depth Texture Cs fr t e t  ED eh fh TOM TOP Ca Mg K Bray's
on vol % q/ac H20 Ca£L2; <-----, —  mg/kg - --------- 3

Subplot 1
A 0 - 7 Is 0.5 1.182 4.13 4.01 1503.2 127.5 460 48 65.8 8.34
EB 7 -1 5 s 2.8 1.482 3.84 3.86 263.6 45.3 13 5 8 .4 2.69
Bs 1 5 -4 8 s 6.6 1.498 4.51 4.32 209.0 136.0 13 3 3.4 35.98
BC 4 8 -8 9 s 0.9 1.540 4.84 4.25 104.4 34.9 9 1 3.3 7.95
Q  89-244 s 0.4 1.747 5.42 5.64 28.6 48.5 70 12 3.5 2.73
C2 244-450 s 0.1 1.796 7.68 7.46 16.6 30.6 1630 24 3.8 0.00

Subplot 2
AE 0 - 6 Is 0.9 1.292 4.02 3.65 914.6 110.6 36 14 25.4 5.80
Bsl 6 - 22 s 0.5 1.440 4.63 4.05 273.6 181.2 15 2 9.7 33.47
Bs2 22- 54 s 0.9 1.530 4.75 4.63 151.8 121.5 9 2 7.7 40.76
BC 54- 85 s 0.2 1.543 5.55 5.09 82.2 77.7 16 4 3.7 33.23
a 85-120 s 0.3 1.643 6.35 5.20 33.2 31.0 26 8 4.2 16.89
C2 120-320 s 0.1 1.770 5.54 5.32 27.8 26.6 70 7 4.7 4.04
C3 320-335 fs 0.2 1.794 5.63 6.18 51.8 60.2 189 22 9.6 2.92
C4 335-366 cs 1.0 1.797 7.99 7.40 15.2 40.8 1690 39 8.6 3.16
Cj 366-442 s 0.2 1.803 6.40 7.27 15.4 33.8 312 29 7 .8 4.21
06 442-457 s 2.1 1.807 7.68 7.01 21.0 58.2 1740 38 6.7 3.22

Subplot 3
A 0 - 4 Is 0.0 1.204 3.98 3.40 1373.8 128.0 162 40 49.6 13.37
E 4- 7 s 0.1 1.478 3.91 3.37 273.0 42.5 16 7 8.1 2.91
Bsl 7 - 36 s 0.8 1.455 4.43 4.21 275.4 54.5 8 3 7.6 19.87
Bs2 36- 53 s 0.8 1.548 4.23 4.50 138.0 120.1 9 2 4.2 28.46
BC 53- 77 s 0.1 1.513 4.44 7.41 51.0 56.2 10 1 4.3 25.91
cl 77-213 s 0.1 1.644 6.89 7.42 11.0 24.3 11 3 5.1 12.08
C2 213-274 fs 0.0 1.777 4.60 5.01 117.2 28.9 15 5 5.5 8.72
C3 274-335 s 0.1 1.790 7.20 7.49 13.8 21.5 400 30 5.5 4.68
C4 335-366 cs 0.7 1.797 7.38 7.22 19.8 36.9 384 27 4.0 3.16
C5 366-381 cs 6.2 1.800 8.04 7.60 24.0 76.6 2190 46 5.4 0.56
06 381-457 s 0.7 1.804 7.62 7.23 12.4 44.5 1740 33 2.9 0.83

Subplot 4
AE 0 - 5 Is 0.1 1.246 3.73 3.35 1143.4 122.6 122 24 51.0 10.18
tel 5 - 26 s 0.1 1.410 4.15 4.26 378.6 166.3 9 3 13.0 34.91
Bs2 26- 63 s 0.6 1.534 4.54 4.42 182.4 182.2 7 2 8.1 61.31
BC 63- 94 s 0.6 1.593 4.96 4.42 106.6 95.5 7 1 3.9 38.94
a 94-351 s 0.2 1.771 7.10 6.96 22.6 31.4 103 15 6.4 7.13
a 351-366 fs 0.0 1.798 6.81 6.50 41.8 89.6 185 19 6.6 5.79
C3 366-457 s 0.4 1.804 7.67 7.41 17.4 41.5 1430 27 3.0 0.03
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S ite  I .  ECS fto. 106. Burgis landfiorm: Glennie moraine.
Location: T. 27 N ., R. 5 E ., Sec. 34, NE o f SW.

General Descripticn: Nearly lev e l area a t tap o f  morainal h i l l .  A t i l l  layer o f  varied  
thickness i s  present, beginning at depths between 14 and 115 cm and cm tinuing for about 
50 a n ., with limestones. Surface s o i l  i s  lcany sand or sandy lean; substratuns are mostly 
loamy.

S o il fan ily  c la ssifica tio n : Typic Elitroboralfs, fine-lcemy, mixed.

Depositicnal em rcm isnt/parent material: Port Horen basal, t i l l .

S o il Pedcn Data:

Horizon Depth Texture CS fr  ESt BD FH EH TKN TXP CS Mg K Bray's P
on vol % g/ac H20 C3C12 <----- —  mg/kg ----------- >

Subplot 1
A 0 - 2 Is 0.0 0.552 6.19 6.17 8024.4 988.0 8840 560 444 0 62.72
Eln 2“ 14 1 1.5 1.700 5.80 5.24 940.4 443.1 1090 108 80 8 62.20
B/E 1 4 -5 4 c l 0.3 1.635 5.76 5.01 312.8 274.4 1232 212 142 0 30.01
Bt 54-137 c l 2.2 1.618 7.51 7.16 230.8 290.2 2180 530 94 8 14.30
BC 137-168 Is 1.1 1.739 7.48 6.82 209.8 268.6 888 241 45 5 16.93
C 168-213 s 0.3 1.759 7.27 6.33 26.6 83.8 150 31 8 9 7.65

Subplot
A

2
0- 6 1 2.3 1.044 5.32 4.55 2448.2 642.6 1848 190 105.6 49.82

Bw 6- 26 1 0.5 1.394 5.72 4.72 507.6 504.4 440 46 73.9 104.20
E/Bm 26- 49 s i 0.8 1.700 5.40 5.12 105.4 159.9 240 32 32.1 36.46
Bt 49- 86 c l 0.1 1.618 7.00 6.89 305.6 329.3 2359 776 139.6 12.61
C 86-168 s ic 0.5 1.653 8.07 7.31 205.0 345.0 4310 292 102.0 1.58

Subplot 3
A 0 - 2 s i 0.5 0.637 5.51 4.84 6714.2 683.8 4260 432 368.0 54.71
Eln 2- 18 1 0.8 1.700 5.79 5.71 317.0 317.4 560 86 65.4 65.28
B/Eftl 18- 57 s ic l 3.7 1.700 5.65 5.07 856.2 861.9 1250 223 171.0 34.47
BC 57- 74 s c l 3.6 1.550 5.86 5.47 203.6 233.6 1030 257 100.1 10.51
a 74-110 s ic l 6.1 1.604 7.00 6.95 329.0 316.9 1892 586 126.2 6.70
C2 110-152 grsl 19.3 1.574 8.01 7.51 92.0 211.5 2630 272 45.7 1.53

SUbplot 4
A 0 - 3 Is 0.0 0.550 5.94 6.00 8053.2 697.8 3070 225 118.0 55.68
E 3 - 10 Is 2.5 1.444 6.33 5.70 357.2 147.3 570 52 17.3 15.86
Bsl 10- 31 s i 2.2 1.466 6.45 5.63 451.8 573.1 990 87 34.5 131.30
Bs2 31- 64 s i 2.3 1.529 6.33 5.51 333.6 451.5 521 47 23.1 164.96
Etn 64-115 Is 11.5 1.700 6.37 5.47 159.2 161.1 460 75 27.4 26.21
a 115-198 s i 12.3 1.741 7.10 6.72 230.8 187.8 1685 390 63.0 3.62
C2 198-244 s i 12.0 1.770 8.02 7.43 89.6 166.8 3560 120 26.9 0.00
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S ite  J .  EES No. 108. Burgis landform: Glennie moraine.
Location: T. 27 N ., R. 5 E ., Sec. 28, cen ter o f  N h a lf  o f  SE.

General Descripticn: East-facing 5% slope cn morainal h i l ls id e . A t i l l  layer o f  varied  
th ick n ess  i s  present a t  three o f  the four su b p lo ts , beginning a t  about 30 cm where 
present. The t i l l  layer centim es into  the substrata® in  two o f  the subplots, and i s  
about 30 cm thick a t the other. Hie t i l l  Gcntains limestones. Surface s o i l  i s  loamy sand 
or sandy loan. Subatratuis where saipled are loa iy  sand and sand, with gravelly  s tra ta .

S o il fa n ily  c la ssifica tio n : Typic EUtroboralfs, fine-loamy, mixed.

Depositicnal enviroment/parent n ateria l: Port Boren basal t i l l .

S o il Pedcn Data:

Horizon Depth Texture Cs f  r Ebt ED pH pH TON TOP Ca m K Bray's ]
an vol % g/cc H2Q G3CL2 <_— . mg/kg

Subplot 1
A 0 - 7 Is 6.9 0.744 6.55 5.98 5324.4 719.0 2720 214 69.0 34.76
Bsl 7 -  26 Is 14.0 1.426 6.19 5.36 423.2 381.7 468 52 34.2 145.73
Bs2 26- 49 Is 9.8 1.491 5.93 5.14 359.8 146.1 283 32 18.1 9.38
BC 49- 91 Is 2.3 1.570 5.88 4.95 173.4 81.6 170 23 13.2 7.69
a 91-183 s 1.8 1.552 7.59 7.10 58.4 60.0 525 118 11.9 1.98
C2 183-274 Is 8.8 1.772 8.10 7.29 45.4 79.8 2270 74 11.1 0.70
C3 274-320 Is 0.7 1.788 8.27 7.68 13.8 47.0 2410 63 6.7 0.00

Subplot 2
A 0 - 2 s i 0.0 0.874 5.71 5.76 3918.2 544.8 2160 290 276.0 47.28
AB 2- 14 s i 1.1 1.322 5.27 4.76 782.2 257.4 474 78 65.2 11.69
E/Bn 14- 27 s i 0.9 1.700 5.78 5.09 289.0 141.3 552 100 69.6 7.85
B/Ehi 27- 77 c l 0.2 1.700 5.44 4.85 296.0 225.9 1357 401 180.0 16.47
C 77-152 sc l 2.5 1.659 7.61 7.28 229.0 262.4 1634 634 54.1 6.18

subplot 3
A 0- 3 0.3 1.782 5.70 4.85 0.0 211.6 1706 180 92.6 20.79
E 3- 8 Is 6.0 1.451 5.58 4.71 337.2 71.3 340 53 22.7 9.10
Bw 8 - 22 s i 5.6 1.402 5.76 5.26 479.8 402.4 568 65 49.7 79.68
E/Ehi 22- 43 s i 0.3 1.700 5.63 5.05 176.4 115.3 697 171 83.4 6.41
Bt 43- 95 s ic l 0.0 1.618 6.57 6.30 376.0 316.2 2270 344 159.0 8.52
cl 95-135 s i l 0.2 1.530 7.92 7.31 186.8 327.0 4140 366 74.8 0.69
C2 135-155 sc l 13.7 1.519 7.75 7.26 69.4 66.4 2880 279 71.8 17.40

Subplot 4
A 0- 4 1 0.0 0.978 5.33 4.72 2972.0 305.9 2220 166 143.0 33.12
Bw 4- 21 cbl 21.8 1.436 5.16 4.40 377.6 180.9 200 32 44.8 23.78
Btl 21- 30 grscl 21.4 1.618 5.97 5.39 428.4 158.9 960 225 103.5 9.02
EJ/Bn 30- 46 s i 2.8 1.700 5.95 5.37 245.4 92.1 492 131 41.3 1.71
Bt2 46- 76 sc l 7.5 1.618 7.46 7.13 386.4 311.0 2300 650 193.0 2.18
BC 76-110 Is 10.4 1.641 7.86 7.06 152.2 126.7 660 233 61.6 0.00
a 110-168 s i 2.0 1.564 7.60 7.20 161.0 142.4 1210 362 61.6 0.00
C2 168-183 s 6.7 1.752 7.71 7.49 69.2 84.2 2090 144 19.6 1.68
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S its  K. EES No. 109. Burgis landform: Glennie moraine.
Location: T. 26 N ., R. 6 E ., Sec. 14, SE o f  M¥.

General Description: Dissected topography featuring ro llin g  ridges; slopes average 8%.
S o ils  are ex tre ie ly  variable. One subplot has a  t i l l  layer rear the surface; another has 
a t i l l  layer between dqpths o f 137 and 187 on. Hie o tter  subplots have th in  layers o f  
loa iy  material in  the substratum. Surface s o i l  i s  loamy sand or sandy loan; substratuns 
are s tr a tif ie d  sands.

S o il family c la ss ifica tio n : Typic EUtroboralfs, fin e-loary , mixed.

D epcsiticral em ircm ste/parent material: Oufcwash sand with ice-rafted  t i l l  inclusions, 
reworked by flu v ia l action .

S o il Redcn Data:

Horiaon Depth Texture Cs f  r Ebt HD pH pa TON TOP Cs Mg K Bray's 1
an val % g/o s H20 CaCL2 <— —  mg/kg

Subplot 1
A 0 - 2 f s l 0.0 0.709 4.50 4.24 5758.2 523.7 2020 380 532.0 67.89
E 2- 8 l f s 0.6 1.455 4.54 3.64 327.0 67.8 68 23 20.7 7.53
Bsl 8 - 25 s i 3.5 1.426 5.42 4.86 440.4 371.3 338 66 46.3 88.39
Bs2 25- 40 s i 4.2 1.602 5.47 4.99 241.6 184.9 180 27 49.3 60.92
E/Bn 40- 82 s i 2.2 1.700 6.52 5.57 134.2 50.5 292 62 24.9 3.55
a 82-122 Is 0.7 1.630 6.88 5.05 98.6 69.4 423 92 27.7 2.70
C2 122-183 fs 0.0 1.739 7.46 6.40 24.6 53.9 127 33 8.2 0.70
a 183-229 s i l . 0.0 1.765 8.22 7.48 90.6 223.0 3390 149 22.3 0.68
C4 229-290 s 1.3 1.781 8.21 7.12 3.0 30.4 2050 50 5.6 0.00
C5 290-335 s i l 0.0 1.791 8.47 7.44 112.6 248.6 3700 192 26.5 0.00
06 335-366 s 0.1 1.797 8.42 7.56 31.6 57.3 2280 63 6.1 0.00

Subplot 2
A 0 - 2 s i 0.0 0.644 4.36 4.17 6615.4 591.0 1696 260 386.0 60.00
E 2- 8 Is 0.2 1.407 4.46 3.78 463.2 87.2 113 31 40.1 9.47
Bs 8- 40 s i 0.9 1.461 5.01 4.60 353.8 242.1 220 38 48.8 62.63
Eln 40-137 s i 0.6 1.700 6.07 5.40 100.8 100.2 350 74 45.5 9.05
B/E 137-183 s c l 0.4 1.743 6.82 6.88 208.2 222.4 1607 478 133.0 2.31
Bt 183-244 s c l 0.4 1.768 6.24 5.79 192.6 166.8 1120 318 109.5 7.77

Subplot 3
A 0 - 4 s i 0.0 0 482 5.90 5.37 9276.0 625.6 5444 523 615.0 104.48
Bw 4- 18 s i 2.9 1 492 5.48 4.73 243.6 127.4 320 40 19.6 42.01
Bn 18- 28 s i 0.5 1 700 6.34 5.25 179.2 123.6 366 59 29.7 17.82
E/Bn 28- 38 s c l 1.3 1 700 5.02 4.71 266.6 115.2 800 151 74.5 6.67
Bt 38- 68 s c l 1.2 1 618 7.66 7.17 400.2 260.2 2780 708 175.0 2.97
BC 68-125 s c l 0.4 1 683 8.02 7.49 262.4 257.1 4160 337 106.0 0.00
C 125-307 s 0.1 1 768 8.57 7.27 28.2 74.8 3392 89 9.1 1.38
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Site K, cent.
Sutplot 4
Oa 0 - 5 an 0.0 0.384 4.97 4.60 11394.2 624.6 5288 486 568.0 71.60
E 5 - 13 s 0.8 1.494 5.14 4.49 238.8 42.5 167 24 11.0 6.10
BS 13- 52 Is 8.5 1.516 5.18 4.90 245.8 195.5 300 29 21.3 68.90
Bn 52- 76 Is 0.2 1.700 5.54 5.03 114.4 109.8 200 20 14.9 56.79
a 76-135 s 0.2 1.626 6.17 5.04 61.0 65.5 108 13 8.3 15.63
C2 135-160 v fs l 0.0 1.546 6.11 5.24 210.4 221.6 560 74 35.8 9.04
a 160-307 s 0.4 1.774 7.62 7.14 47.4 43.3 1530 95 12.7 2.46
C4 307-450 s 0.5 1.800 8.00 6.91 24.0 36.4 1679 41 7.1 0.65
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S ite  L. ECS No. 110. Burgis landform: Glennie moraine.
Location; T. 26 N ., R. 6 E ., Sec. 28, cen ter o f  E h a lf .

General Descripticn: Sloping area along side o f h i l l  at sn a il head o f outvesh topographic 
feature. S o ils  are sandy throughout the ssipLed depth o f  450 cm.

S o il family c la ss ifica tio n : Efrtic Haplorttods, sandy, mixed, fr ig id .

Depositicm al am roirsnt/fearait material: Outwash sand.

S o il Fedon Data:

Horizcn Depth Texture Cs fr E3st ED E« TON TOP Ca Mg K Bray's I
on val % g/oc H20 G3CL2 <-— - mg/kg -

Sutplot 1
A 0 - 4 s 0.0 1.170 4.19 3.38 1576.2 194.4 108 34 79.0 15.87
B sl 4 -2 3 s 4.4 1.492 5.21 4.52 105.4 135.2 5 1 6.1 61.31
Bs2 23- 38 s 4.5 1.485 4.84 4.19 243.0 158.8 11 3 17.9 52.03
BC 3 8 -5 1 s 5.7 1.628 5.24 4.53 62.8 49.7 9 1 6.3 23.62
a  51-259 s 0.0 1.740 7.13 6.90 29.0 42.9 331 41 6 .8 4.36
C2 259-450 s 0.2 1.797 8.14 6.96 40.6 50.8 2070 53 7.7 0.80
C2-s 320-335 s 9.3 1.794 8.12 7.53 97.2 84.3 2640 66 12.9 2.02

Subplot 2
A 0 - 4 s 0.6 1.162 4.66 3.76 1630.2 190.3 200 36 41.8 0.00
Bs 4 - 28 s 1.3 1.453 5.07 4.15 246.4 93.6 34 7 9.9 5.82
Bt 28- 58 Is 1.8 1.618 6.11 5.16 132.0 86.3 333 71 15.4 7.43
BC 58- 83 s 0.0 1.609 7.08 6.08 17.8 47.5 141 37 7.5 13.98
C 83-450 s 0.2 1.782 8.08 7.59 20.2 34.3 2210 43 5.3 0.00

S ± p lo t 3
A 0 - 3 s 0.0 1.252 4.40 3.38 1112.8 127.9 260 40 45.6 12.18
AB 3- 8 s 0.0 1.391 4.08 3.33 517.4 70.5 52 12 19.5 5.99
Bs 8 - 42 s 0.5 1.486 4.90 4.48 203.0 174.1 5 1 8.9 54.86
BC 42- 63 s 0.1 1.651 5.52 5.03 47.0 60.2 0 0 4.9 32.11
C 63-307 s 0.1 1.756 6.68 5.11 24.0 35.4 30 6 6.9 6.09
C 307-450 s 0.0 1.800 5.83 4.81 28.2 48.6 77 15 8.8 3.24

SUtplot 4 
AE 0 - 5 s 0.0 0.885 4.34 3.59 3810.6 452.4 207 27 67.1 9.76
BS 5 -5 0 s 0.1 1.509 5.16 4.51 145.4 134.0 11 2 12.0 40.74
BC 5 0 -7 8 s 0.1 1.505 5.64 4.89 89.8 57.5 7 1 6.6 23.79
a  78-168 s 0.1 1.619 6.63 5.86 28.8 27.3 51 17 9.7 6.82
C2 168-183 CDS 8.0 1.752 8.33 7.55 76.2 75.9 1920 63 9.7 0.00
C3 183-307 s 0.1 1.777 7.66 7.06 33.8 45.9 490 39 7.1 2.19
C4 307-411 s 0.1 1.798 8.13 7.40 14.4 35.9 1870 43 5.7 0.00
C5 411-450 cos 4.0 1.805 8.13 7.26 100.6 59.3 2010 54 9.6 0.00
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S ite  M. ECS ft). 113.. Burgis landfoon: Glennie moraine.
Location: T. 26 N ., R. 5 E ., Sec. 8 , DW of JW.

General Description: Nearly lev e l area cn tench feature a t  the south s id e  o f morainal
h i l l .  A water ta b le  i s  p resen t a t  a depth o f  about 145 cm. Surface s o i l  i s  sand; 
substratuns are s tr a tif ie d  sands, s i l t s ,  and clays. A clay  layer in  the substratun 
resu lts  in  perched water.

S o il fa n ily  c la ssifica tio n : Typic Haplorttods, sandy, mixed, fr ig id .

Depositions! enviroiient/pareit n ateria l: Outwash sand over lacustrine s i l t  and clay .

S o il Pedcn Data:

Horizon Depth "texture Cs fr EJst ED pH pB TON TOP Ga Mg K Bray's P
cm uol % g/oc H20 ru n ? <----- —  mg/kg

Subplot 1
A 0 - 2 0.3 1.014 4.12 3.52 2684.0 196.7 546 110 81.2 15.44
EB 2 - 7 s 1.2 1.434 4.31 3.75 383.6 108.9 38 16 12.0 5.48
BS 7 - 33 s 3.5 1.459 5.61 4.66 253.6 120.2 129 30 20.3 24.18
Ek 33- 52 s i l 7 .8 1.800 5.95 5.39 189.4 71.4 473 74 19.0 0.25
B/Ex 52- 86 s ic l 0.2 1.800 6.66 6.00 374.4 129.1 2010 389 84.7 1.90
C 86-152 s ic 0 .0 1.615 7.95 7.49 443.6 334.1 5580 622 134.1 0.00

Subplot 2
A 0 - 6 s 0.0 1.152 4.31 3.42 1688.4 123.1 768 136 49.4 6.82
EB 6- 11 s 0.2 1.456 4.46 3.62 324.0 42.1 107 20 9.3 1.58
Bsl 11- 43 s 2.9 1.383 6.04 5.11 542.0 112.8 322 44 13.8 4.15
Bs2 43- 58 s 2.9 1.541 5.95 5.69 201.2 81.8 304 43 11.8 2.39
BC 58-137 s 1.4 1.626 6.91 6.25 68.8 43.4 206 38 8.7 0.84

Subplot 3
A 0 - 4 0.6 0.901 4.97 3.81 3664.0 331.7 182 58 46.8 11.29
AB 4 - 12 s 1.5 1.322 4.20 3.60 781.2 82.8 41 9 15.2 11.05
Bsl 12- 41 s 4.2 1.476 5.79 5.72 243.4 167.2 75 18 15.2 115.00
Bs2 41- 54 s 1.5 1.552 6.25 5.11 145.6 129.1 40 10 10.6 66.75
BC 54- 68 s 2.6 1.477 6.03 5.22 71.2 98.6 42 6 6.9 62.94
a 68-137 s 5.5 1.627 6.51 5.27 59.2 54.3 56 10 6.0 9.07
C2 137-213 s 4.3 1.751 7.55 6.96 95.2 77.1 380 83 12.5 1.68

Subplot 4
A 0 - 5 s 0.0 0.868 4.14 3.68 3978.4 216.7 640 84 72.4 41.64
EB 5- 9 s 0.3 1.455 4.34 3.50 327.2 55.0 58 17 10.7 3.68
Bs 9 - 43 s 0.1 1.455 4.86 4.54 308.2 53.1 108 22 15.7 5.68
Ehi 43- 68 s 0.3 1.700 6.95 6.05 92.6 53.9 134 26 8.8 0.49
BC 68-112 grls 20.1 1.627 6.70 5.91 117.0 108.4 260 43 11.3 0.12
a 112-140 s i 0.0 1.469 7.79 7.54 251.6 267.7 3610 198 41.2 0.00
C2 140-175 c l 0.0 1.742 7.75 7.33 419.8 379.3 4440 464 156.0 0.00
C3 175-190 s i 0.0 1.755 8.10 7.31 256.4 268.7 3560 170 39.1 0.00
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S its  N. ECS No. 114. Burgis landfbrm: Glennie moraine.
Location: T. 26 N ., R. 5 E .r Sec. 10, cen ter o f  SW q u arte r .

General Description: Slopes average 9% along sides o f a  small east-w est trending drainage 
v alley  among undulating h i l l s .  A t i l l  layer with hic^i s i l t  ocntait i s  present a t  a  depth 
o f  about 30 cm. Surface s o i l s  a re  loamy sand, sandy loam, s i l t  loam, or loam. 
SubstratuiB contain varied textures.

S o il family c la ss ifica tio n : Typic Fragiboralfs, fine-loany, mixed.

Depositicnal a m r a ment/parent material: Port Horen basal t i l l .

S o il Bedcn Data:

Horizon Depth •nsKture Cs fr Bst ED E« pH TKN TKP Ca Mg K Bray's I
cm val % q /cc H20 CaQ2 <----- —  mg/kg -

Subplot 1
A 0 - 4 1 0.0 0.621 6.28 5.98 6953.2 992.5 1446 266 99.6 11.15
Bn 4— 20 1 0.0 1.700 6.41 5.81 517.0 123.0 780 120 54.2 2.28
E/Bx 20- 43 s i 0.1 1.800 6.17 5.89 284.6 77.2 935 178 81.5 0.66
Bt 43- 70 s i l 0.5 1.618 7.21 6.75 306.8 168.3 1215 252 85.3 0.00
BC 70-125 s ic l 0.0 1.587 7.25 6.65 401.0 304.8 1250 226 72.0 2.39
Q  125-198 s i l 0.0 1.744 7.41 6.82 380.2 350.3 980 168 43.0 0.00
a  198-259 s i 0.0 1.772 7.21 6.73 315.6 316.8 1102 202 52.9 0.00
C2 259-366 l f s 0.0 1.791 7.37 6.53 153.4 200.5 489 86 24.0 2.75

subplot 2
A 0 - 5 Is 0.2 0.877 4.61 3.87 3891.2 308.0 1866 268 151.6 19.27
Bw 5 - 28 Is 4.0 1.435 6.14 5.49 379.4 135.8 530 68 20.1 9.90
Ey'BX 23- 50 s i 0.8 1.800 6.22 5.48 148.2 60.9 540 117 35.0 0.97
Bt 50- 75 s ic l 0.0 1.618 7.13 6.89 403.4 268.9 2010 616 100.3 1.28
BC 75-152 s 0.1 1.702 8.10 7.52 339.6 324.1 4220 371 69.8 0.00

Sutplot 3
A 0- 3 1 2.0 0.557 5.46 5.15 7952.6 528.9 5240 524 288.0 33.72
Bw 3- 22 g r l 19.0 1.446 5.71 4.95 351.8 244.3 358 76 34.4 42.33
B/Ex 22- 38 s i d 0.2 1.800 6.34 6.23 468.6 193.6 1700 326 156.5 17.40
Bt 38- 63 d 0.0 1.618 7.23 6.97 537.8 321.7 2440 606 206.0 10.53
BC 63- 152 s i d 0.1 1.600 8.12 7.57 290.6 340.4 4660 349 95.1 0.00

SUbplot 4
Qa 0- 5 an 0.0 0.702 6.22 5.93 5847.6 335.6 9480 1188 524.0 58.56
E 5- 21 s i l 0.3 1.525 5.95 5.19 599.8 195.0 748 148 49.9 17.28
E/Bx 21- 49 1 0.3 1.8C3 6.39 5.28 277.8 88.5 700 182 75.4 1.48
Bt 49- 69 s d 0.3 1.618 5.76 5.12 248.0 132.5 931 275 69.1 4.83
BC 69-122 s i l 0.0 1.487 5.79 5.22 495.0 272.0 1468 428 71.3 4.16
C 122-183 s i d 1.0 1.739 5.94 6.02 524.8 210.6 526 72 38.3 37.13
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S ite  O. EES No. 116. a i r g is  lanrifnrm; West Branch moraine.
Location: T. 25 N ., R. 4 E ., Sec. 1, SW o f SW.

General Description: Slopes average 7% with a mostly SB aspect in  an area o f  ro llin g
ridges. Surfaces may be eroded. A t i l l  layer o f  variable thickness i s  present a t  depths 
o f  about 30 on, ocntaining limestones. Surface textures are sandy loan; substratuns where 
sanpLed are s tr a tif ie d  sands and loany sands.

S o il family c la ss ifica tio n : Typic Fragiboralfs, fine-loamy, mixed.

Depositicnal envircrsnerit/fearent iraterial: Fort Hircn basal t i l l .

S o il Fecbn Data:

Horizon Depth Texture Cs fr Ebt ED EH EH TON TOP Ca Mg K Bray's 1
on vol % g/oc H20 CaQ2 <----- —  mg/kg -

Subplot 1
Qa,A 0 - 7 am 0.1 0.792 5.96 5.64 4777.0 389.6 4540 500 174.0 43.52
E 7 - 10 f s l 0.7 1.381 6.55 5.64 549.4 117.9 746 97 24.2 10.10
Bw 10- 20 f s l 0.3 1.394 5.22 4.37 506.4 482.7 434 62 35.9 99.13
Ek 20- 32 f s l 0.4 1.800 5.25 4.39 310.0 153.4 305 61 28.5 13.35
lyEst 32- 64 s c l 0 .2 1.800 5.37 4.72 269.4 111.2 1075 281 82.5 4.33
Bt 64-110 s c l 0.6 1.618 6.91 6.08 198.0 96.6 468 56 10.1 21.53
C 110-152 s i c l 0.8 1.606 8.33 7.67 169.8 240.7 3740 273 43.9 0.00

Subplot
A

2
0 - 2 s i 0.0 0 830 5.94 5.68 4364.8 384.4 5000 424 232.0 46.14

Bw 2- 9 s i 1.1 1 362 6.00 5.36 618.6 308.9 494 76 44.4 37.24
Ek 9 - 18 s i 1.1 1 800 7.48 6.92 39.2 56.0 250 58 8.5 3.20
Eytm 18- 39 s c l 0.0 1 700 5.48 4.94 447.4 213.0 1410 311 78.0 15.78
Bt 39- 68 d 1.0 1 618 8.06 7.64 364.8 285.3 3340 403 64.3 1.36
BC 68- 97 s c l 2.4 1 649 7.85 7.38 236.2 147.2 1145 300 40.0 1.75
C 97-152 grcns 25.0 1 609 7.91 7.58 32.4 53.0 1840 48 6.2 0.94

Subplot 3
ca 0 - 3 am 0.0 0.555 6.20 6.32 7984.8 483.1 10560 899 711.0 58.25
A 3- 7 s i 1.2 1.199 5.92 5.43 1402.4 223.5 2700 252 101.8 40.74
Bw 7 - 26 s i 4.3 1.447 5.97 4.98 347.6 212.9 501 43 24.6 17.99
Ek 26- 47 s i 4.4 1.800 4.04 5.33 185.0 96.6 451 37 19.5 2.68
BC 47- 78 s i 3.6 1.543 6.40 5.64 249.6 143.7 442 35 15.1 9.03
a 78-137 s i 3.0 1.625 8.11 7.58 87.8 82.5 823 134 18.9 6.27
C2 137-396 s 2.2 1.782 8.42 7.63 17.2 59.1 1686 56 6.3 0.00
C2-s 351-366 s i 2.3 1.798 7.72 6.96 80.6 58.4 1065 92 23.9 0.00

Subplot 4 
Qa 0 - 5 am 0.0 0.595 6.39 6.13 7342.2 599.3 12560 1044 735.2 53.28
AE 5 - 15 s i 0.9 1.361 5.96 5.29 625.0 186.7 601 101 26.5 21.76
Bw 15- 31 s i 0.3 1.433 5.79 4.93 386.0 265.5 568 85 31.8 38.71
Eytm 31- 61 s c l 0.4 1.700 5.33 4.68 281.2 147.1 1065 235 72.1 5.51
Bt 61-105 s c l 1.4 1.618 6.87 6.35 560.4 373.2 1500 413 83.9 5.39c 105-183 Is 1.1 1.526 7.40 6.46 94.4 82.3 373 81 18.1 0.00
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S ite  P. ECS No. 118. Burgis lardform: Nest Brandi moraine,
lo ca tio n : T. 25 N ., R. 5 E ., Sec. 7, EM o f NE.

General Descriptiai: Slopes average 15% in  a  lower slope position  around the U-shaped end 
o f a  snail va lley  f i l le d  with oitwssh sard. Aspect i s  mostly south, but the va lley  i s  
narrow and shaded. A water table i s  present a t about 194 on, appareitly due to  perching 
above a  d a y  layer. Surface s o i l s  are sandy, with wall-developed loany sard spodic B 
horizons. SubstratniB above the water table are sandy.

S o il family c la ssifica tio n : Typic Haplorthods, sandy, mixed, fr ig id .

Depositicnal envirasnait/fcarent naterial: 
t i l l .

S o il Bedon Data:

Horizon Depth Ttexfcure Cs fr  Est H) pH
on val % g /cc H2Q

Subplot 1 
Qa 0 - 4 an 0.0 0.885 3.92
E 4- 20 s 0.3 1.571 4.55
His 2 0 -25 Is 0.6 1.457 5.14
EB 2 5 -5 2 s 0.7 1.471 5.82
BC 52- 82 s 1.7 1.543 5.90
Cl 82-183 l f s 0.0 1.605 6.17
C2 183-244 s 0.0 1.768 7.68

Sutplot 2
A 0 - 5 an 0.6 0.810 5.63
E 5 -1 5 s 0.9 1.495 5.08
Bsl 1 5 -2 7 Is 1.0 1.436 5.30
Bs2 27- 63 s 0.7 1.469 5.51
BC 6 3 -8 3 s 0.3 1.599 6.49
C 83-105 s 0.2 1.634 7.29

Subplot 3
A 0 - 3 an 0.0 0.720 5.24
E 3 - 5 s 0.1 1.518 5.46
Bs 3- 69 Is 0.1 1.519 5.95
BC 69-125 s 0.0 1.628 6.59
C 125-229 fs 0.0 1.752 8.23

Subplot 4
A 0 -1 2 Is 0.4 1.001 5.60
E 1 2 -2 3 s 0.2 1.516 6.39
Bsl 23- 33 Is 0.4 1.476 6.89
Bs2 33- 57 Is 0.2 1.562 6.77
BC 5 7-77 s 0.2 1.554 7.17
Cl 77-152 s 0.6 1.615 6.82
C2 152-198 Is 0.0 1.751 7.81
C3 198-244 l f s 0.0 1.770 8.20

Outoash said  over lacustrine d a y  or clayey

EH
rtef'19

TKP Ca Mg K Bray's P

3.43 3813.2 150.0 1332 148 197.2 28.92
3.70 117.8 4.6 22 6 6.3 0.03
4.22 363.8 191.4 202 25 16.0 38.73
4.82 342.4 81.6 132 16 11.4 10.34
4.97 149.8 51.3 87 7 8 .2 11.55
6.11 209.6 124.4 608 100 25.9 3.75
7.04 34.2 104.4 246 45 8 .6 3.95

5.07 4581.2 281.0 3600 384 151.0 28.89
3.91 236.6 34.3 89 18 6.0 0.87
4.32 421.6 67.4 350 49 16.0 3.08
4.45 391.6 69.9 139 16 12.9 2.74
6.20 207.2 88.6 341 32 10.0 13.79
6.44 125.0 58.7 250 21 7 .8 7.10

4.97 5613.8 407.7 6320 630 564.0 62.65
4.35 193.4 18.9 231 22 5.6 1.32
5.07 260.4 131.0 327 25 9.6 20.35
6.30 92.0 80.1 332 63 18.4 5.12
7.78 100.0 159.8 2490 147 21.4 0.09

5.00 2784.8 133.2 1814 140 42.8 12.12
5.64 198.4 36.7 370 30 4.6 1.05
6.93 340.6 99.6 867 51 9.1 9.98
5.82 186.0 94.5 468 19 7.1 29.98
6.35 183.0 68.5 329 10 7.0 14.46
6.06 81.8 37.9 192 7 6.5 10.08
7.14 78.4 87.2 361 57 14.3 0.47
7.62 144.6 281.6 3500 173 32.7 0.00
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S ite  Q. ECS No. 122. Burgis landform: West Branch moraine.
Location: T. 26 N ., R. 3 E ., Sec. 22, IE  o f  IE .

General Description: Slopes average 15% along a  SE facing bench cn a  h il ls id e  formed o f  
outwash sand overlying flow t i l l  or ice-rafted  t i l l  inclusions. Surface s o i l s  are sandy. 
Textural layers o f loan/ sand, sandy loan, s i l t y  lean, and clay  loan are found a t  various 
depths in  the subsoil and substratum.

S o il family c la ss ifica tio n : A lfic  Kaplorthods, coarse-loamy, mixed, fr ig id .

Depositicnal envircraent/fcarent rraterial: Outwash sand with ice-rafted  inclusions.

S o il Bedcn Data:

Horizon Depth Tbxture 03 f  r Est 33 pH
cm vol % g/oc H2Q

Sutplot 1 
A 0 - 5 s 0.0 1.303 4.21
E 5- U s 0.3 1.548 4.30
Bs 1 1 -5 4 s 5.8 1.513 5.44
BC 54- 71 s 5.0 1.491 6.01
CL,C2 71-168 s i 0.0 1.622 7.01
C3 168-198 s 0.0 1.755 7.18
C4 198-229 c l 0.0 1.768 6.90

Subplot 2
V E  0 -1 0 s 0.1 1.490 4.98
Bsl 10- 25 s 0.7 1.469 5.63
BB2 25- 64 s 5.5 1.563 5.83
C 64-213 s i l 0.0 1.506 8.15

Subplot 3
A 0 - 3 s 0.0 1.003 3.94
Bsl 3- 28 s 7.4 1.464 4.85
Bs2 28- 54 s 7.9 1.550 5.26
BC 54- 87 s 3.5 1.548 5.20
C 87-411 Is 0.6 1.778 7.67

Subplot 4
A 0- 2 s 0.0 0.867 4.01
E 2- 5 s 0.2 1.454 4.21
Bsl 5- 16 s 0.3 1.453 4.65
Bs2 16- 48 s 3.4 1.510 5.16
BC 48- 75 s 8.6 1.482 5.59
C 75 -̂450 s 0.8 1.781 7.92

EH TKN TKP Ca. Mg K Bray's P
irg /K C |

3.37 863.2 77.1 317 38 34.7 4.85
3.50 146.8 23.9 22 6 10.4 1.83
4.43 167.4 49.9 19 6 13.6 7.22
4.74 80.4 31.9 25 4 10.9 10.94
6.47 149.8 118.2 1293 227 65.4 0.32
6.39 38.2 37.4 155 34 8.8 0.00
6.49 322.4 316.2 3035 656 218.0 6.74

4.00 247.0 31.1 116 18 14.9 1.61
4.67 204.2 49.2 89 13 18.3 7.12
4.93 90.2 58.9 49 8 21.0 7.77
7.57 228.0 311.2 5000 459 74.2 0.00

3.29 2769.4 185.1 302 84 143.6 30.80
4.27 208.2 70.2 8 4 13.5 9.75
4.47 108.0 85.9 17 6 14.4 36.03
4.47 70.8 53.3 39 19 19.3 22.20
7.27 23.8 45.3 1263 40 9.0 1.13

3.27 3988.0 248.4 722 146 216.0 23.57
3.45 330.4 63.4 35 12 16.1 5.58
4.01 207.2 131.9 10 3 13.5 58.25
4.50 174.4 189.3 17 4 16.9 76.07
4.50 62.8 101.3 14 6 14.7 49.56
7.45 13.0 20.1 1600 37 8.5 2.41
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S ite  R. ECS tto. 124. Burgis landform: Glennie moraine.
Location: T. 27 N .f R. 5 E ., Sec. 31, c a r te r  o f  W h a lf  o f  IE .

General Description: Slopes average 16% along a N-facing slope in  a  derriritic network o f  
ro llin g  ridges. S o ils  are sandy throughout the solun, containing gravel and cobbles. 
Substratuis are s tr a tif ied  sands with some loany textural layers.

S o il fa n ily  c la ssifica tio n : Qrtic Hsplorthcds, sandy, mixed, fr ig id .

Depositicnal envircment/parsrt material: Outwash sand.

Soil Bedcn Data:

Horiacn Depth Itexture Cs fr Efet ED pH PH TON TOP Ca Mg K Bray's ]
on v d  % g /cc H20 CaQ2 <------ —  mg/kg -

Subplot 1
AE 0 - 6 s 0.0 1.314 4.26 3.54 818.2 92.2 125 20 12.8 5.79
EB 6 - 19 s 0.3 1.500 4.97 4.26 226.8 108.1 25 4 8.8 27.30
Bs 19- 43 s 5.4 1.507 5.67 4.68 176.6 97.1 63 8 9.2 24.13
BC 43- 72 f s 0.1 1.593 5.33 4.81 93.2 67.2 29 5 8.0 27.51
a  72-244 f s 0.0 1.742 6.35 5.30 14.2 68.1 53 12 7 .5 14.65
C2 244-307 s i l 0.0 1.784 8.55 6.83 138.8 240.2 3335 232 18.3 0.97

Subplot 2 
A 0 - 5 s 0.0 1.233 4.22 3.51 1213.8 126.7 238 36 28.0 13.86
ESI 5 - 23 s 0.1 1.463 5.06 4.30 199.6 102.2 10 3 7.0 30.01
Bs2 23- 54 s 5.4 1.508 5.08 4.41 223.8 214.5 6 2 3.9 56.55
BC 54- 72 s 0.0 1.497 5.23 4.77 50.6 111.8 4 1 2.5 68.01
C 72-450 s 0.0 1.731 7.27 7.38 14.4 29.6 720 25 4.9 6.21

Subplot 3 
AE 0 - 4 s 0.1 1.371 4.24 3.87 587.0 102.9 58 20 31.1 12.28
ES 4 - 43 s 3.4 1.479 5.31 4.55 212.4 110.2 37 13 12.7 35.30
BC 43- 75 s 5.9 1.601 5.35 4.59 85.2 69.5 17 5 7.4 25.97
a 75-157 s 4.4 1.673 7.06 6.75 274.0 265.9 1756 530 85.7 0.52
C2 157-450 s 0.0 1.790 8.43 7.40 26.4 44.5 856 36 5.0 0.98

Subplot 4
A 0 - 5 s 0.3 1.247 5.17 4.25 1141.2 121.7 746 64 26.0 8.38
E 5 - 15 s 0.9 1.549 5.13 6.07 145.6 74.6 176 22 18.9 19.19
B3 15- 6 i dbs 17.9 1.530 5.85 4.71 150.8 83.3 77 12 9.7 22.32
C 61-411 s 0.9 1.775 6.17 5.45 46.6 40.7 529 49 7.2 3.40
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S ite  S. ECS No. 126. Burgis landform: F le tcher Bond channelled uplands.
Location: T. 26 N ., R. 7 E ., Sec. 15, SW o f  NE.

General Descripticn: Nearly lev e l area cn top o f morairal h i l l .  A thick t i l l  layer i s  
present a t a depth o f  about 35 cm and continues through the sd u n , containing lim estones. 
Surface s o i l s  are loany sand and sandy loan. aibstratmB were not satpLed.

S o il family c la ssifica tio n : Tto pedons, Typic EUtrdooralfs, fine-loany, mixed; two 
pedons, Typic Etagiboralfs, fine-loany, mixed.

Depositicnal envircment/fcarent n ateria l: Port Bircn basal t i l l ,  possib ly eroded.

S o il Bedon Data:

Horizon Depth Texture Cs fr Efefc 93 pH pH TKN TKP Ca Mg K Bray's I
on vol % q /cc H20 c a m <— — —-  mg/kg

Subplot 1
A 0 - 9 s i 0.4 1.055 4.84 4.36 2365.6 187.1 1354 120 59.1 13.83
HP! 9 - 15 s i 0.5 1.382 5.26 4.25 546.6 161.1 423 48 40.7 33.80
Ex 15- 24 f s l 0.4 1.800 5.88 4.77 176.4 81.9 252 46 66.9 10.10
EyTk 24- 50 s c l 0.2 1.800 5.67 4.66 253.4 90.8 867 218 114.5 1.41
Bt 50-107 s c l 0.6 1.618 7.92 7.73 282.2 300.1 3420 490 97.2 4.75
C 107-152 s i d 0.3 1.606 8.06 7.40 180.2 258.1 4040 301 64.2 0.00

Shiplot 2
A O- 10 l f s 1.1 1.036 6.04 5.34 2505.8 156.3 2100 198 67.2 7.45
Bw 10- 35 l f s 1.1 1.362 6.12 5.43 618.4 153.4 652 84 18.1 2.94
E' 35- 63 l f s 0.4 1.493 7.34 6.46 240.8 133.6 547 71 15.3 8.07
Bt 63- 91 s d 0.5 1.618 8.00 7.61 268.6 288.4 2370 367 85.3 1.55
C 91-152 s i d 1.6 1.618 8.37 7.63 142.4 228.4 3820 205 59.1 0.00

3
A 0- 10 s 0.9 1.176 6.05 5.24 1542.4 127.0 1366 102 33.0 10.75
E 10- 17 Is 1.6 1.484 5.75 4.91 260.6 50.3 280 31 12.5 6.15
Bw 17- 44 s i 2.6 1.453 5.55 4.59 331.6 131.5 362 48 30.3 3.64
Ek 44- 58 f s l 0.9 1.800 6.52 5.23 84.0 62.4 286 51 20.6 0.88
E/Ex 58- 80 s d 0.9 1.800 6.43 5.95 213.0 135.9 1183 271 78.0 1.07
Bt 80-122 s d 0.8 1.618 7.93 7.45 249.2 294.0 3900 375 87.8 0.00
C 122-152 s i d 1.5 1.601 8.42 7.78 177.4 279.2 3840 255 72.8 0.00

Subplot 4 
A 0 -1 4 s i 1.4 1.100 6.12 5.91 2038.6 352.4 1804 178 86.4 23.05
Bw 14- 21 i s 2.0 1.460 6.84 5.80 314.2 119.4 390 52 32.2 5.51
E 21- 26 s i 0.6 1.495 4.96 4.32 236.6 95.0 480 86 29.8 1.90
Bt 26- 98 s d 0.3 1.618 7.81 7.35 345.6 326.8 3840 414 111.0 0.04
C 98-152 s i d 0.6 1.621 8.24 7.40 115.2 256.7 4180 242 65.4 0.00



274

S ite  T. EES No. 127. Burgis landform: West Branch moraine.
Location: T. 26 N ., R. 4 E ., Sec. 28, IE  o f  EOT.

General Description: Slcpffl average 10% on a  ridgetcp with mostly S aspect. S ite  adjoins 
the AuSable River Valley; sand textures nay be a  resu lt o f  f lu v ia l a c t iv ity  from g la c ia l  
drainage through the va lley . S o ils  are sandy throughout the sanpled depth o f  450 cm. 
SUbstratuiB contain gravel strata .

S o il family c la ss ifica tio n : Typic Udipsaments, mixed, fr ig id .

Depositicnal sw iroriim t/parant n aterial: Qutrash sand.

S o il Bedon Data:

Horizon Depth Texture Cs fr Efet BD pH pH im TKP Ca Mg K Bray's P
cm vol % q/bc H20 ra n ? <------ —  ng/kg • ------------5

Subplot 1
A 0 - 4 s 0.0 1.243 4.22 3.46 1160.8 114.4 92 34 50.0 7.93
Bsl 4 - 11 s 0.0 1.388 4.83 4.21 393.8 69.5 16 7 11.0 4.60
Bs2 11- 48 s 0.3 1.505 4.80 4.53 174.0 81.2 7 2 8 .5 19.58
BC 48- 0) s 0.2 1.505 4.83 4.71 52.6 32.5 5 1 5.3 20.14
C 80-450 s 0.2 1.782 7.72 7.41 16.8 42.6 532 18 3.8 15.27

Subplot 2 
A 0 - 5 s 0.0 1.053 4.19 3.54 2380.4 118.7 114 29 50.9 7.00
Bsl 5 - 17 s 2.3 1.394 5.02 4.25 397.4 102.2 19 5 12.2 7.91
Bs2 17- 31 s 2.7 1.481 5.25 4.41 210.2 90.3 9 3 6.9 17.33
Bs3 31- 55 s 2.7 1.545 5.26 4.64 138.4 97.6 5 2 5.8 34.94
BC 55- 79 s 0.2 1.538 5.24 4.80 36.0 55.7 0 0 3.5 25.01
C 79-450 s 0.9 1.782 8.29 7.55 27.4 57.2 1252 39 5.1 4.03

Subplot 3 
A 0 - 4 s 0.0 1.214 5.11 3.42 1316.8 89.2 52 32 65.2 10.35
Bsl 4 - 12 s 5.0 1.411 4.80 4.12 324.8 69.0 16 5 14.7 24.47
Bs2 12- 46 s 5.8 1.498 5.12 4.58 191.2 141.0 14 2 8 .4 50.52
BC 46- 60 s 0.5 1.599 5.73 4.85 87.0 99.8 11 1 4 .5 44.62
C 60-450 s 0.5 1.780 7.74 7.49 16.8 25.3 573 25 3.6 3.48

Subplot 4 
A 0 - 3 s 0.0 1.345 4.53 3.83 684.2 60.3 59 12 30.3 2.78
Bsl 3 -2 7 s 3.1 1.459 5.22 4.45 218.6 59.5 7 2 11.0 5.21
Bs2 27- 48 s 3.0 1.530 5.35 4.67 147.2 87.8 7 1 7.9 18.72
BC 4 8 -8 1 s 1.7 1.517 5.23 4.78 38.0 37.1 1 1 4.5 10.55
a  81-274 s 0.1 1.753 6.07 5.25 34.6 30.6 20 6 4.2 9.38
C2 274-351 s 11.0 1.791 8.50 7.20 65.6 62.7 1254 72 5.2 0.00
C3 351-442 COS 3.1 1.802 8.75 7.57 18.8 37.9 1660 46 5.3 0.65
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S ite  U. ECS Ha. 134. Burgis landform: West Brandi moraine,
lo ca tio n : T. 26 N ., R. 2 E ., Sec. 22, NE o f  Ntf.

General Description: Slopes average 5% cn a planar area sloping gently to  the north rear 
the edge o f  the moraine a t i t s  border with the AuSable  river v a lley . S o ils  have loam, 
s i l t  loam, and loany f ir e  sand tortures in  t i e  sdian. Sufastratxsns are f in e  sard and loany 
fin e  said .

S o il family c la ss if ic a tio n : Two padcns, Typic Fragiboralfs, f i r e - s i l t y ,  mixed; two 
pedcns, Typic HapLorthcds, sandy, mixed, fr ig id .

Depositicnal sawirGrsnsnfc/parait n aterial: laorstrina fin e  sards and s i l t s .

S o il Bedcn Data:

Horizon Depth Texture CS fr E&t ED pH pe TKN HCP Ca Mg K Bray's I
cm val % g/oc m o CaCU <— -—  mg/kg -

Sabplot 1
AE a- 8 l f s 0.0 1.259 5.59 4.44 1075.6 110.6 756 66 38.4 9.18
E 8- 16 f s 0.2 1.511 6.15 4.97 207.4 43.1 236 25 9.6 7.06
Bsl 16- 25 l f s 0.6 1.484 5.88 5.00 355.2 101.1 424 40 16.8 3.50
Bs2 25- 66 f s 0.0 1.543 5.94 4.85 250.6 84.6 200 26 23.4 1.97
a 66-198 f s 0.0 1.690 6.40 6.39 429.4 313.9 1494 380 65.1 0.94
C2 198-450 l f s 0.0 1.793 8.45 7.68 9.6 71.4 2360 45 8.0 0.00

Sutplot 2
A 0 - 2 1 4.2 0.489 6.73 6.42 9143.6 691.5 8520 817 330.8 35.44
Bw 2- 12 1 13.9 1.330 5.42 4.83 747.6 311.3 60S 105 54.6 11.05
B/Ex 12- 31 s i 10.0 1.800 5.14 4.48 366.2 121.5 1003 246 140.0 1.62
B t 31- 60 s i c l 0.0 1.618 5.08 4.55 360.6 211.5 1317 446 137.4 6.89
BC 60- 88 s i l 10.0 1.526 6.80 6.23 365.2 293.1 1610 642 82.6 6.62
a . 88-168 v fs 0.3 1.618 8.73 7.67 204.8 341.7 3060 183 22.8 0.00
C2 168-450 fs 0.0 1.791 8.61 7.47 23.0 88.5 2550 67 7.9 0.00

Sutplot 3
A 0 - 2 l f s 0.0 0.687 6.78 6.21 6036.0 381.1 4720 274 206.0 31.34
E 2- 20 f s 0.0 1.453 6.95 6.14 332.6 28.6 414 26 16.0 0.78
Bs 20- 37 l f s 0.4 1.401 5.49 4.58 673.8 189.2 360 48 29.9 2.72
BC 37- 59 f s 0.3 1.486 5.91 4.78 256.8 123.9 91 8 13.8 16.06
a 59-168 fs 0.0 1.623 7.61 7.47 113.6 109.8 526 165 16.6 0.68
C2 168-290 l f s 0.0 1.773 8.37 7.70 35.8 92.5 2380 57 6.7 0.00

a ip lo t 4
A 0 - 2 s i l 0.6 0 834 6.64 6.05 4330.0 459.9 7720 551 335.6 39.03
Ex 2- 10 c h s il 21.2 1 800 5.70 4.89 608.2 167.8 694 110 50.6 0.80

10- 27 s i l 0.2 1 800 7.39 7.15 391.4 92.8 905 221 75.5 0.00
Btx 27- 59 s i d 0.0 1 800 5.36 5.06 409.0 176.3 1610 446 113.6 6.31
BC 59- 90 s i l 0.0 1 522 7.16 6.83 381.4 276.1 1230 360 50.2 0.21
a 90-107 s i d 0.5 1 626 8.54 7.92 183.6 231.2 4000 299 48.5 0.00
C2 107-450 fs 0.0 1 785 9.05 7.77 24.8 88.3 2490 52 6.8 0.23
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S ite  V. ECS tto. 136. Rirgig landform: Eldorado Kanic Ridges, 
location: T. 25 N ., R. I N . ,  Sec. 1, NW o f  SE.

General Descripticn: Slopes average 7% along a  Mi-facing h il ls id e .  S o ils  are sand with
loamy car gravelly  or ocbhly strata  cxxurring throughout the saipled depth.

S o il family c la ss ifica tio n : Ehtic a id  A lfic  l^plorthocb, sandy, mixed, fr ig id .

Depositicnal swirorsnent/parent material: Outwash sand with ice-ra fted  or flow t i l l
inclusions.

S o il Bedcn Data:

Horizon Dqoth Texture Cs fr Efet ED pH pH TEN TKP Ga Mg K Bray's P
on vol % g /o s m o GjCL2 <----- —  ng/kg ------------ 5

Sutplot 1
A 0 - 1 s 0.3 1.124 5.73 5.08 1874.8 134.9 948 98 142.4 22.64
E 1 - 5 s 2.3 1.382 4.64 3.86 547.4 94.4 105 24 33.5 8.08
ESI 5 -2 2 dbs 18.5 1.407 5.00 4.35 372.8 164.5 23 7 14.8 23.71
Bs2 22- 37 (±3 19.0 1.510 5.18 4.45 157.4 184.0 17 3 12.0 61.90
BC 3 7 -5 4 grs 17.3 1.626 5.69 4.66 64.4 76.8 18 6 9 .5 29.46
a  54-122 s 0.2 1.652 5.91 4.61 23.4 54.8 33 15 7 .9 6.41
C2 122-290 s 0.7 1.765 7.12 6.96 60.4 56.4 304 60 9 .5 0.79
C3 230-381 s 3.2 1.795 8.55 7.68 20.4 62.5 3060 69 13.5 0.77

Subplot 2
A 0 -  2 s 0 .0 0.727 3.85 3 11 5530.4 347.9 502 140 302.0 81.66
E 2 - 11 s 1.1 1.464 4.53 3 76 306.6 77.0 24 9 15.2 3.74
Bs 11- 30 Is 4.0 1.463 5.31 4 46 330.6 327.6 23 5 15.6 120.71
BC 30- 49 dbs 23.6 1.590 5.94 4 87 96.0 125.2 61 15 17.2 33.79
a 49-183 s 5.8 1.615 6.40 5 45 48.0 33.0 182 45 19.6 3.90
C2 183-320 Is 0.3 1.779 6.19 5 56 43.6 68.8 300 84 30.4 6.33
C3 320-351 s i 0.2 1.795 6.20 5 62 84.8 118.5 953 257 58.1 6.65
C4 351-450 & 0.2 1.803 9.20 7 95 14.8 78.2 2965 90 16.8 2.48

Sutplot 3
A 0 - 3 s 2.2 1.116 3.81 3.19 1927.2 154.2 226 92 125.3 17.93
E 3 - 6 s 1.0 1.477 3.82 3.36 275.0 55.1 23 8 11.1 2.60
Bs 6 - 26 cfals 16.9 1.471 5.05 4.37 289.0 119.1 25 7 20.2 12.92
BC 26- 64 Is 11.2 1.595 5.87 5.00 91.2 54.3 97 25 16.1 14.41
a 64-107 s 0.7 1.631 7.33 5.80 29.8 37.9 89 17 10.9 1.79
C2 107-152 Is 0.8 1.578 8.53 7.67 80.6 128.7 2340 152 33.8 2.81
C3 152-183 s 0.7 1.748 8.50 7.75 65.8 143.6 3240 102 19.9 0.00
C4 183-229 s 0.0 1.765 8.85 7.38 14.4 36.6 1493 36 5.3 0.00
C5 229-290 Is 0.0 1.781 7.38 6.93 101.4 146.7 662 115 29.0 5.29
06 290-450 s 0.6 1.799 8.09 7.65 11.2 35.3 1429 42 5.5 0.00
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S ite  V, a n t .  
Subplot 4
A 0 - 1 s 0.0 1.126 3.87 3.23 1862.8 197.9 160 90 242.0 23.16
E 1 - 2 s 1.4 1.490 4.09 3.46 246.6 50.3 14 8 14.7 6.19
Bsl 2 - 6 s 1.8 1.389 4.68 3.92 365.2 144.0 16 8 16.8 18.53
052 e -  66 s 9.8 1.498 5.88 4.88 237.8 180.7 67 19 21.7 43.11
BC 66-11.4 s 7.0 1.623 5.86 4.80 48.6 52.1 61 17 17.9 12.17
a 114-259 s 5.1 1.757 6.04 5.04 32.8 18.6 96 23 14.1 2.75
C2 259-290 Is 2.3 1.784 7.91 7.57 16.8 55.9 560 100 17.2 2.71
C3 290-411 s 0.0 1.797 7.74 7.17 9.4 34.0 380 37 9.5 2.38
C4 411-450 s 2.1 1.805 8.09 7.67 26.4 57.2 1530 33 5.3 0.00
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S ite  W. EES No. 137. Rnrgis landform: Eldorado Kamic Ridges.
Location: T. 26 N ., R. 1W „ Sec. 25, NE o f  SW.

General Descripticn: Nearly lev e l area within a  p itted  outwash feature; slicfrit w est-
facing slope, s o i l s  are sand or loa iy  sand, with gravelly strata  occurring throughout the  
sanpled depth.

S o il family c la ss ifica tio n : Ehtic Haplorthods, sandy, mixed, fr ig id .

nppTaifjor^i awircsnBitv^arent material: Outwa^i sand with ice-rafted  or flow t i l l
inclusions.

S o il Pedon Data:

Horizon Depth •texture Cs fr ESt ED E« EH TKN TKP Ca Mg K Bray's P
cm vai % g /cc H2 0 0 3 0 2 <----- mg/kg ------------5

Subplot 1
A 0 -  2 s 0 . 0 0.976 3.92 3.23 2996.0 186.7 371 77 182.2 17.03
EB 2 -  1 1 s 1 . 6 1.428 4.10 3.57 400.0 41.9 18 8 18.7 4.45
Bsl 11- 29 Is 1 1 . 6 1.459 4.78 4.31 341.0 107.6 23 7 18.1 13.43
032 29- 56 Is 10.9 1.561 5.49 4.52 172.8 44.4 49 15 15.7 7.16
a 56-137 s 5.5 1.633 5.65 4.93 43.0 37.7 103 26 1 0 . 6 4.76
C2 137-450 s 1 . 0 1.788 8.28 7.61 1 2 . 0 30.0 897 47 6 . 2 1.69

Sutplot 2
A,EB 0 - 5 S 0.5 1.261 3.86 3.15 1069.0 6 6 . 0 106 32 28.6 8.32
BS 5 - 21 s 6.9 1.432 5.25 4.45 290.2 108.5 19 5 10.7 18.25
BC 21- 46 Is 6.3 1.531 5.81 5.07 172.4 99.4 97 24 16.7 37.86
O 46- 75 Is 5.1 1.475 6.23 5.15 93.6 60.9 65 25 12.5 16.73
C2 75-137 s 0 . 2 1.654 6.24 5.10 26.0 21.3 32 1 0 5.2 8.25
C3 137-244 s 2.5 1.759 6.30 5.86 33.8 42.0 169 33 9.6 3.22
C4 244-450 s 0 . 8 1.796 8 . 1 1 7.54 2.4 39.6 1173 36 5.0 0 . 0 0

Subplot 3
A,E 0 - 4 Is 0.9 1.193 4.21 3.44 1441.8 111.7 440 76 54.2 15.71
B3 4- 25 Is 10.5 1.457 5.19 4.34 308.6 1 0 1 .8 6 8 13 15.9 8.91
BC 25- 41 Is 1 1 . 0 1.532 6.04 5.14 170.8 101.5 143 31 12.7 26.89
a 41- 6 8 Is  - 4.4 1.624 5.94 4.96 6 6 . 0 70.1 2 2 0 45 14.2 5.44
C2 68-213 Is 9.8 1.608 7.94 7.12 16.2 37.6 367 58 1 0 . 8 4.64
C3 213-450 s 0.3 1.794 8.50 7.20 6 . 8 47.2 1040 34 5.9 0 . 0 0

Subplot 4
A,E 0 - 4 Is 0 . 0 0.985 4.11 3.39 2920.0 204.2 552 1 2 2 180.0 20.58
Bs 4- 28 Is 9.4 1.461 4.68 4.42 307.6 109.3 41 1 0 19.8 10.75
BC 28- 43 s 9.5 1.510 6 . 2 0 5.24 207.6 98.0 124 23 13.8 9.35
a 43-122 s 10.4 1.604 6.41 5.38 92.2 65.5 127 26 13.5 6.79
C2 122-198 s 1 1 . 2 1.743 8.32 7.30 15.0 31.1 1406 33 5.9 0 . 0 0
C3 198-450 s 0 . 6 1.793 7.30 7.07 22.4 40.7 254 39 8 . 8 2 . 2 2
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S ite  X. ECS Ms. 138. Burg is  landform: Eldorado Kamic Ridges, 
location: T. 26 N ., R. 1 W., Sec. 21, o f  EW.

General Description: Slopes average 5% cn the tqp and s i t e  o f  a  morainal h i l l  w ith a  
n ostly  south aspect. O s  pedon has a 30 an thick t i l l  layer; other pedons are sand or 
loamy sand, with gravelly strata occurring thrcu^csit the saip led depth.

S o il fa n ily  c la ss ifica tio n : T*> pedcns, Entic HapLorthods, sandy, mixed, fr ig id ; one
pedcn, A lfic  Fragiorthcsds, coarse-lcany, mixed, fr ig id ; are p e t e ,  Typic Fragiorthod,
sandy, mixed, fr ig id .

Depositicnal envircrment/fearent material: Outwash sand with ice-rafted  inclusions.

S o il Bedcn Data:

Horizon Dgfth Texture Cs f  r EJst BD pH pH TKN TKP Ga Mg K Bray's P
an vol % q/bc H20 OCH2 < _ — —-- mg/kg -

Subplot 1
A 0- 2 s 0.7 1.071 4.26 3.36 2245.8 202.6 572 74 52.4 11.48
E 2- 4 s 2.3 1.449 4.25 3.40 343.6 57.0 85 15 14.1 12.03
Bsl 4 - 14 Is 7.5 1.479 4.72 4.12 202.8 98.2 21 4 10.9 20.15
Bs2 14- 51 s 7.6 1.482 5.26 4.39 267.2 141.9 58 15 26.1 45.44
Bn 51- 64 s 2.4 1.700 6.14 5.08 111.4 60.8 96 24 28.3 12.40
Ek 64- 87 s 9.7 1.800 6.40 5.32 155.8 124.1 130 25 57.8 12.28
a 87-366 Is 0.9 1.772 7.89 7.71 32.2 52.8 725 50 25.1 7.63
C2 366-427 s 1.9 1.802 8.80 7.69 8.6 33.2 2690 74 13.0 2.79

Subplot 2
A 0 - 3 s 0.9 1.111 3.92 3.21 1964.0 153.8 178 48 86.8 7.99
E 3- 6 s 0.9 1.466 4.13 3.48 300.4 38.9 19 7 21.4 1.50
ESI 6 - 20 Is 6.7 1.438 4.54 3.97 358.6 121.3 14 6 20.6 19.50
Bs2 20- 48 s 10.1 1.507 5.03 4.39 197.6 90.8 13 4 10.5 15.81
a 48-307 s 1.3 1.753 6.05 5.38 18.6 42.0 187 43 30.4 9.09
C2 307-450 Is 1.5 1.800 8.18 7.55 18.2 54.4 3510 102 23.9 1.32

Subplot 3
A 0- 2 s 0.0 1.185 4.80 4.05 1485.2 179.6 685 88 71.4 11.76
E 2- 6 s 2.6 1.456 4.90 4.37 325.6 90.0 187 19 14.3 7.49
Bsl 6 - 9 s 6.3 1.436 5.30 4.34 347.0 205.6 57 10 14.7 56.22
BB2 6 - 40 Is 5.5 1.482 5.48 4.72 288.6 163.5 105 13 19.7 35.77
BC 40- 60 s 3.0 1.580 5.33 4.69 107.0 82.1 47 7 13.2 28.17
CL 60- 89 s 0.6 1.572 5.82 4.91 53.0 51.1 39 5 9.4 19.38
C2 89-152 Is 6.9 1.604 6.71 5.95 53.2 37.5 173 34 21.7 5.03
C3 152-290 Is 0.9 1.770 6.53 5.75 23.0 34.6 219 45 22.5 5.23
C4 290-450 Is 0.8 1.799 8.51 7.65 25.0 65.3 1510 58 21.7 2.51

Subplot 4
A 0- 2 s 0.0 0.967 3.56 3.08 3067.8 179.4 456 78 107.0 21.03
E 2- 7 s 4.2 1.461 4.18 4.01 312.6 37.4 35 10 16.6 9.06
Bs 7- 25 Is 8.2 1.449 4.38 3.80 345.4 152.5 32 8 17.7 45.32
Etn 25- 37 Is 7.4 1.700 6.51 6.06 208.8 89.1 29 8 11.7 17.40
B/Ex 37- 65 s c l 10.4 1.800 5.26 4.16 193.8 64.1 363 111 54.5 2.54
Bt 65-122 s i 9.3 1.618 7.23 7.38 66.0 60.7 1085 125 38.8 3.48
a 122-351 Is 1.1 1.775 8.36 7.62 13.6 36.5 3020 86 20.9 1.56
C2 351-450 i s 1.3 1.803 8.17 7.59 29.2 52.6 2560 94 25.5 5.65


