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PREFACE 

Th i s  monograph on t h e  ecology o f  t h e  
p a t t e r n e d  borea l  peat lands o f  n o r t h e r n  
Minnesota i s  one o f  a  s e r i e s  o f  U. S. F i s h  
and W i l d l i f e  Serv ice  p r o f i l e s  o f  
impo r t an t  f reshwate r  we t land  ecosystems 
o f  t h e  U n i t e d  States.  The purpose o f  
t h i s  p r o f i l e  i s  t o  syn thes ize  t h e  
1 i t e r a t u r e  ava i  1  a b l e  f o r  pa t t e rned  borea l  
pea t lands  o f  no r t he rn  Minnesota and t o  
descr ibe  t h e  e c o l o g i c a l  s t r u c t u r e  and 
f u n c t i o n i n g  o f  these f reshwate r  wet lands. 

A l though v a s t  areas o f  Canada and 
Alaska a re  covered by borea l  f o r e s t ,  t hey  
extend southward i n t o  t h e  Cont inen ta l  
U n i t e d  S ta tes  o n l y  i n  Minnesota. The 
cool  c o n t i n e n t a l  c l i m a t e  o f  n o r t h e r n  
Minnesota, w i t h  seasonal maximum 
p r e c i p i t a t i o n  d u r i n g  t h e  growing season, 
combines w i t h  t h e  g e n t l e  topography o f  t h e  
r e g i o n  t o  f a v o r  t h e  development o f  
p e a t l  ands. 

Peat1 ands a re  de f i ned  as areas hav ing 
water logged subs t ra tes  and a t  l e a s t  30 cm 
o f  peat .  The accumulat ion o f  pea t  
i n f  1  uences t h e  1 andforms themselves, 
hydro1 ogy, n u t r i e n t  accumulat ion,  and 
n u t r i e n t  a v a i l a b i l i t y ,  which i n  t u r n  
i n f l uences  p l a n t  spec ies which c o l o n i z e  
peat lands.  The most s t r i k i n g  aspect  o f  

pea t lands  i s  t h e  landforms themselves, 
which a re  3-dimensional i n  s t r u c t u r e  and, 
a l ong  w i t h  t h e  v e g e t a t i v e  communit ies,  
produce a p a t t e r n e d  appearance when 
viewed f rom above. 

T h i s  p r o f i l e  i s  in tended  t o  p r o v i d e  a 
u s e f u l  r e f e rence  t o  t h e  s c i e n t i f i c  
i n f o r m a t i o n  a v a i l a b l e  f o r  t h e  p a t t e r n e d  
bo rea l  pea t lands  o f  n o r t h e r n  Minnesota. 
The p r o f i l e  i n c l udes  a d e s c r i p t i o n  o f  t h e  
d i s t r i b u t i o n  o f  pea t lands  and phys i ca l  
s e t t i n g  i n  which t hey  develop. It a l s o  
d iscusses t h e  phys i ca l  p r o p e r t i e s  o f  
p e a t ,  p e a t l  and fo rmat ion ,  and phys i ca l  
and chemical p r o p e r t i e s  o f  pea t lands .  
Severa l  chap te rs  a re  a l s o  devoted t o  t h e  
f 1 o ra ,  fauna, and success ional  t r ends  o f  
pea t lands .  I n  t h e  f i n a l  chapter ,  human 
impacts  and conse rva t i on  a re  d iscussed.  

Any ques t ions  o r  comments about o r  
reques ts  f o r  t h i s  p u b l i c a t i o n  should be 
d i r e c t e d  t o :  

I n f o rma t i on  T rans fe r  S p e c i a l i s t  
Na t i ona l  Wet1 ands Research Center 
U.S. F i s h  and W i l d l i f e  Serv ice  
NASA-Sl ide l l  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  Lou is iana  70458 



CONVERSION TABLE 

M e t r i c  t o  U . S .  Customary 

M u l t i p l y  

m i l l i m e t e r s  (mm) 
cent imeters (cm) 
meters (n i )  
meters (m) 
k i l omete rs  (km) 
k i  lometers (km) 

square meters (m2) 
e h i  lonieter: (km7) 

hectares (ha)  

l i t e r s  ( 1 )  , 

cubic  meters (m.') 
cubic  meters (m:') 

m i l l i g r a m s  (mg) 
grams ( g )  
k i  loqrams (kg )  
m e t r i c  tons ( t )  
m e t r i c  tons ( t )  

k i l o c a l o r i e s  ( k c a l )  
Cels ius degrees ("C) 

To O b t a i n  

i nches 
inches 
f e e t  
fathoms 
s t a t u t e  m i  1  es 
n a u t i c a l  m i l e s  

square f e e t  
5qc1ar-e m i  1 ec  
acres 

ga l  l o n s  
c u b i c  f e e t  
a c r e - f e e t  

0.00003527 otiilces 
0.03527 ounces 
2.205 pounds 

2205.0 pounds 
1.102 s h o r t  tons 

3.968 B r i t i s h  thermal  u n i t s  
1.8(OC) + 32 Fahrenhe i t  degrees 

U . S .  Customary t o  M e t r i c  

i nc l~es  25.40 mi 11 i m e t e r s  
i nches 2 .54  c e n t i m e t e r s  
f e e t  ( t t )  0.3048 meters 
fathoms 1.829 meters 
s t a t u t e  m i l e s  ( m i )  1.609 k i  1 ometers 
n a u t i c a l  m i l e s  (nmi)  1 .852 k i  lometers 

square f e e t  ( f t ' )  
square m i l e s  (mi') 
acres 

ga I 1  011s ( g a l  ) 
cubic  f e e t  ( f t 3 )  
ac re - fee t  

ounces (oz)  
ounces (02)  
pounds ( l b )  
pounds ( I b )  
s h o r t  tons ( t o n )  

0.0929 square meters 
2.590 square k i  l omete rs  
0.4047 hec ta res  

3.785 1  i t e r s  
0.02831 c u b i c  meters 

1233.0 c u b i c  meters 

28350.0 m i l l i g r a m s  
28.35 grams 

0.4536 k i  lograms 
.OD045 m e t r i c  tons 

0.9072 m e t r i c  tons  

B r i t i s h  thermal u n i t s  (B tu )  0.2520 k i l o c a l o r i e s  
Fahrenhei t  degrees (OF) 0.5556 ( O F  - 32) C e l s i u s  degrees 
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A  p e a t l a n d  i s  d e f i n e d  a s  a n y  e c o -  
s y s t e m  w i t h  a  w a t e r l o g g e d  s u b s t r a t e  and a t  
l e a s t  30 cm o f  p e a t  ( K i v i n e n  a n d  P a k a r i n e n  
1981). Once p e a t  has a c c u m u l a t e d  t o  t h i s  
d e p t h  t h e  a v a i l a b i l i t y  o f  e s s e n t i a l  n u t -  
r i e n t s  f a l l s  s h a r p l y .  P I  a n t  s p e c i e s  d l -e  
no l o n g e r  r o o t e d  i n  m i n e r a l  s o i l ,  and  t h e y  
m u s t  a b s o r b  a l l  t h e i r  m i n e r a l  n u t r i e n t s  
f r o m  w i t h i n  a  w a t e r 1  o g g e d ,  a n o x  i c ,  p e a t  
mass. i q u t r l e n t s ,  t lowever., dr-e L u r t i ; r r u a i  - 
l y  l o c k e d  up w i t h i n  t h e  p e a t ,  b e c a u s e  t h e  
l o w  l e v e l s  o f  o x y g e n  i n h i b i t  m i c r o b i a l  
a c t i v i t y  and n u t r i e n t  c y c l  i n g .  The s u p p l y  
o f  n u t r i e n t s  i s  t h e r e f o r e  d e t e r ~ i l i n e d  b y  
t r a n s p o r t  p r o c e s s e s  t h a t  c a r r y  n u t r i e n t s  
i n  f r o m  t h e  (1) a t m o s p h e r e ,  ( 2 )  a d j a c e n t  
m i n e r a l  up1 ands , o r  ( 3 )  u n d e r 1  y i  r ig  rn i n e r d 1  
s o i l .  These p r o c e s s e s  a r e  s t r o n g  1  y m o d i  - 
f i e d  w i t h i n  a  p e a t l a n d  b y  t h e  p h y s i c a l  
p r o p e r t i e s  o f  t h e  p e a t  a n d  t h e  a c t i v e  
s e q u e s t e r i n g  o f  i o n s  by  t h e  1 i v  i I I ~  p l  c l ~ i t s .  

The a c c u m u l a t i o n  o f  p e a t  t h e r e f o r e  c r e a t e s  
a  u n i q u e l y  i n t e g r a t e d  s y s t e m  i n  w h i c h  
t h e r e  i s  a  d e l i c a t e  b a l a n c e  b e t w e e n  p h y s i -  
c a l  and b i o t i c  p r o c e s s e s .  

The m o s t  i m p r e s s i v e  p r o d u c t s  o f  p e a t  
a c c u m u l a t i o n  a r e  t h e  p e a t  l a n d f o r m s  o f  
b o r e a l  p e a t l a n d s .  These l a n d f o r m s  have  a  
3 - d i m e n s i o n a l  s t r u c t u r e  w i t h  a  c h a r a c t e r -  
i s t i c  c r o s s - s e c t i o n a l  p r o f i l e  a n d  s u r f a c e  
p a t t e r n .  The s u r f a c e  p a t t e r n s  a r e  c o n s i s -  
t e n t l y  o r i e n t e d  r e l a t i v e  t o  t h e  s l o p e  and 
a p p e a r  a s  i n t r i c a t e  n e t w o r k s  o f  p o o l  8 ,  

p e a t  r i d g e s ,  o r  l i n e s  o f  t r e e s  o r  s h r u b s .  
I n  c e r t a i n  a r e a s  t h e  p a t t e r n s  h a v e  t h e  
a p p e a r a n c e  o f  f l u v i a l  b e d f o r m s ,  s u c h  a s  
i s l  ands, r i v e r  c h a n n e l  s,  a n d  r j  p p l  e  marks .  
The c l o s e  r e l a t i o n s h i p  b e t w e e n  t h e  p a t -  
t e r n s  and w a t e r  m o v e m e n t s  i s  p r o d u c e d  in 
p a r t  b y  t h e  s e n s i t i v e  a d a p t a t i o n s  o f  t h e  
b o r e a l  m i r e  f l o r a  t o  c h a n g i n g  w a t e r  levels 
and w a t e r  c h e m i s t r y .  The s m a l l  number O f  

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

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

B o r e a l  p e a t l  a n d s  a r e  coninion w i t h i n  
t h e  c o n i f e r o u s  f o r e s t  r e g i o n  o f  Canada a n d  
t h e  i n t e r i o r  o f  A l a s k a  ( F i g u r e  1). I n  
e a s t e r n  Canada t h e s e  p e a t l a n d s  a r e  c o n -  
f i n e d  t o  s m a l l  t o p o g r a p h i c  d e p r e s s i o n s ,  
t>ut. t-o t h e  w e s t  p e a t l a n d s  c o v e r  v a s t  a r e a s  
o f  n e a r l y  l e v e l  t e r r a i n  ( Z o l t a i  and P o l l e t  
1 9 8 3 ) .  The m a j o r  a r e a s  o f  p e a t l a n d  i n  
N o r t h  A m e r i c a  o c c u r  i n  t h e  G r e a t  
S I a v e / G r e a t  B e a r  L a k e  r e g i o n ,  t h e  H u d s o n  
B a y  l o w l a n d s ,  and t h e  G l a c i a l  Lake A g a s s i z  
r e g i o n .  T h i s  m a j o r  b e l t  o f  p e a t l a n d s  
e x t e n d s  s o u t h w a r d  t o  n o r t h e r n  M i n n e s o t a .  

T h e  d i s t r i b u t i o n  o f  b o r e a l  p e a t l a n d s  
w a s  f i r s t  d e t e r m i n e d  f r o m  t h e  r a n g e s  o f  
s a c  h c h a r a c t e r i s t i c  p e a t l a n d  t a x a  a s  
D r o s e r a  ( s u n d e w ) ,  S a r r a c e n i a  ( p i t c h e r  
'plant) L a r i x  ( t a m a r a c k ) ,  Ledum ( l a b r a d o r  
t e a ) ,  a n d h a a m e d a ~ h n e  =her l e a f )  
( T r a n s e a u  1903). L a t e r  t h e  s t r i k i n g  l a n d -  
f o r m  p a t t e r n s  w e r e  d i s c o v e r e d  f rom a e r i a l  
p h o t o g r a p h s  a n d  t h e  b o r e a l  a f f i n i t i e s  o f  
t h e s e  p e a t l a n d s  w e r e  m o r e  f u l l y  a p p r e -  
c i a t e d  ( H e i n s e l m a n  1 9 6 3 ,  1 9 6 5 ;  1 9 7 0 ;  
G r i  t t i  n g e r  1971). S i m i l a r  s t u d i e s  a c r o s s  
t h e  G r e a t  L a k e s t s t .  L a w r e n c e  r e g i o n  h a v e  
d o c u m e n t e d  t h e  s o u t h e r n  l i m i t s  o f  t h e s e  
p e a t 1  a n d s  i n  t h e  e a s t e r n  U n i t e d  S t a t e s  
( N i c h o l s  1 9 1  9; O s v a l d  1 9 5 5 ;  C u r t i s  1 9 5 9 ;  
D a v i s  e t  a l .  1 9 8 3 ) ,  b u t  o n l y  i n  n o r t h e r n  
M i  n n e s z a h a v e  t h e s e  p e a t l  ands s p r e a d  o v e r  
a l a r g e  p o r t i o n  o f  t h e  landscape .  

T h e  g r e a t  s i z e  o f  t h e s e  p e a t l a n d s  h a s  
1  a r g e l  y p r o t e c t e d  them f r o m  e x p l o i t a t i o n ,  
a n d  t o d a y  t h e y  r e p r e s e n t  t h e  m o s t  p r i s t i n e  
e c o s y s t e m  i n  t h e  S t a t e .  D e s p i t e  t h e i r  
s i  g n i  f i c a n c e  as n a t u r a l  a r e a s  t h e  e c o f  o g y  
o f  t h e s e  p e a t l a n d s  i s  s t i l l  p o o r l y  u n d e r -  
S t o o d ,  E c o l o g i s t s  h a v e  u s u a l l y  f o c u s e d  
t h e i r  a t t e n t i o n  on  t h e  u p l a n d  f o r e s t s  a n d  



Figure 1. Major boreal peatlands of North America. The most extensive peatlands in North America are iocated in the 
(1) Glacial lake Agassiz region, (2) Hudson Bay lowlands, (3) Great BearIGreat Slave Lake region, and (4) the interior of Alaska, 
where detailed peatland maps are not available. The lightly stippled area marks the boreal region of Alaska (from Viereck 
and Little 1972) and Canada (Rowe 19721. The major peatland areas are taken from Zoltai and Pollet (1983). 

p r a i r i e s ,  where t h e  more v a r i a b l e  e n v i r o n -  
men t  and l a r g e r  f l o r a  have p r o d u c e d  m o r e  
complex v e g e t a t i o n  p a t t e r n s .  E c o l o g i c a l  
c o n c e p t s  d e r i v e d  f r o m  t h e s e  s y s t e m s  may 
n o t  b e  as s u i t a b l e  f o r  p a t t e r n e d  p e a t -  
lands,  where peat  accumul a t i o n  has c r e a t e d  
a  more  u n i f o r m  e n v i r o n m e n t  ( G l  a s e r ,  I n  
prep.a). 

1.1 DISTRIBUTION 

P r i o r  t o  s e t t l e m e n t  a p p r o x i m a t e l y  10 
m i l l i o n  acres  i n  M inneso ta  were mapped as 
u n f i t  f o r  a g r i c u l t u r e  b e c a u s e  o f  p o o r  
d r a i n a g e  ( S o p e r  1919 ) .  By 1 9 1 9  S o p e r  
es t ima ted  t h a t  a t  l e a s t  7  m i l l i o n  o f  t h e s e  
a c r e s  were  p e a t l a n d s  as a  r e s u l t  o f  h i s  
own e x t e n s i v e  survey  o f  p e a t  i n  Minnesota.  
Most o f  t hese  p e a t l a n d s  a r e  c o n c e n t r a t e d  
on t h e  beds o f  G l a c i a l  L a k e s  A g a s s i z ,  

Upham, and A i t k e n  i n  n o r t h e r n  M i n n e s o t a .  
These n o r t h e r n  p e a t l a n d s  were o r i g i n a l l y  
r e c o g n i z e d  as b o r e a l  muskeg because o f  t h e  
p r o m i n e n c e  o f  b l a c k  s p r u c e  ( P i c e a  
m a r i a n a ) ,  bog  e r i  c a d s  ( E r i c a c e a e ) m  
Sphagnum moss. 

S o p e r ' s  p e a t  map  h a s  s i n c e  b e e n  
g r e a t l y  r e f i n e d  b y  t h e  M i n n e s o t a  S o i l  
A t l a s  S e r i e s ,  w h i c h  d e p i c t s  s o i l s  and 
g e o m o r p h i c  l a n d f o r m s  o n  1:250,000 maps 
( U n i v e r s i t y  o f  M i n n e s o t a  A g r i c u l t u r e  
E x p e r i m e n t  S t a t i o n  1971 ,  1977 ,  1980a,  
1980b ,  1981 ) .  The P e a t  P r o g r a m  o f  t h e  
M inneso ta  Depar tment  o f  N a t u r a l  Resources 
( M N  DNR) used  t h e s e  maps t o  c o m p i l e  a 
p e a t  map f o r  M i n n e s o t a  ( F i g u r e  2) .  The 
d i s t r i b u t i o n  o f  p e a t  l a n d f o r m s  i n  t h e s e  
p e a t l a n d s  i s  p r e s e n t e d  i n  F i g u r e  3 
( G l a s e r ,  I n  prep.a) .  
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Figure 2. Peatlands and physiography in northern Minnesota. The peatlands i r e  marked by the dark shading in A IMN 
1978). and the major physiographic areas are presented in B (Wright 1972a). 
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The Peat  P r o g r a m  a 1  so i n i t i a t e d  a n  range  f rom 3 t o  3 1 1 1 ,  w i t ; ;  ai; a ~ k t - 6 y e  dep th  
i n v e n t o r y  p r o j e c t  t o  d e t e r m i n e  t h e  o f  3 m i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  
q u a n t i t y  and qua1 i t y  o f  p e a t  d e p o s i t s  i n  p e a t l a n d s  (MN DNR 1980, 1984b). Eastward  
M i n n e s o t a .  T h e  i n v e n t o r i  e s  f o r  p e a t  depths  a r e  g e n e r a l l y  s h a l l o w e r ,  ave r -  
K o o c h i c h i n g ,  B e l t r a m i ,  a n d  Lake o f  t h e  a g i n g  1 t o  3 m ,  a l t h o u g h  d e e p e r  d e p o s i t s  
Woods Count ies i n  t h e  L a k e  Agassiz r e g i o n ,  u n d e r l i e  t h e  r a i s e d  bogs (MN DNR 1979a, b; 
f o r  example, d e t e r m i n e d  t h a t  peat  dep ths  1982) .  

1.2 PHYSICAL SElTlNG 

raised bogs 
A patterned fens The s p r e a d  o f  p e a t l a n d s  i n  n o r t h e r n  

M i n n e s o t a  i s  f a v o r e d  b y  t h e  g e n t l e  
r e g i o n a l  t o p o g r a p h y  a n d  m o i s t  c o o l  
c l i m a t e .  E l e v a t i o n  v a r i e s  l e s s  t h a n  240 m  
a c r o s s  t h e  r e g i o n ,  and  t h e  b e d r o c k  i s  
g e n e r a l  1  y  c o v e r e d  b y  t h i c k  d e p o s i t s  o f  

&* g l a c i a l  till e x c e p t  i n  t h e  ex t reme  n o r t h -  .".. e a s t ,  w h e r e  b e d r o c k  o u t c r o p s  a r e  common 
( F i g u r e  4). The t h r e e  m o s t  i m p o r t a n t  
a r e a s  o f  p e a t l a n d  o c c u r  o n  t h e  n e a r l y  
l e v e l  p l a i n s  o f  G l a c i a l  L a k e s  A g a s s i z ,  
G l a c i a l  t a k e s  Upham and A i t k e n ,  and on t h e  
n o r t h e r n  p o r t i o n  o f  t h e  T o i m i  d r u m l i n  a rea  
( F i g u r e  3 ) .  E l  s e w h e r e  p e a t l a n d s  a r e  
common b u t  a r e  m o r e  c l o s e l y  c o n f i n e d  t o  

Figure 3. Distribution of t h e  boreal peatlands w i th  l Ocal de~ressi in mineral up1 ands* The 
vegetation-landform patterns in Minnesota (Glaser, In p a r e n t  a  t e r i  a1 u n d e r  t h e  La ke  Aga s  s i  
prep.a). p l a i n  i s  l a r g e 1  y  d e r i v e d  f rom c a l c a r e o u s  

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

outwash and 
terrace sands 

0 Superior and 
Rainy Lobe drifts 

Superior and Rainy 
Lobe drifts thinly 
covering bedrock 

Figure 4. Elevation and soils i n  Minnesota. The topographic elevation map of Minnesota (A) is drawn from Baker and Strub 
11963) and the surficial geological map (B) is adapted from Hogberg (1972). The lake deposits and til l from the Des 
Moines Lobe are primarily calcareous; whereas the deposits and till from the Superior and Rainy Lobe range from 
noncalcareous to weakly calcareous. 



n o n c a l  c a r e o u s  t o  p o o r 1  y  c a l c a r e o u s  ma te -  
r i a l  (Holowaychuk 1960; F igure .  4). Areas 
o f  s a n d y  o u t w a s h  a r e  l o c a t e d  l a r g e l y  i n  
c e n t r a l  and e a s t e r n  Minnesota.  A d e t a i l e d  
a c c o u n t  o f  t h e  p h y s i o g r a p h y  and  g l  a c i a l  
h i s t o r y  o f  M i n n e s o t a  i s  g i v e n  b y  W r i g h t  
( 1 9 7 2 a ,  b). 

The c l i m a t e  o f  M inneso ta  i s  c o n t i n e n -  
t a l  , w i t h  a  p r e c i p i t a t i o n  maximum d u r i n a  
t h e  g r o w i n g  s e a s o n  ( K u e h n a s t  1978) .  The 
l andscape  i s  g e n e r a l 1  y  c o v e r e d  w i t h  snow 
f rom November t h r o u g h  March w i t h  a  peak i n  
s t o r m  hydrographs i n  A p r i l  j u s t  a f t e r  t h e  
f l u s h  o f  snowmel  t ( B a k e r  e t  a l .  1979 ) .  -- 
N o r t h w a r d  t h e r e  i s  a  p r o n o u n c e d  t e m p e r a -  
t u r e  g r a d i e n t  e x c e p t  a l o n g  t h e  n o r t h  shore  
o f  Lake Super io r ,  where t e m p e r a t u r e  i s o -  

t h e r i n s  f o l l o w  t h e  s h o r e .  W e s t w a r d  t h e  
c l  i m d t e  becoines p r o g r e s ~ i  v e l y  d r i e r ,  and 
t h e  i m p o r t a n t  i s o t h e r m  i n d i c a t i n g  a  n e t  
r n o i  s t u r e  d e f  i c i t  o c c u r s  i n  n o r t h w e e s t e r - n  
M i n n e s o t a .  t i oweve r ,  d i r e c t  measurements 
o f  t h e  c r i t i c a l  v a r i a b l e  o f  e v a ~ o t r a n s ~ i -  
r a t i o n  a r e  n o t  p r a c t i c a l ,  and t h e  i n d i r e c t  
m e t h o d s  used  a l l  p r o d u c e  s i g n i f i c a n t l y  
d i f f e r e n t  r e s u l t s .  A c t u a l  e v a p o t r a n s p i r a -  
t i o n  may a l s o  be u n d e r e s t i i n a t e d  
i n  a r e a s  w h e r e  q r o u n d  w a t e r  r e c  h a r q e s  
t F r e e z e  and C h e r r y  1979 ) .  D e s p i t e  t h e s e  
U n c e r t a i n t i e s  t h e  s o u t h e r n  1 i m i t  o f  b o r e a l  
p e a t l a n d s  i n  M inneso ta  g e n e r a l l y  f o l l o w s  
t h e  22"  i s o p l e t h  f o r  e v a p o t r a n s p i r a t i o n  as 
c a l c u l a t e d  by t h e  ~ h o r n w a i t e  method. The 
d i s t r i b u t i o n  o f  t h e  m a j o r  c l i m a t i c  i s o -  
p l  e t h s  re1  d t i v c  t o  t h e  o r i g i n a l  p r e s e t t l e -  
m e n t  v e g e t a t i o n  i s  p r e s e n t e d  i n  F i g u r e  5. 

Figure 5. The climate and vegetation of Minnesota: (1) average annuai temperature in O F  (Baker and Strub 1965), (2) average 
annual precipitation in inches (Baker et at. 19671. (3) average annuai in inches (Baker et ai. 1979), 

(4) presettlernent vegetation of Minnesota (after Marschner map* Heinselman 
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CHAPTER 2. PHYSICAL PROPERTIES OF PEAT 

2.1 DEFINITION 

Organic depos i  t s  have t r a d i t i o n a l l y  
been c l a s s i f i e d  a c c o r d i n g  t o  a  g e n e t i c  
sys tem t h a t  s t r e s s e s  t h e  o r i g i n  o f  t h e  
d e p o s i t  from a  s o u r c e  o r  "mother  v e g e t a -  
t i o n "  ( H .  Von Pos t  1862;  L. Von Pos t  and 
Granl u n d  1926). A s t rong  element of c i r -  
c u l a r i t y  i s  t h e r e f o r e  present  in the  d e f i -  
1 1 i ~ i o l 1 5  o f  pedt d i d  p e a t l a n d s ,  ~ i h i c h  can- 
no t  be d e f i n e d  e x c l  u s i v e  of  one a n o t h e r .  
I n  p r d c t i c e  i t  i s  o f t e n  i m p o s s i b l e  t o  
d i s t i n g u i s h  l a k e  s e d i m e n t s  from h i g h l y  
hum i f i e d  peats un l e s s  d iagnos t ic  macro- o r  
m ic ro fos s i l s  a r e  present .  The g rea t  va r i a -  
b i l i t y  of peat lands and the  peat depos i t s  
t h e y  form a1 so add t o  t h e  d i f f i c u l t y  o f  
c h a r a c t e r i z i n g  p e a t s .  To avo id  t h e s e  
problems pure1 y  d e s c r i p t i v e  methods have 
been developed by Troel s-Smi t h  (1 955), the  
U n r t e d  S t a t e s  Depar tment  o i  Agr1cu7 t u r e  
S o i l  S u r v e y  S t a f f  ( 1  9 7 5 ) ,  and  t h e  
In te rna t iona l  Peat Soc ie ty  (IPS 1976). 

2.2 COMPOSITION AND PHYSICAL 
PROPERTIES 

Peat  i s  composed o f  t h e  p a r t i a l l y  
decomposed remains of the p lan ts  and an i -  
ma l s  common t o  w a t e r l o g g e d  s o i l s .  The 
o r g a n i c  c o n t e n t  o f  p e a t  i s  ve ry  h i g h ,  and 
i t  i s  o f t e n  p o s s i b l e  t o  d e t e r m i n e  t h e  
types of taxa from which a  s p e c i f i c  depo- 
s i t  was derived. Small amounts of  mineral 
m a t e r i a l  may a l s o  be p r e s e n t  bu t  t h e s e  
m i n e r a l s  neve r  r e p r e s e n t  a  m a j o r i t y  o f  a  
peat  sample. The most common mineral con- 
s t i t u e n t  in Minnesota pea ts  i s  phytol i t h s  
t h a t  have a p p a r e n t l y  blown i n  from t h e  
s u r r o u n d i n g  up l ands  ( F i n n e y  and Farnham 
1970). 

The major p rope r t i e s  of peat  t h a t  a r e  
of  ecological  i n t e r e s t  a r e  botanical  com- 
p o s i t i o n ,  d e g r e e  o f  d e c o m p o s i t i o n  (mea-  

sured as humi f i ca t i on ,  bulk dens i t y ,  and  
f i b e r  c o n t e n t ) ,  hydrau l  i c  c o n d u c t i v i t y ,  
and c a t i o n  exchange  c a p a c i t y .  The f i b e r  
con t en t ,  which forms t he  b a s i s  of the  USDA 
s o i l  taxonomy f o r  organic s o i l s ,  a l so  has 
important  appl i c a t i o n s  f o r  engineering and 
hydro1 ogy. 

P e a t s  composed o f  b r v o ~ h v t e s  a r e  - . -  
c a l l  ed t u r f a  o r  d e t r i t u s  b r y o p h y t i c a  a c -  
c o r d i n s  t o  T r o e l s - S m i t h  o r  moss  eat a c -  
c o r d i n g  t o  the  IPS system. The most com- 
mon t y p e  o f  moss p e a t  i n  Minnesota  c o n -  
t a i n s  a  high percentage of Sphagnum and i s  
found under  r a i s e d  bogs and c e r t a i n  p o o r  
fens. In Minnesota Sphagnum i s  o f ten  t h e  
m a j o r  component  of  any p e a t  hor izon  i n  
which i t  occurs  al though i t  may be i n t e r -  
mixed w i t h  f r a g m e n t s  o f  s e d g e s ,  wood, o r  
o t h e r  bryoph y t e s .  

The uppermost l a y e r s  o f  Sphagnum pea t  
in  a  p r o f i l e  a r e  r e l a t i v e l y  undecomposed 
w i t h  t h e  m a j o r i t y  o f  t h e  l e a v e s  s t i l  
a t t a c h e d  t o  t h e  s t e m s .  In Minnesota  t h i  
very porous upper zone may extend as dee 
as 70 cm beneath t he  s u r f a c e  of  nonfores 
ted bogs, a1 though in f o r e s t e d  s i t e s  t h i  
zone i s  g e n e r a l l  y  s h a l l o w e r  ( G l a s e r  a n  
J a n s s e n s  1986).  The uppe r  porous zon 
g e n e r a l l  y g i v e s  way t o  more  decompose 
h o r i z o n s  a t  d e p t h  I n  which t h e  Sphagnum 
l e a v e s  become d e t a c h e d  from t h e  s t e m ,  
fo rming  a  more dense1  y packed configura-  
t i o n .  In more decomposed h o r i z o n s  the 
i n d i v i d u a l  l e a v e s  a r e  degraded  t o  t h e  
p o i n t  where t h e y  a r e  d i f f i c u l t  t o  d e t e c t  
wi th in  t h e  more decomposed mat r ix  of  f i n e r  
p a r t i c l e s .  Even where t he  detached l eaves  
a r e  v i r t u a l  1  y  i n t a c t  t h e  macroscopic ap- 
pearance of t h i s  peat i s  i n d i s t i n g u i s h a b l e  
from t h a t  o f  decomposed sedge peat wi 
microscopic i d e n t i f i c a t i o n .  All 
p e a t s  i n  Minneso t a  a r e  n o t  ne 
d e r i v e d  from bogs o r  Sphagnum- 
poor fens. In t h e  Red Lake pea 



Janssens has i d e n t i f i e d  h o r i z o n s  d o m i n a t e d  
b y  t h e  m i n e r o t r o p h i c  Sphagnum s u b s e c u n d u r n  
a n d  S. c o n t o r t u m ,  w h i c h  a r e  a s s o c i a t e d  
w i t h T i t h e r  r i c h  f e n  i n d i c a t o r s  ( ~ ~ ~ s s e n s  
dnd G l a s e r  1986). 

T h e  o t h e r  t y p e  o f  m o s s  p e a t  i n  
M i n n e s o t a  i s  c o m p o s e d  O f  m e m  b e r s  o f  t h e  
Anibl y s t e g i a c e a e  and  i s  c o l l e c t  i v e l  known 
a s  f e a t h e r -  o r  b r o w n - m o s s  p e a t  ( Ca j a n d e r  
:91:; A:cr 1933)-  T h i s  peat t y p e  ; s  9---  

1"; " : 

l y  d e v e l o p e d  i n  M i n n e s o t a ,  a 1  t h o u g h  
m i r i e r o t r o p h i c  A l n b l y s t e g i a c e a e  m a y  b e  
p r e s e n t  a s  m i n o r  f r a c t i o n s  i n  s e d g e - f e n  
p e a t s .  The m o s t  common p e a t -  f o r m e r  anlong 
t h i s  a r o u ~  i n  M i n n e s o t a  i s  S c o r o i d i u n i  
s c o r p ( o i d e s  a n d  1  e s s  c o m ~ n o n l y  ~ a l  i e r i g o n  -- --- 
t r i  f a r i u m ,  - C. a f t o n i a n u m ,  a n d  
D r e p a n o c l a d u s  1  a p p o n i c u s  ( J a n s s e n s  a n d  
G l a s e r  1 9 8 6 5 -  I n  p e a t s  d e r i v e d  f r o m  r i c h  
f e n s  Campy1 i u m  s t e l l a t u m  i s  g e n e r a l 1  y  
p t  est .11t  d b  d ill i l i u t  r r a c t i u i - i  a n d  i s  r e p -  
l a c e d  b y  C a l l  i e r g o n  s t r a m i n e u r n  i n  t h e  
p o o r - f e n  a c e m  b l a g e s .  A b r o w n - m o s s  s e d i -  
m e n t  d e r i v e d  f r o m  t h e  a q u a t i c  
U r e p d n o c l a d u s  h a s  b e e n  i d e n t i  f i e d  b y  J.A. 
J a n s s e n s  a t  t h e  M a r c e l 1  b o g  i n  n o r t h -  
e d s t e r n  M i n n e s o t a .  W i t h o u t  c a r e f u l  micro- 
s c o p i c  i n s p e c t i o n  t h i s  u n u s u d l  l a k e  s e d i -  
m e n t  w o u l d  n o r m a l l y  b e  m i s t a k e n  f o r  a  
t e r r e s t r i a l  pea t .  

M o s t  fen  p e a t s  i n  n o r t h e r n  M i n n e s o t a  
a r e  c o ~ n p o s e d  o f  sedge  f r a g m e n t s  i n  a  gene-  
r a l l y  deconiposed s t a t e  ( t u r f a  h e r b a c e a  o r  
d e t r i t u s  h e r b o s u s  s e n s u  T r o e l  s - S m  i t h  
1 9 5 5 ) . I n  t h e  m o s t f i b r o u s  s t a t e  t h e s e  
p e a t s  c o n s i s t  o f  a  p o r o u s  n e t w o r k  o f  r h i -  
z o l n e s ,  r o o t l e t s ,  a n d  l e a f  b a s e s  o f  C a r e x .  
W i t h  i n c r e a s i n g  h u m i f i c a t i o n  t h e  i n d i v i -  
dud1 r o o t l e t s  a n d  sedge s h o o t s  b e c o m e  m o r e  
f r a g m e n t e d  and  i n t e r s p e r s e d  w i t h i n  a  m o r e  
f i n e l y  d e c o m p o s e d  m a t r i x .  D e s p i t e  w i d e -  
s p r e a d  r e p o r t s  o f  r e e d  p e a t  i n  M i n n e s o t a  
renld i n s  o f  P h r a g m i t e s  c o ~ n m u n i  s  o r  v a r i o u s  
t y p e s  o f  r u s h e s  ( S c i r p u s ,  J u n c u s ,  
k l e o c h a r i s ,  R h y n c h o s p o r a ,  a n d  C l a d i u m )  - 
f r o m  t h e  Juncaceae and C y p e r a c e a e  h a v e  y e t  
t o  b e  documented.  Seeds f r o m  t h e s e  t a x a ,  
h o w e v e r ,  a r e  o f t e n  p r e s e n t  i n  m o r e  f i n e l y  
d e c o m p o s e d  p e a t  t h a t  l a c k s  l a r g e r  s e d g e  
f r a g m e n t s .  

~ h i c . t ,  c;,r]y t,he 111OSt r e s i s t e r i t  r e i l l d i n s  a r e  
i d e r l t j  f i a b l e ,  s u c h  as s p r u c e  and t a n l a r a c k  
n e e d l e s ,  f r a g m e n t s ,  o c c a s i o n d l  seeds,  
dnd i n y c o r r h i ~ d f  On r o o t l e t s .  

g c n e r d l  t h e  p a r t i c l e  s i z e  o f  a  
p e a t  h o r i z o n  d e p e n d s  u p o n  i t s  b o t a n i c a l  
c o i n p o s i t i o , i  a n d  d e g r e e  o f  h u r n i f i c a t i o n  
(Rdden dnd  t g g e l  srnan 1963 ;  R y c r o f t  -- e t  a l .  
1 9 7 5 ) .  p o l - o s  i t , v  ~ e n e r a l l  Y d e c r e a s e s  fro111 
t h e  c o d r s e r  s e d g e - r e e d  a n d  s e d g e  b r o w n -  
moss t o  t h e  f i n e r  g r a i n e d  b r o w n - m o s s  pea t .  
S p h a q n u l l ~  p e a  t s ,  h o w e v e r ,  h a v e  t h e  f i n e s t  - 
p a r t i - C f i  s i z e  a n d  t h u s  t h e  l o w e s t  
h y d r a u l  i c  c o ~ i d u c t i v i t y  f o r  a n y  g i v e n  d e -  
g r e e  o f  h u r ~ i i f i c a t i o n .  The b r e a k d o w n  o f  t h e  
d r ~ a t o ~ n  i c d l  s t r u c t u r e  o f  t h e s e  p e a t - f o r m e r s  
b y  d e c o ~ i ~ p o s i  t i o n  f u r t h e r  d e c r e a s e s  t h e  
p a r t i c l e  s i z e  w i t h i n  a  p e a t  h o r i z o n  a n d  
l o w e r s  i t s  p o r o s i t y .  V a r i o u s  m e a n s  h a v e  
b e e n  d e v i s e d  t o  l n e a s u r e  t h e  d e q r e e  t o  
w h i c h  p e a t  i s  decoinposed. The rnos t  common 
p r o p e r t i e s  l n e d s u r e d  a r e  f i b e r  c o n t e n t ,  
b u l k  d e n s i t y ,  a n d  h u m i f i c a t i o n .  

As p e a t  d e c o ~ n  p o s e s  t h e  i n d i v i d u a l  
f r a g m e n t s  a r e  b r o k e n  d o w n  i n t o  s m a l l e r  
p a r t i c l e s ,  w h i c h  become packed rnore c l o s e -  
l y  t o g e t h e r ,  r e s u l t i n g  i n  a  l o s s  o f  v o i d  
o r  p o r e  S p d L e .  B u l k  d e n s i t y  t h e r e f o r e  
p r o v i d e s  a  n r e a s u r e  o f  d e c o m p o s i t i o n  b y  
ll i f2dSU~lnCj t h e  r l l d S S  o t  o r g a n i c  i n a t t e r  i n  a  
s a m p l e  as a f u n c t i o n  o f  vo lume.  P r o f i l e s  
fro111 r a i s e d  b o g s  a n d  w a t e r  t r a c k s  i n  
M i n n e s o t a  g e n e r a l  1  y  h a v e  v e r y  l o w  b u l  k -  
d e n s i t y  v a l u e s  f o r  t h e  u p p e r m o s t  h o r i z o n ,  
w h i c h  c o n s i s t s  o f  l i v i n g  p l a n t s  a n d  r e l a -  
t i v e l y  undecornposed p l a n t  r e m a i n s  ( F i g u r e  
6). T h i s  u p p e r r i i o s t  h o r i z o n  o f  p o r o u s  p e a t  
i s  g e n e r a l l y  k n o w n  as t h e  a c r o t e l m ,  a  t e r m  
u s e d  b y  I n g r a n l  ( 1 9 7 8 )  t o  d e s c r i b e  a  c l a s -  
s i f i c a t i o n  s c h e r n e  d e v e l o p e d  b y  S o v i e t  
h y d r o 1  0 9 1  s t s  ( I v a n o v  1981) .  

W i t h  i n c r e a s i n g  d e p t h  t h e  p e a t  b e -  
col l ies m o r e  e v e n l y  decomposed i n  M i n n e s o t a  
p e a t l a n d s ,  b u t  t h e r e  i s  n o  1  i n e a r  r e l a -  
t i o n s h i p  b e t w e e n  b u l  k - d e n s i  t y  p r o f i l e s  
a n d  d e p t h .  T h i s  l o w e r  z o n e  i n  a  p e a t  
d e p o s i t  h a s  a  h i g h  b u l k  d e n s i t y  a n d  c o r r e -  
s p o n d s  t o  t h e  c a t o t e l m  o f  I n g r a m  ( 1 9 7 8 )  

Wood 1  a y e r s  ( t u r f a  1  i g n o s a  o r  a n d  I v a n o v  ( 1  9 8 1 ) .  ~ u l  k - d e n s i t y  p r o f i l e s  
d e t r i t u s  1  i g n o s u s  sensu  ~ r o e l  s - s m i t h  1955)  p e a t s  h a v e  b e e n  d e t e r m i n e d  
a r e  c o m m o n  i n  t h e p e a t l a n d s  o f  n o r t h e r n  by  B o e l t e r  ( 1 9 6 9 ) ,  B o e l  t e r  a n d  V e r r y  
M i n n e s o t a .  L a r g e  p i e c e s  o f  w o o d  a r e  ( 1 9 7 7 ) *  C h a s s o n  (1984) ,  Chasson and  S iege1  
f o u n d  i n  l a y e r s  o f  d e e p l y  h u m i f f e d  p e a t  i n  9 8 6 ) ,  G l a s e r  a n d  J a n s s e n s  ( 1  9 8 6 ) ,  a n d  

7 



Figure 6. Bulk-density profiles from the Lost River peatland. The three profiles are trom a raised bog, spring-fen mound, 
and fen water track (Chasson 1984; Chasson and Siegel 1986). 

J. A. Janssens ( U r l i v e r s i t y  o f  Minnesota ,  
M i  nneapol  i s  ; p e r s .  comm. ). 

Decornposi t i o n  a1 so produces hum i c  and 
f u l v i c  a c i d s  t h a t  i m p a r t  a  d a r k  c o l o r  t o  
p e a t  w a t e r s .  The c o n c e n t r a t i o n  o f  t h e s e  
h u m i c  s u b s t a n c e s  i n  a  p e a t  p r o f i l e  i s  
t h e r e f o r e  c o n s i d e r e d  an i m p o r t a n t  measure 
o f  t h e  d e g r e e  o f  d e c o m p o s i t i o n  ( r e f e r r e d  
t o  as h u m i f i c a t i o n ) .  H u m i f i c a t i o n  may be 
d e t e r m i n e d  b y  ( 1 )  qua1  i t a t i v e  m e t h o d s  i n  
w h i c h  t h e  c o l o r  o f  w a t e r  squeezed  f r o m  a  
pea t  sample i s  compared t o  v a r i o u s  s t a t e s  
d e s c r i b e d  b y  t h e  Von P o s t  s c a l e  (Von P o s t  
and G r a n l u n d  1 9 2 6 )  and ( 2 )  q u a n t i t a t i v e  
t e c h n i q u e s  i n  w h i c h  t h e  c o n c e n t r a t i o n  o f  
humics e x t r a c t e d  f r o m  a  sample b y  an a1 ka- 
1  i s o l u t i o n  a r e  measured by s p e c t r o s c o p i c  
means. 

The h u m i f i c a t i o n  o f  p e a t  p r o f i l e s  
from t h r e e  d i f f e r e n t  t ypes  o f  p e a t l a n d  a t  
Los t  R i v e r  were d e t e r m i n e d  by  Chasson and 
S iege l  (1986) and can  be d i r e c t 1  y  compared 
w i t h  b u l k - d e n s i t y  c u r v e s  f r o m  t h e  same 

c o r e  j r i g u r e  7 ) .  T h c  c u r v e s  f o r  01; 
d e n s i t y  and hunii  f i c a t i o n  c o i n c i d e  remar 
ah1 y  we1 1  f o r  t h e  u p p e r  1 t o  1.5 m o 
e a c h  c o r e  b u t  t h e n  d i v e r g e  g r e a t 1  y wit 
d e p t h .  T h i s  p a t t e r n  m a y  be caused  
f a c t o r s  o t h e r  t h a n  t h e  c o n c e n t r a t i o n  
humics  w i t h i n  a  sample because the  absor 
t i o n  s p e c t r a  o f  h u m i c  compounds  i s  a l s  
i n f l u e n c e d  b y  pH, b y  c o m p l e x i n g  w i t  
m e t a l s ,  a n d  b y  t h e  s o u r c e  o f  t h e  humic  
w h i c h  may be d i v e r s e  m a t e r i a l  ( T s u t s u  
and Kuwatsuka 1979a, b; Stevenson 1982 

D e c o m p o s i t i o n  has a  p r o f o u n d  e f f e c t  
on  t h e  h y d r a u l i c  p r o p e r t i e s  o f  p e a t  p r i  
m a r i l  y  b y  a1 t e r i  ng t h e  s i z e  and g e o m e t r  
o f  t h e  pores. The h y d r a u l i c  c o n d u c t i v i t  
o f  a  p e a t  h o r i z o n  d e t e r m i n e s  t h e  r e s i s -  
t a n c e  t o  t h e  f l o w  o f  w a t e r  t h r o u g h  a 
porous med i urn. The measurement o f  hydrau- 
l l c  c o n d u c t i v i t y  i n  p e a t ,  howeve r ,  i 
d l  f f  i c u l  t b e c a u s e  t h e  n a t u r a l  b e d d i n g  o 
the  p e a t  p r o f i l e  may be a l t e r e d  du r i ng  the 
c o u r s e  o f  samp l  i ng. These p r o b l e m s  a r e  
o u t l i n e d  by R y c r o f t  e t  a l .  (1975), B o e l t e r  
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Figure 7. Hurnification profiles from the Lost River peatland. The profiles were obtained from the same cores as in Figure 6 
using absorption of an alkali extract (Chasson and Siegel 1986). 

( 1 9 6 5 ,  1 9 7 0 ) ,  I n g r a m  ( 1 9 8 3 ) ,  a n d  m o s t  
r e c e n t l y  by  Chasson and S iege l  (1986). 

I n  M i n n e s o t a  t h e  f i r s t  s t u d i e s  o f  
h y d r d u l i c  c o n d u c t i v i t y  ( K )  i n  p e a t  w e r e  
r l iade b y  B o e l  t e r  ( 1  9 6 5 ,  1 9 6 9 )  i n  t h e  
Marce l  1  Expe r imen ta l  F o r e s t  i n  n o r t h w e s t -  
e r n  M i n n e s o t a .  B o e l t e r  f o u n d  l i t t l e  d i f -  
f e r e n c e  b e t w e e n  h o r i z o n t a l  and v e r t i c a l  
h y d r a u l i c  c o n d u c t i v i t y  w i t h i n  a p r o f i l e ,  
b u t  h i s  v a l u e s  o f  K w e r e  h i g h e r  i n  t h e  
l a b o r a t o r y  samples t h a n  t h o s e  d e t e r m i n e d  
i n  t h e  f i e l d .  B o e l t e r  a l s o  found a  d i r e c t  
r e l a t i o n s h i p  between K  and d e c o m p o s i t i o n  
as m e a s u r e d  b y  b u l k  d e n s i t y  and  f i b e r  
con ten t .  The p r i n c i p a l  c o n c l  u s i o n  d r a w n  
was t h a t  m o s t  f l o w  t o o k  p l a c e  w i t h i n  t h e  
uppermost  h o r i z o n  o f  undecom posed pea t  i n  
c o n t r a s t  t o  t h e  n e g l i g i b l e  f l o w  i n  t h e  
deeper decomposed 1  a y e r s .  These f i n d i n g s  
a r e  i n  agreement w i t h  t h e  m a j o r  1 i t e r a t u r e  
i n  p e a t l a n d  hydro1 ogy, wh i ch  d i s t i n g u i s h e s  
b e t w e e n  a n  u p p e r  h i g h l y  p o r o u s  l a y e r  o f  
p e a t  ( t h e  a c r o t e l m )  a n d  a  l o w e r  m o r e  d e -  

composed l a y e r  ( t h e  c a t o t e l m ) ,  w h i c h  a c t s  
as  a  c o n f i n i n g  l a y e r  b y  r e s t r i c t i n g  w a t e r  
f l o w  ( I vanov  1981; Ingram 1983). 

Chasson and S i  e g e l  ( 1  986) ,  h o w e v e r ,  
w o r k i n g  i n  t h e  L o s t  R i v e r  p e a t l a n d  o f  
n o r t h w e s t e r n  Minnesota  p resen ted  d i f f e r -  
e n t  c o n c l u s i o n s  based  on l a b o r a t o r y  and  
f i e l d  measurements o f  h o r i z o n t a l  ( K ~ )  and 
v e r t i c a l  ( K v )  c o n d u c t i v i t y  ( F i g u r e  8) .  
The r a t i o  of Kh t o  Kv was e x t r e m e l y  v a r i -  
a b l e  t h r o u g h o u t  t h e  c o l u m n  o f  t h r e e  p e a t  
c o r e s  t a k e n  f r o m  a  bog, a  f e n ,  and a  
s p r i n g - f e n  mound. Values o f  Kh g e n e r a l l y  
w e r e  1 t o  2 o r d e r s  o f  m a g n i t u d e  g r e a t e r  
t h a n  Kv: Chasson a l s o  found no s t a t i s t i -  
c a l l  y  s i g n i f i c a n t  c o r r e l a t i o n  between b u l k  
d e n s i t y  and h u m i c i t y  w i t h  d e p t h  o r  K a t  
L o s t  R i v e r  ( F i g u r e  8). A l t h o u g h  t h e y  
produced s i m i l a r  r e s u l t s ,  Chasson b e l i e v e d  
t h a t  b u l  k d e n s i t y  g a v e  a b e t t e r  e s t i m a t e  
o f  d e c o m p o s i t i o n  t h a n  c o l o r i m e t r i c  
methods. 



Figure 8. Hydraulic conductivity profiles from the Lost River peatland The measurements of K were made from the same 
cores illustrated in Figures 6 and 7 {Chasson and Siegel1986). 



CHAPTER 3. PEATLAND FORMATION 

3.1 TERRESTRIALIZATION AND 
PALUDIFICATION 

replacement of spruce f o r e s t  by a  nonfor- 
ested pea t l  and. 

pea t1  ands  may d e v e l o p  d i r e c t l y  ove r  
f o r e s t  o r  p r a i r i e  s o i l s  bv the Process of 
pal u d i f i c a t i o n  (versumpfuig  sensb Cajander 
1913) o r  o v e r  l a k e  sedimen-t lsas  a  f i n a l  
s t ep  in l a k e - i n f i l l i n g  o r  t e r r e s t r i a l  i za -  
t ion  (Ve-rl-andung sensu Weber 1902). Both 
p r o c e s s e s  have been a c t i v e  I n  Minneso t a ,  
but t h e  ma jo r i t y  of peat lands in t he  S ta te  
have deve loped  by t h e  pal udi f i c a t i o n  of  
t h e  g l a c i a l  l a k e  p l a i n s  ( F i g u r e s  9  and 
10) .  

P e a t  f o r m a t i o n  r e q u i r e s  some f a c t o r  
t o  s h i f t  t h e  b a l a n c e  between p r o d u c t i o n  
and d e c o m p o s i t i o n  so t h a t  organic ma t t e r  
a c c u m u l a t e s  i n  t h e  s o i l .  The p r o d u c t i o n  
of o rganic  ma t t e r  in pea t lands  i s  genera l -  
l y  l o w e r  t h a n  t h a t  measured  on a d J a c e n t  
upland s i t e s ,  which i nd i ca t e s  t ha t  decom- 
pos i t i on  r a t e s  must be lowered to permit 
pea t  t o  form ( R e i n e r s  1972;  Clymo and 
Reddaway 1971) .  Decom p o s i t i o n  r a t e s  a r e  
c o n t r o l l e d  by t h r e e  m a j o r  f a c t o r s :  ( 1 )  
c l i m a t e ,  ( 2 )  d ecompose r  o r g a n i s m s ,  and 
( 3 )  t h e  q u a l i t y  o f  p l a n t  l i t t e r  ( S w i f t  - e t  
a l .  1 9 7 9 ) .  - 

I n  bo rea l  r e g i o n s  t h e  a c t i v i t y  o f  
decomposers i s  s eve re ly  r e s t r i c t e d  by low 
t e m p e r a t u r e s ,  a  t r e n d  t h a t  i n c r e a s e s  t o -  
ward t h e  n o r t h .  Thus in  Alaska pea t  may 
a c c u m u l a t e  on s t e e p  no r th - f ac ing  s lopes ,  
where t h e  accumulation of  a  moss mat insu- 
l a t e s  t h e  ground s u r f a c e  and a l l o w s  t h e  
p e r m a f r o s t  t a b l e  t o  r i s e  (Heilman 1966,  
1968;  Van Cleve and V ie reck  1981) .  The 
c o l d  t e m p e r a t u r e  o f  t h e  upper  s o i l  h o r i -  
zons depresses  t he  a c t i v i t y  of decomposer 
Organisms and f avo r s  t h e  accumul a t  ion o f  
l i t t e r  w i t h  low c a r b o n  t o  n i t r o g e n  ( C : N )  
and Carbon t o  phosphorus  ( C : P )  r a t i o s .  
Together with t h e  increas ing  water re ten-  
t i on  o f  t h e  s o i l  these  f a c t o r s  promote t he  

E l sewhe re  p e a t  f o r m a t i o n  i s  bel ieved 
t o  r e s u l t  from water1 oggi ng , which c r e a t e s  
anox ic  c o n d i t i o n s  i n  t h e  u p p e r m o s t  s o i l  
horizons. Poor1 y  drained s o i  1  s may become 
waterlogged as  a  r e s u l t  o f  many d i f f e r e n t  
f a c t o r s  t h a t  a r e  d i r e c t l y  o r  i n d i r e c t l y  
r e l a t ed  t o  ~ l  i~ i~d t t ? .  A r i s e  i n  the region- 
a l  w a t e r  t a b l e  may be b r o u g h t  a b o u t  by: 
(1) cl ima t i c  changes t h a t  i n c r e a s e  preci  p- 
i  t a t i o n  and d e c r e a s e  e v a p o t r a n s p i r a t i o n  
(Godwin 1 9 7 5 ) ,  ( 2 )  f o r e s t  c l e a r a n c e  by 
man, which increases  r u n o f f  and decreases  
e v a p o t r a n s p i r a t i o n  (Moore  1 9 7 5 ;  F renze l  
1983), ( 3 )  a  r i s e  in base l e v e l  t h a t  accom- 
p a n i e s  a  r i s e  i n  e u s t a t i  c  s e a  l e v e l  
( C a j a n d e r  1913 ;  Aario 1 9 3 2 ;  Godwin 1943;  
O l d f i e l d  1 9 6 0 ) ,  and ( 4 )  d e v e l o p m e n t  o f  a n  
impervious hdrdpdn by yedogen ic  processes  
(Hammond 1968; Mitchel l  1 9 7 6 ;  Ugol i n i  and 
Mann 1979; Taylor and Smi th  1981). 

In Minnesota paleoecol o g i c a l  i n v e s t i -  
ga t ions  have s t rong ly  i n d i c a t e d  a  c l i m a t i c  
control  on peat formation. Most  peat l  ands 
i n  Minnesota  formed a f t e r  t h e  end o f  t h e  
mid-Holocene ,  when t h e  c l i m a t e  became 
c o o l e r  and m o i s t e r .  The g r e a t  p e a t l a n d s  
of t h e  Lake Agassiz  p l a i n ,  f o r  example  
began t o  form i n  t h e  e a s t  a b o u t  4500 y r  
B.P. and t h e n  sp read  w e s t w a r d  r e a c h i n g  
Upper Red Lake area a p p r o x i m a t e l y  3000 y r  
B.P. ( G l a s e r  e t  a l .  1981 ) .  The  s p r e a d  o f  -- 
t h e s e  p e a t l a n d s  may have  e n d e d  a p p r o x i -  
m a t e l y  1900 y r  B.P.3 w h i c h  marks  t h e  
youngest basal peat d a t e s  so f a r  recorded 
in t h e  Lake Agass iz  r e g i o n  ( G l a s e r  e t  a l .  
1981). -- 

The formation o f  Sphagnum mats around 
t h e  m a r g i n s  of  ponds 1 s  a 1  so  d a t e d  from 
t h e  mid-Holocene  o r  e a r l  i  e r  ( W r i g h t  and 
W a t t s  1 9 6 9 ;  J a n s s e n  1 9 6 7 a ) .  B o r e a l  
c o n i f e r s  ( L a r i x  a n d  P i c e a ) ,  bog e r i c a d s ,  
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Figure 9. Paludification of sloping ground in  the Lost River peatland. northwestern Minnesota. The spring-fen mound has 
developed over a rise in the mineral substrate, whereas the raised bog has grown over a depression (Almendinger et al. 
19861. The peat stratigraphy from the three cores ( W 1 ,  W, and L82m) indicates that deeply decomposed fen pests (1) first 
accumulated in the peatland followed by Sphagnum peat with wood (21. In  the upper70 cm of the spring-fen core, however, 
woody Sphagnum peat is abruptly replaced by sedge-fen peat 131 indicating an abrupt change in the vegetation (Glaser et 
al., In prep.). Thus the spring-fen mound was once covered by a Sphagnum-dominated bog or poor fen that was abruptly 
replaced by a spring-fen channel less than Z , m 0  years ago. The cores in this diagram were collected adjacent to those in  
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Figure 10. Terrestrialization at Cedar Bog Lake, south-central Minnesota. This reconstruction is slightly redrawn from Cushing 
(1963). The three stages represent (A)  the present vegetation and lake level. IB) the inferred vegetation and lake level 4.000 
years ago during the mid-Holocene, and (C) the inferred vegetation and stratigraphy during the early Holocene approximately 
8,000 years ago. Cushing hypothesized that Cedar Bog Lake was 4 m lower during the early Holocene and the subsequent 
rise i n  the water table was followed by growth of the surrounding peatland. The sediment layers marked are (1) woody 
peat, (2) sedge peat, (3) sapropsammite, (4) coarse-detritus copropel, (5) marly copropel, (6) dark copropel, (7) sideritic copropel 
(Lindeman 1941; Cushing 1963). The sediment types are defined in  Lindeman (1941). The elevations are height above sea-level. 

a n d  S p h a g n u m  b e g a n  t o  g r o w  a r o u n d  t h e  
m a r g i n s  o f  l a k e s  i n  n o r t h e r n  a n d  c e n t r a l  
M i n n e s o t a  a b o u t  4000 y r  B.P. f o l l o w i n g  t h e  
e n d  o f  t h e  w a r m e r  a n d  d r i e r  c o n d i t i o n s  
t h a t  c h a r a c t e r i z e d  t h e  m i d - H o l o c e n e .  
T h e s e  b o r e a l  s p e c i e s  a g a i n  a d v a n c e d  o v e r  
m a r l y  l a k e  s e d i m e n t s  i n  s o u t h e r n  M i n n e s o t a  
a f t e r  t h e  e n d  o f  t h e  L i t t l e  I c e  Age ( 4 0 0  
y r  B.P.) w h e n  t h e  c l i m a t e  b e c a m e  s t i l l  
c o o l  e r  ( S w a i n  1979). 

A  r i s e  i n  t h e  r e g i o n a l  w a t e r  t a b l e  
has been h y p o t h e s i z e d  t o  a c c o u n t  f o r  t h e s e  
changes ,  a l t h o u g h  t h e  s p r e a d  o f  a  p e a t  m a t  
f r o m  t h e  m a r g i n s  o f  a  l a k e  s e e m s  t o  r e -  
q u i r e  a  l o w e r i n g  o f  t h e  w a t e r  t a b l e .  
B u e l l  e t  a l .  ( 1 9 6 8 ) ,  f o r  e x a m p l e ,  d e t e r -  
m i n e d  t h a t t h e  m a r g i n  o f  t h e  sedge m a t  a t  

C e d a r  B o g  L a k e  i n  A n o k a  C o u n t y  h a s  n o t  
c h a n g e d  i t s  p o s i t i o n  i n  30  y e a r s ,  a n d  i t s  
f u r t h e r  s p r e a d  i s  1  i m i t e d  b y  t h e  w a t e r  
l e v e l  i n  t h e  l a k e .  T h i s  c o n c l u s i o n  i s  
s u p p o r t e d  b y  C o n w a y ' s  ( 1 9 4 9 )  s t u d i e s  i n  
I t a s c a  C o u n t y .  

The s p r e a d  o f  t h e  p e a t  m a t  a t  C e d a r  
B o g  L a k e  h a s  b e e n  i n v e s t i g a t e d  i n  m o r e  
d e t a i l  b y  t h e  s t r a t i g r a p h i c  s t u d i e s  o f  
L i n d e m a n  ( 1  9 4 1 )  a n d  C u s h i n g  ( 1  9 6 3 ) .  
L indeman n o t e d  t h a t  t h e  p e a t l a n d  s u r r o u n d -  
i n g  C e d a r  Bog L a k e  i s  w i d e s t  o v e r  t h e  
s h a l l o w  s o u t h e a s t  m a r g i n  o f  t h e  b a s i n ,  
w h i c h  he a t t r i b u t e d  t o  p r o t e c t i o n  f r o m  t h e  
p r e v a i l  i n g  w i n d s  and  r e s u l  t i  ng  wave a c t i o n  
( F i g u r e  1 0 ) .  C u s h i n g ,  h o w e v e r ,  b a s e d  h i s  



r e c o n s t r u c t i o n  on wa te r - t a . b l  e  f l  u c t u a -  
t i o n s ,  which he was a b l e  t o  i n f e r  from a  
d e t a i l e d  a n a l y s i s  o f  t h e  1  i t h o l o g y  and 
f o s s i l  p o l l e n  a s semblages  o f  t h e  s e d i -  
ments. 

Cushing p o s t u l a t e d  t h a t  t h e  l a k e  
l e v e l  was 4 m below t h e  p r e s e n t  l e v e l  
a p p r o x i m a t e l  Y 5 , 0 0 0  yr B.P. when a  
~ k y o ~ t e r i s  and sedge-ddmina ted  we t l and  
so read  ove r  t h e  e x ~ o s e d  mud f l a t s  a t  t h e  
s b u t h e a s t  end of  t'he b a s i n  ( F i g u r e  1 0 ) .  
P r o g r e s s i v e l y  r i s i n g  w a t e r  l e v e l s  a f t e r  
t h e  middle Holocene then led to t he  devel- 
opment of  a  cedar swamp over the  formerly 
exposed mud s u r f a c e .  The growth  o f  t h i s  
swamp f o r e s t  a p p a r e n t l y  r e s t r i c t e d  t h e  
penetrat ion of  mine ro t roph ic  runo f f  from 
t h e  su r round ing  uplands  t o  t h e  l a k e ,  be-  
cause t he  sediments deposi ted a t  t h i s  t ime  
show a marked decl ine in carbonate  conten t  
proceeding toward t he  top of the horizon. 

Cushing 's  r e c o n s t r u c t i o n  t h e r e f o r e  
assumes  t h a t  pea t  f o r m a t i o n  i s  a lways  
caused by waterlogging and t h a t  the  d i s -  
t i n c t i o n  between t e r r e s t r i a l  i z a t i o n  and 
pa ludi f ica t ion  i s  a r t i f i c i a l .  Around l ake  
m a r g i n s ,  however, pea t  f o r m a t i o n  mus t  
f i r s t  be preceded by a fa11  in t h e  w a t e r  
t a b l e  t h a t  e x p o s e s  p a r t  o f  t h e  l a k e  
bottom. A s u b s e q u e n t  r i s e  in  t h e  w a t e r  
t a b l e  wi l l  c r e a t e  a  waterlogged subs t r a t e  
and f avo r  t h e  fo rma t ion  o f  peat .  These 
c o n d i t i o n s  were p r o b a b l y  c r e a t e d  a c r o s s  
northern Minnesota a s  a  r e s u l t  o f  c l i m a t i c  
changes du r ing  t he  Holocene (Grimm 1981;  
Webb -- e t  a l .  1983 ;  A l m e n d i n g e r  1985) .  
Gushing's hypothesis explains  the  simul t a -  
neous formation of peat1 ands around 1  akes 
and ove r  t h e  g l a c i a l  l a k e  b a s i n s  a t  t h e  
end of the  mid-Holocene. 

Peat formation may a l s o  be favored by 
a  change in the chemistry of sur face  run- 
o f f .  The r e i n t r o d u c t i o n  of t h e  bo rea l  
mire f l o r a  in Minnesota coincided with the 
a r r i v a l  of wh i t e  p ine  (P inus  s t r o b u s ) ,  
which migrated westward and replaced more 
xeric  oak f o r e s t ,  oak savanna, o r  p r a i r i e  
(Jacobson 1979). Runoff draining from the  
more ac id ic  and nutr ient-poor  l i t t e r  of a  
pine fo r e s t  could have promoted t he  spread 
o f  t h e  l e s s  nu t r i en t -demand ing  bo rea l  
species  and lowered the decomposition r a t e  
of l i t t e r  in  low spo t s  where water accumu- 
l a t e d  in  t h e  s o i l  ( J a n s s e n  1967a ,  1968;  
Wright and Watts 1969). 

Basal pea t  d a t e s  t rom Dogs and f e n s  
i n  eas te rn  North America have s i m i l a r l y  
shown a  r e l a t i onsh ip  between t he  e a r l i e s t  
p e a t  f o r m a t i o n  and t h e  e s t a b l i s h m e n t  of  
p ine  f o r e s t s  o r  c o n i f e r  f o r e s t s  on t h e  
up l ands  (Gl a s e r ,  unpubl.  d a t a ) .  S t u d i e s  
o f  r u n o f f  from t h e  Marcel1 Exper imenta l  
F o r e s t ,  however ,  i n d i c a t e  t h a t  hardwood 
species  a c t u a l l y  remove more Ca from min- 
e r a l  s o i l s  t hen  t h e  p i n e s  (Alban 1982). 
T h e  i n c r e a s e  in  p r ~ c i ~ i t a t i o n  a t  t h e  end 
o f  t h e  mid-Holocene may a1 so have i n -  
c r e a s e d  t h e  l e a c h i n g  o f  t h e  upper  s o i l  
horizon and decreased t he  minerotrophy o f  
runoff  draining from the  uplands. 

3.2 PRIMARY PRODUCTIVITY 

The c u r r e n t  s t a t u s  o f  p e a t  accumula-  
t i o n  in Minnesota has been est imated from 
t h e  r a t e  a t  which o r g a n i c  m a t t e r  and 
energy a r e  cycled through various wetland 
communi t i e s .  The mos t  comprehens ive  
s t ud i e s  of primary production in Minnesota 
were organized by D.B. Lawrence on a broad 
spectrum of p lan t  communities on the Anoka 
sandplain 50 mi north of Minneapolis/Saint 
Paul  ( B r a y  -- e t  a l .  1 9 5 9 ;  B r a y  1963 ;  
O v i n g t o n  e t  a l .  1 9 6 3 ;  O v i n g t o n  and 
Lawrence 1967 ;  R e i n e r s  1 9 7 2 ) .  These 
s t u d i e s  p rov ide  t h e  b e s t  compar i son  of 
primary production i n  d i f f e r e n t  t y p e s  of 
communities in  Minnesota. More recent1 y 
p r o d u c t i o n ,  d e c o m p o s i t i o n ,  and n u t r i e n t  
c y c l i n g  have been i n v e s t i g a t e d  pr imari ly  
a t  the Marcel1 Experimental Forest  of the 
Chippewa National Forest  in north-central  
Minnesota .  These s t u d i e s  a r e  p a r t  of a  
l a r g e r  i n v e s t i g a t i o n  o f  r a i s e d  bogs in 
e a s t e r n  North America o r g a n i z e d  by E. 
Gorham (1985). 

The Anoka sandplain s t u d i e s ,  however, 
provide the  bes t  compar i son  between pro- 
d u c t i o n  in  p e a t l a n d  a r e a s  and a d j a c e n t  
upland communi t i e s .  R e i n e r s  (1 972) ,  for 
example, es t imated  the  primary productiv- 
i t y  of th ree  c l o s e l y  ad j acen t  p l an t  commu- 
n i t i e s  a long  a  t o p o g r a p h i c  g r a d i e n t  near 
Cedar Bog Lake. The above-ground net 
annual  p r i m a r y  p r o d u c t i o n  t o t a l s  f o r  a n  
oak f o r e s t  (8.9 t / h a ) ,  f o r e s t e d  l agg  fen 
( 7 . 1  t / h a ) ,  and c e d a r  swamp f o r e s t  (10.3 
t / h a )  c l o s e l y  fo l l owed  t h e  b iomass  e s t i -  
mates for  these  communities (125, 99, and 
160 t / h a ,  r e s p e c t i v e l y ) .  Re ine r s  a l so  



d e t e r m i n e d  t h a t  t h e  b a s a l  a r e a  o f  t h e  
t r e e s  i n  t h e s e  s t a n d s  r o u g h 1  y p a r a l l e l  ed 
t h e  e s t i m a t e s  o f  p r o d u c t i o n  and  b iomass .  

R e i n e r s  t h e n  c o m p a r e d  t h e  p r o d u c t i v -  
i t y  e s t i m a t e s  f o r  C e d a r  C r e e k  w i t h  t h o s e  
r e p o r t e d  f o r  o t h e r  t y p e s  o f  u p l a n d  a n d  
w e t l a n d  e c o s y s t e m s  on t h e  Anoka s a n d p l a i n  
( F i g u r e  11). The a b o v e g r o u n d  b i o m a s s  d a t a  
f u r .  t h e  t h r e e  f i ; r e s t s  d t  Ceddr  Creek  
s e e m e d  l o w  i n  c o m p a r i s o n  w i t h  t h e  o t h e r  
e x a m p l e s  r e p o r t e d  b y  O v i n g t o n  e t  a l .  
( 1  9 6 3 )  b u t  t h e  p r o d u c t i v i t y  d a t a  for t h e  
d i f f e r e n t  o a k  w o o d l a n d s  w e r e  s i m i l a r .  The 
v a r i o u s  t y p e s  o f  e c o s y s t e m s  o n  t h e  A n o k a  
s a n d p l a i n  w e r e  c l a s s i f i e d  b y  R e i n e r s  i n t o  
t w o  t y p e s :  g r a m i n o i d  s y s t e m s  ( w i l d  r i c e  
s t a n d s ,  c a t t a i l  s t a n d s ,  and  p r a i r i e )  w i t h  
l o w  b i o m a s s - t o - p r o d u c t i o n  r a t i o s ,  and  t h e  
f o r e s t  s y s t e m s  ( o a k  wood land ,  oak  f o r e s t ,  
l a g g  f o r e s t ,  c e d a r  swamp) w i t h  h i g h  b i o -  
m a s s - t o - p r o d u c t i o n  r a t i o s .  The a b o v e -  
g r o u n d  b i o m a s s  o f  t h e s e  t y p e s  h a d  a  1 7 1 -  
f o l d  r a n g e ,  i n  c o n t r a s t  t o  t h e  o n l y  1 8 -  
f o l d  v a r i a t i o n  i n  p r o d u c t i v i t y .  

EZ3 B~omoss 
0 Production 

I n  n o r t h e r n  M i n n e s o t a  G r i g a l  a n d  
c o l l e a g u e s  ( G r i g a l  a n d  K e r n i  k  1 9 8 4 a ,  b ;  
G r i g a l  1 9 8 5 a ;  G r i g a l  - -  e t  a l . ,  I n  p r e p . )  
e s t i m a t e d  t h e  p r i m a r y  p r o d u c t i v i t y  o f  s i x  
f o r e s t e d  bogs .  A d i s t i n c t i o n  w a s  m a d e  
b e t w e e n  r a i s e d  b o g s ,  w h i c h  c o v e r  l a r g e  
a r e a s  on g l a c i a l  l a k e  p l a i n s ,  and p e r c h e d  
bogs  ( s e n s u  B o e l  t e r  a n d  V e r r y  1977) ,  w h i c h  
o c c u p y  s m a l l e r  k e t t l e -  h o l e  d e p r e s s i o n s .  
An a l l o m e t r i c  m o d e l  was d e v e l o p e d  t o  e s t i -  
m a t e  h i c m ? s s  ?f b l a c k  spruce: 

Y = ~ D ~  a n d  Y = ~ D ~ H C  

w h e r e  Y = m a s s  i n  k g ,  D = d i a m e t e r  a t  b r e a s t  
h e i g h t  i n  c m , a n d  H = h e i g h t  i n  m. P r o d u c -  
t i o n  i n  t h e  t r e e  s t r a t u m  w a s  a l s o  e v a l -  
u a t e d  b y  m e a n s  o f  t h e  f o r e s t - g r o w t h  a n d  
y i e l d  m o d e l  STEMS ( G r i g a l  a n d  K e r n i k  
1 9 8 4 a ,  b ) .  

S u b s t a n t i a 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 h e  p e r c h e d  a n d  r a i s e d  b o g s  f o r  
a b o v e g r o u n d  b i o m a s s  (100.7 t / h a  v s  31.0 
t / h a )  and  t o t a l  p r o d u c t i v i t y  (0.3 t / h a  v s  
1.3 t / h a ) .  T h e s e  v a l u e s  i n d i c a t e  a  d e -  
c l i n e  i n  t h e  p e r c h e d  bog f o r e s t  i n  c o n t r a s t  

- 
S c e  Cattail marsh Prairie Bur Oak Oak woodland Oak forest Marginal  fen Cedar swamp 

savanna 

Figure 11. Comparison of net primary production and aboveground biomass from different communitieson the Anoka Sand 
plain (Reiners 1972). 



t o  a  s l i g h t  g a i n  i n  t h e  r a i s e d  bog. N e t  
p r i m a r y  p r o d u c t i o n  (NPP), h o w e v e r ,  was 
s i m i l a r  a t  b o t h  s i t e s  (3.6 v s  3.0).  
G r i g a l  e t  a l .  ( I n  prep.)  n o t e  t h e  e x c e p -  
t i o n a l l y l o w  v a l u e s  f o r  NPP f o r  t h e s e  
f o r e s t e d  b o g s  c o m p a r e d  t o  t h o s e  o f  o t h e r  
f o r e s t s  i n  t h e  G r e a t  L a k e s  r e g i o n ,  a n d  
t h e s e  v a l u e s  a r e  h a l f  o f  t h o s e  r e p o r t e d  by  
R e i n e r s  (1972)  on t h e  Anoka s a n d p l a i n .  

G r i g a l  ( 1  985a) a1 so made measure i i ients  
o f  p r i m a r y  p r o d u c t i o n  i n  t h e  Sphagnum-  
d o m i n a t e d  g r o u n d  l a y e r  o v e r  a 3  y e a r  
p e r i o d .  On p e r c h e d  b o g s  Sphagnum p r o d u c -  
t i o n  was e s t i m a t e d  a t  380 (t 19%) /m2/y r ,  ? i n  c o n t r a s t  t o  3 2 0  ( +  1 9 1 )  g /m / y r  o n  
r a i s e d  bogs. P r o d u c t i o n  was much g r e a t e r  
i n  t h e  h o l l o w s  ( 5 2 0  i n  h o l l o w s  vs. 3 2 0  
g / m 2 / y r  i n  hummocks  o f  p e r c h e d  bogs ;  and  
320 i n  h o l l o w s  vs. 300 g /m2/y r  i n  hummocks 
o n  r a i s e d  bogs). These d a t a  compare  f a v -  
o r a b l y  w i t h  t h o s e  o f  E l l  i n g  and  K n i g h t o n  
(1984), who o b t a i n e d  v a l u e s  o f  390 g / m 2 / y r  
from a  bog i n  n o r t h e r n  M i n n e s o t a  , and w i t h  
t h o s e  o f  P a k a r i n e n  and Gorham ( 1  983), who 
r e p o r t e d  v a l u e s  o f  240 g / m 2 1 y r  f o r  a  bog  
i n  s o u t h e r n  M a n i t o b a .  G r i g a l  n o t e s  t h e  
g e n e r a l  ag reement  i n  t h e s e  v a l u e s  d e s p i t e  
t h e  d i f f e r e n t  m e t h o d s  used.  E l s e w h e r e  
a c r o s s  t h e  b o r e a l  z o n e  v a l u e s  f o r  p e a t -  
l a n d s  range  f r o m  300 t o  1000  g/m21yr f o r  
p e a t  b o g s  and  m i r e s  ( B r a d b u r y  a n d  G r a c e  
1983) .  

3.3 DECOMPOSITION 

D e c o m p o s i t i o n  may  be e s t i m a t e d  d i -  
r e c t l  y  b y  t h e  measurement  o f  mass l o s s  and 
gas e v o l u t i o n ,  o r  i n d i r e c t l y  f r o m  n u m e r i -  
c a l  mode ls  o r  s i m u l a t i o n s  o f  p e a t  g r o w t h  
( S w i f t  e t  a l .  1 9 7 9 ;  C l y m o  1 9 8 3 ) .  A t  C e d a r  
Bog ~ a k e ~ e n e r s  ( 1  968)  i n v e s t i g a t e d  d e -  
c o m p o s i t i o n  b y  m e a s u r i n g  C02 e v o l u t i o n  
f r o m  t h e  f l o o r s  o f  t h r e e  f o r e s t s  r a n g i n g  
f r o m  an up1 and  oak  f o r e s t  t o  a  c e d a r  swamp 
p e a t l a n d .  The r a t e  o f  g a s  e v o l u t i o n  i n  
t h i s  s t u d y  was c l o s e l y  r e l a t e d  t o  s o i l  
t e m p e r a t u r e  and  s e c o n d a r i l y  t o  m o i s t u r e  
c o n d i t i o n s  p r o d u c i n g  s e a s o n a l  v a r i a t i o n s  
i n  t h e  r e l e a s e  o f  c a r b o n .  H o w e v e r ,  com- 
p e n s a  t i  n g  m e c h a n i  sms s u c h  as r e s p i r a t i o n  
f r o m  t h e  t r e e  r o o t s  p roduced  n e a r l y  equa l  
c u m u l a t i v e  t o t a l s  o f  CO e v o l u t i o n  i n  t h e  
t h r e e  f o r e s t  f l o o r s .  d t a l  C O  was o v e r  
t h r e e  t i m e s  h i g h e r  t h a n  e x p e c t e %  f r o m  t h e  
e q u i v a l e n t  amount  o f  c a r b o n  r e l e a s e d  from 
a n n u a l  l i t t e r  f a l l .  R e i n e r s  a n d  R e i n e r s  

(1970)  f o u n d  t h a t  t n e  f o r e h ~  f l o o r s  gener-  
a l l y  i n c r e a s e d  i n  m a s s ,  o r g a n i c  m a t t e r ,  
e n e r g y ,  and n u t r i e n t  s t a t u s  i n  r e s p o n s e  t o  
a  r i s e  i n  t h e  w a t e r  t a b l e .  H o w e v e r ,  
e n e r g y  and n u t r i e n t  f l o w  t h r o u g h  d e t r i t u s  
p a t h w a y s  t e n d e d  t o  c o n v e r g e  i n  s p i t e  o f  
t h e  p r o m i n e n t  d i f f e r e n c e s  i n  s t r u c t u r e .  

A t  M a r c e l 1  d e c o m p o s i t i o n  was S t u d i e d  
b y  means o f  d e c o m p o s i t i o n  s t r i p s  p l a c e d  a t  
d i f f e r e n t  d e p t h s  i n  t h e  p e a t  p r o f i l e  and 
b y  1  a b o r a t o r y  e x p e r i m e n t s  ( F a r r i  s h  and 
G r i g a l  1984). D e c o m p o s i t i o n  n o t  unexpec t -  
e d l y  p r o c e e d e d  m o r e  r a p i d l y  a t  t h e  bog 
s u r f a c e  a n d  d e c r e a s e d  w i t h  d e p t h .  The 
r a t e  w a s  a l s o  m o r e  r a p i d  i n  t h e  hummocks 
t h a n  i n  t h e  h o l l o w s .  L a b o r a t o r y  e x p e r i -  
m e n t s  showed an i n c r e a s e  i n  d e c o m p o s i t i o n  
w i t h  a n  i n c r e a s e  i n  pH a n d  K c o n c e n t r a -  
t i o n s  b u t  no s i g n i f i c a n t  change  w i t h  a d d i -  
t i o n  o f  N, P ,  and Ca. T h e s e  f i n d i n g s  a t  
M a r c e l 1  d r e  r e v i e w e d  by Gorhao (1985). 

3.4 PEAT ACCUMULATION 

3.4.1 P h y s i c a l  Changes i n  Volume 

The g r o w t h  o f  a  p e a t  d e p o s i t  i s  n o t  a  
s i m p l e  f u n c t i o n  o f  t h e  y e a r l y  d i f f e r e n c e  
b e t w e e n  g r o s s  p r i m a r y  p r o d u c t i o n  and t o t a l  
c o m m u n i t y  r e s p i r a t i o n .  The v o l u m e  o f  a  
p e a t  m a s s  m a y  a1 s o  c h a n g e  s i g n i  f i c a n t l y  
t h r o u g h  t i m e  as a  r e s u l t  o f  p h y s i c a l  pro-  
c e s s e s  o r  d e c o m p o s i t i o n  t h a t  c o n t i n u e s  a t  
s l o w  r a t e s  t h r o u g h o u t  a  p r o f i l e  ( C l y m o  
1 9 8 3 ;  D i c k i n s o n  1 9 8 3 ) .  E f f o r t s  t o  mode l  
t h e  a c c u m u l a t i o n  o f  a p e a t  t h r o u g h  t i m e  
a r e  t h e r e f o r e  c o n s t r a i n e d  b y  t h e  d i f f i c u l -  
t y  o f  p r e d i c t i n g  t h e  l o n g - t e r m  s t a b i l i t y  
o f  t h e  m a s s - t o - v o l  ume r e l a t i o n s h i p s  o f  
o r g a n i c  m a t t e r  w i t h i n  a  p e a t l a n d .  

A p o r o u s  medium s u c h  as p e a t  i s  sub- 
j e c t  t o  b o t h  c o m p r e s s i o n  a n d  e x p a n s i o n  
a c c o r d i n g  t o  t h e  sum o f  f o r c e s  e x e r t e d  on 
it. A t  a n y  g i v e n  d e p t h  t h e  s t r e s s  e q u i l i -  
b r i u m  i s  d e t e r m i n e d  b y  t h r e e  f o r c e s :  (1) 
t h e  w e i g h t  o f  t h e  o v e r l y i n g  m a t e r i a l  
p r e s s i n g  down on  t h e  p l a n e ,  w h i c h  i s  borne 
b y  ( 2 )  t h e  s t r e n g t h  o f  t h e  g r a n u l a r  s k e l e -  
t o n  o f  t h e  p o r o u s  m e d i u m  a n d  b y  ( 3 )  t h e  
f l u i d  p r e s s u r e  i n  t h e  p o r e s  ( F r e e z e  and 
C h e r r y  1 9 7 9 ) .  C o n s o l  i d a t i o n  o c c u r s  when 
t h e  g r a n u l a r  s k e l e t o n  i s  r e a r r a n g e d  i n t o  a 
more d e n s e l y  p a c k e d  c o n f i g u r a t i o n ,  Con- 
s o l i d a t i o n  c o m m o n l y  o c c u r s  i n  t h e  u p p e r  
p o r t i o n  o f  a  p e a t  p r o f i l e  b u t  i s  r e s t r i c t -  
ed i n  t h e  l o w e r  h o r i z o n s  b y  f l u i d  p r e s s u r e  



i n  t h e  pores. tiowever, when a  pea t l and  i s  
a r t i f i c i a l l y  d r a i n e d  by d i t c h e s  t h e  pores 
c o l l a p s e  a n d  s u b s i d e n c e  o c c u r s .  K .  
Bradof ,  f o r  exam p l  e ,  has lireasured subs tdn-  
t i a l  subs idence  in  the  Red Ldke pea t l and ,  
where d r a i n a g e  d i t c h e s  have been c u t  a long 
M i n n e s o t a  H i g h w a y  7 1  ( K .  U r a d o f ,  I n  
p r e p . ) .  

A r i s e  i n  f l u i d  p r e s s u r e ,  h o w e v e r ,  
.., 7 <, r 3 , , r n .....J ,...-. ;; t h s  p e z t  t T ? a s s  + [ I  a w e 1  1 , ? 

p r o c e s s  known a s  l r ~ o o r a t r ~ l u n g  o r  " b o g  
b r e a t h i n g "  ( I n g r a m  1 9 8 3 ) .  A n  u n u s u a l  
e x a m p l e  o f  moora t r l~ung  was r e c e n t 1  y  d e s -  
c r i b e d  from t h e  Lost River  p e a t l a n d ,  where 
o v e r  a  p e r i o d  o f  1 y e a r  t h e  e l e v a t i o n  o f  
s p i k e s  d r i v e n  i n t o  t r e e s  r o s e  10.7 crn on a  
r a i s e d  bog and 6.1 cm on a  s p r i n g - f e n  
~ i iound ,  i n  c o n t r a s t  t o  o n l y  III i n o r  c h a n g e s  
i n  t h e  i n t e r v e n i n g  w a t e r  t r a c k  
( A l m e n d i n g e r  --  e t  a l .  1 9 8 6 ) .  The e l a s t i c  
* f + r ' G c  1 4 " "  -Pdf.."...'r , L , s  ,,,a 7 :  L D S ~  
R i v e r  i s  p r o b a b l y  r e l a t e d  t o  a  r i s e  i n  
p o r e  p r e s s u r e  t h a t  was c a u s e d  by t h e  up- 
ward hydraul ic-head g r a d i e n t s  measured by 
Siege1 and Glase r  ( I n  p res s ) .  Expansion 
and c o n s o l  i d a t i o n  o f  p e a t  w i t h i n  a  p r o -  
f i l e  may t h e r e f o r e  p r o d u c e  s i g n i f i c a n t  
e r r o r s  in  e s t i m a t i n g  t h e  growth o r  accumu- 
l a t i o n  of a  peat  p r o f i l e  through t ime.  

Peat  may be removed from t h e  i n t e r i o r  
tif a p e d t  dept is i  t by  ~ , ~ e d f i i  u f  ui iJer ' j r '~~l~?d 
p i p e s ,  w h i c h  a r e  common f e a t u r e s  on t h e  
b l a n k e t  bogs o f  t h e  B r i t i s h  I s l e s  (Gilman 
and  Newson 1 9 8 0 ;  J o n e s  1 9 8 1 )  a n d  t h e  
r a i s e d  bogs i n  e a s t e r n  Canada ( G l a s e r  and 
J a n s s e n s  1 9 8 6 ) .  P i p e  d r a i n a g e  h a s  n e v e r  
been r e p o r t e d  f o r  Minnesota p e a t s  a1 though 
s u c h  p i p e s  c o u l d  l o c a l l y  a1 t e r  t h e  
m a s s / v o l u m e  r e l a t i o n s h i p s  w i t h i n  a  p e a t  
d e p o s i t .  

3.4.2 Accumulation Es t ima tes  

Two t e c h n i q u e s  have been ern pl oyed t o  
d e t e r m i n e  t h e  r a t e  of  p e a t  accumula t ion  i n  
Minnesota p e a t l a n d s :  ( 1 )  m e a s u r e m e n t s  o f  
m a s s  and e n e r g y  a r e  used t o  e s t i m a t e  
p r e s e n t  t u r n o v e r  t i m e s ,  and ( 2 )  d a t i n g  
m e t h o d s  m e a s u r e  i n c r e m e n t s  o  f  
o r g a n i c  m a t t e r  i n  p e a t  p r o f i l e s  a s  a  
f u n c t i o n  o f  t i m e .  The f i r s t  me thod  was 
employed by Re ine r s  (1972)  to  e s t i m a t e  t h e  
a c c u m u l a t i o n  o f  o r g a n i c  m a t t e r  i n  t h e  

f l o o r s  o f  an oak  f o r e s t ,  a  l a g g  f o r e s t ,  
and a  c e d a r  swamp a t  Cedar Creek. Organic 
n ia t t e r  i n c r e a s e d  nlarkedl y  downslope a long  
t h i s  t o p o g r a p h i c  g r a d i e n t  ( 6 5 ,  3 2 3 ,  a n d  
917 t / h a ) ,  w h e r e a s  t h e  d e t r i t a l  i n p u t s  
w e r e  a p p r o x i n i a t e l y  t h e  same .  R e i n e r s  
c o n c l u d e d  t h a t  t u r n o v e r  t i m e s  ( f o r e s t  
f l o o r l i n p u t )  f o r  a l l  c o ~ r l p o n e n t s  o f  t h e  
f o r e s t  f l o o r s  i n c r e a s e d  f rom oak t o  m a r -  
g i n a l  l agg  t o  c e d a r  swamp (14,  73, and 
191 t/ha f o r  t o t s 1  weight)  and r ep re -  
s e n t e d  7 ,  46, and 90 y e a r s  o f  aboveground 
p roduc t ion  a t  c u r r e n t  r a t e s .  

The f i r s t  d e t e r i l l i n a t i o n s  o f  p e a t  
accunlula t ion in  Minnesota t h a t  used d a t i n g  
t e c h n i q u e s  w e r e  made by Le i sman  ( 1 9 5 3 ,  
1957) on sma l l  p e a t l a n d s  nea r  I t a s c a  S t a t e  
Park in n o r t h w e s t e r n  M i n n e s o t a .  Lei  sman 
used  s e e d l i n g s  o f  - L a r i x  l a r i c i n a  t o  d a t e  
pea t  acculnula t ion ove r  an 18 y e a r  per iod.  
b i m i  i a r  r a I e s  r e c o r d e d  a t  edcn  s t d t i o r r  
ranged from 1.38 cm t o  1.73 cmlyr.  

A m o r e  c o m p r e h e n s i v e  s t u d y  o f  p e a t  
accumula t ion  has r e c e n t l y  been made from 
pea t  c o r e s  col  l e ~ t e d  between 1978 t o  1984 
w i t h  a  s p e c i a l l y  m o d i f i e d  L i v i n g s t o n e  
p i s t o n  s a r ~ i p l e r  ( W r i g h t  -- e t  a l .  1 9 8 f d .  
T h e s e  c o r e s  h a v e  s i n c e  been d a t e d  by C 
m e t h o d s .  The d a t e s  i n d i c a t e  t h a t  p e a t  
a c c u ~ u l a t i o r  i~ M i n n e s o t a  i s  h i g h e r  i n  
o m b r o t r o p h i c  bogs  t h a n  in m i n e r o t r o p h i c  
fens .  Moreover,  t h e  r a t e  o f  pea t  accumu- 
l a t i o n  i n  t h e  Red L a k e  p e a t l a n d  i n  
M i n n e s o t a  i s  h i g h e r  t h a n  t h a t  o f  o t h e r  
p e a t l a n d s  i n  Nor th  Amer ica  and Europe 
(Gorham 1 9 8 5 ) .  

In c o n t r a s t  t o  t h e s e  r a p i d  r a t e s  o f  
a c c u m u l a t i o n  o f  p e a t  i n  t h e  G l a c i a l  Lake 
A g a s s i z  p e a t l a n d s ,  t h e  accumula t ion  r a t e  
a t  t h e  A l b o r n  f e n  i n  n o r t h e a s t e r n  
Minnesota apparent1  y  s t a g n a t e d  dur ing  t h e  
p a s t  s e v e r a l  thousand yea r s .  This fen i s  
a1 s o  e x c e p t i o n a l  b e c a u s e  o f  i t s  v e r y  0 1  d  
b a s a l  d a t e  o f  o v e r  7 , 0 0 0  y r  B.P.  The o l d  
d a t e  i s  a p p a r e n t l y  r e l a t e d  t o  i t s  physio-  
g r a p h i c  1  o c a t i o n  in an abandoned d r a i n a g e  
way o f  Glac ia l  Lake Upham, because s e v e r a l  
c o m p a r a b l y  o l d  b a s a l  d a t e s  have been ob-  
t a i n e d  f r o m  n e a r b y  p e a t l a n d s  i n  s i m i l a r  
d r a i n a g e  ways (Wasyl  i  kowa and W r i g h t  
1969) .  



CHAPTER 4. PHYSICAL AND CHEMICAL PROPERTIES OF PEATLANDS 

4.1 BOG AND FEN 

B o r e a l  p e a t l a n d s  a r e  s e p a r a t e d  i n t o  
b o g s  o r  f e n s  on t h e  b a s i s  o f  f o u r  
c r i t e r i a :  l a n d f o r m s ,  v e g e t a t i o n ,  w a t e r  
c h e m i s t r y ,  and h y d r o l o g y  ( G l a s e r  1983a;  
G l a s e r  and Janssens  1986;  G l a s e r  and  
Janecky ,  I n  prep.). A m a j o r  f a c t o r  t h a t  
de termines t h e  course o f  p e a t l a n d  succes- 
s i o n  i s  t h e  s u p p l y  o f  d i s s o l v e d  s o l i d s  
f rom o u t s i d e  sources. Fens, f o r  example, 
a r e  f ed  b y  w a t e r s  t h a t  t r a n s p o r t  i o n s  
d i r e c t l y  f rom a  m i n e r a l  source and conse- 
quen t l  y  c o n t a i n  spec ies  more demanding i n  
t h e i r  n u t r i e n t  r e q u i r e m e n t s .  Bogs, i n  
c o n t r a s t ,  a re  e l e v a t e d  above t h e  i n f l u e n c e  
o f  ground wa te r  and thus  r e c e i v e  a1 1  t h e i r  
water  and s a l t s  d i r e c t l y  f rom t h e  atmos- 
phere. The v e r y  c l o s e  r e l a t i o n s h i p s  among 
these f o u r  c r i t e r i a  i n  Minnesota ,  however, 
e n a b l e s  an i n v e s t i g a t o r  t o  p r e d i c t  t h e  
n a t u r e  o f  a  p a t t e r n e d  p e a t l a n d  from o n l y  
one v a r i a b l e  s u c h  as  l a n d f o r m  ( G l a s e r  e t  
a l .  1 9 8 1 ;  G l a s e r  1 9 8 3 a ;  G l a s e r  a n d  - 
Janecky,  I n  prep.). 

4.2 HYDROLOGY 

H y d r o l o g y  has been r e c o g n i z e d  as  a  
d r i v i n g  v a r i a b l e  t h a t  c o n t r o l s  t h e  course 
o f  p e a t l a n d  s u c c e s s i o n  (Von P o s t  and 
Granlund 1925; Ingram 1967, 1983). O f  t h e  
f o u r  fundamental  p r o p e r t i e s  o f  pea t l ands ,  
howeve r ,  h y d r o l o g y  i s  p e r h a p s  t h e  l e a s t  
u n d e r s t o o d  and i s  m o s t  o f t e n  i n f e r r e d  
f rom t h e  i n t e r p r e t a t i o n  o f  o t h e r  pea t l and  
p r o p e r t i e s ,  p a r t i c u l a r l y  t h e  wa te r  chemis-  
t r y .  Two s c h o o l s  o f  t h o u g h t  have  d e v e l -  
o p e d  on p e a t l a n d  h y d r o l o g y :  ( 1 )  t h e  
s u r f a c e  water  approach t h a t  cons ide rs  t h e  
deeper  p e a t s  t o  be i m p e r v i o u s  t o  f l o w  o r  
( 2 )  t h e  g r o u n d  w a t e r  a p p r o a c h  t h a t  
c o n s i d e r s  a  s i g n i f i c a n t  r o l e  f o r  g r o u n d  
water  ( F i g u r e  12). 

The s u r f a c e  w a t e r  a p p r o a c h  was used 
b v  Von P o s t  and  G r a n l  und  ( 1 9 2 6 1  t o  ex-  
p i a i n  t h e  deve lopment  o f  a  r a i s e d '  bog and 
i t s  i s o l a t i o n  f rom t h e  under1  y i n g  ground- 
w a t e r  t a b l e .  A more r i g o r o u s  t r e a t m e n t  o f  
t h e  r o l e  o f  s u r f a c e  w a t e r s  i n  p e a t l a n d s  
was p resen ted  by  Boel  t e r  ( 1  964, 1969) and 
p a r t i c u l a r 1  y  Ivanov (1  981) who summarized 
t h e  c o n s i d e r a b l e  Russ ian c o n t r i b u t i o n s  i n  
t h i s  f i e l d .  A c c o r d i n g  t o  t h i s  s c h o o l  
w a t e r  f l o w  i n  a  p e a t l a n d  i s  r e s t r i c t e d  t o  
t h e  uppermost  l a y e r  o f  undecornposed porous 
p e a t  ( a c r o t e l  m) b e c a u s e  t h e  v e r y  l o w  
p o r o s i t y  and h y d r a u l i c  c o n d u c t i v i t y  o f  the 
d e e p e r ,  m o r e  decomposed  p e a t  i n h i b i t s  
f l o w  i n  a  p r o f i l e .  A r a i s e d  bog i s  t h e r e -  
f o r e  b e l i e v e d  t o  be i s o l a t e d  f r o m  g round  
w a t e r  b y  t h e  c o n f i n i n g  l a y e r  o f  d e e p l y  
h u m i f i e d  peat. The b o g - b u i l d i n g  Sphagna 
w i l l  t h e n  spread o u t w a r d  f rom t h i s  c e n t e r  
u n t i l  c o n t i n u e d  expans ion  i s  checked by a 
e u t r o p h i c  b a r r i e r  p r e s e n t e d  b y  m i n e r o t r o -  
p h i c  w a t e r s  w i t h  a h i g h  pH and Ca concen- 
t r a t i  on. 

R e c e n t l y  t h e  r o l e  o f  g roundwa te r  f l o w  
i n  peat1  and deve lopment  has been examined 
b y  h y d r o l o g i c a l  t e c h n i q u e s  s u c h  as  (1) 
measu r ing  o f  h y d r a u l  i c  head g r a d i e n t s  w i t h  
p iezorneter  n e s t s ,  ( 2 )  d e t e r m i n i n g  geochem- 
i c a l  g r a d i e n t s  i n  t h e  i n t e r s t i t i a l  water  
o f  p e a t  p r o f i l e s ,  and ( 3 )  computer  s imu la -  
t i o n  o f  g roundwa te r  f l o w  p a t t e r n s  i n  peat-  
l a n d s  ( S i e g e l  1981 ,  1 9 8 3 ;  B o l d t  1985; 
S i e g e l  a n d  G l a s e r ,  I n  p r e s s ;  L o i s e l l e ,  I n  
prep.). These m e t h o d s  have  d e t e r m i n e d  
t h a t  s i g n i f i c a n t  f l o w  o f  g round wa te r  does 
occu r  i n  t h e  decomposed c a t o t e l m ,  and t h a t  
ground w a t e r  can have an i m p o r t a n t  i n f l u -  
ence on t h e  deve lopmen t  o f  peat lands.  

Computer s i m u l a t i o n s  by  S i e g e l  (1 981, 
1 9 8 3 )  and  B o l d t  ( 1 9 8 5 )  i n d i c a t e  t h a t  t h e  
g r o w t h  o f  g roundwa te r  mounds under r a i s e d  
bogs i n  t h e  G l a c i a l  Lake  A g a s s i z  r e g i o n  
may g e n e r a t e  s u f f i c i e n t  h y d r a u l  i c  head t o  
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Figure 12. Role of ground water and surface drainage in controlling the outward growth of a raised bog. The surface f low 
hypothesis (1) assumes that a bog is isolated from the influences of ground water and that its outward growth is blocked 
by minerotrophic water draining from the adjacent uplands. The ground water hypothesis (2). in contrast, predicts that the 
outward spread of a bog may be blocked by the discharge of ground water at the bog margin. Thus the development of 
a ground water mound under a growing bog creates sufficient hydraulic head to drive flow cells, with water flowing from 
the bog crest downward into the underlying glacial ti l l where the water picks up cations from the mineral substrate. The 
ground water in the cell then rises toward the surface and discharges at the bog margin. Both hypotheses assume that 
the outward growth of a bog is blocked by the high pH and calcium concentrations in surface water and differ only in their 
source of associated alkalinity. 

dr ive  local  flow c e l l s .  The bogs according 
t o  t h i s  model t h e n  become r e c h a r g e  a r e a s  
fo r  ground water with water flowing down 
th rough  t h e  pea t  and u n d e r l y i n g  g l a c i a l  
t i 1  1  t o  t he  bedrock/ t i  11 i n t e r f ace .  Water 
f l o w i n g  downward i s  t h e n  focused  upward 
toward t he  su r f ace  where i t  d i scharges  a t  
t h e  bog marg in .  The S i e g e l  model t h e r e -  
fore  p r ed i c t s  an autogenic cont ro l  on bog 
deve lopmen t  i n  c o n t r a s t  t o  t h e  l a r g e l y  
a1 logenic cont ro l  s  assumed by t he  sur face-  
flow hypothesis.  

piezometer nes t s ,  The survey showed t h a t  
t h e  p e a t  mound i s  s i t u a t e d  o v e r  a r i s e  i n  
t h e  mineral s u b s t r a t e ,  whereas t h e  ad j a -  
c e n t  bog i s  l o c a t e d  o v e r  a  d e p r e s s i o n  i n  
t h a t  s u b s t r a t e  (Almendinger  e t  a l .  1986) .  
The s u r f a c e  o f  t h e  bog and s p r i n g - f e n  
mound a r e  r a i s ed  above the water t a b l e  in 
t h e  ad jacent  water  t r a c k s ,  and t h e r e f o r e  
t h e  s u r f a c e  o f  bo th  f e a t u r e s  shou ld  be 
i s o l a t e d  from t h e  i n f l u e n c e  o f  m i n e r a l  
ground water  according t o  t he  surface-f low 
hypothesis .  

A f i e l d  t e s t  f o r  these  two hydrolog- 
i c a l  models was r ecen t ly  organized by P.H. 
G l a s e r  and 0.1. S i e g e l  i n  t h e  Los t  River  
p e a t l a n d  of  n o r t h e r n  Minnesota .  This  
s tudy area con t a in s  two con t r a s t i ng  types 
o f  p e a t l a n d :  a  s p r i n g - f e n  mound and a  
ra i sed  bog, which should be con t ro l l ed  by 
d i f f e r e n t  h y d r o l o g i c  r e g i m e s  ( F i g u r e  9 ) .  
The f i r s t  s t e p  in  t h i s  s tudy was t o  de t e r -  
mine su r f ace  e l e v a t i o n s  a c r o s s  t h e  pea t -  
l and  i n  o r d e r  t o  a c c u r a t e l y  p l a c e  t h e  

The head measurements, however, indi  - 
c a t e d  t h a t  a l l  t h r e e  l a n d f o r m s  were i n  a  
d i scharge  area f o r  ground water ,  a t  l e a s t  
d u r i n g  p a r t  o f  t h e  y e a r  ( S i e g e l  and  
G l a s e r ,  In p r e s s ;  F igu re  13).  The g r a d -  
i e n t s  were most pronounced in the spr ing-  
fen mound, where t he  sur face-water  chemis- 
t r y  a1 so ind ica ted  groundwater discharge.  
The r e s u l t s  from the  ra i sed  bog, however, 
were very surpr i s ing .  In t he  f a l l  of 1983 
a l l  t h e  w a t e r  l e v e l s  i n  t h e  p i e z o m e t e r  
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Figure 13. Head gradients from piezometer nests in the Lost 
River peatland, northwestern Minnesota. The elevation of 
water levels in the piezometer tubes inserted to different 

LL. - - . , - A  h-rn ,,,,*,, -,h,,\,,, 
l , C > ; 3  L i l C  t U l d r y  v v y  . .-, u V v i i  t h e  
w d t e t -  t d b l e ,  i n d l ~ a t l n g  t h a t  t h e  bog was 
i n  a  d i s c h a r g e  a r e a  f o r  g r o u n d  w a t e r  a t  
t h i s  t i m e .  D u r i n g  t h e  summer  o f  1982 ,  
however ,  a l l  t h e  w a t e r  l e v e l s  i n  t h e  p i e -  
i o a i e t e r s  were  be low  t h e  w a t e r  t a b l e  o f  t h e  
b o g ,  i n d i c a t ~ n g  a  r e c h a r g e  c o n d i t i o n  o r  
r e v e r s a l  ~ n  g r a d l e n t  f r o m  t h e  f o l l o w i n g  
s uiii~ii e r  . 

The c h e r ~ i i s t r y  o f  i n t e r s t i t i a l  w a t e r s  
c o l l e c t e d  f rom t h e  p i e z o m e t e r  t u b e s  a l s o  
i n d i c a t e d  t h a t  t h e  b o g  was l o c a t e d  i n  a  
d i s c h a r g e  a rea  f o r  g round water .  A t  50 cm 
d e p t h  t h e  pH (7 .0)  a n d  Ca c o n c e n t r a t i o n  
(100 ~ n g / l )  were  s i m i l a r  t o  w a t e r s  i n  t h e  
u n d e r 1  y i  n g  c a l c a r e o u s  t i  11. A p p a r e n t 1  y 
t h e  smd l  1  v o l u l l l e  o f  m i n e r o t r o p h i c  w a t e r  
r i s i n g  f rom benea th  t h e  bog was d i l u t e d  by 
r a i n w a t e r  and t r a n s f o r m e d  b y  t h e  g r o w i n g  
Sphagnum i n  t h e  upper  50 cm o f  p e a t  t o  t h e  
! ) p i n t  t h a t  i t  w ? s  c h e m i c a l l y  i n d i s t i n -  
g u i s h a b l e  f rom t y p i c a l  o m b r o t r o p h i c  water .  
The i n s t r u m e n t a t i o n  a t  L o s t  R i v e r  t h e r e -  
f o r e  i n d i c a t e d  t h a t  g r o u n d w a t e r  f l o w  may 
have an i m p o r t a n t  i n f l u e n c e  on t h e  d e v e l -  
opment o f  p e a t l  and p a t t e r n s .  

The g r o u n d w a t e r  m o d e l  c a n  a l s o  be 
app l  i e d  t o  h y d r o l o g i c a l  d a t a  a c q u i r e d  f rom 
t h e  S - 2  p e a t l a n d  i n  t h e  M a r c e l  1  
E x p e r i m e n t a l  F o r e s t .  Bay ( 1  967 )  c o n s i d -  
e r e d  t h i s  p e a t l a n d  t o  be p e r c h e d  because  
i t s  w a t e r  t a b l e  was 8  m  above t h e  r e g i o n a l  
w a t e r  t a b l e  i n  t h e  u n d e r l y i n g  m i n e r a l  
s o i l .  The w a t e r  l e v e l s  i n  h i s  p i e z o m e -  
t e r s ,  however,  c o u l d  a l s o  be e x p l a i n e d  i f  
t h e  bog was a  r e c h a r g e  a r e a  f o r  g r o u n d  
w a t e r  as  p r e d i c t e d  b y  t h e  S i e g e 1  m o d e l .  
V e r r y  and  T i  mmons ( 1  9 8 2 ) ,  i n  f a c t ,  had t o  
assume t h a t  a t  l e a s t  o n e  t h i r d  o f  t h e  
w a t e r  l e a v i n g  S - 2  was r e c h a r g i n g  t h e  
g r o u n d w a t e r  s y s t e m  i n  o r d e r  t o  b a l a n c e  
t h e i r  h y d r o 1  o g i c  b u d g e t .  Downward  head 
g r a d i e n t s  have a l s o  been f o u n d  i n  bogs i n  
Maine and e l s e w h e r e  i n  M inneso ta  ( N i c h o l s  
1 9 8 4  a,b ; MN DNR u n p u b l .  d a t a ) .  

depths in the peat is presented relative to the water table 
(0 cm). Water levels above the water table indicate ground- 

A1 t h o u g h  g r o u n d  w a t e r  may have  a  

water discharge, whereas water levels below the water table 
s i g n i f i c a n t  i m p a c t  on p e a t l  ands, t h e  volume 

indicate groundwater recharge. Thus the gradients 
o f  w a t e r  i n v o l v e d  m a y  be q u i t e  s m a l l .  

measured in the spring-fen mound (A) in July of 1982 and e g  l ( 1  98  3 ) ha s c  a  1  c  u 1  a  t ed t h a t  t h e  
fall of 1983 indicate groundwater discharga. whereas the p u t  o f  a s  1  i t t l  e  a s  10% g  r o u n d  w a t e r  
head gradients in the water track (0) and raised bog bog  w a t e r  f r o m  t h e  Lake A g a s s i  Z 
(c)  indicate that these landforms were in discharge zones r e g  3 o n  ~ 0 ~ 1  d  r a i  s e  t h e  pH t o  6.3 and t h e  
f0r~roundwater inthefal lof1983andrechargezonesin Ca c o n c e n t r a t i o n  t o  2 0  m m o l / l .  T h e v e r y  
the summer of 1982. l o w  h y d r a u l i c  c o n d u c t i v i t y  o f  pea ts  i n  t h e  



catotelm has a1 so been cha l l  enged by mea- 
surements of  v e r t i c a l  and h o r i z o n t a l  hy- 
d r a u l i c  conduc t iv i t y  by Chasson and Siegel 
( 1 9 8 6 )  i n  t h e  L o s t  R i v e r  p e a t l a n d .  
Chasson and Siegel discovered values of  K h  
and K v  t h a t  a r e  a s  much as  100 t i m e s  
g r e a t e r  than t h a t  previously reported f o r  
northern Minnesota. 

The g r e a t e r  vol ume of flow occur r ing  
i n  t h e  a c r n t e l z  is s t r o n g l y  ssppor tec!  Sy 
the  hydraul i c  conduc t iv i t y  of  these  uppe 
l a y e r s ,  which may be as  much as l o 2  t o  10 & 
t i m e s  g r e a t e r  t h a n  t h a t  o f  t h e  c a t o t e l m  
(Boel t e r  and Verry  1977;  Chasson 1984).  
The high conduc t iv i t y  of  t h i s  zone i s  a l s o  
demonstrated by t he  downward p e n e t r a t i o n  
of bomb t r i t i u m  derived from atmospheric  
f a l l o u t  a t  t h e  c r e s t  o f  a  r a i s e d  bog i n  
t h e  Red Lake p e a t l a n d  i n  n o r t h e r n  
Minnesota  (Gorham and H o f s t e t t e r  1971).  
Most of t h e  water t h a t  f a l l s  on a peatland 
i s  r a p i d l y  c a r r i e d  away a s  r u n o f f  i n  t h e  
s t reams do wnsl ope. Storm hydrographs from 
v a r i o u s  s m a l l  pea t1  and  c a t c  h m e n t s  i n  
Minnesota  c l e a r 1  y  i n d i c a t e  t h e  1  i m i t e d  
capac i t y  of  these  peat lands t o  s t o r e  water  
(Bay 1967, 1969; Verry 1975; Brooks -- e t  a l .  
1  982 ) . 
4.3 WATER CHEMISTRY 

The w a t e r  c h e m i s t r y  i n  bo rea l  p e a t -  
lands i s  another  i m p o r t a n t  v a r i a b l e  con-  
t r o l  1 ing t h e  d i s t r i b u t i o n  of  t he  vascula r  
and cryptogamic f l o r a .  In Sweden Du Rie tz  
(1949) and SjGrs (1946, 1948, 1952) es tab-  
1  ished the  c l o s e  r e l a t i o n s h i p  between t h e  
d i s t r i b u t i o n  o f  many c i r c u m b o r e a l  m i r e  
s p e c i e s  and t h e  w a t e r  c h e m i s t r y .  The 
s e n s i t i v i t y  o f  c e r t a i n  s p e c i e s  t o  p H  and 
Ca concent ra t ion  i s  so high, f o r  example, 
t h a t  t h e s e  s p e c i e s  can  be used a s  i n d i -  
c a t o r s  f o r  c e r t a i n  r a n g e s  i n  t h e  w a t e r  
c h e m i s t r y .  S j o r s  and Du R i e t z  t h e r e f o r e  
were ab le  t o  cons t ruc t  a  c l a s s i f i c a t i o n  of  
pea t1  ands  t h a t  i s  l a r g e l y  d e f i n e d  by t h e  
water  chemistry. Because t h i s  c l  a s s i f i -  
c a t i o n  i s  p a r t 1  y  i n d e p e n d e n t  of t h e  more 
g e o g r a p h i c a l l y  v a r i a b l e  m i r e  f l o r a ,  t h e  
Swedish system i s  app l i cab l e  t o  peat lands 
ac ros s  the  boreal be1 t. 

This c l a s s i f i c a t i o n  scheme was f i r s t  
appl i  ed to  Minnesota by Heinselman (1 963, 
1970),  w h o  used s l  i gh t l  y  d i f f e r e n t  ranges 
i n  pH t o  d e f i n e  t h e  v a r i o u s  p e a t l a n d  
types. Hei nsel man a1 so made ex t ens ive  use 

O f  t h e  Ca concentrat ion of the  mire waters  
t o  d e f i n e  h i s  types and provided informa- 
t i o n  on t h e  p r i n c i p a l  p l a n t  s p e c i e s .  A 
more d e t a i l e d  ana ly s i s  of pat terned peat-  
1 ands  i n  Minnesota has 1  a r g e l  y  s u p p o r t e d  
t h e  t y p e s  r ecogn ized  by Heinselman and 
S j l i r s ,  which a r e  summarized in F igu re  14 
( G l a s e r  and Janecky, In prep.). The water  
s a m p l e s  in  t h e s e  newer s t u d i e s  a l s o  sup -  
p o r t  t h e  c o n c l u s i o n  of Sjb ' rs  ( 1  952) t h a t  
t h e  ,z i - .  i v d s  - . . -  A , . - - -  Lsi- 'c3 o f  ~ e s t :  ar,,d a . - + : : - ' l . r  c c u u  i t  y 

fo rm a  cont inuum r a t h e r  than  t h e  s h a r p l y  
d e l i m i t e d  t y p e s  s u g g e s t e d  by Du R i e t z  
( 1  9 4 9 ) .  

D e s p i t e  t h i s  c o n t i n u o u s  range  i n  
v a r i a t i o n  the Minnesota samples can gener- 
a l l y  be c l a s s i f i e d  a s  e i t h e r  bog o r  f en  
w a t e r s .  The bog waters a l l  have a  pH below 
4.2 and  Ca c o n c e n t r a t i o n  below 2  mg/l 
a l t h o u g h  c e r t a i n  samples  t aken  from p i t s  
may havc s l  i g h t l y  highcia va l i ies .  T k c  
a c i d i t y  of bog waters  i s  u l t i m a t e l y  caused 
by t h e i r  r e p u t e d  i s o l a t i o n  from c a t i o n s  
s u p p l i e d  by ground wa te r .  However, t h e  
p r imary  mechanism causing t h i s  a c i d i t y  i s  
a  q u e s t i o n  of  much deba t e .  The most  
i m p o r t a n t  sources of a c i d i t y  considered in  
t h e  1  i t e r a t u r e  a r e  (1) ca t ion  exchange by 
Sphagnum, ( 2 )  acid atmospheric depos i t i on ,  
( 3 ) b i o l ' o g i c a l  up t ake  of n u t r i e n t  i o n s ,  
( 4 )  o x i d a t i o n  and r e d u c t i o n  o f  s u l p h u r  
compounds ,  and ( 5 )  b u i l d - u p  o f  o r g a n i c  
a c i d s  by decomposition. 

The c a t i o n  e x c h a n g e  s y s t e m  o f  
Sphagnum has been championed as the  most 
i m p o r t a n t  mechanism c a u s i n g  a c i d i t y  by 
Cl ymo (1 963) and Clymo and Hayward (1 982), 
b u t  r e c e n t l y  Gorham - -  e t  a l .  ( 1984 )  has 
p r e sen t ed  evidence t h a t  1  inks t he  a c i d i t y  
o f  bogs  t o  t h e  a c c u m u l a t i o n  o f  o r g a n i c  
a c i d s  a s  a  r e s u l t  of decompostion. A f u l l  
r e v i e w  o f  t h i s  problem may be found i n  
Clymo and Hayward ( 1 9 8 2 ) ,  Kilham ( 1 9 8 2 ) ,  
a n d  Gorham e t  a l .  (1 984) .  

The r i s e  i n  pH and Ca c o n c e n t r a t i o n  
i n  t h e  f e n  w a t e r s  i s  r e l a t e d  t o  t h e  i n p u t  
o f  c a t i o n s  from a  m i n e r a l  s o u r c e ,  e i t h e r  
f rom r u n o f f  o r  t h e  d i s c h a r g e  o f  ground 
water .  Peatlands a l s o  rece ive  a  s i g n i f i -  
c a n t  i n p u t  o f  c a t i o n s  from a t m o s p h e r i c  
d e p o s i t i o n ,  p a r t i c u l a r l y  Ca, which i s  
t r a n s p o r t e d  a s  d u s t  from the  a d j a c e n t  
p r a i r i e s  (Munger and E i s e n r e i c h  1983;  
Gorham e t  d l .  1984). The pH o f  p r e c i p i -  
t a t i o n  i n  n o r t h e r n  Minnesota ,  however ,  
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Figure 14. Water chemistry values for bog and fen samples in northern Minnesota. The complete range of water samples 
is shown in (A),  with the pH and calcium values for specific ranges defined by the dashed lines. The samples in the more 
restricted bog range are shown in (B). 

ranges f rom 5.0 t o  5.1 and i s  i n s u f f i c i e n t  
t o  r a i s e  t h e  a1 k a l  i n i  t y  o f  f e n  w a t e r s  t o  
t h e  l e v e l s  found i n  t h e  r i c h  and e x t r e m e l y  
r i c h  fens. Thus t h e  v e r y  h i g h  pH ( > 7 )  and 
Ca c o n c e n t r a t i o n  ( > 3 0  m g / l )  i n  t h e  
e x t r e m e l y  r i c h  fens  can o n l y  be m a i n t a i n e d  
b y  a  c o n t i n u o u s  d i s c h a r g e  o f  g round w a t e r  
d e r i v e d  f rom c a l c a r e o u s  t i 1  1. W i t h o u t  t h e  
i n p u t  o f  g r o u n d  w a t e r  t h e  pH and Ca c o n -  
c e n t r a t i o n  o f  t h e s e  s u r f a c e  w a t e r s  wou ld  
no rma l1  y  e q u i l  i b r a t e  t o  much l o w e r  1  eve1 s  
because o f  t h e  b u f f e r i n g  c a p a c i t y  o f  atmo- 
s p h e r i c  C02. 

T h e  m e c h a n i s m s  t h a t  c o n t r o l  t h e  
r a n g e s  i n  w a t e r  c h e m i s t r y  o b s e r v e d  i n  
n o r t h e r n  M i n n e s o t a  a r e  n o t  w e l l  u n d e r -  
s t o o d .  D i s s o l v e d  o r g a n i c  c o m p o u n d s ,  
commonly known as humic a c i d s  pose a  m a j o r  
d i f f i c u l t y  i n  c o n s t r u c t i n g  a  c h a r g e  
b a l a n c e  o f  t h e  s i g n i f i c a n t  c a t i o n s  and 
anions.  The gene ra l  f o rm o f  t h e  c u r v e  f o r  
t h e  w a t e r  s a m p l e s  i n  n o r t h e r n  Minnesota ,  
h o w e v e r ,  f i t s  t h e  shape  o f  a  c u r v e  f o r  

s o l u t i o n s  i n  e q u i l i b r i u m  w i t h  t h e  a t m o -  
s p h e r e  w i t h  a  Ca b a l a n c i n g  c h a r g e  ( F i g u r e  
14; G l a s e r  a n d  J a n e c k y ,  I n  prep.) .  The 
f e n  s a m p l e s  f r o m  n o r t h e r n  M i  n n e s o t a ,  
however,  d i v e r g e  f r o m  t h i s  i d e a l  c u r v e  i n  
t h e  r i c h  f e n  range,  w i t h  t h e  Ca concen t ra -  
t i o n  r i s i n g  t o  30 m g / l  a t  a  pH t h a t  i s  
s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  p r e d i c t e d  by 
t h e  c a l c u l a t e d  c u r v e .  These  s a m p l e s  a r e  
a p p a r e n t l y  o v e r s a t u r a t e d  w i t h  r e s p e c t  t o  
c a l c i t e ,  i n  response  t o  c o m p l e x i n g  o f  t h e  
ca2+ t o  o r g a n i c s  o r  t h e  r e l e a s e  o f  an ions  
f r o m  an o r g a n i c  source.  

4.4 GEOCHEMISTRY AND NUTRIENT 
CYCLING 

The s u r f a c e - w a t e r  c h e m i s t r y  o f  p e a t -  
l a n d s  c a n  o n l y  b e  u n d e r s t o o d  w i t h i n  t h e  
b r o a d e r  c o n t e x t  o f  t h e  g e o c h e m i s t r y  a n d  
n u t r i e n t  c y c l  i ng o f  a  pea t1  and watershed. 
A t  Cedar  Bog L a k e  R e i n e r s  a n d  R e i n e r s  
(1  970) compared t h e  t o t a l  a c c u m u l a t i o n  and 



f l u x  o f  n u t r i e n t s  i n  t h e  f l o o r  o f  t h r e e  
types of f o r e s t  from upland oak f o r e s t  t o  
a  lowland cedar  swamp. The n u t r i e n t  f lux  
i n  t h e s e  t h r e e  t y p e s  of  f o r e s t  v a r i e d  
l i t t l e ,  and t h e r e f o r e  n u t r i e n t  t u r n o v e r  
t imes were proport ional  t o  the  mass of  t he  
p o o l s ,  which i n c r e a s e d  downslope w i t h  
increasing1 y  wet condit ions.  The turnover  
t i m e s  o f  a n i o n s  such  a s  N and P were  much 
s l o w e r  than  t h o s e  of  c a t i o n s  such  a s  Ca 
and M g ,  i n d i c a t i n g  a  g r e a t e r  d e g r e e  o f  
r e t en t i on  by perennial vascu la r  p l an t s  and 
so i l  microf lora .  

A more comprehens ive  s t u d y  o f  t h e  
i n p u t  and o u t p u t  o f  geochemical c o n s t i t -  
uents in  peat lands was made a t  the Marcel1 
5-2 w a t e r s h e d  a s  a r e s u l t  o f  l o n g - t e r m  
r e s e a r c h  by t h e  U.S. F o r e s t  S e r v i c e  under  
E.S. Verry and by i n v e s t i g a t o r s  a t  t h e  
Universi ty  of Minnsota under t he  d i r e c t i o n  
o f  S. E i s e n r e i c h  and E. Gorham. Verry 
(1975)  compared t h e  w a t e r  qua1 i t y  o f  
s t reams dra in ing  from f i v e  perched ra i sed  
bogs  and o n e  g r o u n d w a t e r  f e n  i n  t h e  
Marcel 1  Experimental Forest. The concen- 
t r a t i o n  of o r g a n i c  i o n s  was h i g h e s t  i n  
s t reamfl  ow from the  perched peat1 ands and 
m o s t  i o n s  w e r e  i n v e r s e l y  r e l a t e d  t o  
s t r e a m  f l o w .  In t h e  g roundwa te r  f e n ,  
however ,  i o n s  d e r i v e d  from an o r g a n i c  
source were in lower concent ra t ions  com- 
pared t o  ions derived from the  so lu t i on  of 
a q u i f e r  m a t e r i a l s ,  such  a s  c a l c i u m .  The 
concent ra t ion  of chemical c o n s t i t u e n t s  in 
streamflow d ra in ing  from the fens was not 
r e l a t e d  t o  f l o w  r a t e .  Annual n u t r i e n t  
y i e l d s  ( k g l h a l y r )  f o r  t h e s e  two t y p e s  o f  
peatland were genera l1  y  low and s u r p r i s -  
ingly s i m i l a r  t o  values obtained f o r  o ther  
upland fores ted  a r ea s  in North America. 

The a c c u m u l a t i o n  o f  m e t a l s  i n  t h e  
uppermost  h o r i z o n s  of  p e a t  was i n v e s t i -  

g a t e d  by E i s e n r e i c h  and coworke r s  in  t h e  
5 - 2  watershed a t  Marcell. Some elements  
such a s  K ,  M n ,  P b ,  Z n ,  Ca, and Mg were 
enriched in t he  uppermost zone of growing 
moss, probably by e i t h e r  a c t i v e  o r  passive 
b i o l o g i c a l  up take .  Other  e l e m e n t s ,  such 
as Fe and Al, were enriched in  the zone of 
the  minimum wa te r - t ab l e  f l uc tua t i on  by a  
com bina t ion  of washdown, dus t  i npu t s ,  and 
a c t i v e  redox p roces se s .  The pre l  i m i n a r y  
r e s u l t s  on t h e  g ~ o c h ~ m i c a l  s t ~ l d i e s  a t  
Marcel a r e  summarized in Gorham (1985). 

A d e t a i l e d  hydrogen budget  was con-  
s t r u c t e d  f o r  t h i s  s i t e  t o  d e t e r m i n e  t h e  
r e l a t i v e  importance of  the various sources 
o f  a c i d i t y  (Urban -- e t  a l . ,  In p r e s s ) .  The 
dominant source of a c i d i t y  was determined 
t o  be organic ac id s  (263 meqlm2/yr) produced 
by t he  decomposition of peat. The seques- 
t e r i n g  of e lements  in  the  peat  represented 
anothqr important  source of a c i d i t y  (42.9 
meq/m21yr). The most important  source of 
a1 k a l i n i t y ,  in con t r a s t ,  was derived from 
the weathering of d u s t f a l l  (<76 meq/m2/yr) 
blown in  from adjacent  a g r i c u l t u r a l  areas. 
A1 kal i n i t y  derived from t h e  r e d u c t i o n  of 
n i t r a t e  and su lpha te  (<39.2 ~ n e ~ l m ~ / ~ r )  was 
l e s s  i m p o r t a n t  because  of  t h e  low i n p u t s  
of N O 3  and SO4. 

The N c y c l e  a t  Marcel1 was i n v e s t i -  
gated by Urban (1983), who determined t h e  
t o t a l  i n p u t  o f  N a t  16 k g l h a l y r .  A mass 
b a l a n c e  of  N i n d i c a t e d  t h a t  40% of t h e  
t o t a l  N was derived from atmospheric depo- 
s i t i o n ,  30% from upland  r u n o f f ,  and 22% 
from ni t rogen f i xa t i on .  Most N l o s t  from 
the  system was in  the  form of  organic N in  
streamf low. Deni t r i f i c a t i o n  l o s se s  were 
small and r e s u l t e d  from the  absence of ni- 
t r i  f i c a t i o n .  Urban concluded t h a t  t h e  bog 
i s  t he r e fo re  a  l a rge  s ink f o r  N ,  r e t a in ing  
52% of t h e  i n p u t  w i t h i n  t h e  pea t  d e p o s i t .  



CHAPTER 5. VEGETATION OF PEATLANDS 

5.1 VEGETATION-LANDFORM PATTERNS 

A l andform i s  any  e l e m e n t  o f  t h e  
Earth's su r f ace  t h a t  i s  cha rac t e r i zed  by a  
d i s t i n c t i v e  sur face  expression o r  i n t e r n a l  
s t r u c t u r e  (Howard  and  Spock  1 9 4 0 ;  
F a i r b r i d g e  1968).  S u r f a c e  p a t t e r n s  on 
bo rea l  p e a t l a n d s  may a c c u r a t e l y  be d e s -  
cr ibed as landforms because of  t he  recur -  
I ~ I ~ L C  " f  s i n i l a r  p a t t c r n  f o r g s  a c r o s s  
broad g e o g r a p h i c  a r e a s  ( G l a s e r  1983a;  
Gl a s e r  and J a n s s e n s  1986).  Unl i  ke geo-  
l o g i c a l  f e a t u r e s ,  however ,  t h e  p e a t l a n d  
l and fo rms  a r e  composed e n t i r e l y  o f  t h e  
past and present  remains of p l an t  communi- 
t i e s  and t h e r e f o r e  a r e  l a r g e l y  t h e  
p roduc t s  o f  b i o t i c  r a t h e r  t h a n  p u r e l y  
physical processes in t h e  environment. 

In Minnesota  t h e  s t u d y  o f  p a t t e r n e d  
peat lands has been i n t eg ra t ed  around vege- 
t a t i o n - l a n d f o r m  p a t t e r n s ,  wi th  t he  f i e l d  
sampling aimed a t  d e l i m i t i n g  t he  vegeta- 
t i o n ,  w a t e r  c h e m i s t r y ,  and physiographic 
s e t t i n g  o f  d i f f e r e n t  l a n d f o r m  t y p e s  
(Heinse lman 1963,  1970;  H o f s t e t t e r  1969;  
Janssen 1967b; Gr i f f i n  1975, 1977; Glaser 
e t  a l .  1981 ;  G l a s e r  1983a ,  b ,  c ;  Wright  -- 
and G l a s e r  1 9 8 3 ,  G l a s e r ,  I n  p r e p . a ) .  
Regional p e a t l a n d  s t u d i e s  i n  Minnesota  
d e m o n s t r a t e d  t h a t  t h e  v a r i o u s  l and fo rms '  
a r e  composed of r e l a t i v e l y  uniform s tands  
of vege ta t ion  t h a t  d i s p l a y  c o m p a r a t i v e l y  
l i t t l e  va r i a t i on  ac ros s  the  region (Glaser,  
In prep.a).  The l a n d f o r m s  can t h e r e f o r e  
be used t o  accu ra t e ly  p r ed i c t  t he  vegeta-  
t ion  and water  chemis t ry  of a  s i t e .  Tran- 
s i t i o n s  in t h e  landform pa t t e rn s  a l s o  have 
been used t o  d i s ce rn  po t en t i a l  developmen- 
t a l  t r e n d s  t h a t  c an  be t e s t e d  by s t r a t i  - 
g r a p h i c  a n a l y s e s  ( G l a s e r  et 2. 1981;  
G l a s e r  and  J a n s s e n s  1 9 8 6 ;  G l a s e r ,  I n  
prep.a). 

Three ma jo r  c a t e g o r i e s  of  landforms 
a r e  found i n  n o r t h e r n  Minneso t a :  r a i s e d  

bog ,  w a t e r  t r a c k ,  and  s p r i n g  f en  ( G l a s e r ,  
I n  p rep .a ) .  A1 though t h e s e  1  andform 
t y p e s  a r e  s t r i k i n g l y  d e l i m i t e d  on a e r i a l  
photographs, t h e y  r e p r e s e n t  1  i t t l e  v e r t i -  
c a l  r e l i e f  on t h e  ground because t he  land-  
s c a p e  i s  a l m o s t  f l a t .  The v e r y  s u b t l e  
c h a n g e s  i n  el  e v a t i o n  on t h e s e  p e a t l a n d s  
emphasize t he  s e n s i t i v i t y  of  t he se  systems 
t o  smal l  hydro1 og i ca l  f ac to r s .  

Many r a i s e d  bogs in  Minnesota develop 
a  1  i n e a r  c r e s t ,  which  can  be d e t e c t e d  on 
a e r i a l  photographs by t he  r a d i a t i n g  1  i n e s  
o f  spruce  f o r e s t  (F igure  15). The morph- 
ometry of t he  c r e s t  has been confirmed by 
topographic  l e v e l  i n g  a t  d i f f e r e n t  s i t e s  
i n  Minneso t a  (Farnham and Grubich  1966 ;  
Heinselman 1970; Almendinger -- e t  a l .  1986) 
and by t h e  con tou r  i n t e r v a l  on  or thophoto-  
maps o f  t h e  U.S. G e o l o g i c a l  Survey.  The 
f o r e s t  c o v e r  i s  t h i n n e r  on  t h e  lower 
f l a n k s  o f  t h e s e  bogs and g r a d e s  i n t o  a 
broad  f e a t u r e 1  e s s  n o n f o r e s t e d  Sphagnum 
l a w n .  O n  t h e  l a r g e r  b o g s  s t r i p s  o f  
m i n e r o t r o p h i c  s e e p s  a p p e a r  on t h e  l o w e r  
bog f l a n k s ,  a n d  t h e s e  s e e p s  may d e v e l o p  
i n t o  d i s t i n c t  water  t r a cks .  On t he  l a r g -  
e s t  bogs t h e s e  w a t e r  t r a c k s  c o n v e r t  t h e  
l o w e r  bog f l a n k s  i n t o  ovo id  f o r m s  t h a t  
have t h e  appearance of  ovoid i s lands .  The 
b e s t  e x a m p l e s  o f  o v o i d  i s l a n d s  i n  
Minnesota a r e  found i n  t h e  Red Lake pea t -  
l a n d  ( F i g u r e  1 6 ) .  

A w a t e r  t r a c k  i s  d e f i n e d  a s  any  zone  
in  which mine ro t roph ic  runoff  i s  channeled 
a c r o s s  a  p e a t 1  and .  O r i g i n a l  1  y  d e s c r i b e d  
from a r e a s  o f  bog i n  Sweden ( S j o r s  1948 )  
t h e s e  f e a t u r e s  we re  subsequent1 y  discov-  
e r e d  i n  t h e  Hudson Bay l o w l a n d s  ( S j ' d r s  
1963) and in  both bog and fen pea t lands  i n  
M i n n e s o t a  (Hei  n s e l  man 1963 ,  1970) .  In  
M i n n e s o t a  w a t e r  t r a c k s  a r e  d i s t i n g u i s h e d  
by vege t a t i on  p a t t e r n s  t h a t  s i m u l a t e  t h e  
appearance of b ra ided  s t r eams  o r  networks 
o f  r i l l s .  In l a r g e  f o r e s t e d  swamps w a t e r  



Figure 15. Radiating forest patterns on a raised bog. The features marked are 
(1) radiating lines of forest, (2) linear crest, and (3) Sphagnum lawns on the lower 
bog flanks, The photograph was taken from the Myrtle Lake peatland and covers 
an area 2.5 krn across. 

t racks  appear as t r e e l e s s  zones of sedges 
o r  shrubs t h a t  form long s treamlined bands 
p a r a l l e l  t o  t h e  p r e v a i l i n g  s l o p e  ( F i g u r e  
17) .  The mos t  h i g h l y  p a t t e r n e d  t r a c k s ,  
however ,  have n e t w o r k s  of  p e a t  r i d g e s  
( s t r i n g s )  and poo l s  ( f l  a r k s )  o r i e n t e d  
p e r p e n d i c u l a r  t o  t h e  s l o p e .  These p a t -  
t e r n s  c h a r a c t e r i z e  t h e  c i r c u m b o r e a l  
aapamoor (sensu Cajander 1913) and repre-  
s en t  one of most d i s t i n c t i v e  f ea tu r e s  
o f  t h e  bo rea l  r e g i o n .  In Minnesota  and 
t he  North American i n t e r i o r  they may a l so  
c o n t a i n  f i e l d s  of  t r e e  i s l a n d s  e n t i r e l y  
composed of peat (Figure 18). 

A spec i a l i z ed  type of  water t r a ck  i s  
t he  spr ing- fen  channel ,  which i s  general1 y  
r e s t r i c t e d  t o  t h e  G l a c i a l  Lake Agass i z  
p e a t 1  a n d s  (Gl a s e r  1 9 8 3 b ;  GI a s e r ,  In 
prep .a ) .  S p r i n g  f e n s  a r e  c h a r a c t e r i z e d  by 

anastornosing networks of  nonforested chan- 
n e l s  t h a t  d r a i n  t h rough  a  r i c h  swamp 
f o r e s t  (Figure 19).  The sur face  waters  i n  
t h e s e  c h a n n e l s  have a  pH of  7 o r  g r e a t e r  
and Ca concent ra t ions  of 30 mg/l , f a c t o r s  
t h a t  s t r o n g l y  i n d i c a t e  t h e  d i s c h a r g e  o f  
g r o u n d w a t e r  f rom c a l c a r e o u s  p a r e n t  
ma te r i a l .  

The l a r g e r  p e a t l a n d s  i n  Minnesota  
usua l ly  conta in  areas  of  both bog and fen 
and may t h e r e f o r e  b e s t  be d e s c r i b e d  a s  
mire complexes. Despite the  complexity of  
t h e  phys iog raphy  and s o i l s  i n  t h e  S t a t e  
on ly  a  few types of complexes can be rec- 
ognized (Glaser ,  In prep.a). The types a r e  
i l l u s t r a t e d  i n  F i g u r e s  20 and 21 and 
shou ld  be r ega rded  a s  r e f e r e n c e  p o i n t s  
a l o n g  a  c o n t i n u o u s  spec t rum o f  p a t t e r n  
va r i a t i ons .  





Figure 18. Patterned water track with fie'ds Of tree is'ands. Notice the network of flarks 
(pools) and strings (peat ridges) oriented transverse to the 'lope. This oblique aerial photograph 
was taken from the L~~~ River area in northwestern W-tnesota. 
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Figure 19. Spring-fen landforms. The networks of anastomosing channels 
(11 drain southward through a swamp forest (2) and grade into a patterned fen 
downsiope (3). The photograph covers an area approximately 2.6 km across 
(Pine Creek peatland, northwestern Minnesota). 

I n  t h e  d i  s c o n t i  n u o u s  p e a t l  ands  t h e  
phys iog raph i c  s e t t i n g  o f  t h e  wa te rshed  i s  
d i r e c t 1  y r e l a t e d  t o  t h e  a r e a  o f  b o g  and 
fen  downslope. As t h e  a r e a  o f  t h e  m i n e r a l  
c a t c h n ~ e n t  a t  t h e  h e a d  o f  a  w a t e r s h e d  i n -  
c reases  t h e r e  i s  a c o r r e s p o n d i n g  i n c r e a s e  
i n  t h e  d r e a  o f  w a t e r  t r a c k  r e l a t i v e  t o  
t h a t  o f  bogs i n  t h e  p e a t l a n d .  Thus t h e  
v a r i o u s  m i r e - C O ~ P ~  e x  t y p e s  i n  F i g u r e  2 0  
r e p r e s e n t  d sequence, w h i c h  c u l m i n a t e s  i n  
t h e  huge w a t e r  t r a c k s  o f  t y p e  4, o r  i n  
t h e  s i n g l e  wa te r  t r a c k  o f  t y p e  7. 

The c o n t i n u o u s  m i r e - c o m p l  ex t y p e s  a r e  
f o u n d  i n  t h e  Lake A g a s s i z  p e a t l a n d s ,  i n  
w h i c h  p e a t  c o v e r s  o v e r  7 5 %  o f  t h e  l a n d -  
scape between t h e  B i g  F o r k  R i v e r  and Upper 
Red Lake ( F i g u r e  2 1 ) .  The v a r i o u s  t y p e s  
~ o n s i s t  o f  s e n l j c i r c u l a r  bogs  w i t h  b i f u r -  
c a t i n g  water  t r a c k s ,  l a r g e  bog complexes 
w i t h  i n t e r n a l  w a t e r  t r a c k s  and o v o i d  
i s 1  ands, huge w a t e r  t r a c k s ,  and s p r i n g - f e n  

mounds.  The v e r y  s m a l l  a r e a  o f  m i n e r a l  
s o i l  i n  t h e s e  p e a t l  a n d s  p r o b a b l y  r e p r e -  
s e n t s  an i n s i g n i f i c a n t  s o u r c e  o f  m i n e r a l  
i o n s  l e a c h i n g  o n t o  t h e  p e a t l  a n d s ,  w h i c h  
i n s t e a d  m a y  be s u p p l  i e d  b y  g r o u n d w a t e r  
d i s c h a r g e .  A more  t h o r o u g h  d i s c u s s i o n  o f  
t h e s e  t y p e s  may  be f o u n d  i n  G l a s e r  e t  a l .  
( 1  9 8 1 ) ,  G l a s e r  ( 1 9 8 3 a ) ,  G l a s e r  ( I n  
prep.a) .  

5.2 VEGETATION 

P a t t e r n e d  p e a t l a n d s  a r e  d i s t i n -  
g u i s h e d  b y  r e l a t i v e l y  s i m p l e  v e g e t a t i o n  
P a t t e r n s  t h a t  l a c k  t h e  s p a t i a l  v a r i a b i l  t y  
common1 y a s s o c i a t e d  w i t h  up1 and v e g e t a t i o n  
( G l a s e r  a n d  J a n e c k y ,  I n  prep.) .  O n l y  a 
f e w  v e g e t a t i o n  t y p e s  a r e  f o u n d  i n  t h e s e  
P a t t e r n e d  a reas  and t h e s e  t y p e s  e x h i b i t  a  
h i g h  f i d e l i t y  t o  a  p a r t i c u l a r  l a n d f o r m  
t y p e .  The v a s t  Red L a k e  p e a t l a n d ,  f o r  



a = raised b o g s  w i t h  radiating forest patterns 
b,= marginal lagg 
b2= featureless w a t e r  tracks 

b3= patterned w a t e r  tracks 

b,= nonforested spring-fen channels 
c = mineral c r e s t  o f  the watershed 
d = small s t reams a t  the downslope margin of the peatland 
e = mineral o u t c r o p s  

f = small lake w i t h i n  the interior of the peatland 

Y = direction of drainage 
1: mineral s o i l  

Figure 20. Mire-complex types of discontinuous peatiands* northern Minnesota. The types represent reference points on 
a continuous range o f  variation. In  types 1-5 the a r e a  of fen bog Increases, culminating i n  the very large water 
tracks of type 4. 



example ,  c o v e r s  ove r  1,200 km2 and c0nr;d i r ls  i $6,). A S G ; :  : c:", 72s !:r2 ?.re? ef u p 1  a n d s  
o n l y  seven m a j o r  v e g e t a t i o n  t y p e s  ( G l a s e r  a n d  w e t l a n d s  i n  I t a s c a  C o u n t y ,  i n  
e t  a l .  1981) .  The f l o r a  f o r  t h i s  a r e a  i s  c o n t r a s t ,  c o n t a i n e d  o v e r  700  s p e c i e s  o f  -- 
s i m i l a r l y  r e s t r i c t e d  t o  l e s s  t h a n  200  v a s c u l a r  p l a n t s  and o v e r  14 m a j o r  vegeta-  
s p e c i e s  of v a s c u l a r  p l a n t s  (Wheeler  e t  a l .  t i o n  t y p e s  ( G l a s e r  and Wheeler 1977).  

T y p e  10 \ '- T y p e  I I 

Figure 21. Mire-complex types of the continuous peatlands, northern Minnesota. 
-- -- 



The t w o  m a j o r  t y p e s  o f  v e g e t a t i o n  i n  
p a t t e r n e d  p e a t 1  a n d s  a r e  o m b r o t r o p h i c  bog 
a n d  m i n e r o t r o p h i c  f e n .  B o g s  a n d  f e n s  
u s u a l  1  y have  v e r y  d i f f e r e n t  s p e c i e s  assem- 
b l a g e s  b u t  t r a n s i t i o n a l  t y p e s  c a n  a 1  w a y s  
be c r i t i c a l l y  s e p a r a t e d  b y  t h e  r e c o g n i t i o n  
o f  i n d i c a t o r  s p e c i e s .  C e r t a i n  s p e c i e s  
c a n n o t  g r o w  i n  m i r e  w a t e r s  i n  w h i c h  t h e  pH 
i s  b e l o w  4.2 a n d  t h e  Ca c o n c e n t r a t i o n  i s  
l o w e r  t h a n  2 m g / l  ( S j l i r s  1 9 6 3 ;  G l a s e r  e t  
a ] .  1 9 8 1 ;  W h e e l e r  -- p t  3 1 .  1 9 9 3 ;  G o r h a m  A o t  
3. I n  p r e s s ;  G l a s e r  a n d  J a n e c k y ,  I n  - 
p r e p ) .  T h e  p r e s e n c e  o f  t h e s e  s p e c i e s  
t h e r e f o r e  i n d i c a t e s  m  i n e r o t r o p h i c  f e n .  
u n f o r t u n a t e l y ,  n o  s p e c i e s  a r e  s o l e l y  r e -  
s t r i c t e d  t o  o r n b r o t r o p h i c  b o g s ,  a n d  t h u s  
r a i s e d  bogs a r e  r e c o g n i z e d  b y  t h e  absence  
o f  t h e s e  f e n - i n d i c a t o r  s p e c i e s .  

5.3 OMBROTROPHIC BOG VEGETATION 

c o n t i n u o u s  m a t  o f  Sphagnum and  a  r e l a t i v e -  
l y  s i m p l e  a s s e m b l a g e  o f  s p e c i e s  ( T a b l e  1). 
L i c h e n  c o v e r  i s  r a r e  e x c e p t  on  dead  t r e e s  
a n d  a r e a s  t h a t  have  r e c e n t l y  burned .  The 
m a j o r  f a c t o r s  c o n t r o l 1  i n g  v e g e t a t i o n  p a t -  
t e r n s  o n  M i n n e s o t a  b o g s  a p p e a r  t o  b e  t h e  
e l e v a t i o n  o f  t h e  w a t e r  t a b l e ,  t h e  d e g r e e  
o f  l i g h t  p e n e t r a t i o n ,  and  t h e  s u c c e s s i o n a l  
s t a t u s  o f  t h e  s tand .  The w a t e r  c h e m i s t r y  
p l a y s  o n l y  a  m i n i m a l  r o l e  i n  d i f f e r e n t i a -  
t i n g  t y n e s  o f  r a i q p r l  h o ? s  h ~ r a ~ r s e  o f  i t <  
v e r y  n a r r o w  r a n g e  i n  pH and  Ca c o n c e n t r a -  
t i o n .  The t w o  m o s t  i m p o r t a n t  d i s t u r b a n c e s  
a r e  w i l d f i r e s  a n d  d r a i n a g e  d i t c h e s .  A 
common b u t  m i  n o r  d i s t u r b a n c e  i s  i n f e c t i o n s  
o f  d w a r f  m i s t l e t o e  ( A r c e u t h o b i u m  
p u s i l l u m ) ,  w h i c h  p r o d u c e  e x p a n d i n g  c i r c u -  
l a r  z o n e s  o f  s t u n t e d  t r e e s  b e a r i n g  t h e  
c h a r a c t e r i s t i c  " w i t c h e s  brooms." 

5.3.1 F o r e s t e d  Boas 

The v e g e t a t i o n  o f  r a i s e d  b o g s  i n  M o s t  r a i s e d  b o g s  i n  M i n n e s o t a  a r e  
M i n n e s o t a  i s  c h a r a c t e r i z e d  b y  a  g e n e r a l l y  c o v e r e d  w i t h  a  s t u n t e d  f o r e s t  o f  b l a c k  

Table 1. Major plant communities in the boreal patterned peatlands of northern Minnesota (DNR 19841. 

(:HAKACTEKISTI(;S 

PIANT COMMllNlTY 
TYPIC 

Hoe hirrh T.3rn.3, t<  k 
(Retulu purniln] (Lur~ \  l i i r ~ t , ~ i ~ i ~ l  

Bog rosemary Uld~ l .  spruc.v 
(Andrurnedu gloucoyl~ylluJ (Pic i3i, r r~ (~r i (~ i~c i l  

Srrlall cranberry \'ariablt, y r i r ~ i ~ ~ d  
[Voccinlum ox)~~:c~i~~:us)  c.ot,i:r spt!<:i,!s 

l.eatherledf 
{Choniili~duphne c~ l r~ i .u l~ l r< l J  

DOMINANT SPECIES 

BOG (Ombrotrophic) 

Forested Bog Open Bog 

Lingberry 
[Voccinium vitis-idoeo) 

3-leaved false 
Solomon's seal 
(Smilocino trifolia) 

Feathermosses 
(Pleuroz~um schreberi) 
(Dicronum sp.) 

-very acidic 
(pH less than 4.21 

KI(:t{ I T h '  (Minerotrophir I 

Fen-flark Fen-string Fori!stsvi I S I O I I C I  

Black spruce Sedge 
(P~ceu  mur~una)  [Carex oltgospernio) 
-varying density Ericaceous shrubs 

Ericaceous shrubs- (same os forested bog) 
Swamp laurel 
(Kalmia polifolial 
Bog rosemary 
(Andromeda gloucophyllo) 
Labrador tea 
(Ledum groenlondicum) 
Leatherleaf 
(Chamoedophne calyculata) 

Sphagnum mosses Sphagnum mosses 

CI~AKACTERISTIC 
SPECIES 

S e d ~ e s  
(Carex lusiucorpo) 
(C, lividu) 
(C. limoso) 

Buckhean 
[Menynrithes trifoliutu) 

White beak rush 
(Hhynohosporu olho) 

ASSOCIATED 
PEATLAND 

(Sphagnum spp.) (Sphagnum spp . )  

Sedge Sedge 
(Curex tnspermu) (Carer uligosper~nu) 

SALT 
CONCENTRATION 

SPEClES DIVERSITY 

(9-13 plant species) 

-raised bogs, ovoid islands 

Marsh arrow grass Shrubby cinquefoil St!dgi,s 
(Tr~glochir~ rnaritirnu] [ P o t ~ ~ n t ~ l l a  / I . I I~I<Y)SIIJ  ((.c1rimx ~ ~ u ~ i i ~ l o - I  I , I I I . ~ ~ I S J  

-very low 
(e.g.. Ca<2 2 mgl 

-very low 

LANDFORMS 

Intermediate bladdcrw'ort Sedge ljl,~c.k i l1oki41i*trv 
(Iltriculario int~rmr:diul (Canax c ~ p h ~ ~ l o n t t r ~ i ~  l i \ ror~ir~ I ~ I I , ~ I I I I I I ~  I I ~ I I I I )  

lntermediatr sundew i)tv,~rl r,a\l1111,rrv 
(Oroseru rntenned~al  (1{1111115 1 1 1 1 1 1 1 ~  1.11,~ 

\'elt,i!t I ~ I I I I I ~ V ~ ~ I ~  hI,. 
11.01i1~ f,i , ,  ~ ~ l l l ~ l ~ ~ l ~  

-slightly acidic to neutral 
(pH greater than 5 2)  

-muderati: to high 
(e.g., Ca>4.3 mg) 

-generally moderate to high 
(12-58 plant species) 

-water track features such as ribber1 I<-11s. ti.;ircirt~l~ is l i i~~iI \  
circular islands 



s;,rillp (Picea ~nar iana) .  The f o r e s t  cover -_ I-- 
! s c j p f i t . ~ . a i l y  b e s t  deve loped  a long  t h e  
c r - ? s t  o f  d bog w i t h  t h e  t r e e s  becoming 
!ilorc s t u n t e d  and r e s t r i c t e d  t o  1  i n e a r  
s t ~ . i p s  rad ia t ing  downslope from the c r e s t .  
T h e  f o v e s t  i o n t a i n s  o c c a s i o n a l  t r e e s  of 
t a i l~~ r t -~ t zk  (Lat-ix --- l a r i c i n a )  b u t  o t h e r w i s e  
(11 , i c , i -  spr i rce i s  t h e  on1 y  t r e e  s p e c i e s .  
Thc wdt,er t a b l e  f l u c t u a t e s  d u r i n g  t h e  
orowi n q  s e a s o n ,  b u t  g e n e r a l 1  . . y  t h e  t r e e s  
y r - o w  b e s t  i n  t n e  a r l e j l ;  Z l i c i  v e s l -  d t - ; ; , i ~ c d  
s i t e s .  

The understory c o n t a i n s  t h e  pr inc ipa l  
bog e t y i c C ~ d s ,  p a r t i c u l a r l y  L a b r a d o r - t e a  
(Ledurrr g roen l  andicum)  and l e a t h e r 1  ea f  
(Chdnidedaphne - - .-- -- cal  ycul a t a ) .  Species gener- 
, i l ly  rcis t r ic ted to  a  shaded understory on 
o m i ~ t - o  t rophic s i t e s  a r e  three-seeded sedge 
(Carex ~ -- t ' r i  s p e r m a ) ,  - 1  i n g b e r r y  (Vacci  nium 
v i  t i s - i d d e a ) ,  c r e e p i n g  s n o w b e r r y  
< - . 

Soloaon's-seal ( ~ ; n i l a c i h a  t r i  f o l  i a ) .  The 
forc?st. f l oo r  oenerd l lv  con t a in s  a  cont in-  
uous iirat o f  Sphaynurn m a g e l l a n i c u m ,  S. 
d n r ~ s t i f o l i u a ,  S .  c a p i l l i f o l i u m ,  S. --- - - 
fusi -- ui~!, d n d  Pleuroyi  u m  s c h r e b e r i .  These 
s p e c i e s  grow i n  poor1 y  d i f f e r e n t i a t e d  
t~~iniiro~Ls and hol lows t h a t  a r e  high1 y  com- 
p r e s r d b l e .  Under t h e  t r e e s  t h e  dominan t  
Sphdgnum s p e c i e s  commonly g i v e  way t o  -- -- 
snrdl 1 ~ l u m a s  o f  D i c r a n u m  u n d u l a t u m .  - -- 
P o l y t r i c ~ u m  -- s t r i c t u m ,  and P leuroz ium 
schrcber i .  

5.3.2 - Nonforested - Bogs 

The f o r e s t  c o v e r  on mos t  Minnesota  
boys i s  n o t  c o n t i n u o u s .  Near t h e  bog 
c r e s t  t h e  r a d i a t i n g  l i n e s  o f  f o r e s t  a r e  
separated by nonforested s t r i p s  c a l l e d  bog 
drains .  The vegetat ion in t he se  d r a in s  i s  
very s i m i l a r  to  t h a t  found in t he  fores ted  
d r e d s ,  e x c e p t  t h a t  t h e  t r e e  c o v e r  i s  r e -  
p laced  b y  a  lawn domina t ed  by few-seeded 
sedge (Carex  0 1  i g o s p e r m a ) .  Most o f  t h e  
f o r e s t  spec ies  a r e  presen t  on these  lawns 
e x c e p t  f o r  t h e  few s p e c i e s  t h a t  r e q u i r e  
t h e  shade  o f  t r e e s .  The l awns  o f t e n  con- 
t a in  s ca t t e r ed  clumps o f  t r e e s  t h a t  grad- 
u a l l  y  become more wide1 y  spaced  and de -  
pauperate downslope. The bog d ra in s  con- 
t a i n  a  c o n t i n u o u s  mat  o f  Sphagnum t h a t  
grows i n  a s ub t l e  hummock and hollow pat-  
t e r n .  The p o s i t i o n  of  t h e  w a t e r  t a b l e  i s  
v a r i a b l e ,  b u t  a f t e r  heavy r a i n s  i t  i s  
usua l ly  c lo se  t o  t he  sur face .  Very s imi-  
1 a r  communi t i e s  o c c u r  w i t h i n  t h e  non- 

f o r e s t e d  c e n t e r s  o f  ovo id  l s i a n a s  i n  t h e  
Red Lake pea t land .  

The l a r g e s t  bogs in  Minnesota  a r e  
g e n e r a l l  y  f r i n g e d  by a  n o n f o r e s t e d  apron  
t h a t  c o n t a i n s  v e g e t a t i o n  s i m i l a r  t o  t h a t  
found i n  t h e  bog d r a i n s .  These a p r o n s ,  
however, a r e  d i s t i ngu i shed  by a  downslope 
t r a n s i t i o n  from o m b r o t r o p h i c  bog t o  poor 
fen on t h e  l o w e r  f l a n k s .  The f i r s t  e v i -  
A q - - r y ,  ,,,, . ?q t h ~ c  r h a n o ~  i s  t he  appearance of 
f en - ind i ca to r  s p e c i e s ,  such as  pa le  lead-  
c o l o r e d  s e d g e  (Carex  1  i v i d a ) ,  a q u a t i c  
s e d a e  ( C .  a a u a t m ,  c h o r d - l i  ke r o o t  
sedGe ('c c h o r d o r r h i i a ) ,  and bog b i r c h  
-1 a - ~ u m i  l a  va r .  s l  andul i f e r a ) .  These 
'U 

poor- fen 'aprons a r e  o t h e r w i s e  domi'nated b y  
Carex o l igosperma and a r e  q u i t e  s i m i l a r  i n  
a p p e r a n c e  t o t h e  bog d r a i n s .  The poo r - f en  
l a w n s  c o n t a i n  a  c o n t i n u o u s  ma t  o f  
Sphagnum, bu t  Sphagnum p a p i l l o s u m ,  S. 
f;:?;~, arid 5. c a p i l l i f ~ l l i u m  a re  t h e  most 
abundant bryophytes. They may grade down- 
s lope i n t o  fen water  t r a c k s  t h a t  conta in  a  
c o n s p i c u o u s l y  d i f f e r e n t  a s sembl  aye o f  
spec ies  . 
5.4 MINEROTROPHIC-FEN VEGETATION 

Minerotrophic f ens  a r e  d i s t inguished  
from bogs by t h e i r  r i c h e r  a s s e m b l a g e  of  
s p e c i e s ,  c o n s p i c u o u s  p r e s e n c e  of f e n -  
i n d i c a t o r  s p e c i e s ,  and gene t -a l ly  g r ea t e r  
cover  of f e a t h e r  mosses in t h e  f i e l d  layer  
(Table 1). The fen vege t a t i on  may a l so  be 
separa ted  i n t o  more vege t a t i on  types than 
those  found on bogs, p r i m a r i l y  because of 
t h e  g r e a t e r  r ange  i n  w a t e r  c h e m i s t r y  and 
p o s i t i o n  o f  t h e  w a t e r  t a b l e .  Never the-  
l e s s ,  t h e  fen vege t a t i on  a s soc i a t ed  with a 
p a r t i c u l  a r  l a n d f o r m  t y p e  i s  r e m a r k a b l y  
uni form a c r o s s  M i n n e s o t a ,  p a r t i c u l a r 1  y 
w i t h  r e g a r d  t o  t h e  f l a r k s  and s p r i n g - f e n  
c h a n n e l  s  (Gl  a s e r  1 9 8 3 4 ;  Gl a s e r  and 
J anecky ,  In p r e s s ) .  The m a j o r  g r a d i e n t s  
a f f e c t i n g  t h e  re1  a t i v e  abundance  of t he  
dominan t  s p e c i e s  a r e  t h e  p o s i t i o n  of  t h e  
w a t e r  t a b l e  a n d  t h e  w a t e r  c h e m i s t r y  
( F i g u r e  2 2 ) .  

5.4.1. F o r e s t e d  Fens 

The d r i e s t  fen  l a n d f o r m s  a r e  t he  
f o r e s t e d  f en  f i n g e r s ,  t r e e  i s 1  a n d s ,  and 
spr ing- fen  f o r e s t s .  The s u r f a c e  of these 
1  and forms c o n s i s t s  o f  moss hummocks sur-  
r ound ing  t h e  b a s e  o f  t r e e s ,  a l o n g  w i th  
occasional  w a t e r - f i l l e d  h o l l o w s .  Fa l l en  
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Figure 22. Detrended Correspondence Analysis of water track and spring-fen releves in northern Minnesota (Glaser and 
Janecky, In prep.). The ordination sorts most releves according to landform, particularly along a wet-to-dry gradient (axis 
1) and secondarily by water chemistry (axis 3). 

t r e e s  soon become o v e r g r o w n  w i t h  moss and 
g r e a t l y  i n c r e a s e  t h e  h e t e r o g e n e i t y  o f  t h e  
s u b s t r a t e .  The  s p r i n s -  f e n  f o r e s t s  a r e  
doll, i n a t e d  b y  P i  cea h a r i a n a  w i t h  o c c a s i o n a l  
t r e e s  o f  L a r i x  l a r i c i n a ,  w h i t e  c e d a r  
( T h u j a  o c c i d e n t a l i s ) , n d  b a l  sam f i r  
( A t ) i e s  b a l s a m e a ) .  The f o r e s t e d  f i n g e r s  - -- 
dnd t r e e  i s l a n d s .  i n  c o n t r a s t .  a r e  domin-  
d t ~ d  b y  -- L a r i x ,  a l s though  s c a t t e r e d  t r e e s  o f  
P i c e d  r ~ l a r i a n a  may a l s o  be p r e s e n t .  The 
u n d e r s t o r y  o f  t h e s e  l a n d f o r m s  i s  f a i r l y  
r i c h  w i t h  t h e  b o g  e r i c a d s  and s h r u b s  o f  
w i l l o w  ( S a l i x ) .  

The moss c o v e r  i n  t h e  s p r i n g - f e n  
f o r e s t s  i s  d o m i n a t e d  b y  Sphagnum nemoreum, 
S. a n g u s t i f o l  i um, p l e u r o z i u m  s c h r e b e r i ,  - 
and Hy locomnium s p l e n d e n s . h e  b r y o p h y t e  
"Ove r  i n  t h e  f o r e s t  f i n a e r s  and t r e e  
i s l a n d s ,  i n  c o n t r a s t  - a r e  u s i a l l  Y dominated 
t)y S p h a g n u m  t e r e s  S. c e n - t r a l e ,  5. 
a n g u s t i  f o l  i u K ,  -oh1 i3 s m .  

5.4.2 N o n f o r e s t e d  Fens 

The n O n f o r e s t e d  f e n  l a n d f o r m s  a r e  
g e n e r a l 1  y  a s s o c i a t e d  w i t h  a  h i g h  w a t e r  

t a b l  e  and a r e  d o m i n a t e d  b y  sedges.  The 
t h r e e  l a n d f o r m s  w i t h  t h e  h i g h e s t  w a t e r  
t a b l e s  a r e  t h e  s p r i n g - f e n  channe ls ,  f l a r k s ,  
and w a t e r  t r a c k s .  The s p r i n g - f e n  ~ h a n n e l  s  
a r e  a s s o c i a t e d  w i t h  a  v e r y  h i g h  w a t e r  
t a b l  e  and w a t e r  c h e m i s t r y  t y p i c a l  o f  e x -  
t r e m e l y  r i c h  f e n s  (pH  > 7; Ca c o n c e n t r a -  
t i o n  > 20 m g / l ) .  The s p r i n g - f e n  c h a n -  
n e l s  a r e  d o m i n a t e d  b y  t u s s o c k  b u l r u s h  
( S c i r p u s  c e s p i  t o s u s )  and m e a g r e  sedge 
( C a r e x  -- e x i l  i s )  g r o w i n g  i n  mud sedge  (C.  
1  i m o s a ) .  h a i r v - f r u i t e d  s e d g e  (c. 
7 a s i  o c a i p a ) ,  a n d  b o g  r o s e m a r y  ( ~ n d r o m e &  
g l a u c o p h y l  I;). T w i g - r u s h  
m a r i s c o i d e s  a  r a r e  p l a n t  i n  M inneso ta  i s  
v e r y  common' - in  t h e s e  ' channe l  s, w h i c h  a1 so 
c o n t a i n  r i c h - f e n  i n d i c a t o r s  s u c h  a s  
Hudson Bay b u l r u s h  ( S c i  r p u s  h u d s o n i a n u s ) ,  
g r a s s  o f  parnassus-(ssia p a l u s t r i s ) ,  
and Kalm's l o b e l i a  ( L o b e l i a  k a l m h e  
channe ls  g e n e r a l l y  have a  mud bo t tom com- 
posed o f  decay ing  sedge shoots. The p r i n -  
c i p a l  b ryophy tes  a r e  Campy1 i u m  s t e l  l a t u m ,  
Sco rp id ium s c o r p i o i d e s ,  and Drepanocladus 
r e v o l v e n s ,  w h i c h  a r e  s u b m e r g e d  a n d  a r e  
o f t e n  d i f f i c u l t  t o  see w i t h o u t  s a m p l i n g  
t h e  s u b s t r a t e .  



The v e g e t a t i o n  i n  t h e  f l a r k s  i s  v e r y  i s  v a r i a b l e ,  r a n g i n g  Tro i i t  d I I I U ~ ~  I L  o f  
s i ~ n i l a r  t o  t h a t  f o u n d  i n  t h e  s p r i n g - f e n  s e d g e  t u s s o c k s  a n d  p o o l s  t o  a  c o n t i n u o u s  
c h a n n e l s .  The d o m i n a n t  species, h o w e v e r ,  m d t  o f  -- S p h a g n u m  o r  f e a t h e r  m o s s .  The 
a r e  t h e  s e d g e s  c a r e x  l a s i o c a r p a ,  C .  p r i n c i  p a l  b r y o p h y t e s  a r e  C a m p y 1  i u m  --- --- - 
1 l m o s a ,  a n d  white b e d k r u s h  ( R h y n c h o s p o r a  s t e l  l a t u r n ,  - S c o r p i d i u m  s c o r p i o i d e s ,  
a l b a ) .  C a r e x  l i v i d a  1s c o n s i s t e n t l y  p r e s -  S p h a g n u m  c o n t o r t u n i ,  S, r n a J u s ,  a n d  S. - -- - - - 
e n t  a l o n g  w i t h  b u ~ k b e a n  ( M e n y a n t h e s  a n g u s t l f o l i u l n .  
t r i  f o l  i a t a ) ,  S c h e u c h z e r - l a  ( S c h e u c h z e r i a  
p a l u s t r i s ) ,  C a r e x  c  h o r d o r r h i z a ,  a n d  The d r i e s t  l a n d f o r t n s  i n  t h e  n o n -  
A n d r o m e d a  g l a u c o p h y l l a .  T h e  w e t t e s t  f o r e s t e d  f e n s  a r e  t h e  s t r i n g s ,  w h i c h  a r e  
- 2 :  ~ h s r ? r t ~ r l z e d  h v  t h e  r a r e  m o r e  v a r i a b l e  t h a n  t h e  a d j a c e n t  f l a r k s .  
p l a n t s  E n g l i s h  s u n d e w  ( D r o s e r a  -- a n g l i c a )  I n  t h e  w e t t e s t  w a t e r  t r a c k s  t h e  s t r i n g s  
a n d  1  i n e a r  s u n d e w  ( D r o s e r a  1  inearisf, a r e  b a r e l y  p e r c e p t i b l e  f r o m  t h e  g r o u n d  and 
w h i c h  a r e  g e n e r a l l y  r e s t r i c t e d  t o  r e l a -  c o n s i s t  o f  d e n s e r  s t a n d s  o f  C a r e x  
t i v e l y  p r i s t i n e  s i t e s .  l a s i o c a r p a  g r o w i n g  o n  f i r m e r  p e a t .  I n  

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

w a t e r  t h r o u g h o u t  t h e  g r o w i n g  s e a s o n  a n d  l o w e r e d  b y  d r a i n a g e  d i t c h e s ,  t h e  s t r i n g s  
t h e  s u b s t r a t e  c o n s ]  s t s  o f  f a l l  en  s e d g e  h a v e  b e e n  s i g n i f i c a n t l y  r a i s e d  a b o v e  t h e  
s h o o t s .  T h e  s u b m e r g e d  b r y o p h y t e  c o v e r  w a t e r  t a b l e  b y  t h e  g r o w t h  o f  Sphagnum and 
v a r i e s  and i s  o f t e n  d i f f i c u l t  t o  e s t i m a t e  o t h e r  m o s s e s .  T h e s e  d r i e r  s t r i n g s  a r e  
b e ] o w  tile WdLe,  5 u t  faLci. :lie col,isor, 1 1 5 1 ~ a l l  y  d o m i n a t e d  b y  B e t u l  a  ~ u r n i l  a  v a r .  
b r y o p h y t e s  a r e  C d r n p y l  i u m  s t e l  1 a t u m ,  g l a n d u l i f e r a  a s s o c i a t e d  w i t h  m a r s h  f e r n  
S ~ o r p i d i  um s c o r p i o l  d e s ,  R l c c a r d i a  spp., ( T h e l ~ ~ t e r l s  ~ a l u s t r i s  v a r .  ~ u b e s c e n s ) ~  
and Sphagnum c o n t o r t u ~ r r .  I n  u n u s u a l  s i t u a -  s h r u b b y  c i n q u e f o i l  ( x e n t i l  l a  f r u t i c o s a ) ,  
t i o n s  S p h a g n u m  m a y  f o r m  m a t s  a c r o s s  t h e  a n d  p a l e  v i o l e t  ( v i o l a  p a l  l e n s  v a r .  
f l a r k  s u b s t r a t e .  A t  A l b o r n ,  f o r  e x a m p l e ,  m a c k l o s k e y i ) .  
Sphagnum p a p i l l o s u n i  i s  s p r e a d i n g  a c r o s s  
t h e  f l a r k s  i n  e x a n d i n g  ~ i r c u l a r  c l o n e s ,  T h e  m a j o r  b r y o p h y t e  s p e c i e s  a r e  
a n d  d t  G r a n d  M a r a i  s  ( G l  a s e r  1 9 8 3 d )  c l o s e l y  a d j u s t e d  t o  m i c r o - s i t e  c h a r c t e r i s -  
Sphagnum m a j u s  f o r m s  an a l m o s t  c o n t i n u o u s  t i c s  a n d  t h e r e f o r e  c r e a t e  m o r e  v a r i a b l e  
mat. s p a t i a l  p a t t e r n s  t h a n  t h e  m o r e  d e e p l y  

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

w a t e r  t r a c k s  i s  v e r y  s i m i l a r  t o  t h a t  found g u i s h  m a n y  o f  t h e  l a n d f o r m  t y p e s  i n  p a t -  
i n  t h e  f l a r k s .  C a r e x  l a s i o c a r p a ,  C. t e r n e d  p e a t l a n d s  ( J a n s s e n s  a n d  G l a s e r  
l i m o s a ,  C. c h o r d o r r h i z a ,  a n d  ~ n d r o m e d a  1 9 8 6 ) ,  b u t  t h e  s p e c i e s  g e n e r a l l y  p r o d u c e  a  
g l a u c o p h g l a  a r e  t h e  m a j o r  s p e c i e s ,  b u t  m u c h  f i n e r  s c a l e  o f  p a t t e r n  t h a n  t h e  
a q u a t i c  s p e c i e s  s u c h  a s  t h e  s u n d e w s  a r e  v a s c u l a r  p l a n t s  ( V i t t  a n d  S l a c k  1 9 8 4 ;  
absen t .  The s u b s t r a t e  o f  t h e  w a t e r  t r a c k s  G l a s e r  -- e t  a l . ,  I n  p r e p . ) .  
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CHAPTER 6. AUTECOLOGY OF THE MAJOR PEAT-FORMERS 

6.1 SPHAGNUM 

M e m b e r s  o f  t h e  g e n u s  S p h a g n u m  d r e  
r e n o w n e d  f o r  t h e i r  a b i l  i t y  t o  a1 t e r  t h e  
p h y s i c a l  e n v i r o n m e n t  ( S k e n e  1915; W a t s o n  
1 9 1 8 ;  C l y m o  1 9 6 7 ;  C l y m 0  a n d  H a y w d r d  
1 9 8 2 ) .  A u n i q u e  s e t  o f  m o r p h o l o g i c a l ,  
a n a t o m i c a l  , and p h y s i o l  o q i c a l  a d a p t a t i o n s  
e n a b l e  a  g r o w i n g  m a t  o f  Sphagnurr i  t o  ( 1 )  
i n c r c a e c  i t s  r e t e n t i o n  o f  a a t c r ,  (2) ~ ~ i 3  
i f y  i n t e r s t i t i a l  w a t e r  i n  t h e  m a t ,  a n d  ( 3 )  
s l o w  d e c o m p o s i t i o n  r a t e s .  I t  i s  t h e r e f o r e  
n o t  s u r p r i s i n g  t h a t  Sphagnum i s  t h e  m a j o r  
a g e n t  o f  b o g  formation i n  b o r e a l  r e g i o n s  
a n d  r e p r e s e n t s  o n e  o f  t h e  n i o s t  i m p o r t d n  t 
p e a t - f o r m e r s  i n  t h e  w o r l d  ( C l y r n o  d n d  
Hayward  1982;  C l y m o  1983) .  

The  w a t e r - h o l d i n g  d d a p t a t i o n s  o f  
Sphagnum a r e  u n i q u e  t o  t h e  genus  a n d  r e p -  
r e s e n t  in1 p o t - t a n t  t a x o n o m  i; c h ~ r a i t c i - s .  

m a t f l y  d o u b l e  t h a t  f o u n d  i n  o t h e r  
b r y o p h y t e s  a n d  i s  c o r r e l a t e d  w i t h  t h e  
t : o n c , e n t r d t i o n  o f  u r o n i c  a c i d  r e s i d u e s  i n  
t h e  p o l  y m c r s .  T h e  u r o n i c  a c i d  c o n c e n t r a -  
t i o n s  a r c  l o w e s t  i n  t h e  m o r e  a q u a t i c  f o r m s  
( S ~ t ~ ~ ~ g r i u ~ n  c u s  p i  d a t u m )  a n d  h i g h e s t  i n  t h e  
s p e c i e s  i n h a b i  t i n g  t h e  n i o r e  x e r o p h y t i c  
~U I I I I I IOL~S  (s .  - -- f u s c u m )  i n d i c a t i n g  a n  i m p o r -  
t d n t .  ~ o r - t - c l a t i o n  b e t w e e n  c a t i o n - e x c h a n g e  
x . o i , c t \ ~ j  t j  <i i id F I t i L i t ~ t  ( Y i t t  -- 2t GI. 975b). 

T h e  s i g n i f i c a n c e  o f  t h e  c a t i o n  
ex(  hanqe f o r  g r o w i n g  Sphagnuni i s  a  r n a t t e r  
o f d ~ t 1 3 t ~ .  The c a t i o n - e x c  hange p r o c e s s  ri lay 
I)e c ! s ~ c n t l d l  f o r  r i i a i n t a i n i n g  a  h i g h e r  pH 
d r ~ d  c d t i o n    on cent ration i n  t h e  p r o t o -  
p l d s t s  o f  t h e  1 i v i n g  h y a l  i n e  c e l l s  t h a n  i n  
t h c  s u r r o u n d i  n g  e x t e r n a l  w a t e r .  B r e h m  
( 1 9 6 8 ) .  f o r  e x a m ~ l e .  h a s  f o u n d  t h a t  
Sph;irlnu~e c a n  m a i  n t a i n - a  f a i r l y  c o n s t a n t  -- .. .~ .~,n::cr;:i-,iticn o f  c a t i o n s  i n  i t s  cytop:asn;  

T h e s e  c h a r a c t e r s  i n c l u d e  t h e  c o i r i p d c t n e s s  d e s p i t e  l a r g e  c h a n g e s  i n  i t s  e x t e r n a l  
o f  t h e  g r o w i n g  h a b i t ,  i m b r i c a t i o n  o f  the c n v i r o r i a i c n t .  The n l a x i m u m  a c t i v i t y  o f  a  
1  e a v e s  o n  p e n d a n t  b r a n c h e s  t h a t  a c t  ct s ~ ~ e r o x i d a s e  e n z y r i i e  e x t r a c t e d  f r o n l  Sphagnum 
w i c k s ,  d r a w i n g  w a t e r  u p  t h e  s t e i n ,  e n r o l l e d  m d c j e l l d n i c u m  - - .-. .- w a s  m e a s u r e d  a t  a  pH o f  5 ,  
b r a n c h  l e a v e s  t h a t  f o r m  c a p i  1  l a r y  t u b e s ,  w h i c h  wds s u b s t a n t i a l l y  above  t h a t  o f  i t s  
a r r a n g e m e n t  o f  b r a n c h e s  i n  f a s c i c l  e s  a  P -  i ) r e f e t - r e d  h a b i  t a t  ( T u t s c h e k  1 9 7 9 ) .  T h e  
p r e s s e d  t o  t h e  s t e m ,  a n d  t h e  intermixture?  ati ion-exchange s y s t e m  c o u l d  a l s o  p r o t e c t  
o f  e m p t y  h y a l  i n e  c e l l s  w i t h  t h o s e  c o n t a i n -  the p l d s l f l a l e n l r n a  f r o m  e x c e s s i v e  l o a d i n g  o f  
i n g  p r o t o p l a s t s  ( W a t s o n  1918). The e m p t y  c a t i o n s ,  a s  S u g g e s t e d  b y  B r o w n  ( 1  9 8 2 ) .  
h y a l i n e  c e l l s  a r e  r e i n f o r c e d  w i t h  f i b r i l  Th(! c o n t r ( l r y  o p i n i o n  s t r e s s e s  t h e  e c o l o g i -  
and  c o n t a i n  a r r a n g e i i i e n t s  o f  p o r e s  t h a t  a r c  ~ 3 1  r o l e  o f  t h e  e x c h a n g e  m e c h a n i s m  t h a t  
h i g h l y  d i a g n o s t i c  o f  d i f f e r e n t  t a x a .  C o l -  c r o d t e s  cln a c i d  e n v i r o n m e n t  a r o u n d  t h e  
l e c t i v e l y  t h e s e  a d a p t a t i o n s  p e r n i i t  p l a n t d n d  t h u s  e x c l u d e s  c o m p e t i t o r s .  
Sphagnum t o  h o l d  u p  t o  1 5 - 2 3  t i n i e s  i t s  d r y  
w e i g h t  i n  w a t e r  ( V i t t  -- e t  a l .  1975a) .  The i l l l ~ o r t a n c e  o f  Sphagnum a s  a  p e a t -  

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

i t s  e n v i r o n m e n t  h a s  l o n g  been  r e c o g n i z e d  S P ~ ~ ~ Y ~ L ! ! ! !  i n  i t s  v a r i o u s  h a b i t a t s  i s  n o t  
b y  f i e l d  a n d  l a b o r a t o r y  o b s e r v a t i o n s .  T h e  e x c e p t i o r i a l l ~  h i g h ,  b u t  a  v e r y  l a r g e  p e r -  
mechan ism f o r  t h i s  a b i l i t y  i s  i t s  c a t i o n -  ~ e r l t d i j e  o f  P r o d u c t i o n  i s  p r e s e r v e d .  Thus 
e x c h a n g e  m a t r i x ,  w h i c h  i s  c o r r e l a t e d  t o  C 1 ~ l l r o  and R e d d a w a y  ( 1 9 7 1 )  d e t e r m i n e d  t h a t  

' i *  O f  t h e  a n n u a l  p r o d u c t i o n  o n  p o l y ~ d l d c t u r o r t i c  a c i d s  l o c a t e d  o n  t h e  eel: tu ' I A '  

w a l l s  ( C l y m o  1 9 6 3 ;  C l  y m o  a n d  ~ a y w a r d  lawns in the M o o r  House N a t u r e  R e s e r v e  i n  
1 9 8 2 ) .  The  e x c e p t i o n a l  1  y  h i g h  c a t i o n -  E l lg land  acculllul a t e d  as pea t .  The v e r y  l o w  
exchange  c a p a c i t y  o f  Sphagnum i s  a p p r o x i -  decOiilpOsi t i o n  t-a t e  o f  Sphagnum i s  c a u s e d  
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b y :  ( 1 )  i t s  v e r y  l o w  n i t r o g e n  c o n t e n t ,  
( 2 )  t h e  a c i d - c o n d i  t i o n s  p r o d u c e d  b y  
Sphagnum, ( 3 )  reduced a e r a t i o n  i n  i t s  we t  
e n v i r o n m e n t ,  and  ( 4 )  t h e  p r e s e n c e  o f  
p h e n o l i c  compounds, such d s  sphagnol, t h a t  
i n h i b i t  m i c r o b i a l  a c t i v i t y  (C l yn io  and  
Hayward 1982; C l  ynio 1983; D i c k i n s o n  1983). 

The a b i l  i t y  o f  Sphagnuln t o  a1 t e r  i t s  
e n v i r o n m e n t  i s  s u p p o r t e d  b y  a  n u m b e r  o f  
~ + t l A i n r  ,,- ,&, t h ? t  c n r r ~ l q t ~  t h e  d i s t r i b u t i o n  o f  

v a r i o u s  Sphagnum s p e c i e s  t o  e n v i r o n m e n t a l  
g r d d i e n t s .  The m o s t  i m p o r t a n t  o f  t h e s e  
g r a d i e n t s  i s  m o i s t u r e  ( m e a s u r e d  a s  
c a p i t u l  um h e i g h t  a b o v e  t h e  w a t e r  t a b l e )  
and wa te r  c h e i r i i s t r y  ( p a r t i c u l a r 1  y  pH and  
Ca c o n c e n t r a t i o n ) .  The i n i p o r t a n t  t h r e s h -  
o l d s  t h a t  p e r m i t  t h e  i n i t i a l  c o l o n i z a t i o n  
o f  a  s i t e  b y  Sphagnurri and t h e  s u c c e s s i o n  
o f  v a r i o u s  s p e c i e s  in -p lace o f  one ano the r  
r e m a i n  t o  be d o c u m e n t e d .  Conway ( l 9 4 9 ) ,  
hcwcver, expressed t h e  co!!!!lrnnl y a c r e p t e d  
v i e w  t h a t  t h e  s p r e a d  o f  Sphagnum o v e r  a  
sedge  m a t  i s  r e s t r i c t e d  b y  the - " -gene ra l  
a v a i l a b i l i t y  o f  c a t i o n s .  Thus i n  h i g h l y  
r n i n e r o t r o p h i c  1  a k e s  Sphagnum c o l o n i z e s  
s i t e s  w h e r e  t h e  m a t  i s  w i d e s t .  However ,  
T a l l i s  (1973) has p r e s e n t e d  s t r a t i g r a p h i c  
d a t a  f r o m  C h e s h i r e  i n  E n g l a n d  i n  w h i c h  
t h e  r i s e  i n  abundance o f  Sphagnum rema ins  
w i t h i n  a  c o r e  i s  preceded b y  a  r i s e  i n  t h e  
P H. 

The d i s t r i b u t i o n  o f  t h e  v a r i o u s  
spec ies  a c c o r d i n g  t o  m o i s t u r e  and chemis -  
t r y  i s  d o c u m e n t e d  i n  s t u d i e s  i n  E u r o p e  
(Rose 1953; R a t c l i f f  and W a l k e r  1958 ;  
S j o r s  1948, 1983)  and N o r t h  America,  p a r t i -  
c u l a r l y  t h e  w o r k  o f  V i t t  and h i s  a s s o -  
c i a t e s  i n  M i c h i g a n  a n d  A l b e r t a  ( V i t t  e t  
a ] .  1975b; V i  t t  and  S l  a c k  1984;  H o r t o n  3 - - 
a l .  1 9 7 9 ;  S l a c k  e t  a l .  1 9 8 0 ) .  I n  - - - 
Minneso ta  t h e  e c o l o g i c a l  d i s t r i b u t i o n  o f  
t h e  v a r i o u s  Sphagna was d e s c r i b e d  b y  
Conway ( 1  949)  and  m o r e  r e c e n t l y  b y  V i t t  
and S lack  (1  984) and Janssens and G lase r  
(1986). The l a t t e r  p u b l i c a t i o n  a1 so des-  
c r i b e s  t h e  r e s p o n s e  o f  o t h e r  i m p o r t a n t  
b r y o p h y t e s  t o  shade and m o i s t u r e  g r a d i e n t s  
( F i g u r e  23). 

6.2 VASCULAR PLANTS 

6.2.1 T r e e s  

The m u s k e g s  o f  b o r e a l  A m e r i c a  a r e  
p r e d o m i n a n t l y  f o r e s t e d  peat1 ands t h a t  have 
no r e d l  c o u n t e r p a r t  i n  t h e  b o r e a l  r e g i o n  

o t  t u r o p e  ~ x ~ c ~ i  :G,- ;;:;; ::: F i ~ ? < r ? n : !  acd 
e a s t e r n  tu rope.  I n  e a s t e r n  Europe s c o t c h  
p i n e  ( P i n u s  s y l v e s t r i s )  may f o r m  a  canopy 
o n  r a i ' s e d b o g s  b u t  o n l y  w h e r e  t h e  w a t e r  
t a b l e  i s  l o w  as  a  r e s u l t  o f  d r a i n a g e  p r o -  
j e c t s  o r  s l o w  a c c u m u l  a t i o n  r a t e s  a n d  a 
h i g h  m o i s t u r e  d e f i c i t  ( K a t z  1 9 2 6 ;  
K u l c z y n s k i  1949 ;  M a s i n g  1982 ) .  I n  N o r t h  
A m e r i c a ,  h o w e v e r ,  a  n u m b e r  o f  c o n i f e r  
s p e c i e s  h a v e  a d a p t a t i o n s  t h a t  p e r m i t  t h e  
t r e e s  t o  a d j u s t  t o  t h e  r i s i n g  w a t e r  t a b l e  
o f  a c t i v e l y  g r o w ~ n g  p e a t 7 a n d s .  A h i g h  
w a t e r  t a b l e  i s  o t h e r w i s e  l e t h a l  f o r  t h e  
r o o t  s y s t e m s  o f  w o o d y  p l a n t s  b e c a u s e  o f  
t h e  a c c u i n u l a t i o n  o f  t o x i c  m e t a b o l i t e s  f rom 
a n a e r o b i c  r e s p i r a t i o n  ( C r a w f o r d  1983). 

The t w o  m o s t  i m p o r t a n t  t r e e  s p e c i e s  
i n  M i n n e s o t a  p e a t l a n d s  a r e  P i cea  mar iana  
and  L a r i x  l a r i c i n a ,  w h i c h  a d j u s t  t o  a  
r i s i n g s  s u r f a c e  and w a t e r  t a b l e  b y  ( 1 )  
1  a y e r i  ng,  ( 2 )  p r o d u c t i o n  o f  a d v e n t i t i o u s  
r o o t s  f r o m  t h e  s tem,  and l e s s  commonly ( 3 )  
r o o t  s p r o u t s  ( C o o p e r  1 9 1 1 ;  F u l l e r  1913; 
Gates 1938; Roe 1957; F o w e l l s  1965; Ho r ton  
and L e e s  1961 ) .  

P i c e a  m a r i a n a  a n d  L a r i x  l a r i c i n a  - -  
r e a d i l y  d e v e l o p  a d v e n t i t i o u s  r o o t s  when- 
eve r  t h e  l o w e r  b ranches  come i n t o  c o n t a c t  
w i t h  a  w e t  m o s s  s u b s t r a t e .  T h i s  f o r m  o f  
v e g e t a t i v e  r e p r o d u c t i o n ,  c a l l e d  l a y e r i n g ,  
r e s u l t s  i n  a dense c lumped  g r o w t h  f o r m  and 
i s  i n d i c a t i v e  o f  p e a t l a n d s  w i t h  a  r a p i d l y  
g r o w i n g  s u r f a c e .  B o t h  s p e c i e s  a r e  a l s o  
c a p a b l e  o f  p r o d u c i n g  a d v e n t i t i o u s  r o o t s  
f r o m  t h e  s tem,  and t r e e s  i n  a c t i v e l y  grow- 
i n g  p e a t l  a n d s  t y p i c a l  l y  s e n d  o u t  new 
l a y e r s  o f  r o o t s  t o  r e p l a c e  t h e  d e e p e r  
r o o t s  k i l l e d  b y  a  r i s i n g  w a t e r  t a b l e  (R igg  
and  H a r r a r  1 9 3 1 ;  Le  B a r r o n  1 9 4 5 ;  H u s t i c h  
1954 ,  1955 ;  H o r t o n  and  Lees  1 9 6 1 ) .  B l a c k  
s p r u c e  a l s o  has t h e  a b i l i t y  t o  s p r o u t  from 
t h e  r o o t s  a n d  t o  f o r m  u p r i g h t  s t e m s  f r o m  
w i n d - t h r o w n  t r e e s .  T h i s  t y p e  o f  v e g e t a -  
t i v e  r e p r o d u c t i o n  r e s u l  t s  i n  a p p a r e n t  rows  
o f  t r e e s  t h a t  o r i g i n a t e  f r o m  t h e  same 
moss-covered f a 1  1  en 1  og. 

Thu ja  o c c i d e n t a l  i s  a1 so d i s p l a y s  m o s t  
o f  t h e s e  a d a p t i v e  c h a r a c t e r i s t i c s  b u t  i s  
m o r e  d e m a n d i n g  i n  i t s  n u t r i e n t  r e q u i r e -  
men ts  and i s  t h e r e f o r e  l e s s  common i n  t h e  
p a t t e r n e d  p e a t l  a n d s  o f  M i n n e s o t a .  Th'e 
o t h e r  m a j o r  t r e e  s p e c i e s  i n  M i n n e s o t a  
 eatl lands i s  A b i e s  b a l s a m e a .  w h i c h  d o e s  
n o t  r e p r o d u c e  r e a d i l y  b y  v e g e t a t i v e  means 
and i s  l e s s  c a p a b l e  o f  g r o w i n g  on a c t i v e l y  
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Figure 23. The cover value of the major peat-forming bryophytes in the Red Lake peatland in relation to shade and height 
above the water table (Janssens and Glaser 1986). The cover values are according to the Braun-Blanquet scale: (1) plentiful 
but at small cover value (2) covering up to 5% of the area. (3) 25-50% of the area, (4) 50-75% of the area. 

g r o w i n g  p e a t  ( F o w e l l s  1 9 6 5 ) .  F i r  a l s o  i n  f o r e s t e d  b o g s  b e c a u s e  o f  i t s  g r e a t e r  
r e q u i r e s  m o r e  m i n e r o t r o p h i c  s i t e s  and  i s  i n t o l e r a n c e  t o  s h a d i n g ,  b u t  c l u m p s  o f  
r e l a t i v e l y  u n c o m m o n  i n  p a t t e r n e d  p e a t -  L a r i x  g e n e r a l l y  r e p l a c e  s p r u c e  o n  t h e  m o r e  
1 ands. open  and w e t t e r  Sphagnum l a w n s .  The dom- 

i n a n c e  o f  P i c e a  m a r i a n a  i n  b o g  f o r e s t s  
c o m p a r e d  t o  i t s  r e p l a c e m e n t  b y  t a m a r a c k  i n  
t h e  m o r e  open f e n s  l e d  H e i n s e l m a n  t o  s u g -  

P i c e a  m a r i a n a  and L a r i x  l a r i c i n a  a r e  g e s t  t h a t  t h e s e  s p e c i e s  c o u l d  b e  u s e d  a s  
t o l e r a n t  t o  c h a n g e s  i n  w a t e r c h e m i s t r y  and i n d i c a t o r  s p e c i e s  ( H e i n s e l m a n  1970) .  HOW- 
a t t a i n  d o m i n a n c e  w h e r e v e r  t h e  w a t e r  t a b l e  e v e r ,  t h e i r  i n d i c a t o r  v a l u e  i s  p r o b a b l y  
i s  l o w  o r  w h e r e  t h e r e  i s  s u f f i c i e n t  d r a i n -  m o r e  r e l a t e d  t o  l a n d f o r m  and  t h e  p o s i t i o n  
age  f o r  P r o p e r  r o o t  g r o w t h .  P i c e a  m a r i a n a  o f  t h e  w a t e r  t a b l e  t h a n  t o  w a t e r  c h e m i s -  
i s  t h e  d o m i n a n t  s p e c i e s  i n  b o t h  b o g s  a n d  t r y ,  a s  t h e  d i r e c t  g r a d i e n t  a n a l y s i s  shows 

s p r i n g - f e n  f o r e s t s ,  w h i c h  r e p r e s e n t  t h e  ( G l a s e r  and  Janecky ,  I n  prep.; F i g u r e  24). 
o p p o s i t e  ends  o f  t h e  w a t e r - c h e m i s t r y  g r a -  H e i  n s e l m a n  ( 1  9 7 0 )  c o n s i d e r e d  T h u j a  
dient i n  P e a t 1  and5 ( G l a s e r  and  Janecky ,  I n  o c c i d e n t a l i s  t o  b e  an e x t r e m e l y  r i c h  fen -  
p rep . ;  F i g u r e  24) .  L a r i x  i s  1 e s s  c o m m o n  i n d i c a t o r  i n  t h e  M y r t l e  Lake p e a t l a n d ,  b u t  
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t h i s  spec ies  may a1 so  o c c u r  s p o r a d i c a l l y  
i n  p o o r  f e n s  as w e l l .  The s i m p l i c i t y  o f  
t h e  t r e e  f l o r a  i n  t h e  mos t  a c t i v e l y  grow- 
i n g  p e a t l a n d s  a t t e s t s  t o  t h e  a p p a r e n t  
d i f f i c u l t y  o f  e v o l v i n g  a d a p t a t i o n s  t o  
a d j u s t  t o  a r a p i d l y  r i s i n g  p e a t  su r face .  

6.2.2 Sh rubs  

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

w t l i L / ~  a r c  j - - n . " a t n l  t~,,,~.-.. . -  "- s, l d e n t i f i n d  by t h e i r  
' J  

x e r o m o r p h i c  1  e a v e s ,  s h o r t  s t a t u r e ,  and 
showy  f l o w e r s  o r  b e r r i e s .  The l a r g e l y  
c i r c u m b o r e a l  d i s t r i b u t i o n  o f  such spec ies  
a s  L e d u m  g r o e n l  a n d i c u m ,  Chamaeda hne -- 
c a l  y c u l  a t a ,  bog 1  a u r e i  (Kal mi- 
And romeda  g l a u c o p h y l  l a, Vacc in ium v i t i s -  
idaea,  s m a l l  c r a n b e r r y  (1. o x y c o c c u s ~ d  
7 i T i i T t h e r i a  h i s p i d u l a  p r o v i d e s  a b r o a d  
g e o g r a p h i c  c o n t i n u i t y  t o  t h e  p e a t l a n d  
v e g e t a t i o n  o f  t h e  b o r e a l  zone. P r o b a b l y  
t h e  most  s t u d l ? ~  a5p.i.t u f  l ? i t s t ;  p i a n t s  1s 

Figure 24. Direct gradient analysis of the major vascular plants that occur i n  both bogs and fens. The dual peaks in  cover 
for Picea mariana, Chamaedaphne calyculata and Ledum groenlandicurn indicate that these species are insensitive t o  changes 
in  water chemistry but instead respond t o  another gradient such as water level or shading. The other species shown are 
Carex oligosperma, Eriophorum spissum, and Larix laricina. The average cover values represent the standard Braun-Blanquet 
symbols. The ranges i n  water chemistry are bog (pH 14.2; Ca <2 rng/l), poor fen (bog-like) (pH 4.1-4.6; Ca 1.5-5.5 mglll, 
poor fen (fen-like) (pH 4.1-5.8; Ca <10 mgf l ) ,  intermediate rich fen (pH 5.8-6.7; Ca 10-32 mgf l ) .  extremely rich fen (pH >6.7; 
Ca > 30 mg/ l ) .  



t h e  a p p a r e n t  p a r a d o x  o f  x e r o m o r p h i c  f e a -  
t u r e s  i n  p l a n t s  t h a t  g r o w  i n  p r e d o m i n a n t l y  
w e t  h a b i t a t s .  The  c o n c e p t  t h a t  t h e s e  
s p e c i e s  a r e  a c t u a l  1  y p h y s i o l o g i c a l l y  
s t r e s s e d  b y  t h e  l o w  a v a i l a b i l i t y  o f  w a t e r  
was  a d v a n c e d  b y  S c h i m p e r  ( 1 8 9 8 ) ,  G a t e s  
( 1  9 1 4 ) ,  Yapp ( 1  9 1 2 ) ,  a n d  C a u g h e y  ( 1  9 4 5 ) .  
These a u t h o r s  n o t e d  t h a t  t h e  a v a i l a b i l i t y  
o f  w a t e r  i n  p e a t l a n d s  m a y  b e  1  i m i t e d  b y  
l o w  t e m p e r a t u r e s ,  t h e  a d s o r p t i o n  o f  w a t e r  
o n t o  t h e  p e a t ,  t h e  p r e s e n c e  o f  t o x i c  com- 
pounds, l o w  o x y g e n  s u p p l y ,  and  t h e  p e r i o d -  
i c  d r y i n g  o u t  o f  t h e  u p p e r  p e a t  s u r f a c e .  
A c t u a l  m e a s u r e m e n t s  o f  t r a n s p i r a t i o n  
r a t e s ,  h o w e v e r ,  r e v e a l e d  1  i t t l e  d i f f e r e n c e  
w i t h  t h e  r a t e s  m e a s u r e d  i n  m e s o p h y t i c  

p l  a n t s  ( M a x i m o v  1929 ;  S h i e l d s  1950; B e a d l e  
1966;  S m a l l  1972) .  The x e r o m o r p h i c  c h a r a c -  
t e r s  m a y  i n s t e a d  b e  r e l a t e d  t o  t h e  c o n -  
s e r v a t i o n  o f  n u t r i e n t s ,  w h i c h  g e n e r a l l y  
c h a r a c t e r i z e s  p l a n t s  i n  n u t r i e n t - p o o r  hab- 
i t a t s  ( M o n k  1 9 6 6 ;  B e a d l e  1 9 5 4 ;  1 9 6 6 ;  
Love1 e s s  1961,  1962). 

The bog e r i c a d s  o c c u r  on  a  w i d e  r a n g e  
o f  p e a t l a n d  s i t e s  f r o m  o m b r o t r o p h i c  b o g s  
t o  e x t r e m e l y  r i c h  f e n s  [ F i n y r e s  . Y 24 2nd  
2 5 ) .  T h e s e  s h r u b s  c a n  a l s o  t o l e r a t e  
w a t e r 1  o g g i n g  a s  d e p a u p e r a t e  i n d i v i d u a l  s  
m a y  be f o u n d  on  s l i g h t l y  e l e v a t e d  t u s s o c k s  
i n  t h e  w e t t e s t  f l a r k s .  However ,  t h e  r e l a -  
t i v e  abundance o f  t h e s e  s p e c i e s  i s  a l w a y s  

Bog Poor Fen Poor Fen Inter. Extrern. 
(bog- l ike)  Rich Fen Rich Fen 

Figure 25. Direct gradient analysis of major fen species along a chemical gradient. 



h i a h e s t  on t h e  d r i e s t  s i t e s  e i t n e r  i r ~  iilc 

shade o f  P i c e a  m a r i a n a  and L a r i x  l a r i c i n a  
o r  i n  s u n n y  o p e n i n g s .  L e d u m ,  h o w e v e r ,  
s e e m s  t o  p r e f e r  s h a d e d  s i t e s  i n  c o n t r a s t  
t o  C h a m a e d a p h n e ,  w h i c h  i s  m o r e  o f t e n  t h e  
d o m i n a n t  i n  t h e  open. These s p e c i e s  have  
no i n t r i n s i c  v a l u e  as i n d i c a t o r s  o f  w a t e r  
c h e m i s t r y  a1 t h o u g h  t h e i r  d i s t r i b u t i o n  i n  
p a r t i c u l a r  p e a t l a n d s  rnakes  s u c h  a u s a g e  
t e m p t i n g  ( H e i n s e l m a n  1970). 

The o t h e r  i m p o r t a n t  s h r u b  s p e c i e s  i n  
M i n n e s o t a  p e a t l a n d s  i s  -- B e t u l a  p u n l i l a  v a r .  
g l a n d u l  i f e r a ,  w h i c h  a t t a i n s  d o m i n a n c e  o n  
t h e  s t r i n g  l a n d f o r m s .  A1 t h o u g h  B e t u l  a  
p u m i l a  v a r .  glandulifera i s  a m i n e r o t r o -  
p h i c  i n d i c a t o r  i n  M i n n e s o t a  p e a t l a n d s ,  
w a t e r  c h e m i s t r y  seems t o  have  l i t t l e  i n -  
f l u e n c e  on  i t s  r e 1  a t i v e  a b u n d a n c e  w i t h i n  
t h e  r a n g e  f r o m  p o o r  t o  e x t r e m e l y  r i c h  f e n  
( F i g u r e  25) .  W i t h i n  m i n e r o t r o p h i c  f e n s  
w a t e r  l e v e l  a n d  s h a a i n g  d r e  eire i n o s t  i w -  
p o r t a n t  f a c t o r s  c o n t r o l l i n g  t h e  abundance  

c - -  h T h ~ _ ! c  ! f ? o t ~ ~ l a  n u m i l a  var.  UI uuy " ,  8 L, , .  
-I 

g l  a n d u l  i f e r a  becomes domi n a n t  o n l y  o n  t h e  
d r i e s t  s t r i n g s ,  p a r t i c u l d r l y  t h o s e  f o u n d  
i n  d i t c h e d  p e a t l a n d s .  I n  t h o s e  w a t e r  
t r a c k s  w h e r e  t h e  w a t e r  t a b l e  h a s  b e e n  
c o n s i d e r a b l y  l o w e r e d  b y  d r a i n a g e  d i t c h e s  
B e t u l a  p u m i l a  v a r .  g l a n d u l  i f e r a  may spread 
o u t  o n t o  t h e  a d j a c e n t  f l a r k s  a n d  f o r m  a  
c o n t i n u o u s  s h r u b 1  a n d  ( F i g u r e s  26-29). 

6.2.3 S e d g e s  
.- 

T h e  l i f e - h i s t o r y  c h a r a c t e r i s t i c s  o f  
t h e  d o m i n a n t  s e d g e s  i n  b o r e a l  p e a t l a n d s  
h a s  b e e n  r e l a t i v e 1  y n e y l  e c t e d ,  d e s p i t e  
t h e i r  c o n s i d e r a b l e  i m p o r t a n c e  a s  c o m p o -  
n e n t s  o f  t h e  v e g e t a t i o n  a n d  a s  p e a t -  
f o r m e r s .  B e r n a r d  a n d  G o r h a m  ( 1 9 7 8 )  d e s -  
c r i b e d  t h e  1 i f e - h i s t o r y  c h a r a c t e r i s t i c s  o f  
t w o  s e d g e s  t h a t  e x t e n d  i n t o  t h e  b o r e a l  
z o n e  b u t  a r e  m a j o r  p e a t - f o r m e r s  o n l y  i n  
L G I - c  s o ~ i t h ~ r l y  and t e ~ p e r a t e  r e g i o n s :  
Carex  1  a c u s t r i  s  ( l a k e  m a r g i n  s e d g e )  s h o o t s  

Figure 26. A pristine patterned fen in the Myrtle Lake peatland. The characteristic strings and flarks are dominated by sedges. 
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Figure 27. The invasion of a water track by shrubs. Where ditches have lowered the water table, shrubs generally cover 
the strings (Norris Camp peatland). 

have a  l i f e  span o f  4-5  mon ths ,  9-11 
months,  o r  11-12 m o n t h s ,  depending  upon 
when they emerge during t he  season; Carex 
r o s t r a t a  (beaked  s e d g e )  s h o o t s  have an 
average  2 - y e a r  1 i f e s p a n .  Bernard and 
Gorham noted t h a t  t he se  spec i e s  conta in  a  
considerable  green s tanding  crop in win te r  
but a l s o  have a v e r y  h igh  m o r t a l  i t y  r a t e  
in win te r ,  wi th  as many a s  80%-90% of the 
Shoots dy ing  b e f o r e  r e a c h i n g  m a t u r i t y .  
S i m i l a r  s t u d i e s  on t h e  m a j o r  s edge  p e a t -  
formers in boreal pa t te rned  peat1 ands a r e  
u r g e n t l y  needed b e f o r e  t h e  dynamics  of  
these communities can be understood. 

The r e l a t i v e  s e n s i t i v i t y  of the  major 
sedge spec ies  t o  water  chemis t ry  enhances 
t h e i r  importance in  d i s t i n g u i s h i n g  d i f f e r -  
e n t  p e a t l a n d  t y p e s  ( F i g u r e s  24 ,  25,  and 
30 ) .  In  Minnesota  t h e  most  i m p o r t a n t  
s p e c i e s  r each  t h e i r  maximum abundance 
along a  grad ien t  represen ted  by the posi- 
t i o n  o f  t h e  w a t e r  t a b l e  and t h e  w a t e r  

c h e m i s t r y .  C a r e x  01 i g o s p e r m a  and  
Eriophorum sp issum r e a c h  t h e i r  maximum 
abundance i n  ombro t roph ic  bogs and ex-  
t r e m e l y  poor f ens .  These s p e c i e s  a r e  
rep1 aced by Rhynchospora a1 ba and Carex 
1  imosa in poor fens ,  and in tu rn  they  give 
way t o  C a r e x  c h o r d o r r h i z a  and -- C a r e x  
l a s i o c a r p a t h m  The s ens i -  
t i v i t y  of these  spec ies  t o  water  chemis t ry  
in Minnesota i s  not neces sa r i l y  i nd i ca t i ve  
of  t h e i r  p r e f e r e n c e s  a c r o s s  t h e i r  geo-  
g r a p h i c  range.  A l a r g e  number of e x c l u -  
s i v e l y  fen  p l a n t s  in  Minnesota  a l s o  grow 
on o m b r o t r o p h i c  bogs in t h e  M a r i t i m e  
Provinces o f  e a s t e rn  Canada (Glaser 1983c; 
G l a s e r ,  I n  p r ep .b ) .  A 1 i s t  o f  t h e s e  
p l an t s  i s  presented in Table 2. 

As peat-formers  t h e  sedges a r e  second 
in  i m p o r t a n c e  o n l y  t o  Sphagnum i n  t h e  
bo rea l  p e a t l a n d s  of Minnesota .  The mos t  
important  i s  apparen t ly  Carex l a s ioca rpa ,  
which reproduces vigorously by vege ta t ive  



F~gure 28 The invasion of a water track by shrubs. Where ditches have considerably lowered the water table, shrubs have 
q p r ~ s r !  fron\ *bp ~ t r i n g s  tn the ~ d j a r ~ n t  f l a r k ~  (Winter  Road Lake peat land) 

nican.i rtrld i r i  t h e  proc.ess e s t a b l  i s h e s  ex-  
tens lve  rletworks of r h~zomes  and r o o t l e t s .  
ltie per~r resb l l i ty  of t h i s  rhizoniatous peat 
i s  ldrgcl  y responsible  for  t he  chdnnel ing 
o f  wdter ~~iover~icnts  dnd the  development of  
wdter trdc. k s  in Minnesota peatl  ands. The 
pea t  deve loped  by Khynchospora a l b a  and 
Carcx I i m c s a ,  bo th  of which r each  domi- -- 
nar1c.e m r a r k s .  i s  l e s s  f i b r o u s  because  
of  the  wedkly rhizolnatous nature of  these  
species .  The more decor~iposed peats formed 
by these  spec ies  rridy con t r i bu t e  to  t he  low 
i n f i l t r a t i o n  c a p a c i t y  o f  t h e  pea t  under -  
lying the f l a r k  landforms and to t he  for -  
niation of a  pool. 

6.3 RARE PLANTS 

A fiumbcr of r a r e  spec ies  ill Minnesota 
a r e  l a r g e l y  o r  e n t i r e l y  r e s t r i c t e d  t o  
p a t t e r n e d  p e a t l  ands  (Wheeler  and Gl a s e r  
1979,  1982a.  b ;  Gl a s e r  1983a ,  b; Wheeler  

1983 ,  1984 ;  Wheeler  e t  a l .  1.983, J a n s s e n s  
and Gl a s e r  1983a .  b), Some of t h e s e  . . 

C a r e x  e x i l i s ,  s p e c i e s ,  s u c h  a s  
Rhynchospora f u s c a  ( s o o t y  bea k-ruSh), 
C l a d i u m  m a r i s c o i d e s ,  a n d  El e o c h a r i s  
r o s t e l  l 2 t a  ( s m a l l  beak s o i  k e - r u s h )  a r e  
o f t e n  t h e  d o m i n a n t  s p e b i e s  a t  t h e i r  
s t a t i o n s  b e c a u s e  o f  t h e i r  s t r o n g l y  
c e s p i t o s e  o r  rhizomatous growth forms. Of 
t he se  pl a n t s  Carex e x i l  i s  and Rhynchospora -- 
f u s c a  a r e  t h e  mos t  r e s t r i c t e d  geograph-  
i c a l l y ,  being l i m i t e d  t o  on ly  a few s i t e s  
o u t s i d e  t h e  l a r g e  Red Lake p e a t l a n d  
(Gl a s e r  1983c; Wheeler 1984). However, in 
ac tua l  numbers of  i n d i v i d u a l s  t h e  circum- 
boreal Juncus s t y g i u s  (bog rush)  i s  proba- 
b l y  t h e  r a r e s t  v a s c u l a r  s o e c i e s  i n  
Minnesota peat l  ands.  ~1  t h o u g h s  i t  o c c u r s  
in a  number o f  s i t e s  i t  i s  u s u a l l y  r e p r e -  
sented by only  a  few ind iv idua l s  t h a t  grow 
in i s o l a t e d  patches. Along with t h e  s imi -  
l a r l y  i n c o n s p i c u o u s  X y r i s  m o n t a n a  



Figure 29. The invasion of a water track by trees. Where drainage ditches have considerably lowered the water table, black 
spruce trees have spread out from the strings and the water track is reverting to a swamp forest. 

( m o u n t a i n  y e l l o w - e y e d  g r a s s )  t h e s e  s p e c i e s  
a p p e a r  t o  g r o w  i n  f u g i t i v e  h a b i t a t s  w h e r e  
d i s t u r b a n c e  o r  h i g h  w a t e r  1  e v e 1  s  h a v e  
1 i r n i t e d  t h e  c o m p e t i t i o n  f r o m  t h e  l a r g e r  
m o r e  a g g r e s s i v e  sedges.  

The t w o  r a r e  sundews D r o s e r a  a n g l i c a  
a n d  D. l i n e a r i s  a r e  s i m i l a r l y  r e s t r i c t e d  
t o  si-tes w i t h  a  h i q h  w a t e r  t a b l e ,  b u t  i n  
t h i s  c a s e  t h e s e  s p e c i e s  o n 1  y g r o w  i n  t h e  
d e e p e s t  f l a r k s  o f  p r i s t i n e  p e a t l a n d s  
( W h e e l e r  and G l  a s e r  1979;  G l a s e r  u n p u b l .  
d a t a ) .  O f  t h e  t w o  D. l i n e a r i s  h a s  t h e  
m o r e  r e s t r i c t e d  d f i t r i b u t i o n ,  a s  D. 
a n g l  i c a  i s  o c c a s i o n a l  1  y f o u n d  i n  w a t e r  
t r a c k s  t h a t  h a v e  b e e n  d i t c h e d .  C l a d i u m  
m a r i s c o i d e s  i s  s i m i l a r l y  r e s t r i c t e d  t o  
s p r i n g  f e n s  t h a t  have  been  m i n i m a l l y  d i s -  
t u r b e d  by d r a i n a g e  d i t c h e s  a1 t h o u g h  l a r g e  
P o p u l a t i o n s  o c c u r  i n  t h e  a l t e r e d  R o s e a u  
W i l d 1  i f e  Refuge i n  n o r t h w e s t e r n  M i n n e s o t a  
and a l o n g  t h e  n o r t h e r n  edge o f  t h e  w e s t e r n  

w a t e r  t r a c k  i n  t h e  Red L a k e  p e a t l a n d .  
C l a d i u m ,  h o w e v e r ,  was o n c e  much  m o r e  abun-  
d a n t  i n  a r e a s  s u c h  a s  t h e  Red L a k e  p e a t -  
l a n d  w h e r e  a c h e n e s  o f  t h i s  s p e c i e s  a r e  
common i n  t h e  b a s a l  p e a t  l a y e r s ,  w h i c h  
a p p a r e n t 1  y r e p r e s e n t  a  w e t  p r a i r i e  m a r s h  
o r  r i c h  f e n  ( G r i f f i n  1 9 7 7 ;  J a n s s e n s  a n d  
G l  a s e r ,  I n  p r e p . ) .  

The t w o  m o s t  i m p o r t a n t  h a b i t a t s  f o r  
t h e s e  r a r e  s p e c i e s  i n  M i n n e s o t a  a r e  t h e r e -  
f o r e  (1) p a t t e r n e d  f e n s  w i t h i n  t h e  l a r g e s t  
p e a t l a n d s  a n d  ( 2 )  s p r i n g  f e n s  w h e r e  t h e  
i m p a c t  o f  d r a i n a g e  d i t c h e s  and  o t h e r  human 
m o d i f i c a t i o n s  a r e  l i m i t e d .  M o s t  o f  t h e s e  
r a r e  s p e c i e s ,  f o r  e x a m p l e ,  a r e  f o u n d  w i t h -  
i n  t h e  Red L a k e  p e a t l a n d  i n  n o r t h w e s t e r n  
M i n n e s o t a  w h e r e  t h e  g r e a t  e x p a n s e  o f  p e a t  
h a s  l i m i t e d  t h e  e f f e c t s  o f  d r a i n a g e  
d i t c h e s .  S p r i n g  f e n s  a1 so  c o n t a i n  a  1  a r g e  
n u m b e r  o f  r a r e  s p e c i e s  i n c l u d i n g  
E l e o c h a r i s  r o s t e l  l a t a ,  s t i c k y  f a l s e  
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Figure 30. The relative dominance of the major species of vascular plants relative t o  the landforms. Different species attain 
dominance on different landform types in response t o  changes in  water table and shade. 

Table 2. Continental fen plants that grow on ombrotrophic bogs in  the Mari t ime Provinces o f  Canada (Glaser, 
I n  prep.). 

Hummocks Pools Lawn/mud/bottoms 

Cornus canadensis E r i ocau l  on septangulare Sc i rpus  cesp i tosus  
Me1 ampyrum 1 i neare Nuphar var iegatum Calamagrost i  s inexpansa 
T r i  en ta l  i s  boreal  i s  Nymphea odorata -- Carex e x i  1 i s  
Gau l t he r i a  procumbens Juncus p e l  eocarpus 
Maianthemum canadense X y r i s  montana 
Juniperus communi s Arethusa b u l  bosa 
Myr ica ga le  Cal opogon p u l  che l  1 us 
Pyrus me1 anocarpa Pogonia ophi  og losso i  des 
Nemopanthus mucronatus Drosera angl  i c a  
Sol idago u l  i g i  nosa Drosera i n t e rmed ia  
As te r  nemoral i s  Vaccinium macrocarpon 



asphode l  ( T o f i e l  d i a  g l  u t i n o s a ) ,  and m a r s h  The M i n n e s o t a  s t a t i o n s  f o r  m a n y  o f  
a r r o w - g r a s s  ( T r i g 1  o c h i  n  p a l u s t r i s ) ,  w h i c h  t h e s e  r a r e  s p e c i e s  r e p r e s e n t  t h e  b o r d e r  o f  
h a v e  n o t  b e e n  f o u n d  i n  o t h e r  t y p e s  o f  t h e i r  g e o g r a p h i c  ranges .  The p r e d o m i n a n t -  
p a t t e r n e d  p e a t l a n d  i n  M i n n e s o t a .  1  y  b o r e a l  Juncus  s t y g i  u s ,  D r o s e r a  a n g l  i c a ,  

a n d  D. l i n e a r i s  r e a c h  t h e i r  s o u t h e r n  
An e x c e p t i o n  t o  t h i s  r u l e  i s  t h e  r a n g e - l i m i t s  i n  M i n n e s o t a  p e a t l a n d s ,  

s m a l l  p a t t e r n e d  f e n  a t  A l b o r n ,  w h i c h  c o n -  w h e r e a s  t h e  c o a s t a l  p l a i n  e l e m e n t s  Carex 
t a i n s  p o p u l a t i o n s  o f  C a r e x  e x i l  i s ,  e x i l  i s ,  R h y n c h o s p o r d  f u s c a ,  a n d  X y r i s  
R h y n c h o s p o r a  f u s c a ,  a n d  X y r i s  m o n t a n a .  m o n t a n a  a r e  c e n t e r e d  i n  t h e  M a r i t i m e  
T h i s  p e a t l a n d  w a s  a l t e r e d  b y  d r a i n a g e  P r o v i n c e s  o f  Canada and  r e a c h  t h e i r  w e s t -  

- . - -  1.: . b i t ~ h p ~  c:t tkr;;:,gh t h e  f i t - :  i : :  ; 3 3 7  l o  CI I :  I hi: ili X i r i r i ~ ~ u t d .  
p r o v i d e  d r a i n a g e  f o r  t h e  o l d  r o a d w a y  o f  
C o u n t y  R o a d  7. A c c o r d i n g  t o  L o u i s  D u r i n g  t h e  p a s t  5 y e a r s  a  n u m b e r  o f  
T remb lay ,  who has  l i v e d  n e a r  t h e  f e n  f o r  80 r a r e  b r y o p h y t e  s p e c i e s  h a v e  b e e n  d i s c o v -  
y e a r s ,  t h e  d i t c h e s  s u b s t a n t i a l l y  l o w e r e d  e r e d  i n  t h e  b o r e a l  p e a t l a n d s  o f  n o r t h e r n  
t h e  w a t e r  t a b l e  i n  t h e  f e n  a n d  p e r m i t t e d  M i n n e s o t a  ( W h e e l  e r  a n d  G l  a s e r  1 9 8 2 b ;  
t h e  i n v a s i o n  o f  t r e e s  s u c h  a s  L a r i x  J a n s s e n s  a n d  G l a s e r  1 9 8 3 a ,  b ,  1986) .  The - 
l a r i c i n a ,  P i n u s  s t r o b u s ,  a n d  B e t u l a  m o s t  r e m a r k a b l e  o f  t h e s e  p l a n t s  i s  
p a p y r i  f e r a  o n t o  t h e  d r i e r  p e a t  s u r f a c e .  C a l l  i e r g o n  a f t o n i a n u m ,  w h i c h  was p r e v i o u s -  
A c c o r d i n g  t o  t h e  14c  d a t e s ,  h o w e v e r ,  t h e  m v t o e x t i n c t  s i n c e  t h e  
a c c u m u l a t i o n  r a t e  o f  p e a t  i n  t h i s  f e n  had  P l e i s t o c e n e  ( J a n s s e n s  a n d  G l a s e r  1 9 8 6 ;  
s p p a r e n t l y  b e g g n  t o  s l o ~  i i owr l  s e v e r d l  dar isse i ls  htlpub'i. I9iS.j. Tile f o s s i l  r e r ~ ~ d i n s  
t h o u s a n d  y e a r s  b e f o r e  t h e  d i t c h i n g  p r o -  O f  a  n u m b e r  o f  b r y o p h y t e s ,  s u c h  a s  
j e c t ,  so  i t  i s  n o t  c l e a r  e x a c t l y  w h a t  C a l l  i e r g o n  t r i f a r i u m  a n d  D r e p a n o c l a d u s  
i m p a c t  t h e  d i t c h e s  h a v e  h a d  o n  t h e  l o c a l  l a p p o n i c u s ,  a r e  a b u n d a n t  i n  c o r e s  f rom t h e  
d o m i n a n c e  o f  s o  m a n y  r a r e  s p e c i e s .  The Red Lake  p e a t l a n d  b u t  a r e  p r e s e n t l y  a b s e n t  
p o o r - f e n  r a n g e  o f  t h e  w a t e r  c h e m i s t r y ,  f r o m  t h e  1  i v i n g  v e g e t a t i o n  ( J a n s s e n s  & 
h o w e v e r ,  i s  c o n s i s t e n t  w i t h  c h e m i s t r y  G l  a s e r  1 9 8 6 ;  J a n s s e n s  a n d  G l a s e r ,  I n  
a s s o c i a t e d  w i t h  t h e  s t a t i o n s  o f  t h e s e  r a r e  p r e p . ) .  T h e  1  i s t  o f  r a r e  b r y o p h y t e  
p l a n t s  i n  o t h e r  p a t t e r n e d  f e n s .  The s p e c i e s  i n  M i n n e s o t a  p e a t l a n d s  w i l l  n o  
h i s t o r y  o f  t h e  r a r e  p l a n t s  a t  t h i s  s i t e  i s  d o u b t  i n c r e a s e  i n  t h e  f u t u r e  w i t h  m o r e  
c u r r e n t l y  u n d e r  i n v e s t i g a t i o n  b y  means o f  d e t a i l e d  f i e l d  s a m p l i n g  i n  t h e  m o r e  r e m o t e  
p o l l e n  d n a l y s i s .  d r e a s .  



CHAPTER 7 .  FAUNA OF PEATLANDS 

The 1  i t e r a t u r e  o n  the b o r e d l  p e a t l  and  
f a u n a  o f  n o r t h e r n  M i  n n e s o t d  hds r e c e n t l y  
b e e n  s u m m a r i z e d  i n  r e  p o r t s  i s s u e d  b y  t h e  
P e a t  Program o f  t h e  M i n n e s o t a  D e p a r t n l e n t  
o f  N a t u r a l  R e s o u r c  c s  ( ~ a r s h a 1 1  a n d  
M i q u e l l e  1 9 7 8 ;  M N  UNK 1981;1 ,  1 9 8 4 d ) .  
T h e s e  r e p o r t s  s t r e s s  t h e  i ie  p o r t a n c e  o f  
p e a t l a n d s  a s  w i l  d l  i f e  h a b i  t d t  i n  t h e  
S t a t e ,  p a r t i c u l a r y  i n  r e g i o n s  w h e r e  a g r i -  
c u l t u r e  h a s  e l  i m i n a  t e d  t h e  r l a t u r a i  v e g e t a -  
t i o n  f r o m  t h e  b e t t e r -  d r d i n e d  s o i l s .  I n  
n o r t h e r n  M i n n e s o t a ,  p e a t 1  ands  mdy  be in1 - 
p o r t a n t  f o r  t h e  s u r v i v d l  o f  c e r t a i n  
s p e c i e s ,  s u c h  a s  t h e  w a t c t -  s h r e w  ( S o r e x  
p a l  u s t r i s ) ,  s o u t h e r n  b o y  l e i n i n i n g  
( S y n a p t o m y s  c o o p e r i  ) ,  a n d  n o r t h e r n  b o g  
l e r n m i m b o m ,  w h i c h  a r e  p t - i a a r i l  y  
restricted t o  p e a t l a n d s  i n  M i n n e s o t a .  
P e a t l a n d s  a1 s o  p r o v  i d e  c r u c i a l  s h e 1  t e r  
f o r  w h i t e t a i  1 d e e r  ( O d o c o i l e u s  
v i r y i n i a n u s )  i n  w i n t e r  dr ld  a r e  an  e s s e n -  
t i a l  s o u r c e  o f  f a t  d e p o s i t i o n  f o r  i n a n y  
b i r d  s p e c i e s  p r i o r  t o  1 ~ 1 i g r a t i o n .  

7.1 LARGE MAMMALS 

A summary  o f  t h e  u s e  o f  p e a t l a n d s  b y  
l a r g e  m a m m a l s  h a s  b e e n  P r e p a r e d  b y  
M a r s h a l l  a n d  M i q u e  1 l e  ( 1  9 7 8 )  d n d  t h e  
M i n n e s o t a  DNR ( 1  9 8 1 a  ). T h e  w o o d 1  a n d  
c a r i b o u  ( R a n g i  f e r  t a  r a n d u s ?  was t h e  o n 1  
l a r g e m a m m a l  s p e c i e s  l a r g e l y  r e s t r i c t e d  
t o  p e a t l  a n d s  i n  t h e  S t a t e ,  b u t  b y  1 9 3 6  
c a r i b o u  h a d  d i s a p p e a r e d  f r o m  i t s  l a s t  
r e f u g e  i n  t h e  R e d  L a k e  p e a t l a n d   elso son 
1 9 4 7 ) .  T h e  c a r i b o u  vJaS n o t  r e p l a c e d  b y  
o t h e r  l a r g e  mamll,al s ,  implying t h a t  man was 
r e s D o n s i b l e  for i ts 1 o c a l  e x t i n c t i o n .  

M o o s e  ( A l c e s  a 1 c e s )  i n  n o r t h e r n  - 
M i n n e s o t a  a r e  f r e q u e f l t l  Y found  i n  s m a l l  e r  
p e a t l a n d s ,  b u t  t h e y  s e l  do~ii e n t e r  t h e  l a r y -  
e r  p e a t l a n d s  o f  t h e  G l a c i a l  L a k e  A g a s s i z  
r e g i o n .  oc-as j o n  a l  a n i n l a 1  i s  s i g h t e d  
n e a r  t h e  s o u t h e r n  e d g e  O f  the w e s t e r n  

w a t e r  t r a c k  i n  t h e  Red L a k e  p e a t l a n d  among 
b r o w s e  o f  w i l l o w  ( S a l i x  spp.) a n d  b o g  
b i r c h .  A t  p r e s e n t  p r i m e  a r e a s  o f  l n o o s e  
h a b i t a t  o n  t h e  m a r g i n s  o f  l a r g e  p e a t l a n d s  
i n  n o r t h w e s t e r n  M i n n e s o t a  a r e  b e i n g  c o n -  
v e r t e d  t o  a g r i c u l t u r e ,  w h i c h  m a y  r e s t r i c t  
t h e  e x p a n s i o n  o f  t h e  r n o o s e  p o p u l a t i o n  i n  
t h e  S t a t e .  

W h i t e t a i l  d e e r  t e v d  t o  a v o i d  p e a t -  
l a n d s  d u r i n g  t h e  sulnnier b u t  i n  t h e  w i n t e r  
t h e y  d e p e n d  o n  d e n s e  s t a n d s  o f  n o r t h e r n  
w h i t e  c e d a r  f o r  t h e i r  s u r v i v a l .  The dense 
c o v e r  i n  t h e s e  s t a n d s  n i a i n t a i n s  a  warmer  
a v e r a y e  t e m p e r a t u r e  t h a n  t h a t  f o u n d  o n  t h e  
a d j a c e n t  u p l a n d s  a n d  a  n a r r o w e r  r a n g e  i n  
t e m p e r a t u r e  f l u c t u a t i o n s .  T h e  c e d a r  
s t a n d s  a l s o  p r o v i d e  p r o t e c t i o n  f rom w i n d  
a n d  p r e v e n t  t h e  a c c u m u l a t i o n  o f  a  d e e p  
h a r d  s n o w p a c k .  N o r t h e r n  w h i t e  c e d a r  
f u r t h e r  p r o v i d e s  t h e  h i g h e s t  q u a 1  i t y  o f  
b r o w s e  f o r  d e e r  i n  w i n t e r ,  b u t  t h e  y a r d s  
w h e r e  t h e  d e e r  c o n g r e g a t e  a r e  o f t e n  
h e a v i l y  b r o w s e d ,  a n d  t h e  d e e r  m u s t  t h e r e -  
f o r e  d e p e n d  upon  n e a r b y  u p l a n d s  f o r  food. 

The l o c a t i o n  o f  t h e  d e e r  y a r d s  seems 
t o  be r e l a t e d  t o  t h e  a c t i v i t y  o f  t h e  e a s t -  
e r n  t i m b e r  w o l  f ( C a n i s  1  u p i s ) ,  b e c a u s e  t h e  -- 
y a r d s  a r e  c o m m o n l y  l o c a t e d  a l o n g  t h e  
b o r d e r s  o f  w o l f  p a c k  t e r r i t o r i e s .  The 
t e r r i t o r i e s  o f  t i m b e r  w o l v e s  a r e  r e 1  a t e d  
t o  t h e  a v a i l a b i l i t y  o f  p r e y ,  b u t  w o l f  packs 
c o m m o n l y  u s e  s m a l l  a r e a s  o f  n o n f o r e s t e d  
p e a t l a n d  a s  b u f f e r  z o n e s  b e t w e e n  t h e  t e r -  
r i t o r i e s  o f  r i v a l  packs.  W o l v e s  have  a l s o  
b e e n  s i  t e d  t r a v e l  i n g  a 1  o n g  t h e  d r a i n a g e  
d i t c h e s  o f  t h e  l a r g e r  p e a t l  ands ,  a p p a r e n t l y  
i n  s e a r c h  o f  b e a v e r  i n  s u m m e r  o r  a s  a  
m e a n s  o f  e a s y  t r a n s i t ,  e s p e c i a l l y  i n  
w i n t e r  when t h e  d i t c h e s  a r e  f r o z e n .  

S e v e r a l  s p e c i e s  o f  mammal s, however ,  
a r e  m o r e  d e p e n d e n t  o n  p e a t l a n d s  w i t h i n  t h e  
S t a t e ,  p a r t i c u l a r 1  y l y n x  ( L y n x  
c a n a d e n s i s ) ,  f i s h e r s  ( M a r t e s  p e n n a m  



and snowshoe h a r e s  (Lepus  a m e r i ~ a n u s ) .  - -_--- 
Most Lynx in Minnesota have probably mi- 
g r a t e d  from Canada and a r e  u s u a l l y  r e -  
s t r i c t e d  t o  c o n i f e r  swamps. The f i s h e r  
a l s o  p r e f e r s  t h i s  h a b i t a t  i n  M i n n e s o t a ,  
whereas  t h e  snowshoe  h a r e  uses  a  v a r i e t y  
o f  up land  a r e a s  a s  w e l l .  During p e r i o d s  
o f  low p o p u l a t i o n ,  however ,  t h e  h a r e  i s  
g e n e r a l  1  y r e s t r i c t e d  t o  swamp f o r e s t s  o r  
p e a t l a n d  t h i c k e t s  where  t h e r e  i s  an ade -  
quate food sut1~1.v of  black sprilcp, h a l ~ a ! n  
f i r ,  c e d a r ,  a s p e n ,  b i r c h ,  and  a l d e r  
(A lnus ) .  A r e c e n t  m i g r a n t  i n t o  t h e  p e a t -  
lands a r e  beaver (Cas tor  canadens is )  t h a t  
migrate  along t h e  dra inage  d i t ches .  Their  
expans ion  i n t o  t h e  1  a r g e r  p e a t 1  a n d s ,  
however, i s  g e n e r a l l y  l i m i t e d  t o  t he  mar- 
ginal  a r ea s  where wi l lows ,  b i r ch ,  and some 
aspen have colonized t he  spoi l  banks. 

7.2 SMALL MAMMALS 

Most of t h e  da t a  on small mammal s  in  
Minnesota have been c o l l e c t e d  by Nordqui s t  

and ~ i r n e y  (1980)  and by t he  Minnesota DNR 
( 1 9 8 4 a ;  r a b l e  3 ) -  E i g h t e e n  s p e c i e s  o f  
s i i ~ a l l  n,ammdls w e r e  found i n  10  p e a t l a n d  
h a b i t a t  t y p e s ,  and t he  s i z e  and d i v e r s i t y  
o f  t h e  ar\jr,l,=jl p o ~ u l a t i o n s  a r e  s t r o n g l y  
r e l d t e d  t o  t h e  c o r r e s p o n d i n g  f l o r i s t i c  
d i v e r s i t y  o f  the vege t a t i on .  The l a r g e s t  
number o f  a n i m a l  s was found i n  t a m a r a c k  
swamps ( 4 0 )  and t h e  lowes t  numbers in non- 
f o r e s t e d  bogs  ( 1 2 )  o r  f e n s  ( 1 3 ) .  The 
n l r r n h e r  n t  ~ p c i  P S  i? t ' l c s c  9 a S i t a t s  \ J : S  

l o w  ( 1 3  i n .  t a m a r a c k  swamps  and  8  i n  
f o r e s t ed  bogs) compared t o  nearby uplands 
(35-106 i n d i v i d u a l s  and 8-17 spec ies ) .  O f  
t h e  s p e c i e s  r e c o r d e d  by Nordqui s t  and 
Birney only  t h e  w a t e r  shrew, southern bog 
l emming ,  and n o r t h e r n  bog lemming were 
r e s t r i c t e d  t o  p e a t l a n d s  in t he  S ta te .  

7.3 BIRDS 

Thc ? ' t c r a t u r e  on b i rd s  occur r ing  i n  
t h e  s m a l l e r  p e a t l a n d s  of  Minnesota  was 
reviewed by Mar sha l  1  and Miquel l e  (1 978), 

Table 3. Relationship of small mammals to general peatland types in northern Minnesota  (Nordquist and Birney 1980; MN 
DNR 1984). 

Common Name 
Masked shrew 
Water shrew 
Arctic shrew 
Pygmy shrew 
Short-tailed shrew 
Star-nosed mole 
Eastern chipmunk 
Least chipmunk 
Franklin grollnd squirrel 
Red squirrel 
Northern flying squirrel 
Deer mouse 
White-footed mouse 
Southern red-backed vole 
Heather vole* 
Meadow vole 
Southern bog lemming 
Northern bog lemming 
Meadow jumping mouse 
Least weasel * 

Key 

4-characteristic 2-occasional 
3-frequent l a c c u r r e d  

Scientific Name 
Sorex cinereus 
Sorex palustris 
Sorex articus 
Sorex hoyi 
Blarina brevicauda 
Condylura cristuta 
Tamias striatus 
Eutamias minimus 
Spermophilus franklinii 
Tarniasciurus hudsonicus 
Glaucomys sabrinus 
Perornyscus maniculatus 
Perornyscus leucopus 
Clethrionomys gapperi 
Phenacomys intermedius 
Microtus ~ennsylvanicus 
Synaptomys cooperi 
Synaptomys borealis 
Zapus hudsonius 
Mustela nivalis 

0 or blank-not found 
to occur in  peatlands 



, ind t ! ~  d v i  fauna o f  the ex tens ive  Red Lake 
p c d :  i ai:ii h,is beer1 i nvcst igat .ed by Warner 
,>ti:< \ .cells j 1 9 S U ) ,  Neilni ( 1 9 8 5 ) ,  Nei~iti and 
i i ~ i i ~ ~ w s i  i ( 1 9 8 4 ) ,  arid Neii~ii -- e t  d l .  ( 1 9 8 4 ) .  
T i l e  t.lir\iit.sotd D N K  ( I  981a)  has prepared  a  
~ . ~ : v i o w  i?f t h e s e  f i n d i n g s  t h a t  a r e  
pt-est\ritt:d i n  Tdble 4. I n  t h e  Red 
I.;i"c ~ C C I ~ !  , i t id  I \ j ~ t - ~ i c r -  and We1 1 s  fourld 7 0  
silcli i c s  o f  h i r d s  i n  !2 v e g e t a t i o n  t y p e s  
t l ! r t - i 1 1 g  tlic i?rceding s ea son .  The h i g h e s t  

c o n c e n t r a t i o n  o f  s p e c i e s  was iound in  
c e d a r - s p r u c e  swamps ( 3 2 )  i n  c o n t r a s t  t o  
t he  nonforested bogs ( 4 ) ;  populat ion den- 
s i t i e s  showed a  s i m i l a r  d e c l i n e  from swamp 
t h i c k e t s  (387 birds/40.5 ha) t o  nonfores t -  
ed bog ( 4 0  b i r d s l 4 0 . 5  ha ) .  

Although t h e  p e a t 1  and  v e g e t a t i o n  
t y p e s  were  used u n e q u a l l y  by b r e e d i n g  
p o p u l a t i o n s  of  b i r d s ,  some v e g e t a t i o n  

Table 4. Distribution of bird species in peatland habitats during the breeding season in northern Minnesota 
(Warner and Wells 1980: M N  D N R  1984). 

An]eric;jll bitlerll 
\fdllard 
Blue-\\ it~gcd tt:al 
%tars11 Ii:*!vk' 
jprut:t: grouse 
Kufft~tl grouse 
Stlarp-tailed grouse 
Svra 
Yellow rail 
Common snipe 
!vlourning dove 
Bia~1- t~~l ied  cuckoo 
Barred otvl' 
Great gray owl' 
Short-eared owl' 
Common flicker 
Black-backed 

3-toed ~voodpecker 
Great crested flycatcher 
Yrlloiv-bellied flycatcher 
Alder flycatcher 
Least flycatcher 
Olive-sided flycatcher 
'Tree s\c.a!low 
Gray jay 
Blue jay 
Black-capped chickadee 
Boreal chickadee 
Red-breasted nuthatch 
Brown creeper 
House wren 
\Ifinter wren 
Short-hilled marshivren 
Gray catbird 
American robin 
Hermit thrush 
Swainson's thrush 
Veery 
Golden-crowned kinglet 
Ruby-crowned kinglet 

'Reported to occur by other sources 

Cedar waxwing 
Solitary virco 
Rcd-eyed vireo 
I3lac:k and white warbler 
(;oldcr~-\vinpcd ivarbler 
Tenness~e  warbler 
Nashville warbler 
Northern parula 
Yellow warbler 
Magnolia warbler 
Yellow-rumped warbler 
Bla~k-ihrodted green war'ii!er 
Rlackburian warbler 
Chestnut-sided warbler 
Palm warbler 
Ovenbird 
Connecticut w-arbler 
Mourning warbler 
Common yello~vthroat 
Il'ilson's warbler 
Bobolirlk 
Red-winged blackbird 
Brewer's blackbird 
Common grackle 
Broivn-headed cowbird 
Rose-breasted grosbeak 
Purple finch 
Pine siskin 
American goldfinch 
Savannah sparrolv 
LeConte's sparrow 
Sharp-tailed sparrow 
Dark-eyed junco 
Chipping sparrow 
Clay-colored sparrow 
White-throated sparrow 
Lincoln's sparroiv 
Swamp sparrow 
Song sparrolv 
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t y p e s  p r o v i d e d  f o o d  r e s o u r c e s  d u r i n g  
c r i t i c a l  p e r i o d s ,  s u c h  a s  t h e  m o l t i n g  
p e r i o d  a n d  t h e  p e r i o d  o f  f a t  d e p o s i t i o n  
p r i o r  t o  f a l l  m i g r a t i o n .  The f o r e s t e d  bog 
h a b i t a t ,  f o r  e x a m p l e ,  had t h e  l o w e s t  popu-  
l a t i o n s  o f  b r e e d i n g  b i r d s  b u t  t h e  h i g h e s t  
n u m b e r  o f  b i r d s  d u r i n g  t h o s e  c r i t i c a l  
t i m e s .  

M o s t  o f  t h e  b i r d  s p e c i e s  c i t e d  i n  
t h e s e  r e p o r t s  a r e  rnmnlnn nn ! ! p l a n ?  c i t e s ,  
b u t  a  f e w  depend  upon  p e a t l a n d s  f o r  t h e i r  
s u r v i v a l .  T h e s e  s p e c i e s  i n c l  u d e  t h e  
a r e a t e r  s a n d h i 1 1  c r a n e  ( G r u s  c a n a d e n s i s  
c a b i d a ) ,  g r e a t  g r a y  o w l  ' m x  n e b u l o s a ) ,  
s h o r t - e a r e d  o w l  ( A s i o  f l a m m e u s ) ,  s o r a  r a i l  
( P o r z a n a  c a r o l  ina). a n d  s h a r o -  t a i  l e d  
\ 

- , . 
s p a r r o w  ( A m m o s p i z a  c a u d a c u t a ) .  S p e c i e s  
m o s t  common i n  p e a t l a n d s  b u t  n o t  r e s t r i c t -  

ed t o  t h i s  h a b i t a t  t y p e  a r e  t h e  p a l m  
w a r b l e r  ( D e n r o i c a  p i n u s )  a n d  C o n n e c t i c u t  
w a r b l e r  mrx m s ) .  

7.4 AMPHIBIANS AND REPTILES 

O n l y  seven  s p e c i e s  o f  a m p h i b i a n s  and  
f o u r  r e p t i l e s  a r e  f o u n d  i n  M i n n s o t a  p e a t -  '--'- ! i i i i i l3  1 9 7 9 ;  T d b i e  3 j ,  H i t n o u g h  a i  1 

o f  t h e s e  s p e c i e s  a l s o  o c c u r  i n  u p l a n d s  
t h e y  a r e  o f t e n  e x t r e m e l y  a b u n d a n t  i n  
c e r t a i n  p e a t l a n d s .  T h e i r  m a j o r  1  i m i  t i n g  
f a c t o r  was  d e t e r m i n e d  t o  b e  a c i d  m i r e  
w a t e r s  w i t h  a  pH b e l o w  5 ,  w h i c h  p r e v e n t  
t h e  h a t c h i n g  a n d  d e v e l o p m e n t  o f  e m b r y o s  
f o r  m o s t  s p e c i e s  e x c e p t  t h e  w o o d  f r o g  
( R a n a  s y l  v a t i c a ) .  

Table 5. Relationship of amphibians and reptiles to peatland habitats in northern Minnesota (Karns 1979; MN 
DNR 1984). 

- 
a +, 

a E  al 
Y 

3 .- 
m m m ''X 
C g b  - 

C3 " P L a g 7 2  
..2 P-' - 

c u e 
U E 2 5 5 .P-C- 

0" o 3 a 
L 2 $2 <a 

Common Name Scieritific Name 
AMPHIBIANS 

Northern spring peeper 1 1 1 1 Hyla c. crucifer 
Chorus frog 0-1 2 Pseudacris triseriata 
Wood frog 1-2 1 2-3 3 2 Rana sylvatica 
Northern leopard frog 1 1 Rann pipiens 

1 American toad 1-2 1 2-3 2 2 Bufo a. americanus 
Blue-spotted salamander 1 1 0-1 1 2 Ambystoma laterale 
M U ~ P ~ P P Y *  Necturus rn. maculosus 

REPTILES 
Eastern garter snake 1 0-1 Thamnophis s. sirtalis 
Northern red-bellied snake t t  * * 1 1 Stoeria o. occipitomaculata 
Western painted turtle* Chrysemys picta belli 
Common snapping turtle* I Chelydra s. serpentina 

Relative Population Levels 
3-High 
2-Moderate 
I-Low 

*-can occur in ditches or receiving waters 
**-reported to occur in the literature 



CHAPTER 8. PEATLANDS: SUCCESSIONAL TRENDS 

The d c v e l  o p n ~ e n t  o f  p a t t e r n e d  p e a t -  
l a n d s  I n  M i n n e s o t a  has been i n f e r r e d  f ro in  
t h r e e  d i f f e r e n t  1  l n e s  o f  evidence: (1)  
1  dndtot-III p a t t e r n s ,  ( 2 )  h y d r o 1  o g l c  mode l  S,  

d n d  ( 3 )  s t r a t i g r a p h l ~  a n a l y s e s  o f  p e a t  
L o r e s  ( G l d s e r  and  W h e e l e r  1980; G l a s e r  
t11 .1981 ;  G l d s e r  1 9 8 3 a ,  b ;  S i e g e 1  1 9 8 1 ,  
n 8 3 ;  L i e g e 1  dr ld  G l a s e r ,  I n  p r e s s ;  G l a s e r ,  
I n  p r c p . a ;  J d n s s e n s  d n d  G l a s e r ,  I n  
I . ) .  Thr r e l a t l v e  s ~ m p i  i c i  ty o f  L t ~ e b e  
s y s t c ' m s  ~ o n i p a r e d  t o  u p l a n d  c o m m u n i t i e s  
s l l o u l d  111dke t h e s e  p e a t l d f l d s  an  ] d e a l  s u b -  
j e c t  t o r  d ~ s c e r n l n g  t h e  r o l e  o f  a u t o g e n i c  
vs. a l l o g c n i c  c o n t r o l s  on  v e g e t a t i o n  d e v e -  
1  o p r ~ i c n t .  

8.1 BOGS AND WATER TRACKS 

The b o u n d a r i e s  b e t w e e n  bogs  and w a t e r  
t r a c k s  i n  n o r t h e r n  M i n n e s o t a  a r e  g e n e r a l  1  y  
s h a r p ,  w i t h  o n l y  a  f e w  m e t e r s  s e p d r a t l n g  
t h e s e  c o n t r a s t i n g  l a n d f o r m s .  The d e v e l o p -  
m e n t  o f  t h e s e  t w o  i n a j o r  v e g e t a t i o n -  
l a n d f o r m  t y p e s  i s  r e l a t e d  t o  t h e  p a t t e r n  
o f  s u r f a c e  r u n o f f  d r a i n i n g  a c r o s s  a  p e a t -  
l a n d  o r  i n  s o m e  c a s e s  t o  t h e  l o c a t i o n  o f  
g r o u n d w a t e r  d i s c h a r g e .  W a t e r  f l o w i n g  
a c r o s s  a  p e a t l a n d  i s  c h a n n e l e d  i n t o  d e f i -  
n i t e  zones  i n i t i a l l y  i n  r e s p o n s e  t o  t o p o -  
g r a p h i c  f e a t u r e s  a t  t h e  c r e s t  o f  a  w a t e r -  
shed  and  l a t e r  b y  t h e  a c c u m u l a t i o n  o f  p e a t  
w i t h  d i f f e r e n t  h y d r a u l i c  p r o p e r t i e s  
( G l a s e r  a n d  W h e e l e r  1 9 8 0 ;  Gl a s e r  e t  a l ,  -- 
1981; G l a s e r  1983a;  G l a s e r ,  I n  prep.a). A 
w a t e r  t r a c k  w i l l  g e n e r a l l y  d e v e l o p  a l o n g  
t h e  p a t h  o f  m i n e r o t r o p h i c  r u n o f f ,  w h i c h  
f a v o r s  t h e  g r o w t h  o f  t h e  m o r e  n u t r i e n t -  
demand ing  sedges. The p o r o u s  r h i z o m a t o u s  
p e a t  d e v e l o p e d  b y  t h e  a g g r e s s i v e  C a r e x  
1  a s i o c a r p a  f u r t h e r  p r o m o t e s  t h i s  c h a n n e l  - 
i n g  p r o c e s s  a n d  d i r e c t 1  y  l e a d s  t o  t h e  
d e v e l o p m e n t  o f  a  p a t t e r n e d  w a t e r  t r a c k .  
The r a i s e d  bogs ,  i n  c o n t r a s t ,  w i l l  d e v e l o p  
a n y w h e r e  i n  a  w a t e r s h e d  where  t o p o g r a p h i c  
o b s t r u c t i o n s  d i v e r t  t h e  m a i n  p a t h  o f  r u n -  
o f f .  W i t h i n  t h e s e  zones  o f  s t a g n a n t  f l o w  

m a t s  o f  Sphagnum may  f o r m  and  g r o w  o u t w a r d  
u n t i l  t h e i r  c o n t i n u e d  s p r e a d  i s  b l o c k e d  b y  
t h e  i n a i n  z o n e s  o f  m i n e r o t r o p h i c  r u n o f f .  
The b o u n d a r y  b e t w e e n  b o g  a n d  f e n  i s  s h a r p -  
e n e d  b y  t h e  a c c u m u l a t i o n  o f  p e a t  w i t h  
r a d i c a l 1  y  d i f f e r e n t  h y d r a u l  i c  p r o p e r t i e s  
(i.e. t h e  p o r o u s ,  p e r m e a b l e  sedge  p e a t  vs. 
t h e  m o r e  d e n s e  l e s s  p o r o u s  Sphagnum peat) .  
T h i s  h y p o t h e s i s  a s  p r e s e n t e d  b y  G l a s e r  
(i9C;;, 5 )  src! S ! ? s e p  (!n p r e p . a )  i s  c o n -  
s i s t e n t  w i t h  t h e  1  a n d f o r m  p a t t e r n s  
o b s e r v e d  i n  a e r i a l  p h o t o g r a p h s  a n d  t h e  
d i f f e r e n t  t y p e s  o f  m i r e - c o m p l  ex t y p e s .  

8.2 VEGETATION PROCESSES 

8.2.1 B o g s  

T h e  d e v e l o p m e n t  o f  r a d i a t i n g  f o r e s t  
( i d t t e r - n s  or1 r a i s e d  b o g s  i s  a p p a r e n t l y  
c o n t r o l l e d  b y  t h e  c h a n n e l i n g  o f  r u n o f f  
f r o m  t h e  b o g  c r e s t .  R u n o f f  f r o m  t h e  c r e s t  
i n i t i a l l y  f l o w s  i n t o  d r a i n s  t h a t  f a v o r  
Sphagnum g r o w t h  r a t h e r  t h a n  t r e e  g r o w t h .  
R u n o f f  i s  p r e f e r e n t i a l l y  f o c u s e d  i n t o  
f e w e r  d r a i n s  b e c a u s e  o f  t h e  r a p i d  g r o w t h  
o f  S p h a g n u m ,  w h i c h  1  a y s  d o w n  a  l o o s e  and  
h y d r a u l  i c a l l  y  c o n d u c t i v e  s u r f a c e  l a y e r  o f  
pea t .  These  d r a i n s  c o n t i n u e  t o  expand as 
t h e  b o g  d e v e l o p s ,  a n d  t h e y  e v e n t u a l l y  
c o a l  e s c e  i n t o  n o n f o r e s t e d  Sphagnum lawns. 

T h i s  h y p o t h e s i s  o n  b o g - d r a i n  d e v e l o p -  
m e n t  i s  s u p p o r t e d  b y  s e v e r a l  l i n e s  o f  
e v i d e n c e .  LANDSAT i m a g e r y  t a k e n  d u r i n g  
t h e  s p r i n g  b r e a k - u p  o f  1 9 7 8  c l e a r l y  shows 
t h e  f o c u s i n g  o f  w a t e r  f l o w  i n t o  t h e  d r a i n s  
( G l a s e r  e t  a l .  1 9 8 1 ;  G l a s e r ,  I n  prep.a) .  -- 
The v e g e t a t i o n  o f  t h e  b o g  f o r e s t  a l s o  
c o n t a i n s  a  z o n e  o f  d e t e r i o r a t i n g  f o r e s t  
g r o w t h  a r o u n d  t h e  m a r g i n s  o f  t h e  d r a i n s  
e x t e n d i n g  t o w a r d  t h e  b o g  c r e s t .  Cores  
t a k e n  f r o m  t h e  p e a t  o f  t h e  d r a i n s  a l s o  
i n d i c a t e  t h e  f o r m e r  e x i s t e n c e  o f  bog 
f o r e s t ,  b e c a u s e  t h e  d r a i n s  a r e  u n d e r l a i n  



b y  b u r i e d  w o o d  a n d  -- S p h a g n u m  ( F i g u r e s  3 1  
a n d  32) .  

w a t e r  t r a c k s  js d i s c u s s e d  m o r e  t h o r o u g h 1  y 
i n  t h e  h y d r o l o g y  s e c t i o n .  

The f o r m a t i o n  o f  l a r g e  o v o i d  i s l a n d s  
i n  M i n n e s o t a  p e a t l a n d s  rrlay t a k e  p l a c e  b y  
t w o  d i f f e r e n t  p r o c e s s e s .  I n  t h e  l a r g e s t  
b o g s ,  s u c h  a s  t h o s e  a t  Red L a k e ,  o v o i d  
i s l a n d s  m a y  a r i s e  s e c o n d a r i l y  f r o m  w h a t  
was once  a  m o r e  c o n t i n u o u s  e x p a n s e  o f  bog 
a s  a  b y p r o d u c t  o f  t h e  o r i g i n  o f  i n t e r n a l  
w a t e r  t r a c k s  ( F i o u r ~ s  ? ?  a n d  3 4 ) ,  T h e  
f o r m a t i o n  o f  t h e s e  i n t e r n a l  w a t e r  t r a c k s  
a n d  o v o i d  i s l a n d s  i s  f o u n d  o n  a l m o s t  a l l  
b o g s  f r o m  M i n n e s o t a  t o  H u d s o n  B a y  a n d  
s e e m s  t o  b e  p a r t  o f  a  f u n d a ~ i i e n t a l  m e c h -  
a n i s m  o f  b o g  d e v e l o p m e n t  i n  t h e  N o r t h  
A m e r i c a n  i n t e r i o r .  T h i s  p a t t e r n  i s  a 1  so  
f o u n d  i n  s m a l l e r  b o g s  b u t  i s  l e s s  w e l l  
d e v e l o p e d .  The modes o f  o r i g i n  f o r  t h e s e  

O v o i d  bog i s l a n d s  nlay a l s o  a r i s e  i n  a  
primary fdshi'on w i t h i n  a  m o r e  d i s c o n t i n -  
u o u s  t r a c t  o f  p e a t l a n d .  T h e s e  i s l a n d s  
t e n d  t o  forill d o w n s l o p e  f ron i  b e d r o c k  o u t -  
c r o p s  o r  o t h e r  t o p o g r a p h i c  o b s t r u c t i o n s  
t h a t  d i v e r t  t h e  p a t h  o f  m i n e r o t r o p h i c  
r u n o f f  d r a i n i n g  a c r o s s  a  p e a t 1  and ( F i g u r e  
35). ?hh ~ : h ~ ~ ~ ; ; -  -.lt t h j t  dz; 'elcps 2~:-  

n a r d  f ro " ]  i u c h J . a n  i s l a n d  i s  s t o p p e d  b y  t h e  
c o n c e n t r a t e d  f l u x  o f  c a t i o n s  i n  t h e  a d j a -  
c e n t  w a t e r  t r a c k s  a n d  i s  s h a p e d  i n t o  a n  
o v o i d  f o r n l  i f  t h e  m a t  i s  c o i n p l e t e l y  s u r -  
r o u n d e d  b y  w a t e r  t r a c k s .  

8.2.2 W a t e r  T r a c k s :  S t r i n g s  a n d  F l a r k s  

The t w o  r i i o s t  c o n s p i c u o u s  l a n d f o r m  
p a i - i t . r l l >  I l l  r i a i c r -  t i ' a c k s  d i e  r i e l d s  ~f 
t r e e  i s l d n d s  a n d  n e t w o r k s  o f  s t r i n g s  a n d  
f l a r k s .  The o r i g i n  o f  s t r i n g s  and f l a r k s  
i s  d c o n t r o v e r s i a l  s u b j e c t  t h a t  h a s  b e e n  
t r e a t e d  e x t e n s i v e l y  i n  t h e  l i t e r a t u r e .  I n  
M i n n e s o t a  t h e  d e v e l o p m e n t  o f  f l a r k s  seems 
t o  b e  t h e  p r i m a r y  a g e n t  i n  p a t t e r n e d  f e n  
f o r m a t i o n ,  w i t h  t h e  c h a n n e l i n g  o f  w a t e r  
i n o v e r r l e n t  a s  t h e  c o n t r o l  1  i n g  m e c h a n i s m  
( G l a s e r  e t  - - a1. 1 9 8 1  ; G l a s e r  1 9 8 3 ~ ) .  

Fa t te tXned  feris f i r s t  b e g i n  t o  a p p e a r  
i n  n o n f o r e s t e d  w a t e r  t r a c k s  a s  a  s e r i e s  o f  
s c a t t e r e d  i n d i v i d u a l  p o o l s  ( F i g ~ l r e  3 6 ) .  
The fl a r k s  a r e  g e n e r a l l y  c l u s t e r e d  on  o n e  
s i d e  o f  t h e  w a t e r  t r a c k  w h e r e  t h e  s u r f a c e  
i n a y  b e  l o w e r  a n d  w e t t e r .  I n  l a r g e  w a t e r  
t r a c k s  t h e  u p s l o p e  p o r t i o n  o f  t h e  t r a c k  i s  
g e n e r a l  1 y n o n p a t t e r n e d ,  w h e r e a s  downs1 o p e  
t h e  f l a r k s  f i r s t  s t a r t  t o  a p p e a r  as s c a t -  
t e r e d  p o o l  s,  w h i c h  c o a l e s c e  f a r t h e r  down- 

Figure 31. Diagram of Red Lake peatland, northern 
Minnesota (after Janssens and Glaser, In prep.). The stippled 
areas represent areas of bog forest or bog-like poor fens. 
The areas with transverse lines represent patterned water 
tracks. Water drainage is from the south to north. The peat 
stratigraphy of this area was studied along transects A-H 
and I-L. 

s l o p e  i n t o  a  m o r e  c o n t i n u o u s  n e t w o r k .  The 
f1 a r k s  g e t  p r o g r e s s i v e 1  y w e t t e r  d o w n s l o p e  
a n d  e v e n t u a l  f y t h e  i n t e r s e c t i n g  s t r i n g s  
a r e  b a r e l y  discernible o n  t h e  g r o u n d  a s  
b a n d s  o f  d e n s e  g r o w t h  o f  Carex  l a s i o c a r p a  
g r o w i n g  on f i r m e r  p e a t .  

The d e v e l o p m e n t  o f  p a t t e r n e d  f e n s  
t h e r e f o r e  s e e m s  t o  b e  r e l a t e d  t o  a  
p r o g r e s s i v e  f l o o d i n g  o f  t h e  p e a t  s u r f a c e ,  
w h i c h  i s  i n u n d a t e d  i n  l o w  s p o t s  p a r a l l e l  
t o  t h e  c o n t o u r  i n t e r v a l .  T h i s  f l o o d i n g  
p r o c e s s  i s  P t 7 0 d u c e d  b y  (1) t h e  c h a n n e l i n g  
o f  r u n o f f ,  w h i c h  c o n v e r g e s  f r o m  a  w i d e  
a r e a  i n t o  a  n a r r o w  t r a c k ,  ( 2 )  t h e  d e v e l o p -  
m e n t  o f  n e a r l y  l e v e l  p e a t  s l o p e s  a s  a 
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Figure 32. Diagram of the stratigraphy along a northlsouth transect i n  the Red Lake peatland ( f rom 
Janssens and Glaser. I n  prep.). The water chemistry is inferred f rom the fossil bryophyte assemblages 
found in  each zone. The internal water tracks are secondary features that  developed over bog forest 
or bog-like poor fen peat. The distances between cores (A-H) taken along the transect are pre- 

sented along the bottom of the diagram. 

r e s u l t  o f  p e a t  a c c u m u l a t i o n ,  and ( 3 )  t h e  
i n c r e d s i r r y  r e s i  s t e n c e  t o  i n f i l  t r a t i o n  
produced b y  t h e  deve lopment  o f  more decom- 
posed and l e s s  p o r o u s  p e a t  i n  t h e  f l a r k s .  
The f l o o d i n g  h y p o t h e s i s  i s  s u p p o r t e d  b y  
t h e  s i g n s  o f  p r o g r e s s i v e  pa l  u d i f i c a t i o n  o f  
t h e  a d j a c e n t  t r e e  i s l a n d s  d i s c u s s e d  be low  
and b y  t h e  w a t e r  c h e m i s t r y .  

Th is  h y p o t h e s i s  i s  a l s o  suppo r ted  b y  
v e g e t a t i o n a l  c h a n g e s  a s s o c i a t e d  w i t h  t h e  
d r a i n a g e  d i t c h e s  ( G l a s e r  - -  e t  a l .  1981) .  
D r a i n a g e  d i t c h e s  l o c a l 7 y  l o w e r  t h e  w a t e r  
t d b l e  i n  a  wa te r  t r a c k  and p e r m i t  v a r i o u s  
shrubs and t r e e s  t o  i nvade  and e v e n t u a l l y  
o b s c u r e  t h e  f l a r k  and  s t r i n g  p a t t e r n s .  

A c r o s s  a s e r i e s  o f  d i t c h e s  t h e  d r i e r  
p o r t i o n s  o f  t h e  t r a c k  t h e n  become covered 
w i t h  an i n c r e a s i n g  n u m b e r  o f  s h r u b s  a n d  
t r e e s  u n t i l  t h e  c h a r a c t e r i s t i c  l a n d f o r m  
p a t t e r n s  v i r t u a l  1  y d i s a p p e a r .  ( F i g u r e s  26- 
29; G l a s e r  e t  a l .  1 9 8 1 ;  G l a s e r  1983a) .  
Thus t h e  p e a t l a n d r e v e r t s  t o  t h e  o r i g i n a l  
s t a t e ,  i n  w h i c h  b e t t e r  a e r a t i o n  i n  t h e  
s u r f a c e  l a y e r s  o f  p e a t  p e r m i t s  t r e e s  and 
sh rubs  t o  a t t a i n  dominance. 

8.2.3 Water  T racks :  T ree  I s l a n d s  

F i e l d s  o f  t r e e  i s l a n d s  a r e  r e s t r i c t e d  
t o  t h e  l a r g e  w a t e r  t r a c k s  a n d  s m a l l e r  
s p r i n g  f e n s  o f  t h e  G l a c i a l  L a k e  A g a s s i z  
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Figure 33. Diagram o f  the peat stratigraphy along an eastlwest transect between two ovoid 
islands in the Red Lake peatland, northern Minnesota (from Janssens and Glaser, In prep.). 
The bog peat is deepest in  the center of the ovoid island and becomes shallower toward the 
outer margin. The rich-fen peat under the internal water track, however, is underlain by bog 
peat w i th  wood, indicating a secondary origin for the track. The distance between cores (I-L) 
taken along the transect are listed at the bottom of the diagram. 

pea t l ands .  These i s l a n d s  seem t o  be t h e  
remnants of what was once a  more cont in-  
uous swamp f o r e s t  t h a t  wds r e p l a c e d  by 
nonforested sedge l a w n s  i n  t h e  expanding  
water  t r a c k s  ( G l a s e r  and Wheeler  1980 ;  
Glaser  e t  a l .  1981) .  The l a r g e  w a t e r  -- 
t r a c k s  a r e  f ed  by s i n u o u s  n o n f o r e s t e d  
channe l s  t h a t  a r i s e  a t  t h e  marg in  o f  t h e  
pea t l and  and c o n v e r g e  downs lope  i n t o  a  
central  t rack.  The downs1 ope expansion of 
these channels progressive1 y  r e s t r i c t s  the  
fo r e s t  i n t o  fo r e s t ed  f i n g e r s  t h a t  f u r t h e r  
f r agmen t  i n t o  d i s c r e t e  i s l a n d s  ( F i g u r e s  
37-40). 

The i s l a n d s  a r e  general 1 y comple te ly  
fores ted  a t  t h e  upslope margin of  a  water  

t r a c k ,  b u t  f a r t h e r  downslope t h e  t r e e s  
become r e s t r i c t e d  t o  a  c i r c u l a r  head with 
a t a p e r i n g  t a i l  o f  b ru sh  t r a i l i n g  down- 
s l o p e  ( F i g u r e  41 and 4 2 ) .  The t r e n d  from 
t h e  c r e s t  t o  t h e  l o w e r  f l a n k s  of t h e s e  
watersheds i  ndicates  a  progressive flood- 
ing of  the  peat sur face  and r e s t r i c t i o n  of 
t r e e s  t o  t he  sma l l e r  ra i sed  a r ea s  (Glaser 
In prep.a; Figure 37). This hypothesis i s  
supported by s t r a t i g r a p h i c  e v i d e n c e  from 
n o n f o r e s t e d  c h a n n e l s  in  two d i f f e r e n t  
spr ing  fens. The upper horizon of f ib rous  
sedge  pea t  i s  r e p l a c e d  below by woody 
Sphagnum p e a t  i n d i c a t i n g  t h e  p r i o r  
e x i s t e n c e  o f  more  c o n t i n u o u s  f o r e s t  
( F i g u r e  9) .  Where d r a i n a g e  d i t c h e s  have 
l o c a l l y  lowered t he  water t a b l e  t r e e s  wi l l  



Figure 34. Diagram of the secondary development of ovoid islands within a large bog complex (from Glaser, In prep.a; adapted 
f rom Glaser and Wheeler 1980; Glaser et al. 1981). I n  step (1) a crest is beginning to  form and water is being channeled into 
nonforested drains. The drains expand in step (2) and coalesce into large Sphagnum lawns, producing ovoid clumps of forest. 
Water draining across the open lawns is channeled into internal water tracks that converge around the ovoid clumps of 
forest step (31. The clumps are then sharply defined as ovoid islartds step (4 ) .  

more 
bedrock j sphagnum - tortuous f low - streamlined 3 stagnation zone TI outcrop mat f l ow 

Figure 35. Diagram of the primary development of ovoid islands (from Glaser, I n  prep.a; adapted f rom Glaser 1983a). AS 
Peat spreads over a landscape, the path o f  geogenous drainage is diverted around obstructions (mineral outcrops). creating 
stagnation zones downslope (circular arrows in  step 1). As peat continues t o  accumulate, Sphagnum mats form i n  these 
stagnation zones where the concentration flux o f  the water is lower (step 2). The Sphagnum mat wi l l  continue to spread 
outward until its continued growth is checked by the main path of geogenous water (step 31. The path of drainage continues 
to  Converge into a narrower path because of the difference i n  hydraulic conductivity between the Sphagnum peat under 
the bog and the Carex lasiocarpa peat in  the tracks. 



P L A N  V l E W  

5 
CROSS-SECTIONAL VlEW 

Peat types 

A highly decomposed wood peat C humified wood peat under the swamp forest 
B porous sedge peat, particularly the rhizomatous D highly humified and  compacted Peat near the 

network of Carex lasiocarpa drainage ditches 

Figure 36. Inferred development of a patterned fen i n  Minnesota (from Glaser, In  prep.a; adapted in  part et 

al.1981: Glaser 198341. A patterned fen begins as a featureless water track in a swamp forest (step 1). The water track expands 
as drainage converges into the zone of very porous peat (B) that is deposited by the hydrophi lous sedges growlng In the 
track. The water table rises i n  the track and water ponds up at the surface because o f  t h e  level ing the and.the 

Convergence of surface drainage (step 21 The ponds expand parallel t o  the contour interval restr ict ing the sedge lawn Into 

very narrow sinuous ridges lsteps 3 and 4). The progressive flooding of the track is checked, however, when drainage ditches 
lower the water table, permitting trees and shrubs to  reinvade the water track (step 5). 



Figure 37. Transition from forested fingers to tree islands. Runoff within a swamp forest is first channeled into nonforested 
drains that fragment the swamp forest into linear forested fingers (step 1). The forest cover in  the dra~ns becomes thinner 
downslope because of the locally rising water table. This conclusion is supported by excavating the smaller trees i n  the 
drains, which have much larger sterns and trunks under the peat. As the drains continue t o  expand, the forested fingers 
between the channels are constricted until clunips of forest are split off as discrete islands (steps 2 and 3).  The drains coalesce 
farther downslope, forming a patterned water track in which remnants of the original forest appear as tree islands (step 
4).  The sequence of steps shown i r i  1- 4 is observed in  peatlands throughout the Lake Agassiz region and is controlled by 
two processes: (1) the channeling of drainage into the channels explained in  Figure 36 and (2) the progressive rise in  the 
water table that restricts tree growth to srnaller clumps. 

Figure 38. The initial phase of channel formation i n  a swamp forest. The channels are dominated by stunted Larix {Pine 

Creek peatland). 



Figure 39. Later phase of channel development i n  a swamp forest. The channels have expanded and are r low dorl~inated 
by sedges. The forest. in  contrast, is restricted into tapering fingers that fragment downslope in to discrete "tree islands." 

Figure 40. Final phase of channel development. The channels have n o w  coalesced into a patterned water t rack with 
"tree islands." 



klgure 41. 7 ypes ot mlnerotrophlc tree islands from the Western Water Track of the Red Lake peatland. northern M i n -  
nesota. The islands (1) are completely forested nearest the marginal swamp forest. The water drains from the upper 
left side of the photograph to the lower right. The photograph covers an area over 2.5 km across. 

Figure 42. Types of tree islands from the Western Water Track. Toward the wet  
center of the track the islands (21 consist of a small head of trees f2al and tail 
of brush (2b) trailing downslope. Drainage ditches (1) have lowered the water 
table downslope as indicated by the lighter tones. The path of flow is indicated 
by the arrows. The photograph covers an area over 2.5 k m  across. 



a l  so over  t he  e n t i r e  is1 and rever -  shallow horizon. The Carex d i  andl .d , ,C, l f .C, ,  - , i  n g  t h e  e f f e c t s  o f  f l o o d i n g  ( F i g u r e  43) .  aqua t i l  i s  peat underneath t h j m i c ; , ; - i ! ,  
~h~~ t he  t r e e  i s l a n d s  form by t he  Progres- no a n a l o g  i n  t h e  Red Lake p e d t l  a n d  
s i v e  f l o o d i n g  o f  t h e  p e a t  s u r f a c e ,  which G r i f f i n ' s  t r a n s e c t  o f  c o r e s  a 1  s o  
a l s o  produces t h e  c h a r a c t e r i s t i c  s t r i n g -  ex t end  f a r  from t h e  m a r g i n  o f  s l , r , ,c i  
f l  a r k  pa t te rn .  and t h e r e f o r e  does  n o t  p r o v i d e  c.o ,,(, l t r -  

s i v e  t e s t  o f  t h e  h y p o t h e s i s  p l - e s t i r ; t r d  
In t he  Red Lake peat land s t r a t i g r a p h -  above. 

i c  work by G r i f f i n  (1977 )  p r o v i d e s  l e s s  
c l e a r  d a t a  on t h e  f o r m a t i o n  o f  a  t r e e  
i s l a n d  near t h p  southprr ,  edge n f  the west- 8.3 HYDRQLQGlC PROCESSES 
ern water  t rack .  G r i f f i n ' s  cores  i n d i c a t e  
t h a t  t h e  i s l a n d  f o r e s t  and t h e  a d j a c e n t  8.3.1 Surface Drainage C o n t r o l s  
water t r a c k  dominated by Carex las iocarpa  
arose a t  near1 y t he  same time. Needles of The c h a n n e l i n q  of  w a t e r  a c r o s s  li 

Lar ix  u n d e r l i e  t h e  s e d g e  pea t  zone t h a t  p e a t l a n d  seems t o  be t h e  m o s t  i l ~ l p o r t d , l t  
F 

was 1 n t e r p r e t e d  a s  a  -- Carex 1  a s i o c a r ~ a  f a c t o r  c o n t r o l  1  i  n g  t h e  d e v e l  opincbnt u f  
meadow, b u t  t h e  n e e d l e s  o c c u r  i n  o n l y  a  v e g e t a t i o n  i n  t h e  p a t t e r n e d  p e a t l d n d s  ~n 

Figure 43. Types of tree islands from the Western Water Track. At the extreme 

downslope portion of the peatland where drainage ditches (1) have lowered the  

water table. the trees have spread back over the entire island (2). The 
covers an area 2.5 km across. 



M i n n e s o t a .  T ! i r  r u l e  o f  s u t - f a i ~ >  t l o ~  i n  
p e a t 1  a n d  d e ~ e l o p i i : c t l t .  i s  i i iost. a p p a r e n t  i n  
t h e  d i s c o n t i r i i i o u s  t r ~ i c t s  o f  p e ; i t l  a n d  i n  
n o r t h e r r i  M i n n e s o t a  ( G l d s e t .  19t i3a; Glaset-  
I n  pl-ep.a; I - i g u r - e  2G). The 1 a n d  for-111 p d t -  
t e r n s  t h a t  d e v e l o p  i n  t h e s e  i v ~ t e t ~ s t i e d s  a r e  
c l o s e 1  y  r e 1  a t e d  t o  p h y s i o g t - d p t i i c  f e a t u r e s  
a t  t h e i r  c r e s t s  t h a t  c o 1 1 t 1 - o l  t h c  p a t h  o f  
r u n o f f  d r a i n i n g  oi1t.o t t i e  j i e < ~  t i  arid d o w n -  
s l o p e .  A1 t h o u y  t i  s t o r n i  h y d r o g r a p h s  f o r  
t h e s e  w a t e r s h e d s  have n o t  been e s t a b l  i s h e d ,  
a  g e n e r a l  r e l a t i o n s h ~ p  e x i s t s  b e t w e e n  
t h e  a r e d  o f  i ~ r i r i e r a l  s o i l  d t  t h e  c r e s t  o f  
t h e s e  w a t e r s h e d s  and t h e  s i z e  o f  hogs and  
w a t e r  t r a c k s  o n  t h e  p e a t l d r l d s  d o w n s l o p e  
( F i g u r e s  44-47). 

Bogs d e v e l o p  i n  t i i o s c  p e c i t l  dnds  w h e r e  
t h e  i n f l o w i n g  r u n o f f  c o n t a i n s  (1 v e r y  l o w  
c o n c e n t r a t i o n  o f  c d l c i u i i i  < \ r id  o t h e r  d i s -  
s o l v e d  s o l  i d s .  T h e s e  c o n d i t i o n s  a r e  
c r e a t e d  i n  p e a t . l a n d s  w t i c r e  t h c  a r e a  o f  
m i n e r a l  s o i l  a t  t h e  c r e s t  o f  a p e a t l a n d  

d i v e r t e d  a r o u n d  a  t o p o g r a p t i i c  o b s t r u c t i o n  
( F i g u r e s  20 a n d  4 4 - 4 7 ) .  The l a r g e r  w a t e r  
t r a c k s ,  i n  c o n t r a s t ,  r e c e i v e  r u n o f f  f r o m  
l a r g e r  m i n e r a l  c a t c h n i e n t s  d r a i n i n g  d i r e c t -  
1  y  o n t o  t t i e  t r a c k s .  T h e s e  w a t e r  t r a c k s  
0 1 - i g i n a t e  d o w n s 1  o p e  f r o n i  s w a l  e s  o r  l o w  
v a l l e y s  a t  t h e  h e a d  o f  t h e  w a t e r s h e d  and  
d t - a i n  i n t o  t r i b u t a r y  s t r e a m s  a t  t h e  down- 
s l o p e  edge  o f  t h e  p e a t l a n d ;  t h i s  a l i g n m e n t  
i n d i c a t e s  an o v e r r i d i n g  c o n t r o l  o f  s u r f a c e  
f l o w  url pd iLe t7 r i  c i e ~ f i  opl i ier l l .  

The b i f u r c a t i n g  w a t e r  t r a c k s  i n  t h e  
Gl a c i  a1 Lake A g a s s i  z pea tl ands r e p r e s e n t  
an  i n e x p l  i c a b l  e  d r a i n a g e  f e a t u r e  ( F i g u r e s  
4 6  a n d  48) .  W a t e r  t r a c k s  i n  t h i s  r e g i o n  
c o ~ n r n o n l  y  s p l  i t  i n t o  t w o  s e p a r a t e  f o r k s  
a r o u n d  t h e  r r i a r g i n s  o f  a  r a i s e d  b o g .  
D r a i n a g e  s y s t e ~ l i s  o n  t h e  u p l a n d s ,  i n  c o n -  
t r a s t ,  n e v e r  a s s u m e  s u c h  a  p a t t e r n  b u t  
i n s t e a d  c o n v e r g e  d o w n s l o p e  i n t o  p r o g r e s -  
s i v e l y  l a r g e r  c h a n n e l s .  i n  t n e  M y r t l e  

Figure 44. Aerial photograph of the Lindford peatland, north-central Minnesota (from 
Glaser. In prep.a). The peatland is almost completely covered by raised bogs (1) except 
for several narrow Water tracks (2 ) .  The water tracks drain toward small streams (3) at 
the downslope margin of the peatland. The mineral crest 14) of the watershed is 
located very close to the margin of the peat land. This peatland is an example of rnire- 
complex 2 on Figure 20. The photograph covers an area 2.5 k m  across. 
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Lake peat1 and Heinselman (1 970) explained 
t h a t  t h i s  d r a i n a g e  p a t t e r n  was caused  by 
t h e  s t r e a m  p i r a c y  o f  a  s t r e a m  t h a t  had 
eroded headward i n t o  t he  downslope port ion 
of the  peat land.  When the  s t ream d ive r t ed  
f low from t h e  main w a t e r  t r a c k  i n  a  new 
d i r e c t i o n ,  however ,  t h e  pi r a c y  was n o t  
complete and s u r f a c e  dra inage  now flowed 
in two d i f f e r e n t  d i r e c t i o n s .  

The common occurrence of such bi f u r -  
c a t i n g  d r a i n a g e  p a t t e r n s  may a l s o  be e x -  
plained by a  subsur face  mineral r idge  t h a t  
d i v e r t s  water  f low and promotes t h e  growth 
of a  bog on t h e  r i d g e .  The r a t e  o f  p e a t  
a ccumula t i on  i n  t h e  ad j acen t  water  t r a ck  
may be s u f f i c i e n t l y  un i fo rm o v e r  i t s  
s u r f a c e  t o  p r e v e n t  s t r e a m  c a p t u r e  and 
sus t a in  t h e  b i f u r c a t i n g  flow system. 

8.3.2 Groundwater Control s  

In a r e a s  o f  n e a r l y  c o n t i n u o u s  p e a t  
cove r  t h e  i n p u t  o f  s o l u t e s  from s u r f a c e  
runoff may be i n s u f f i c i e n t  t o  prevent t he  
conversion of l a r g e  a r e a s  o f  peat land i n t o  

o m b r o t r o p h i c  bog. However, t h e  ncatq1 y c o n t i n u o u s  p e a t l a n d s  o f  t h e  Glar . ia1 La;.e 
Agassi z region a r e  predom i  nan t l  y  111 i n r r - o -  
t r o p h i  c  f e n s ,  i n d i c a t i n g  t h a t  groundwc?ter' 
d i s c h a r g e  t h r o u g h  t h e  p e a t  may p rov ide  
s i g n i f i c a n t  s o u r c e  f o r  a1 k a l  i n i t y  d i l d  

d i s s o l v e d  s o l  u t e s  i n  t h e s e  m i r -e -COIH pl ex 
types (F igures  21 and 48-51). 

A t  p r e s e n t  t h e  d i s c h a r g e  of  ground 
w a t e r  has  o n l y  been documen ted  in  t he  
s p r i n g - f e n  mounds of t h e  G l a c i a l  L d k e  
Agassiz peat lands (Figure 51) .  The hi911 
pH and concent ra t ion  of Ca in  t h e  s u r f ~ i c e  
waters of t he  spr ing- fen  c h a n n e l s  can orlly 
be sus ta ined  by t h e  cont inua l  d i s cha rge  of 
g r o u n d w a t e r  from ca lcareous  paren t  i i l a t c l -  
r i a l ,  a  view supported by a c t u d l  hydrdu- 
1  ic-head g rad i en t s  measured in  these  c.lian- 
n e l s  ( S i e g e 1  and G l a s e r ,  I n  p r e s s ) .  Tile 
r o l e  o f  groundwater d i s cha rge ,  however, i s  
more d i f f i c u l t .  t o  d i s t i n a u i s h  i n  o t h e r  
mi r e - complex  t y p e s  fro111 o b s e r v a t i o n s  o f  
t h e  sur face-  water  chemis t ry  a1 one becduse 
t h e  g r a d i e n t s  obse rved  a r e  l e s s  p r o -  
nounced. 

Figure 49. Aerial photograph of mire-complex type 9 from the ~~d Lake peatland, northern ~ i n n e s o t a . S h ~  peatland 
consists of a large raised bog complex that is differentiated into ovoid islands and internal Water tracks.The features 
marked are (1) raised bog crest, (2)Sphagnum lawns on the lower flanks,(3) ovoid islands and (4) 

water 

tracks. Drainage ditches (5) are restricted to the lower portions of the watershed. 



Figure 50. LANDSAT image of the Western Water Track (mire-complex type 10; see Figure 20) in  the Red Lake 
peatland, northern Minnesota. The image was taken during spring break-up of 1978. The water track measures over 
32 k m  long and 5 k m  wide. Drainage from the marginal beach ridge is focused i n  sinuous channels (small black 
arrows) that feed into the central portion of the water track (larger whi te  arrows). The water drains toward the 
right-hand side of the photograph where it splits into two  branches around a large bog complex (A) that is sti l l  
snow-covered. 

Figure 51. Aerial photograph of the Lost River peatland i n  northern Minnesota illustrating mire-complex type 11 (Figure 20) 
and an adjacent raised bog. The spring-fen mound on the left-hand side o f  the photograph is characterized b y  nonforested 
channels (It that arise near the crest of the mound and drain through a swamp forest. The raised topography o f  the mound 
is indicated by the water track (2) that is diverted around the margin of the mound. The raised bog on  the right-hand side 
of the photograph is indicated by the faint radiating lines of forest. A diagram o f  the topography and stratigraphy of this 
area is presented in  Figure 9. The image covers an area approximately 2.5 k m  across. 



I n e  i d r y e  w d t e r  CracKS w i t h  f ~ e l d s  o f  
t r e e  i s l a n d s  m a y  a1  s o  b e  f e d  b y  g r o u n d -  
w a t e r  d i s c h a r g e  l o c a l  i z e d  i n  t h e  s i n u o u s  
c h a n n e l s  t h a t  a r i s e  a r o u n d  t h e  o u t e r  
m a r g i n s  o f  t h e  t r a c k  ( F i g u r e  50; G l a s e r  I n  
p r e p . a ) .  D i s c h a r g e  a p p e a r s  t o  b e  f o c u s e d  
a t  t h e  heads o f  t h e  s i n u o u s  c h a n n e l s  t h a t  
a r i s e  downs1 ope f r o m  t h e  beach  r i d g e s .  The 
d e f i n i t e  d e c l i n e  i n  m i n e r o t r o p h y  f r o m  t h e  
m a r g i n s  o f  t h e  w a t e r  t r a c k  t o  t h e  p a t -  
t e r n e d  i n t e r i o r  s u p p o r t s  t h i s  v i e w  t h a t  
g r o u n d w d t e r  a i s ~ n a r - y e  1 s  r e s t r i c t e d  t o  
s p e c i f i c  f o c i  r a t h e r  t h a n  b e i n g  d i s t r i b -  
u t e d  t h r o u g h o u t  t h e  w a t e r  t r a c k .  The 
s i m i l a r i t y  o f  t h e  c h a n n e l  and f o r e s t  p a t -  
t e r n s  i n  t h e s e  t w o  t y p e s  o f  s y s t e m s  i n d i -  
c a t e s  a  c o m m o n  m o d e  o f  o r i g i n  f o r  t h e i r  
c h a n n e l  and  i s l a n d  p a t t e r n s .  

The o t h e r  p o t e n t i a l  zone f o r  g round-  
w a t e r  d i s c h a r g e  i s  t h e  i n t e r n a l  w a t e r  
t r a c k s  o f  t h e  r a i s e d  boo c o r n p l ~ x e s  ( F i g ~ l r e  
49;  G l a s e r  I n  p r e p . a ) .  The m i n e r o t r o p h i c  
w a t e r s  i n  t h e s e  t r a c k s  a r e  t o o  d i l u t e  t o  
i n d i c a t e  g r o u n d w a t e r  d i s c h a r g e  w i t h o u t  
c o r r o b o r a t i n g  e v i d e n c e  f r o m  p i e z o r n e t e r  
n e s t s  a n d  g e o c h e m i c a l  p r o f i l e s  o f  t h e  
i n t e r s t i t i a l  p e a t  w a t e r s .  The s t r a t i g -  
r a p h y  i n  t h e s e  bog c o m p l e x e s  d e m o n s t r a t e s  
t h a t  t h e s e  w a t e r  t r a c k s  a r e  o f  s e c o n d a r y  
o r i g i n  w i t h  f e n  p e a t  o v e r l y i n g  b o g  p e a t  

( J a n s s e n s  a n d  G l a s e r ,  I n  P r e p . ;  Figure 
3 2 ) .  The s h a r p  r e v e r s a l  f r o m  b o g  t o  fen ,  
h o w e v e r ,  c a n  b e  e x p l a i n e d  b y  e i t h e r  t h e  
g r o u n d w a t e r  h y p o t h e s i s  o f  S i e g e 1  ( 1  981,  
1 9 8 3 )  o r  t h e  s u r f a c e  f l o w  h y p o t h e s i s  o f  
G l a s e r  e t  a l .  ( 1 9 8 1 ) .  T h e s e  t w o  h y -  - -  
p o t h e s e s ,  i l l u s t r a t e d  i n  F i g u r e  5 2 ,  m a y  
a l s o  e x p l a i n  t h e  c o l n l n o n  o c c u r r e n c e  o f  
o v o i d  i s l a n d s  o n  bogs. The s h a r p n e s s  o f  
t h e  c h a n g e  c o u l d  p e r h a p s  be  m o s t  e a s i l y  
e x p l d i n p r l  by 2 ~ + ; t n g  f r  t;>di'arii i~ !it?dd d t  

t h e  r e g i o n a l  r e c h a r g e  a r e a ,  c a u s i n g  g r o u n d  
w a t e r  t o  b u r s t  t h r o u g h  i n  a r e a s  o f  s h a l l o w  
P e a t  a n d  i n  t h e  w a t e r  t r a c k s  ( s i e g e 1  and  
G laser ,  I n  p ress ) .  

I n  t h e  G l a c i a l  Ldke A g a s s i z  r e g i o n  
g r o u n d w a t e r  d i s c h a r g e  I n a y  t h e r e  f o r e  be an 
i m p o r t a n t  f o r c e  i n  t h e  d e v e l o p m e n t  o f  t h e  
p e a t l a n d  e c o s y s t e m s .  B e c a u s e  o f  t h e  
absence o f  s i g n i f i c a n t  r e 1  i e f  on t h i s  v a s t  
l a k c  a!;ic, j, r i s s  i n  t h e  wdtet* t d b l e  
u n d e r  t h e  r a i s e d  bogs  o r  o n  t h e  r e g i o n a l  
r e c h a r g e  a r e a  f o r  g r o u n d  w a t e r  may s i g n i -  
f i c a n t l y  p e r t u r b  t h e  e x i  s t i  ng h y d r o l o g i c  
r e g i m e  and c r e a t e  new p a t t e r n s  o f  g r o u n d -  
w a t e r  f l ow.  Groundwater  d  i sc h a r g e  has on1 y 
been  d o c u m e n t e d  f o r  t h e  s p r  i n g - f e n  l a n d -  
f o r m s  a t  p r e s e n t ,  b u t  i t s  i n f l  u e n c e  may be 
more p e r v a s i v e  i n  t h e  f o r m a t i o n  o f  l a n d -  
f o r m  p a t t e r n s  t h a n  f o r m e r 1  y r e a l  i z e d .  



EXPLANATION 
crest in  mineral substrate 

(1 Sphagnum mat - tortuous f low - streamlined f low 

/i3 stagnation zone 

P'- c J groundwater discharge 

Figure 52. Two opposing models for the development of internal w a t e r  tracks and raised bog complexes in  Minnesota. Initially 
surface runoff is determined by  topographic features i n  the minera l  substrate. Flow paths indicated by the circular arrows 
are eddies or stagnation zones. In box 1 surface drainage is d iver ted around a beach ridge creating a zone of stagnant 
f low in  which a Sphagnum mat may spread. The surface f low hypothesis (Glaser et al., 1981) is illustrated in  (A). AS 
Sphagnum spreads over the surface, drainage is progressively channeled into drains that become water tracks according to 
the process indicated i n  Figures 31, 32, and 33.The alkalinity i n  t h e  internal water tracks is provided by the convergence 
o f  ions into the tracks from a larger expanse of bog and from enhanced decomposition along lines o f  flow. The ground- 
water hypothesis (Siegel1981,1983) illustrated i n  (B) proposes a dif ferent source for the alkalinity observed in  the water 
tracks: the discharge of ground water from the calcareous mineral substrate. Once at the surface the geogenous water is 
channeled into water tracks fragmenting the bog into ovoid isfands. 



CHAPTER 9. HUMAN IMPACTS AND CONSERVATION 

9.1 DRAINAGE PROJECTS 

P r i o r  t o  t h e  F i r s t  W o r l d  War t h e  
n o r t h e r n  c o u n t i e s  i n  M i n n e s o t a  u n d e r t o o k  
an a m b i t i o u s  p r o j e c t  t o  d r a i n  and  r e c l a i m  
e x t e n s i v e  a r e a s  o f  p e a t l a n d .  I n  t h e  
G l a c i a l  L a k e  A g a s s i z  p e a t l  a n d s  d r a i n a g e  
d i t c h e s  w e r e  c u t  a l o n g  t h e  s u r v e y o r s '  
s e c t i o n  l i n e s  i n  l a r g e  a r e a s  o f  
K o o c h i c h i n g ,  B e l t r a m i ,  a n d  L a k e  o f  t h e  
Woods C o u n t i e s .  As l a t e r  d e m o n s t r a t e d  b y  
B o e l  t e r  ( 1  972), t h e s e  d i t c h e s  w e r e  spaced 
t o o  f a r  a p a r t  t o  d r a i n  s u c h  e x t e n s i v e  
a r e a s  o f  p e a t ,  a n d  t h e  e n t i r e  p r o j e c t  
e n d e d  i n  f a i l  u r e  a n d  b a n k r u p t c y  f o r  t h e  
n o r t h e r n  c o u n t i e s .  The S t a t e  e v e n t u a l  1  y  
p a i d  f o r  t h e  i l l - f a t e d  p r o j e c t  a n d  r e -  
c e i v e d  t i t l e  t o  t h e s e  p e a t l a n d s  i n  compen- 
s a t i o n .  

I n  n o r t h e a s t e r n  M i n n ~ s o t a  d r a i n a g e  
d i t c h e s  w e r e  l a t e r  c u t  t h r o u g h  s m a l l e r  
p e a t l a n d s  f o r  r e c l a m a t i o n  a n d  a l s o  t o  
p r o v i d e  d r a i n a g e  f o r  r o a d  ways. The damage 
t o  t h e s e  p e a t l a n d s  was much m o r e  e x t e n s i v e  
t h a n  t h o s e  i n  t h e  l a r g e r  L a k e  A g a s s i z  
p e a t l a n d s .  A  t h o r o u g h  r e v i e w  o f  t h i s  
f a i l e d  r e c l a m a t i o n  p l a n  w i t h  s p e c i a l  em- 
p h a s i s  on  t h e  Red Lake p e a t l a n d  i n  n o r t h -  
e r n  M i n n e s o t a  i s  b e i n g  p r e p a r e d  b y  K. 
B r a d o f  o f  t h e  U n i v e r s i t y  o f  M i n n e s o t a .  

D r a i n a g e  d i t c h e s  a l t e r  a  p e a t l a n d  b y  
l o w e r i n g  t h e  w a t e r  t a b l e  i n  t h e  a c r o t e l m  
a n d  e n h a n c i n g  d e c o n l p o s i t i o n  a n d  c o m p a c -  
t i o n .  R u t t e r  ( 1 9 5 5 )  a n d  B o e l  t e r  ( 1 9 7 2 )  
d e t e r m i n e d  t h a t  a  d r a i n a g e  d i t c h  w i l l  
p r o d u c e  a  d r a w d o w n  o f  t h e  w a t e r  t a b l e  
w i t h i n  t h e  c a t o t e l m  l e s s  t h a n  3 m  f rom t h e  
d i t c h .  W h e r e  d i t c h i n g  i s  i n t e n s i v e  s u b -  
s t a n t i a l  s u b s i d e n c e  m a y  t a k e  p l a c e :  t h e  
m o s t  s p e c t a c u l a r  d o c u m e n t e d  e x a m p l e  o f  
s u b s i d e n c e  o c c u r r e d  i n  t h e  F e n l a n d s  o f  
E n g l a n d  ( G o d w i n  1 9 7 8 ;  H u t c h i n s o n  1 9 8 0 ;  
S h e a i l  a n d  W e l l s  1983) .  

D r a i n a g e  d i t c h e s  h a v e  h a d  a  s e r i o u s  
i m p a c t  o n  p e a t l a n d  v e g e t a t i o n  b y  p r o ~ n o t i n g  
t h e  g r o w t h  o f  t r e e s  a n d  s h r u b s  a t  t h e  
e x p e n s e  o f  t h e  m o r e  h y d r o p h i l o u s  s e d g e s  
a n d  h e r b s .  G l a s e r  e t  a l .  ( 1 9 8 1 )  d e s c r i b e d  
t h e  s t r i k i n g  changes i n  t h e  l a n d f o r i n s  and 
v e g e t a t i o n  t h a t  t a k e  p l a c e  d o w n s l o p e  fro111 
t h e  d i t c h e s  i n  t h e  Red Lake  p e a t l a n d .  The 
bog m a r g i n s  may have  expanded i n  r e s p o n s e  
t o  t h e  d i t c h i n g  as Sphagnu~l i  f i r s t  i n v a d e d  
t , h ~  a d j a c e n t  s t r i n ~ s .  w h e r e  s c a f f o l d i n g  
was p r o v i d e d  b y  t h e  t a l l e r  s e d g e s  and  
s h r u b s  a n d  l a t e r  s p r e a d  o v e r  t h e  l o w e r  
f l a r k s  ( G l a s e r  I n  p rep .a ;  F i g u r e  5 3  A 
and  B). A t  A r l  b e r g  i n  n o r t h e a s t e r n  
M i n n e s o t a ,  f o r  e x a i n p l e ,  t h e  f l  a r k s  a d j a -  
c e n t  t o  a  b o g  h a v e  b e e n  c o n ~ p l e t e l y  c o l o -  
n i z e d  b y  Spha num a n d  C a r e x  o l i y o s p e r l n a  P-- i m m e d i a t e  v d o w n s l o ~ e  fro111 a  d r a i n d g e  
d i t c h   laser 1 9 8 5 ) .  

i n  csstcrn Minne:nt~ t h e  s t r i n z / f l a r k  
p a t t e r n s  h a v e  d l m o s t  d i s a p p e a r e d  i n  
d i t c h e d  p e a t l  ands because  o f  t h e  enhanced 
q r o w t h  o f  v a r i o u s  s h r u b s  ( p a r t i c u l a r l y  - - 

~ e t u l a  pumi  l a  v a r .  g l a n d u l i f e r a  and trees 
( F i q u r e s  2 6 - 2 9 ) .  On1 y  a t  A1 b o r n  h a v e  t h e  
s u r i a c e  p a t t e r n s  a n d  r a r e  p l a n t  p o p u l a -  
t i o n s  r e m a i n e d  1  a r g e l  y  i n t a c t  d e s p i t e  t h e  
d i t c h i n g .  The d r a i n a g e  d i t c h e s  have  had a  
s u b s t a n t i a l  i m p a c t  on  t h e  p e a t l a n d  v e g e t a -  
t i o n ,  b u t  t h e  l a r q e r  s i z e  o f  t h e  L a k e  
/Igas;i z p e a t l  ~ n d s  gas b u f f e r e d  t h e s e  eco-  
s y s t e m s  fro111 a d v e r s e  e f f e c t s  t o  d l a r g e r  
degree .  

9.2 PEAT MINING 

A f t e r  W o r l d  War I 1  s e v e r a l  s r i i a l l  
p e a t - m i n i n g  o p e r a t i o n s  w e r e  s t a r t e d  i n  
n o r t h e r n  M i n n e s o t a  t o  e x t r a c t  p e a t  f o r  
h o r t i c u l t u r a l  p u r p o s e s .  A p p r o x i ~ n a t e l y  
1,403 a c r e s  o f  p e a t l a n d  w e r e  m i n e d ,  w i t h  
s p e c i a l  emphas is  o n  S ha num p e a t  ( M N  DNR + 1 9 8 1 ) .  The l i m i t e d  a v a i  a b i l i t y  o f  t h i s  



Figure 53. Aerial photbgraphs of an expanding and contracting bog margin. The 
margin of a bog is controlled by the volume of water flowing in the adjacent water 
trrtcks W h e n  writer levels arc lowcrcd hy drainage ditcf3es 1Ai rile boy rititryitt will 
spread outward, producing a sawtooth pattern. In A the Sphagnum lawn (1) has 
spread out onto the adjacent water track (21 first along the strings (3) and then 
filling in the adjacent flarks. Trees from the bog forest will then grow out onto 

h ighe r -g rade  Sphagnual p e a t  ( o n l y  112,000 
t o  129,000 d c r e s  i n  t h e  S t d t e ;  M N  DNR 
1979b)  and t h e  i n t e n s e  c o ~ r ~ p e t i t i o n  f r o n ~  
Cdriadidn co~npan i  es have 1 i l l 1  i t e d  t h e  expan- 
s i o n  o f  t h i s  i n d u s t r y  i n  Minnesota. 

I n  1 9 I 5 ,  h o w e v e r ,  t h e  M i n n e s o t a  Gas 
Company (Minnegasro)  requested a  1  ease f o r  
o v r r  200,000 d r r e s  o f  S t a t e - o w n e d  p e a t -  
l d n d s  t o  n i i n c  p e a t  f o r  c o n v e r s i o n  i n t o  
n a t u r a l  gas. The p o t e n t i a l  o f  a  m a j o r  
i m p a c t  on t h e  env i r o n n l e n t  p r o m p t e d  t h e  
S t d t e  L e g i s l a t u r e  t o  s e t  up  t h e  Pea t  
P r o g r a ~ i i  i n  t h e  D e p a r t m e n t  o f  N a t u r a l  
Resources t o  e v a l u a t e  t h e  Minnegdscc, p ro -  
p o s d l .  The m i s s i o n  o f  t he  P e a t  Prograrn 
was l a t e r  b r o a d e n e d  t o  c o v e r  a  s u r v e y  o f  
Peat resources  i n  t h e  S t a t e  and e s t a b l i s h  
guide1 i nes  f o r  t h e i r  development and pre-  

s e r v a t i o n .  The S t a t e  o f  M i n n e s o t a  was 
t h e r e f o r e  i n  a  s t r o n g  p o s i t i o n  t o  mana.ge 
f u t u r e  e c o n o i n i c  schemes f o r  M i n n e s o t a  
p e a t 1  ands. The M i n n e g a s c o  p r o p o s a l  was 
l a t e r  abandoned as economica l  1  y  and e n v i -  
ronmenta l  1  y i n  feasab l  e. 

The i i n p a c t  o f  s u c h  a  p r o j e c t  c o u l d  
n o t  be  p r e d i c t e d  f r o m  t h e  s m a l l e r  o p e r a -  
t i o n s  o f  n o r t h e a s t e r n  M i n n e s o t a .  The 
r u n o f f  l e a v i n g  these s m a l l  mined pea t l ands  
has h i g h e r  l e v e l s  o f  suspended  s e d i m e n t ,  
a c i d i t y ,  o r g a n i c  N, and s p e c i f i c  c o n d u c t i -  
v i t y  t h a n  t h e  w a t e r s  d r a i n i n g  f r o m  p e a t -  
l a n d s  t h a t  have n o t  been mined (Brooks  et 
a l .  1982).  H o w e ~ e r ,  t h e  l e v e l s  w e r e  n o t  
s u f f i c i e n t 1  y  e l e v a t e d  t o  v i o l  a t e  d r i n k i n g  
s t a n d a r d s  a l t h o u g h  t h e y  c o u l d  p r o m o t e  
e u t r o p h i c a t i o n  downstreanl. 



the strings where the peat is higher. When water levels are raised, however, the 
bog margin will contract as in B. Here the water track (11 has been flooded by 
discharge from a drainage ditch (21 that is dammed by beavers The large deep 
fiarks are aligned to wet  portions of the Sphagnum lawn (4) that have deeply 
intruded into the surrounding bog forest (5). Both aerial photographs are from the 
Red Lake peatland and each covers an area 2.5 km across. 

The r e v e g e t a t i o n  of  m.ined peat1 ands  
in  Minnesota  i s  v a r i a b l e  (Anderson and 
Kurmis 1981 ;  Green 1983). Recovery i s  
very slow i f  d ra inage  d i t ches  have lowered 
t he  water t a b l e  and t he re  i s  a  low concen- 
t r a t i o n  of n u t r i e n t s .  I f  t he  d i tches  a r e  
b locked ,  howeve r ,  t h e  h i g h e r  w a t e r  t ab1  e  
w i l l  p romote  a  good r ecove ry  w i t h i n  10 
y e a r s .  T ree s  w i l l  t y p i c a l l y  c o l o n i z e  
s p o i l  b a n k s  b e c a u s e  o f  t h e i r  d e e p e r  
a e r a t e d  z o n e .  Green  s u g g e s t s  t h a t  
a1 uminum t o x i c i t y  may be i m p o r t a n t  in  
r e s t r i c t i n g  p l a n r  c o l o n i z a t i o n  b u t  t h e  
p r i m a r y  1 im i  t i n g  f a c t o r  seems t o  be t h e  
pos i t ion  of  t h e  water  t ab le .  

n e a r l y  l e v e l .  A l a r g e  min ing  p r o j e c t  
would s u r e l y  d i s t u r b  t h e  s e n s i t i v e l y  
ba lanced  f l o w  s y s t e m s  t h a t  m a i n t a i n  t h e  
s t r i k i n g  landform p a t t e r n s .  The removal 
of the ra i sed  bogs ,  f o r  example, may a1 t e r  
t he  loca l  flow s y s t e m s  t h a t  bring ground- 
wa te r  t o  t h e  s u r f a c e ,  Because of t h e  
n e a r l y  c o n t i n u o u s  e x p a n s e  of  pea t  i t  i s  
i m p o s s i b l e  a t  p r e s e n t  t o  p r e d i c t  t h e  
e x t e n t  o f  any i m p a c t ,  wh ich  i s  more con-  
f i ned  i n  t h e  s m a l  l e r  p e a t l a n d s  t o  t h e  
e a s t .  

9.3 MINERAL EXPLORATION AND 
POWERLINES 

These f i nd ings  a r e  d i f f i c u l t  to  apply M i n e r - a 1  e x ~ l  o r a t i o n  i n  n o r t h e r n  
t o  t he  v a s t  pea t l ands  of t h e  ~ l a c i a l  Lake M i n n e s o t a  was  g r e a t ]  Y s t imu la t ed  by the  
Agass iz  r e g i o n  where t h e  l andscape  i s  lg81 go ld  s t r i k e  near  Thunder Bay, 



- 
; I ~ i ~ d r i u .  ~ n e  n e m i o e  d e p o s i t  i s  i r ~  t i l e  
g r e e n s t o n e  f o r m a t i  o n  t h a t  e x t e n d s  a c r o s s  
l a r g e  a r e a s  o f  n o r t h e r n  M i n n e s o t a ,  
a l t h o u g h  i n  m o s t  c a s e s  i t  i s  c o v e r e d  b y  
t h i c k  d e p o s i t s  o f  g l a c i a l  t i l l  a n d  a  
s u r f a c e  v e n e e r  o f  peat.  S e v e r a l  p e a t l a n d s  
a r e  n o w  b e i n g  e x p l o r e d  f o r  m i n e r a l  
d e p o s i t s ,  a1 t h o u g h  t h e  p r o b a b i l  i t y  o f  
f i n d i n g  a  d e p o s i t  t h a t  i s  e c o n o m i c a l  t o  
m i n e  i s  n o t  c o n s i d e r e d  t o  be h igh.  

1 .  
n I:; i t i i ; i  i i i r .c ; i  i u  i i i e  y e d t l d n d s  i s  

t h e  l o c a t i o n  o f  p o w e r l  i n e  r i g h t - o f - w a y s .  
Power1 i n e s  w e r e  p r e v i o u s 1  y  s i t e d  p r e f e r e n -  
t i a l l y  i n  p e a t l a n d s  t o  r n i n i l n i z e  t h e  i m p a c t  
on hu~i ians and c o ~ i i m u n i c a t i o n s .  The i n s t a l  - 
l a t i o n  p r o c e s s  may  s e v e r e l y  damage t h e  
p e a t  s u r f a c e  l o c a l l y  a n d  s i g n i f i c a n t 1  y  
a l t e r  t h e  v e g e t a t i o n  i f  h e a v y  e q u i p m e n t  i s  
p e r m i t t e d  t o  c r o s s  t h e  p e a t l a n d .  A t  
T o i v o l a  and A r l  b e r g  t h e  p o w e r l  i n e  r i g h t -  
o f - w a y  i s  c h d r a c t e r i z e d  b y  v e r y  w e t  v e g e -  
& . A ;  L d ~ t o r i - -  n r e b u l  t u f  l u ~ d l  c u m p a c t i o n  ~ y  
h e d v y  e q u i p m e n t .  I n  t h e  G l a c i a l  L a k e  
A g a s s i z  p e a t l a n d s ,  h o w e v e r ,  he1 i c o p t e r s  
were  used t o  i n s t a l l  t h e  p o w e r l  i n e  p y l o n s  
a n d  t o  s t r i n g  t h e  c a b l e s ;  t h i s  m e t h o d  
g r e a t l y  1 1 1 i n i n l i z e d  t h e  i m p a c t  o f  t h e  o f  t h e  
p o w e r l i n e  c o n s t r u c t i o n .  The 111ost s i g n i f i -  
c a n t  i ~ r r p a c t  was t h e  r e ~ n o v a l  o f  t r e e s  a l o n g  
t h e  r i g h t - o f - w a y ,  w h i c h  l o c a l l y  a1 t e r e d  
t h c  v e g e t a t i o n  p a t t e r n s  ( G r i g a l  1985b). 

; rTL~; . t  idiv'uld iddr 11 n a r r o w  l d n e s  w e r e  
c u t  i r r o s s  rndny p e a t l a n d s  i n  n o r t h e r n  
M i n r l e s o t d  t o  h d r v e s t  s ~ ~ i a l l  s p r u c e  f o r  
C h r i s t a t a s  t r e e s .  O n l y  t h e  srlial l e s t  t r e e s  
w e r e  c u t ,  and  t h e i r  stu111ps a r e  now d i f f i -  
c u l t  t o  s p o t  w i t h i n  t h e  b o g  f o r e s t s .  A l l  
c u t t i r i g  h a s  c e a s e d ,  a n d  t h e  l a n e s  a r e  
s l o w l y  b e i n g  c l o s e d  b y  w i n d t h r o w s  a n d  
l a y e r i n g  by t h e  P i c e a  m a r i a n a .  

9.4 PRESERVATION PLANS 

Col  l e ~ t i v e l y  t h e  v a r i o u s  i ~ n p d c t s  o n  
M i n n e s o t a  p e a t l a n d s  a r e  r e l a t i v e l y  m i n o r  
co~r lpa red  t o  t h e  e x t e n s i v e  human a1 t e r a t i  on  
o f  t h e  u p l a n d  f o r e s t s  a n d  p r a i r i e s .  
L d r g e l y  b y  d e f a u l t  t h e  p e a t l a n d s  i n  
M i n n e s o t a  h a v e  s u r v i v e d  a s  r e l a t i v e 1  y 
i n t a c t  e c o s y s t e m s  t h a t  r e p r e s e n t  t h e  m o s t  
p r i s t i n e  s t a n d s  o f  n a t u r a l  v e g e t a t i o n  i n  
t h e  S ta te .  Through  a c c i d e n t s ,  s u c h  as t h e  

L a i j L i - ~ i ~ t c y  c f  :kc c s r t h c r : :  ~nnnt;:;, t h e  
M i n n e s o t a  D e p a r t m e n t  o f  N a t u r a l  Resources  
n o w  c o n t r o l s  t h e  o w n e r s h i p  o f  m o s t  o f  
t h e s e  p e a t l a n d s .  The S t a t e  o f  M i n n e s o t a  
t h e r e f o r e  i s  i n  a  u n i q u e  p o s i t i o n  t o  p r e -  
s e r v e  a r e p r e s e n t a t i v e  s a m p l e  o f  t h e s e  
p e a t l a n d s  f o r  s c i e n t i f i c  i n q u i r y  a n d  t h e  
a p p r e c i a t i o n  o f  f u t u r e  g e n e r a t i o n s .  

The M i n n e s o t a  D e p a r t m e n t  o f  N a t u r a l  
Resources has r e c e n t 1  y s u b m i t t e d  a  p l a n  t o  
t i , e  s t a t e  L e g  i s j  ,J itii.e L o  i e c z  i n 
v a r i o u s  d e g r e e s  t h e  18 m o s t  s i g n i f i c a n t  
p e a t l a n d s  i n  t h e  S t a t e .  These p e a t l a n d s  
h a v e  b e e n  r a n k e d  b y  a  s p e c i a l  t a s k  f o r c e  
a c c o r d i n g  t o  t h e i r  s i g n i f i c a n c e  o n  
r e g i o n a l ,  n a t i o n a l ,  a n d  i n t e r n a t i o n a l  
1  e v e l s .  E a c h  p e a t l a n d  h a s  a l s o  b e e n  
d i v i d e d  i n t o  a  c o r e  p r o t e c t i o n  z o n e  a n d  
w a t e r s h e d  p r o t e c t i o n  z o n e  t o  c a t e g o r i  z e  
t h e  d e g r e e  o f  p r o t e c t i o n  r e q u i r e d  f o r  each  
a r e a .  

The  C o m m i s s i o n e r  o f  t h e  M i n n e s o t a  
D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  h a s  t h e  
d i s c r e t i o n  o f  p r o t e c t i n g  t h e s e  p e a t 1  ands  
u n d e r  s e v e r a l  S t a t e  s t a t u t e s .  The p e a t -  
l a n d s  may  b e  p r o t e c t e d  a s  W i l d e r n e s s  
A r e a s ,  S c i e n t i f i c  a n d  N a t u r a l  A r e a s ,  o r  
W il d l  i f e  M a n a g e m e n t  A r e a s .  O t h e r  c a t e -  
g o r i e s ,  s u c h  a s  S t a t e  F o r e s t s ,  r e q u i r e  
a p p r o v a l  o f  t h e  S t a t e  Leg i s 1  a t u r e .  

The M i n n e s o t a  D e p a r t m e n t  o f  N a t u r a l  
Resources  has d e c i d e d  t o  recommend t o  t h e  
S t a t e  L e g i s l a t u r e  a  p l a n  t h a t  w o u l d  p r o -  
t e c t  t h e  c o r e  z o n e s  o f  t h e s e  p e a t l a n d s  
( t o t a l i n g  156,600 a c r e s )  as  S c i e n t i f i c  and 
N a t u r a l  Areas o r  W i l d e r n e s s  A r e a s ,  whereas  
t h e  s u r r o u n d i n g  w a t e r s h e d  p r o t e c t i o n  zone 
( t o t a l  i n g  345,900 a c r e s )  w o u l d  be p r o t e c t -  
e d  b y  a  l e s s  r e s t r i c t i v e  d e s i g n a t i o n .  
A1 t h o u g h  t h e s e  a r e a s  c o u l d  be e s t a b l  i s h e d  
d i r e c t l y  b y  t h e  C o m ~ n i s s i o n e r  o f  t h e  
M i n n e s o t a  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s ,  
t h e  a g e n c y  d e c i d e d  t o  r e q u e s t  a p p r o v a l  
f r o m  t h e  S t a t e  L e g i s l a t u r e  because  o f  t h e  
l a r g e  e x t e n t  o f  l a n d  i n v o l v e d .  The p e a t -  
l a n d  b i l l ,  however ,  was k i l l e d  i n  c o m m i t -  
t e e  b y  t h e  S t a t e  L e g i s l a t u r e  i n  1 9 8 5  a n d  
t h e  p l a n  n o  l o n g e r  r e c e i v e s  m u c h  a t t e n -  
t i o n .  I f  e v e n t u a l l y  e n a c t e d  t h e  p r o p o s a l  
w o u l d  p r e s e r v e  a  l a r g e  i n t a c t  e x a m p l e  o f  
o n e  o f  A m e r i c a ' s  o u t s t a n d i n g  n a t u r a l  
a r e a s  . 



GLOSSARY 

aapamoor - A term used by Cajander (1913) 
to  descr ibe  pat terned fens. See f l a r k s ,  
p a t t e r n e d  f e n ,  s t r a n g m o o r ,  and s t r i n g s  
be1 ow. 

acrotelm - The uppermost horizon in a  peat 
p r o f i l e  t h a t  c o n s i s t s  o f  r e l a t i v e l y  
porous and undecomposed peat. The con- 
c e p t  i s  l a r g e l y  based on t h e  work o f  
S o v i e t  h y d r o l o g i s t s ,  who d i v i d e  a  pea t  
depos i t  i n to  two l a y e r s  with cont ras t ing  
p h y s i c a l  and b i o l o g i c a l  p r o p e r t i e s  
( Ivanov 1981;  Ingram 1978 ,  1983).  The 
acrotelm o r  a c t i v e  l aye r  i s  responsible  
f o r  mos t  w a t e r  t r a n s m i s s i o n  through a  
peatland on account of i t s  high hydrau- 
1  i c  c o n d u c t i v i t y .  I t  can  a1 so be de-  
fined as  t he  zone of maximum water - tab le  
f l u c t u a t i o n s  and oxygen pene t ra t ion  from 
the  atmosphere. 

bog d r a i n  - Bog d r a i n s  a r e  n o n f o r e s t e d  
s t r i p s  o f  vege ta t ion  t h a t  o r i g i n a t e  near  
t h e  c r e s t  o f  a  r a i s e d  bog f o r e s t  and 
rad ia te  downslope e v e n t u a l 1  y  coalescing 
in to  a  broad t r e e l e s s  1 awn. The d ra in s  
and l i n e s  o f  s p r u c e  f o r e s t  make u p  t h e  
c h a r a c t e r i s t i c  r a d i a t i n g  fo r e s t  pa t te rns  
of  r a i s e d  bogs t h a t  a r e  seen on a e r i a l  
photographs. 

b o r e a l  r e g i o n  - A c i r c u m p o l a r  f o r e s t  
r eg ion  i n  t h e  n o r t h e r n  hemisphere  t h a t  
i s  g e n e r a l l y  d o m i n a t e d  by c o n i f e r  t r e e  
s p e c i e s .  The b o r e a l  f o r e s t  ex t ends  
no r th  t o  t h e  t r e e l e s s  t u n d r a  and s o u t h  
t o  the  mixed c o n i f e r /  deciduous f o r e s t s  
o r  t e m p e r a t e  g r a s s l a n d s .  The p o s i t i o n  
of the  borea l  f o r e s t  i n  North America i s  
presented f o r  Canada by Rowe (1972) and 
for  Alaska by Vierec k and L i t t l e  (1972). 

accumulation - Growth of organic mat te r  in  brown-moss p e a t  - Organ ic  sediments p r i -  
an ecosystem a s  a  r e s u l t  o f  the d i f f e r -  mari ly  composed o f  t h e  brown mosses o r  
ence between gross primary product iv i ty  Amblysteg i a c e a e ,  s u c h  as Drepanocladus 
and  t o t a l  c o m m u n i t y  r e s p i r a t i o n  o r c a l l i e r g o n  (Auer 1933). 
(Whi t t a k e r  1975). 

bulk d e n s i t y  - The mass p e r  un i t  volume of  
ac idophi lus  - Plants  adapted t o  hab i t a t s  a  s o i l  s a m p l e  t h a t  h a s  been oven d r i e d  

with d i l u t e  acid waters (pH <4.2). to  c o n s t a n t  weight a t  1 0 5  OC. 

anastomosis - A network of intercon-  
nect ing channels .  

bog - ( i .e .  r a i s e d  bog, hochmoor, ombro- 
t r o p h i c  bog). A ma jo r  t y p e  of p e a t l a n d  
d is t inguished  by (1)  a c id ,  d i l u t e  waters 
(pH <4.2; Ca c o n c e n t r a t i o n  <2 m g l l ) ,  
( 2 )  vegetat ion landforms t h a t  i nd i ca t e  a  
t o p o g r a p h i c a l  1  y  e l e v a t e d  c r e s t  o r  
p l a t e a u ,  ( 3 )  v e g e t a t i o n  a s semblages  
c h a r a c t e r i z e d  by c o n t i n u o u s  ma t s  o f  
Sphagnum o r  o t h e r  c ryptogams and t h e  
absence  o f  f e n - i n d i c a t o r  s p e c i e s ,  and,  
m o s t  i m p o r t a n t ,  ( 4 )  an  a t m o s p h e r i c  
s o u r c e  f o r  a l l  w a t e r  and s a l t s  ( G l a s e r  
e t  a l .  1981;  G l a s e r  1983a;  G la se r  and 
-7 

Janssens 1986). 

c a t i o n - e x c h a n g e  - A b i l i t y  of a  s o i l  t o  
adso rb  o r  exchange  p o s i t i v e l y  charged  
i ons  on c o l l o i d a l  s u r f a c e s  (Bohn e t  a l .  -- 
1979). 

c a t o t e l m  - The l o w e r  h o r i z o n  o f  a  p e a t  
p r o f i l e ,  which c o n s i s t s  o f  r e l a t i v e 1  y  
deeply decomposed p e a t  and has a  cor re -  
spondingly low h y d r a u l  i c  c o n d u c t i v i t y .  
The wa te r  conten t  o f  t h i s  zone i s  there-  
f o r e  be1 i e v e d  t o  b e  c o n s t a n t  and w a t e r  
flow neg7 i g ib l  e. See  acro te lm above. 

drawdown - The lower ing  o f  the water t a b l e  
a s  a  r e s u l t  o f  pumping  o r  enhanced 
d r a i n a g e  i n  a  d i t c h  ( F r e e z e  and Cherry 
1979). 



extremely r i ~ h  fen - A type of fen vegeta-  
t i o n  w i t h  a  v e r y  h i g h  pH ( > 7 )  a n d  
c a l c i u m  c o n c e n t r a t i o n  ( > 2 0  mg/l i n  
Minnesota) and a  c h a r a c t e r i s t i c  spec ies  
a s semblage .  Extreme1 y  r i c h  f e n s  a r e  
g e n e r a l l y  found in  d i s c h a r g e  zones  f o r  
ground water. 

fen - A ma jo r  t y p e  o f  p e a t l a n d  t h a t  r e -  
ce ives  a  s i g n i f i c a n t  input  of water  and . . . . ,  r l r s s o i . . . - n  ru l u 5  rr  el; 8 ;; j z ~ r . !  s e y r c e ,  

such a s  r u n o f f  from mine ra l  s o i l  o r  
groundwater discharge.  A fen i s  t he r e -  
fore  considered t o  be geogenous and i t s  
vegetat ion minerotrophic. Fens a r e  gen- 
e r a l  1  y c h a r a c t e r i z e d  by ( 1 )  s u r f a c e  
waters with a  pH above 4.2 and calcium 
concentrat ion higher than 2 mg/l ( 2 )  a  
inore d iverse  group of spec i e s ,  including 
many  f e n  i n d i c a t o r s ,  a n d  ( 3 )  
v e g e t a t i o n - l a n d f o r m  p a t t e r n s  t h a t  a r e  
lower t nan  tile b u r . r ' u u t i d i ~ i j  ijiineral i ip-  
1 ands. 

f i b e r  conten t  - A measure of peat decompo- 
s i  t i o n  t h a t  i s  determined by c o l l e c t i n g  
t h e  a m o u n t  o f  m a t e r i a l  t r a p p e d  i n  
v a r i o u s - s i z e d  s i e v e s  and weighing  t h e  
dr ied  f r a c t i o n  t h a t  was trapped. 

f l a r k  - A w a t e r - f i l l e d  depression or  pool 
t h a t  i s  e l o n g a t e  p e r p e n d i c u l a r  t o  t h e  
p r e v a i l  ing  s i o p e .  Fl a r k s  c o n t a i n  d i s -  
t i n c t i v e  s p e c i e s  a s semblages ,  occur i n  
l i n e a r  o r  r e t i c u l a t e  networks, and rep-  
r e s e n t  an i ~ r l p o r t a n t  e l e m e n t  o f  a  p a t -  
t e r n e d  fen (aapamoor s e n s u  C a j a n d e r  
1913; strangmoor sensu Auer 1933). 

geogenous - Water suppl ied from a  mineral 
s o u r c e  ( i . e .  ground w a t e r ,  s u r f a c e  r u n -  
o f f ) .  

hochmoor - A ra i sed  bog wi th  ombrotrophic 
w a t e r s  (Weber 1902). See bog above and 
ombrotrophic below. 

Holocene - The l a s t  10,000 t o  12,000 yea r s  
o f  g e o l o g i c  t i m e ,  d a t i n g  from t h e  r e -  
t r e a t  o f  t h e  l a s t  c o n t i n e n t a l  i c e -  
s h e e t s ;  a l s o  known a s  t h e  p o s t - g l a c i a l  
period. 

humificat ion - A measure of ueat decorn~o- 

-. 
hydraul ic  c o n d u c t l v r t y  - lrle ~ u f i s i a n t  o f  

p r o p o r t i o n a l i t y  K i n  Darcy 's  law t h a t  
d e f i n e s  t h e  r a t e  of  f l ow  t h r o u g h  a 
porous medium: 

where H = d i f f e r e n c e  between the 
2 heads 

I_ = l e n q t h  o f  t h e  column 
con ta in ing  t h e  porous 
med i  a  

H/L = hydraul i c  g r a d i e n t  

i n t e r n a l  w a t e r  t r a c k  - A zone o f  v e g e t a -  
t i on  t h a t  c o n t a i n s  f en - ind i ca to r  species  
and m i n e r o t r o p h i c  w a t e r s  and t h a t  i s  
e n t i  r e l y  surrounded by om bro t rophic  bog 
vege ta t ion .  

l a g g  - A Swedish  t e rm  t o  d e s c r i b e  t he  
margin of a  pea t land  t h a t  r ece ives  run- 
o f f  d i r e c t l y  from the  mineral  uplands. 

l a n d f o r m  - Any f e a t u r e  o f  t h e  e a r t h ' s  
s u r f a c e  t h a t  has  a  c o n s i s t e n t  s u r f a c e  
e x p r e s s i o n  o r  i  n t e r n d l  s t r u c t u r e .  The 
vege ta t ion  1 andforms of  boreal peatlands 
a r e  v e g e t a t i o n  p a t t e r n s  t h a t  r e c u r  
a c r o s s  d g e o g r a p h i c  a r e a  a s  s een  o n  
a e r i a l  photographs. Peat land 1  andforms 
o f t en  resemble f l  uvial landforms but are  
e n t i r e l y  composed o f  p e a t  and l i v i n g  
p lan t  communities.  

l aye r ing  - The development of r oo t s  on the 
l o w e r  b r a n c h e s  o f  t r e e s  w h e r e  t h e  
b r a n c h e s  come i n t o  c o n t a c t  w i t h  a  wet 
moss s u b s t r a t e .  Or ig ina l1  y  descr ibed by 
Cooper ( 1  91 1 )  f o r  b l a c k  s p r u c e  growing 
on I s l e  Royale, Michigan. 

minerotrophic - Plan t s  t h a t  r equ i r e  waters 
t h a t  have been e n r i c h e d  by r u n o f f  or  
ground water  der ived from m-ineral so i l .  
Minerotrophic i n d i c a t o r  spec i e s  a r e  re- 
s t r i c t e d  t o  s u r f a c e  w a t e r s  w i t h  a  pH > 
4.2 and a  calcium concen t r a t i on  >2 mg/l. 
The t e rm  was o r i g i n a l l y  c o i n e d  by Du 
R i e t z  ( 1 9 4 9 )  and p o p u l a r i z e d  by Sjijrs 
(1952 ,  1 9 6 3 ,  1983 ) .  

- 3 -  

s i t i o n  determined by measuring the  con- mire  complex - A term coined by Cajander 
cen t r a t i on  of humic m a t e r i a l s  ex t r ac t ed  (1913 )  t o  d e s c r i b e  a  p e a t l a n d  t h a t  con- 
from a  peat sample. t a i n s  l a r g e  a r ea s  of  both bog and fen. 



muskeg  - A t e r m  u s e d  t o  d e s c r i b e  a  b l a c k  
s p r u c e  and Sphagnum p e a t l a n d  i n  t h e  
b o r e a l  r e g i o n  o f  N o r t h  America.  

o m b r o t r o p h i c  - P l a n t s  t h a t  g row  o n  a  p e a t -  
l a n d  t h a t  r e c e i v e s  a l l  i t s  w a t e r  and 
s a l t s  f r o m  t h e  a t m o s p h e r e  ( i .e .  r a i n -  
n o u r i s h e d ) .  

o v o i d  i s l a n d s  - A t e r m  u s e d  t o  d e s c r i b e  
l a r g e  o v o i d  bogs  t h a t  a r e  c o m p l e t e l y  
s u r r o u n d e d  b y  m i n e r o t r o p h i c  w a t e r  
t r a c k s .  The t e r m  was o r i g i n a l l y  used b y  
H e i  n s e l  man ( 1  9 6 3 )  and  H o f s t e t t e r  ( 1  969) 
t o  d e s c r i b e  i s l a n d s  i n  t h e  Red L a k e  
p e a t l a n d  b u t  l a t e r  r e s t r i c t e d  t o  ombro- 
t r o p h i c  l a n d f o r m s  i n  t h e  i n t e r i o r  o f  
N o r t h  A m e r i c a  b y  G l a s e r  e t  a1. (1981;  -- 
Glaser  1983a; G l a s e r  and Janssens 1986). 
O v o i d  i s l a n d s  t h a t  c o n t a i n  p e r m a f r o s t  
h a v e  b e e n  r e f e r r e d  t o  a s  p e a t  p l a t e a u s  
by B r o w n  ( 1 9 6 7 ,  19681 ,  7 n l t , a i  ( 19731 ,  
and Z o l t a i  and P o l l e t  (1983). 

p a l u d i f i c a t i o n  - A t e r m  used b y  Ca jander  
( 1 9 1 3 )  t o  d e s c r i b e  t h e  g r o w t h  o f  p e a t  
o v e r  f o r e s t  s o i l s .  Pal u d i f i c a t i o n  has 
s u b s e q u e n t l y  been  u s e d  t o  d e s c r i b e  t h e  
g r o w t h  o f  p e a t  o v e r  any  u p l a n d  s o i l  such 
a s  t h e  w e t  p r a i r i e  s o i l s  t h a t  u n d e r 1  i e  
t h e  Red Lake p e a t l a n d  ( H e i n s e l m a n  1963). 

p a t t e r n e d  f e n  - A m i n ~ r o t r o p h i c  p ~ a t l a n d  
c o n t a i n i n g  n e t w o r k s  o f  p o o l s  ( f l a r k s )  
and ridges ( s t r i n g s )  o r i e n t e d  pe rpend ic -  
u l a r  t o  t h e  s l o p e .  See aaparnoor  a n d  
f l a r k  a b o v e  a n d  s t r i n g  a n d  s t r a n g m o o r  
below. 

p e a t  and peat1  and - A p e a t l a n d  i s  d e f i n e d  
a s  any w a t e r l o g g e d  a rea  t h a t  c o n t a i n s  a t  
l e a s t  30 cm o f  p e a t  i n  an  u n d r a i n e d  
c o n d i t i o n .  Peat i s  an o r g a n i c  d e p o s i t  
t h a t  c o n t a i n s  t h e  d e a d  r e m a i n s  o f  
p l a n t s ;  i t  i s  d i s t i n g u i s h e d  f r o m  
l a k e  s e d i m e n t s  b y  c h a r a c t e r i s t i c  macro-  
o r  m i c r o f o s s i l s  a n d  f r o r n  o t h e r  t e r r e s -  
t r i a l  s o i l s  b y  t h e  l o w  p e r c e n t a g e  o f  
m i n e r a l  m a t e r i a l .  I n  t h i s  m o n o g r a p h  
b o r e a l  p e a t l a n d s  a r e  d i s t i n g u i s h e d  b y  
t h e i r  b o r e a l  s p e c i e s  assenibl  ages and t h e  

d t u b e  t h a t  i s  d r i v e n  i n t o  t h e  ground t o  
a  d e s i r e d  d e p t h -  The t u b e  m u s t  b e  o p e n  
t o  t h e  a t m o s p h e r e  a t  t o p  a n d  t o  w a t e r  
f l o w  a t  i t s  base.  The l e v e l  o f  w a t e r  i n  
t h e  t u b e  i s  t h e n  an i n d i c a t o r  o f  hydrau-  
l i c  head a t  t h e  d e s i r e d  d e p t h  i f  t h e  
t u b e  i s  s e a l e d  a l o n g  i t s  e n t i r e  l e n g t h  
and no s e e p a g e  o c c u r s  down t h e  o u t e r  
edge  o f  t h e  t u b e .  

p o o r  f e n  - A t y p e  o f  f e n  v e a e t a t i o n  t h a t  
c o n t a i n s  a t  1 e a s t  o n e  m i n e r o t r o p h i c  
i n d i c a t o r  s p e c i e s  a n d  w e a k l y  geogenous 
s u r f a c e  w a t e r s .  O r i g i n a l 1  y  d e s c r i b e d  i n  
Sweden b y  S j o r s  ( 1 9 5 2 )  as h a v i n g  a  pH 
r a n g e  o f  3.8-5.7.  T h e  p o o r  f e n s  o f  
Minnesota  h a v e  a  s i m i l a r  r a n g e  i n  w a t e r  
c h e m i s t r y  ( pH  4.2-5.8; c a l c i u m  c o n c e n -  
t r a t i o n  2-10 rng/ l ) .  

p r i m a r y  p r o d u c t i v i t y  - The t o t a l  amount o f  
o r g a n i c  m a t t e r  s y n t h e s i z e d  o r  e n e r q y -  
f i x e d  b y  p h o t o s y n t h e s i s  i n  an  ecosystem. 
Net p r i m a r y  p r o d u c t i v i t y  i s  t h e  a m o u n t  
o f  ene rgy  r e m a i n i n g  a f t e r  p l a n t  r e s p i r a -  
t i o n  ( W h i t t a k e r  1975). 

r i c h  f e n  - A  t y p e  o f  f e n  v e g e t a t i o n  t h a t  
has  a  s l i g h t l y  h i g h e r  r a n g e  i n  pH (5.8- 
7.0) and c a l  c i um c o n c e n t r a t i o n  ( 1 0 - 3 2  
n i g l l )  t h a n  p o o r  fens. I n  M inneso ta  t h e  
d i v i s i o n  b e t w e e n  poor,  r i c h ,  and e x t r e -  
me1 v r i c h  f e n s  i s  n o t  sharp  b u t  c o n s i s t s  
o f  a  c o n t i n u o u s  range i n  v a r i a t i o n .  

Sphdgnu~r~ l a w n  - A  v e g e t a t i o n  l a n d f o r m  t h a t  
f o r m s  a  n o n f o r e s t e d  a p r o n  a r o u n d  t h e  
l o w e r  f l a n k s  o f  a r a i s e d  b o g  ( G l a s e r  e t  
a l .  1981 ) .  T h e  Sphagnum l a w n s  b e c o m e  - 
i n c r e a s i n g 1  y m i n e r o t r o p h i c  downs lope and 
d r a i n  i n t o  i n t e r n a l  w a t e r  t r a c k s  on t h e  
1  a r g e s t  bog  cornp l  exes. 

s p r i n g  fen  - A  v e g e t a t i o n  l a n d f o r m  i n  
pea t l ands  t h a t  appears  on a e r i a l  photog-  
r a p h s  as a n  a n a s t o m o s i n g  n e t w o r k  o f  
n o n f o r e s t e d  c h a n n e l s  t h a t  d r a i n  t h r o u g h  
a  swamp f o r e s t .  T h i s  l a n d f o r m  t y p e  
o c c u r s  i n  d i s c h a r g e  z o n e s  f o r  g r o u n d  
w a t e r  and h a s  been p r e v i o u s 1  y d e s c r i b e d  
b y  Tarnoca i ( 1  974) and G l  a s e r  ( 1  983c). 

c h a r a c t e r i s t i c  1  and fo rm p a t t e r n s .  s ~ r i n g - f e l  mound - A  v e g e t a t i o n  l a n d f o r m  
i n  continuous a reas  o f  p e a t l a n d  t h a t  i s  

p e r m a f r o s t  - Ground w i t h  t e m p e r a t u r e s  con-  s i m i l a r  t o  t h e  s p r i n g  f e n  b u t  o c c u r s  on 
t i n u o u s l  y  b e l o w  f r e e z i n g  f o r  mdnY Years* a  r a i s e d  mound o f  peat. 

p i e z o m e t e r  - A f i e l d  d e v i c e  f o r  measu r ing  St rangmoor  - A t e r m  used by  Auer ( 1  920) t o  
h y d r a u l i c  head. A p i e z o m e t e r  c o n s i s t s  o f  d e s c r i b e  a P a t t e r n e d  fen. S t r a n g m o o r ,  



which r e t e r s  t o  an i nd iv  iciua; patt~l^i;:d 
f e n  d i f f e r s  s l i g h t l y  from t h e  s i m i l a r  
term aapamoor, which r e f e r s  t o  a  broader 
more regional vege t a t i  on un i t .  

s t r i n g  - A t r ansve r se  p e a t  r idge  o r i en t ed  
p e r p e n d i c u l a r  t o  t h e  s l o p e  in  a  p a t -  
terned fen. See f l a r k  and pat terned fen 
above. 

swa? p - ? f c r e s t ed  pea t1  a n d .  

t e r r e s t r i a l  i z a t i on  - A term used by Weber 
(1902) t o  de sc r ibe  t he  process  by which 
a  peatland spreads ou t  over a  lake.  

t r e e  i s l a n d s  - An a r e a  o f  f o r e s t e d  p e a t -  
l a n d  t h a t  i s  e n t i r e l y  su r rounded  by a  
w a t e r  t r a c k .  O n  a e r i a l  pho tog raphs  
t h e s e  v e g e t a t i o n  l a n d f o r m s  h a v e  a  
s t r e a m l i n e d  shape  g i v i n g  r i s e  t o  t h e  
t e r m  " i s l a n d . "  In M i n n e s o t a  t h e  s m a i l  
t r e e  i s l ands  have minero t rophic  vegeta-  
t i o n ,  whereas  t h e  l a r g e r  ( 1 - 3  k m  l o n g )  
ovoid  i s l a n d s  have o m b r o t r o p h i c  bog 
vegetat ion.  Heinselman (1 963) o r ig ina l  - 
l y  used t h e  t e rm  " t e a r d r o p  i s l a n d "  t o  
descr ibe  both t he  l a r g e r  bog and s m a l l e r  
f e n  i s l a n d s ,  w h e r e a s  G l a s e r  -- e t  a l .  
(1981)  r e s t r i c t e d  t h e  t e rm  t e a r d r o p  t o  
just t h e  f en  i s l a n d s .  In v iew o f  t h e  
v a r i o u s  s h a p e s  o f  mi n e r o t r o p h i c  t r e e  
i s l ands  in  the i n t e r i o r  of North America 

+ h -  C l l r  + n p m  "... f _ ~ a r d r n ?  t r p p  i s l a n d  shou ld  
perhaps be dropped a s  a  useful term. 

water  t r a c k  - A v e g e t a t i o n  1  andform t h a t  
r ep re sen t s  a  zone i n  which minero t rophic  
r u n o f f  i s  c h a n n e l e d  a c r o s s  a  m i r e  
expanse. Original  1  y  descr ibed i n  Sweden 
by S jo r s  (1 948) water  t r a c k s  were iden- 
t i  f i e d  i n  t h e  G l a c i a l  Lake Agass i z  
region by Heinselman (1963). On a e r i a l  
p h o t o g r a p h s  w a t e r  t r a c k s  a p p e a r  a s  
r i i . . ? r - l i k e  I;ndf:rzs in  w h i c h  t h e  vege- 
t a t i o n  p a t t e r n s  a r e  s t r e a m 1  i n e d  i n  t h e  
d i r e c t i o n  o f  w a t e r  f low.  F e a t u r e l e s s  
w a t e r  t r a c k s  ( s e n s u  G l a s e r  1 9 8 3 a )  a r e  
zones of  nonforested sedge meadows t h a t  
a r e  s h a r p l y  d i f f e r e n t i a t e d  from a  sur -  
rounding swamp f o r e s t .  Pat terned water 
t r a c k s  (sensu Glaser  e t  a l .  1981; Glaser 
7 

1983a) ,  i n  c o n t r a s t  a= K s t i n g u i s h e d  by 
n e t w o r k s  o f  poo l s  and r i d g e s  o r i e n t e d  
p e r p e n d i c u l a r  t o  t h e  s l o p e  ( a a p a m o o r )  
and by f i e l d s  o f  t r e e  i s l a n d s  o r i e n t e d  
p a r a l l e l  t o  t he  s lope .  In each c a s e  t he  
vege t a t i on  p a t t e r n s  i n d i c a t e  t h a t  d r a in -  
age  t e n d s  t o  c o n v e r g e  i n t o  a  c e n t r a l  
water  t rack .  

white-moss pea t  - Peat  t h a t  i s  p r i m a r i l y  
composed of Sphagnum moss (Auer 1933). 

xe romorph ic  - S t r u c t u r a l  and a n a t o m i c a l  
c h a r a c t e r i s t i c s  t h a t  a r e  adap t a t i ons  t o  
a r i d  h a b i t a t s .  
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APPENDIX A 

VASCULAR PLANTS OF B O R E A L  PATTERNED PEATLANDS IN NORTHERN M I N N E S O T A  

S c i e n t i f i c  nomenc la tu re  f o l l o w s  Ferna ld  (1970). H a b i t a t  no tes  a r e  t a k e n  f r o m  
W h e e l e r  and  G l a s e r  1982a, Whee le r  (1983 ) ,  W h e e l e r  -- e t  a 1  ( 1 9 8 3 ) ,  G l a s e r  a n d  
J a n e c k y  ( I n  prep. ) ,  and G l a s e r  e t  a l .  ( I n  prep.). 

H a b i t a t  Des ignat ions  

P a r t i a l l y  d r i e d  fen  

Dra inage d i t c h  

Non fo res ted  bog 

Fo res ted  bog 

Poor- f e n  marg in  

Sphagnum 1 awn 

S t r i n g  

F l a r k  

Tree i s l a n d  

S p r i n g - f e n  channel  

S p r i n g - f e n  f o r e s t  

Equi se taceae 

Equisetum f l u v i a t i l e  

(continued) 
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Appendix A. (Continued). 

6 3 4 5 -  1.2 - 
Osinundaceae 

Osmunda c i  nnanioniea 

Pol  y p o d  i aceae 

n + L . . . r ;  , ,,. ,, . a m  fi!;u-fc-ir? 
v a r .  n i i c h a u x l i  - -  - - - -  

D r y o p t e r i s  c r i s t a t a  - -  - - - -  
D r y o p t e r i s  s p i n u l o s a  - -  - - - -  
Gymnocarp i  um d r y o p t e r i  s  - -  - - - -  
The1 y p t e r i s  p a l u s t r i s  

v a r .  pubescens  - -  - - X X  X X X  - - 

Cupressaceae  

J u n i  p e r u s  communi s  
T . ,<, , h,,, c c c i d c c t ~ l  i s  

P i n a c e a e  

- -  - - - -  
X X  X  X X X  
X X  X  X X X  
- X  - - - -  

- - X  - X  
X  X  X  X  X  
X X X  X  X  
- - -  - - 

Ab i  e s  b a l  samea 
L a r i x  l a r i c i n a  
P i c e a  m a r i a n a  
P i n u s  b a n k s i a n a  -- 

A p i a c e a e  

C i c u t a  b u l  b i  f c r a  
Sium suave  -- 

Apoc ynaceae  

Apocynum c a n n a b i  num 

Araceae  

C a l l  a  p a l  u s t r i  s  

A s c l  e p i  adaceae 

A s c l e p i a s  i n c a r n a t a  

A s t e r a c e a e  

A s t e r  j u n c i  f o r m i  s  
A s t e r  p u n i c e u s  
A s t e r  umbel 1 a t u s  

v a r .  pubens  
B i d e n s  c e r n u a  -- 
B i  dens  conna t a  

v a r .  p e t i o l a t a  

X - X  - - 
- - - - - 

(continued) 



Appendix A. (Continued). 

C i r s i u m  a rvense  
Cirsium mut icum 

- - -  
X - X  
- - -  E u p a t o r i  um macul atum 

Eupator iu rn  p e r f 0 1  ia turn  
P e t a s i  t e s  s a g i  t t a t u s  
Senec io  paupercu l  us  X - -  

X - - 
- - X  
X X X  

Sol  i daoo canadens i  s 
Sol i d a i o  grami  n i  f o l  i a 
Sol  i dago u l  i g i n o s a  
Sonc hus a r v e n s i  s 

va r .  g l  abrescens 

B e t u l  aceae 

A lnus  rugosa -- 
B e t u l  a p a p y r i  f e r a  
BetuTa p u m i l a  -- 

v a r .  g l  andu l  i f e r a  
B e t u l a  X  s a n d b e r g i  

- X X  X X X  - - 
- - -  - - - - - 

Campanul aceae 

Campanul a a p a r i n o i d e s  - - -  X - X  - - 
C a p r i  f o l  i a c e a e  

L o n i c e r a  o b l o n g i  f o l  i a  
L o n i c e r a  v i l  l o s a  

va r .  s o l o n i s  
V i  rburnum t r i  1 obum 

C a p r y o p h y l l  aceae 

S t e l  l a r i a  l o n g i  f o l  i a  

Cornaceae 

Cornus canadens i s 
Cornus rugosa  -- 
Cornus s t o l o n i  f e r a  

- - - - - - X  - - - - -  - - X  
- - - - -  X - X  

Cyperaceae 

Carex a q u a t i l i s  
va r .  a l t i o r  

Carex au rea  -- 
Carex bebb i  i .. - -- 
Carex brunnescens var .  

sphae ros tac  hya 
Carex  buxbaumi i . - 

Carex canescens 
va r .  d i s j u n c t a  

(continued) 



Carex  c e p h a l a n t h a  
Carex  c h o r d o r r h i z a  
Carex  d i a n d r a  
Carex  e x i l i s  

X - -  
X X X  
X - -  
X - -  
- - -  

Carex  I d n u g i  nosa  - - .  
~ 6 r . e ~  I a 5  i O ~ u T u d  

var .  a m e r i c a n a  
Carex  1  e p t a l  ea 
Carex 1 imosa 

X X - - - 
- X X - - 
X X -  - - -- 

Carex l i v i d a  -- 
v a r .  9 r a y a n a  X - -  - X X  

- - X - - X 
- - X X X -  
- - - X X -  
- X -  - - -  
- X -  - - -  

Carex  p a u p e r c u l a  
Carex  p r o j e c t a  
Carex  p s e u d o - c y p e r u s  
i d r e x  r o s t r d t a  

v a r .  u t r i c u l a t a  
Carex  t e n e r a  -- 
Carex t e n u i  f l o r a  
Carex  t r i s p e r m a  
Carex  v a a i n a t a  

- - - - - 
X - X  - - 
- - X - - 
- - - - - -- 

Carex v i r i d u l a  
C l a d u n i  m a r i s c o i d e s  
Dul  i c h i u m  a r u n d i n a c e u n  
E l e o c h a r i  s  compressa 
E l  e o c h a r i s  r o s t e l  l a t a  
Et. iupi iurur i i  d n g i l s t l  to1  1 UIII 

E r iophoru rn  chani i  s s o n i  s 
E r i o p h o r u n i  g r a c i l e  
E r i o ~ h o r u l n  s ~ i s s u r ~ i  

- - -  
X X -  

~ r i o b h o r u m  t e n e l  1  uiri 
E r iophoru rn  v i  r g i n i c u m  
E r i o p h o r u r ~ i  v i  r i d i - c a r i n a  
Rhynchospora  a1 ba 
Rhynchospora  c a p i  l l a c e a  
Rhynchospora  f u s c a  
S c i r p u s  a t r o c i n c t u s  
S c i r o u s  c e s ~ i  t o s u s  

t urn - 

- - 

b a r .  c a i l o s u s  
S c i  r p u s  h u d s o n i a n u s  
Scirpus v a l i d u s  

D r o s e r a c e a e  

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

(continued) 



Appendix A. (Continued). 

1 2  3 - - -  4 5 6  - - .- 

E r i c a c e a e  

Andromeda g l  a u c o p h y l l  a  
Chamaedaphne c a l y c u l  a t a  
G a u l t h e r i a  h i s p i d u l a  
Ka lmia  p o l  i f 0 1  i a  - - - - - - 
Ledum g roen land i cum 
Vacc in ium a n a u s t i  f o l  ium 

X X X  
X X X  
- - -  
X X X  
X X X  

X X X  
X X X  
X - -  
X X X  
X X X  
- - -  
X - - 
X  X  X  

X  X  X X  X  
X X X  X  X  
- - X  - - 
X  x x X  X 
X X X  X X  
- - X - - 
- - X - - 

X X  X X X 

- - - 
- - X 
X X X  

.2 

Vacc in ium m y r t i l l o i d e s  
Vacc i  n i  um oxycoccos 
Vacc in ium v i t i s - i d a e a  

v a r .  minus 

G e n t i  anaceae 

Gen t i ana  r u b r i c a u l  i s  X - -  - - -  
Menyanthes t r i  f o l  i a t a  - - -  - X - 

Hi  ppu r i daceae  

H i  p p u r i s  v u l g a r i s  

Hype r i caceae  

Hyper icum v i r g i n i c u m  
va r .  f r a s e r i  X - X  - - 

I r i d a c e a e  

X - X  - - I r i s  v e r s i c o l o r  

Juncaceae 

Juncus a1 p i  nus 
v a r .  r a r i f l o r u s  

Juncus b r e v i c a u d a t u s  
Juncus canadens i s  
Juncus d u d l e y i  
Juncus nodosus 
Juncus p e l  oca rpus  
Juncus s t y g i u s  

v a r .  amer icanus 

Juncaginaceae 

Scheuchze r ia  p a l u s t r i s  
v a r .  amer icana - - -  - X X  

T r i g l o c h i n  m a r i t i m a  X - -  
- - - 

T r i g l o c h i n  p a l  u s t r i s  - - - - - -  

(continued) 
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Appendix A. (Continued). 

Laini naceae 

Lycopus anlericanus X - -  - - - - - - - - 
Lycopus u n i  f l  o rus  X - -  - - -  X - X  - - 
S c u t e l l a r i a e p i l o b i i f o l i a  - x - - - -  X - X  - - 

U t r i c u l a r i a  c o r n u t a  - - - - - -  - X -  
U t r i c u l a r i a  i n t e r m e d i a  - X -  - X -  - X -  
U t r i c u l a r i a  m i n o r  - - -  - - -  - X -  
U t r i c u l a r i a  v u l g a r i s  - X -  - - -  - - -  

L i l  iaceae 

Maianthemum canadense 
S m i l a c i n a  t r i f o l i a  

Lobe1 i aceae  

Lobe1 i a  ka lm i  i X - -  - - -  X - -  

Loranthaceae 

Arceuthobium p u s i l  l u m  - - -  X - -  - - - 

Myr icaceae 

Myrica & X - -  - - -  - - X 

Nymphaeaceae 

Nuphar va r i ega tum 

Onagraceae 

Ep i l ob iu rn  a n g u s t i f o l  i um - X -  - - -  - - -  
E p i l o b i u m  1  e p t o p h y l l  urn X - - - - -  X - X  

Orc h i  daceae 

Are thusa bu l  bosa 
C y p r i  ped i  um a c a u l e  
Habenar ia  l a c e G  
l i ~ a r i s  l o e s ~ l i i  
L i p a r i s  c o r d a t a  
M a l a x i s  m a  
Pogonia o p h i o g l o s s o i d e s  
Pogonia o p h i o g l  o s s o i d e s  

va r .  a l b i f l o r a  

- - - 
X - -  
X X -  

(continued) 
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Appendix A. (Continued). 

Poaceae 

Agros t i s  s c a b r a  - 
Bromus c i l i a t u s  
Calamagrosti s canadens is  
Calamagrost is  i nexpansa 

var . brev i  o r  - .  

Cal ama r o s t i  s negl ec t a  
h i  a 

var .  be r l  a n d i e r i  

Pol ygonaceae 

Polygonurn s a g i  t t a t u m  
Rumex o rb i cu l  a t u s  

Primul aceae 

Lysimachia t e r r e s t r i  s 
Lysimachia t h r y s i f l o r a  
T r i e n t a l i s  b o r e a l i s  

Pyrol aceae 

Monot ro~a  u n i  f l  or3 
Pyrola a s s a r i  f l  01 i a  

var .  purpurea  
Pyrol a secunda 

var .  o b t u s a t a  

Rannuncul aceae 

Cal tha a l u s t r i s  
m c b i  n i 

var .  hooker i  

Rhamnaceae 

Rhamnus a1 ni f o l  i  a 

Rosaceae 

Amel anchi e r  humi 1 i s  
var .  compacta 

Pyrus me1 anocarpa  
Geum a1 eppi cum 

var.  s t r i c t u r n  
Po t en t i l  l a  f r u t i c o s a  

(continued) 



Appendix A. (Continuedi. 

P o t e n t i l l a  p a l u s t r i s  
Rubus a c a u l  i s  

- X -  - X  - - X X  - - 
X - -  - - -  X - X  - - 
X - -  - - -  X - X  - - 
X  - - - - -  - - X - - 
- X -  - - -  - - - - - 

Rub iaceae  

X - -  - X -  X - X  - - Gal i um 1  a b r a d o r i c u m  

S a l  i c a c e a e  

5 T i X  p e d i c e l l a r i s  
v a r .  h y p o g l  auca 

Sa l  i x  p l a n i f o l  i a  
o v r i  f o l  i a  

X - -  
- X -  
X X -  
- X -  

X X -  - - 
- - - - - 
- - X  - - 
- - -  - - - -  - - 

Sa l  i x  s e r i s s i m a  

S a r r a c e n i a c e a e  

S a r r a c e n i a  . - p u r p u r e a  X X X  X X X  X X X  X  X 

S a x i  f r a g a c e a e  

P a r n a s s i a  ~ l a u c a  
P a r n a s s i a  p a l u s t r i s  

v a r .  neogaea 

S c r o p h u l  a r i a c e a e  

G e r a r d i a  p a u p e r c u l a  
v a r .  b o r e a l  i s  X - -  

Mimul  us  r i  ngens - X -  
P e d i c u l a r i s  l a n c e o l a t a  X - -  

S p a r g a n i a c e a e  

Spargan ium m i  nimum 

Typhaceae 

Typha l a t i f o l  i a  

(continued) 
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Appendix A. (Concluded). 

1 2 3  - - -  4 5 6  - - -  

V i o l  aceae 

V i o l a  i n c o a n i t a  

Xy r idaceae  

X y r i  s  montana 

Zos te raceae  

Potornogeton na tans  
Potornogeton gramineus 



APPENDIX B 

BRYOPHYTE F L O R A  O F  B O R E A L  PATTERNED PEATLANDS IN N O R T H E R N  MINNESOTA 

Data from t h i s  appendix i s  der ived p r imar i l y  from the  Red Lake peatland 
( J a n s s e n s  and G l a s e r  1986 ) ,  Lost  River  p e a t l a n d  ( ~ a n s s e n s  & G l a s e r  1983a ,b;  
J a n s s e n s  unpubl .  MS.; G la se r  -- e t  a l .  In prep . ) .  

Habitat  Designations 

1 - P a r t i a l l y  dr ied t r ack  

2 - Drainage d i t c h  

3 - Nonforested bog 

4 - Forested bog 

5 - Poor-fen margin 

6 - Sphagnum lawn 

7 - Flark 

8 - St r ing  

9 - Tree is1 and 

10 - Spring-fen channel 

11 - Spring-fen f o r e s t  

Amblystegi urn serpens 
Aneura pi ngui s 

Call iergon aftonianum 

(continued) 



v a r .  c o n n i v e n s  
Cephal o z i a  conn ivens 

va r .  cornoacta 

Appendix B. (Continued). 

1 2 3  - - - - 4 5 6  - ..  - - g ?  7 - 10 11 

(continued) 
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Appendix B. (Concluded). 

Pohl i a  nu tans  -- 
Pol y t r i c h u m  commune 
Pol v t r i c h u m  s t r i c t u r n  
F t f  1 i d i u : ~ ;  Li: ;d;- t .  

P t i l  i d i u m  pu lcher r imum 
P t i l  ium c r s i  t a - c a s t r e n s i s  
-el l a  po l yan tha  - - X X - -  
P y l a i s i e l l a  s e l w y n i i  
Rhizomnium a r a c i l ~  
Rhizomnium pseudopunctatum - - - - - -  
R i c a r d i a  l a t r i  f r o n s  - - -  - - -  - - 

R h v t i d i a d e l ~ h u s  t r i a u e t r u s  - - - - - -  
Scapanla I r regua  - - -  - - -  
Sco rp i  d i  urn sco rp iodes  
Sphagnum sn3u:ti fsl ibil l 

Sphagnun~ c e n t r a l  e 
Sphagnuni contor tun1 
{pkagnum f a l l  ax 

p  agnum f i m b r i a t u m  
Sphagnum f lexuosum 
Sohaanunl fuscum 
spkainum 
Sp aynunl 
Sphagnum 
w a g n u n 1  
Sphagnum 
Sphaynunl 

Sohaanunl 

mage l l  anicum 
majus 

p a p i l l o s u i i i  
p l  a  t y p h y l  1  um 
r i  p a r i  um 
r u b e l l  um 
russow i  i 

., 
Sphagnum subsecundum 
Sphagnum t e r e s  
Sphagnum w a r n s t o r f i  i 
T e t r a p h i s  p e l  l u c i d a  
P h u i d i  um r e c o g n i  tun1 
Tomenthypnuni f a l c i  f o l  i urn 
Z n t h y p n u l r l  --  n i  t e n s  

- - X 
- - X 
- - X 
- - X 
- - -  
- - X 
n - -  
- - X 
- - - 
- - - 
- - X 
- - -  
- - -  
- - -  
- - -  
X - X 
X - X  
- - X 
- - X 
X - -  
- - X 
X - -  
- - -  
- X -  
- - X 
- - -  
- - -  
- X X  
- - X 
X - - - - X 
- - -  
- - X 
- - X 
- - X  
X - X 
- - X 
- - X 
- - X  
- - X 
- - X 
- X X  
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