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A b s t r a c t  - R o t h  f o r e s t e d  and h e r b a c e o u s  w e t l a n d s  m o d i f y  s u r f a c e  and s u b s u r f a c e  

w a t e r ,  b u t  t h e r e  i s  l i t t l e  i n f o r m a t i o n  o n  how w a t e r  i s  m o d i f i e d  as i t  moves 

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

Rhode R i v e r  s y s t e m  have  shown t h a t  a  d i v e r s e  w e t l a n d  ( M i l l  Swamp) h a s  a  s i g -  

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

p r e s e n t  d a t a  t o  d e m o n s t r a t e  how w a t e r  q u a l i t y  p a r a m e t e r s  change  as s u r f a c e  and 

s u b s u r f a c e  w a t e r  moves t h r o u g h  d i f f e r e n t  h a b i t a t s  w i t h i n  Mi  11 Swamp. 

M i  1 1  Swamp c a n  b e  d i v i d e d  i n t o  t h r e e  h a b i t a t s :  (1) a  f l o o d p l a i n  f o r e s t  

t h a t  has  been  h y d r o l o g i c a l l y  m o d i f i e d  and  f l o o d s  r e g u l a r l y ,  ( 2 )  a  f l o o d p l a i n  

f o r e s t  t h a t  r a r e l y  f l o o d s ,  and ( 3 )  a  w e t l a n d  t h a t  i s  p r i m a r i l y  d o m i n a t e d  b y  

h e r b a c e o u s  v e g e t a t i o n .  

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

f e w  changes  o c c u r  a s  s u r f a c e  w a t e r  moves t h r o u g h  t h e  t w o  f o r e s t e d  h a b i t a t s .  

I n  c o n t r a s t ,  a1 1  p a r a m e t e r s  change  t e m p o r a l l y  and  s p a t i a l l y  a s  s u r f a c e  w a t e r  

moves i n t o  and t h r o u g h  t h e  h e r b a c e o u s  h a b i t a t .  Ammonium a n d  p h o s p h a t e  con-  

c e n t r a t i o n s  d e c r e a s e  d u r i n g  s p r i n g  and w i n t e r  months  and  i n c r e a s e  d u r i n g  sum- 

mer months .  N u t r i e n t  changes  i n  t h e  h e r b a c e o u s  h a h i t a t  a r e  e s p e c i a l l y  p r o -  

nounced d u r i n g  summer months  when p e r i o d s  o f  a n o x i a  o c c u r  i n  t h e  w a t e r  co lumn. 

N i t r a t e - n i t r i t e  and pH a l s o  d e c r e a s e  a s  s u r f a c e  w a t e r  moves t h r o u g h  t h e  h e r b a -  

ceous  h a b i t a t .  T h e r e  a r e  a l s o  changes  i n  n u t r i e n t  c o n c e n t r a t i o n s  i n  sub-  

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

f o r e s t e d  a r e a  t h a t  r a r e l y  f 1  oods .  

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

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

h e r b a c e o u s  p o r t i o n  o f  Mi  11 Swamp. Changes i n  g r o u n d w a t e r  c h e m i s t r y  a p p e a r  t o  

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



w a t e r  and where t h e  w a t e r t a b l e  e l e v a t i o n  f l u c t u a t e s  w i d e l y  d u r i n g  t h e  y e a r .  

INTRODUCTION 

Swamps and r i p a r i a n  f o r e s t s  a r e  h a b i t a t s  i n  wh i ch  n u t r i e n t s  i n  s u r f a c e  

w a t e r  and groundwater  a r e  m o d i f i e d  ( B r i n s o n  e t  a1 ., 1984; K i t c h e n s  e t  a l . ,  

1975; Lowrance e t  a l . ,  1984).  Changes i n  n u t r i e n t  c o n c e n t r a t i o n s  may be as- 

s o c i a t e d  w i t h  b i o l o g i c a l  p r o c e s s e s  ( B r i n s o n  e t  a1 . , 1984 ;  P e t e r j o h n  and  

C o r r e l l  , 1986) ,  p h y s i c a l  p rocesses such as s e d i m e n t a t i o n  (Cooper e t  a1 . , 
1986) ,  o r  b i o l o g i c a l  up take  ( F a i l  e t  a l . ,  1986; K i t c h e n s  e t  a l .  1975).  Ex- 

cep t  f o r  a  few s t u d i e s  o f  n u t r i e n t  changes a l o n g  t r a n s e c t s  ( P e t e r j o h n  and 

C o r r e l l ,  1984 and 1986; Lowrance e t  a1 ., 1983 and 1984; F a i l  e t  a1 ., 1986; 

Todd e t  a1 ., 1983),  t h e r e  have been few i n v e s t i g a t i o n s  o f  n u t r i e n t  changes as 

w a t e r  moves t h r o u g h  d i f f e r e n t  h a b i t a t s  w i t h i n  r i p a r i a n  o r  swamp f o r e s t  eco- 

systems. 

T h i s  paper  p r e s e n t s  p r e l i m i n a r y  r e s u l t s  o f  s t u d i e s  des igned t o  q u a n t i f y  

t h e  f l u x e s  o f  n u t r i e n t s  t h r o u g h  a  d i v e r s e  we t l and ,  h e r e a f t e r  r e f e r r e d  t o  as 

M i l l  Swamp. M i l l  Swamp i s  p a r t  o f  t h e  Rhode R i v e r  u p l a n d - e s t u a r i n e  system 

(38' 51 'N, 76' 32'W) t h a t  i s  l o c a t e d  nea r  Annapo l i s ,  Mary land.  Jo rdan  e t  a l .  

(1986)  have shown t h a t  M i l  1  Swamp has a  s i g n i f i c a n t  impac t  on r u n o f f  f r o m  t h e  

l a r g e s t  watershed t h a t  d r a i n s  i n t o  t h e  Rhode R i v e r ,  a  subes tua ry  o f  Chesapeake 

Bay. However, d a t a  f r om t h a t  m o n i t o r i n g  s t u d y  c o u l d  n o t  be used t o  de te rm ine  

where w i t h i n  Mi 11 Swamp n u t r i e n t  changes were o c c u r r i n g .  

M i l l  Swamp ( F i g .  1A) can be d i v i d e d  i n t o  t h r e e  h a b i t a t s  based on h y d r o l o -  

gy and v e g e t a t i o n .  West o f  MD Route 468, t h e  f o r e s t e d  w e t l a n d  i s  i nunda ted  

when t h e  q u a n t i t y  o f  w a t e r  f l o w i n g  i n t o  i t  i s  g r e a t e r  t h a n  t h e  amount o f  w a t e r  

t h a t  can pass t h r o u g h  t w o  c u l v e r t s  under  t h e  road  ( F i g .  1B). H y d r o l o g i c a l l y ,  

t h i s  p o r t i o n  o f  M i l l  Swamp i s  now more s i m i l a r  t o  a  r e g u l a r l y  f l o o d e d  f l o o d -  

p l a i n  f o r e s t  ( M i t s c h  and Rust,  1984) t h a n  t o  a l l u v i a l  swamp f o r e s t s  as de- 

s c r i b e d  by B r i n s o n  e t  a l .  (1984) and Yarbro  (1983) .  Eas t  o f  t h e  road i s  a  

f o r e s t e d  h a b i t a t  t h a t  r a r e l y  f l o o d s  and an area dominated by herbaceous vege- 

t a t i o n  ( F i g .  1A). F l o o d i n g  o f  t h e  f o r e s t e d  area has been a lmos t  comp le te l y  

e l  i m i n a t e d  because o f  f l o w  r e s t r i c t i o n s  t h r o u g h  t h e  c u l v e r t s  under  t h e  road. 

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

when t h e  herbaceous a rea  i s  c o m p l e t e l y  i n u n d a t e d  ( F i g .  16 ) .  Under low f l o w  

c o n d i t i o n s ,  s t a n d i n g  w a t e r  occu rs  o n l y  i n  t h e  downstream end o f  t h e  herbaceous 
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F i g .  1. Diagrammat ic  r e p r e s e n t a t i o n  of  M i  11 Swamp under  d i f f e r e n t  h y d r o l o g i c  

c o n d i t i o n s .  P a r t  A shows t h e  3 m a j o r  h a b i t a t s  w i t h i n  M i l l  Swamp. Streams a r e  

des igna ted  as t h i c k e r  s o l i d  l i n e s  and f l o o d e d  areas a r e  r e p r e s e n t e d  by t h e  

shaded areas. F low c o n d i t i o n s  shown i n  B,  C ,  and D a r e  d e s c r i b e d  i n  t h e  t e x t .  

h a b i t a t  ( F i g .  1C). Under ex t reme ly  d r y  c o n d i t i o n s ,  such as t h o s e  o c c u r r i n g  i n  

t h e  summer o f  1985, t h e r e  i s  no w a t e r  i n  any o f  t h e  s t ream channe l s  except  

t i d a l  w a t e r  wh i ch  f l o w s  i n t o  t h e  s t ream channe ls  a t  sampl ing  s i t e s  4 and 5  

( F i g .  2 )  d u r i n g  f l o o d  t i d e .  Under normal f l o w  c o n d i t i o n s  ( F i g .  1D) wa te r  

f l o w s  i n  a l l  s t reams and t h e  s u r f a c e  of  most of  t h e  herbaceous a r e a  i s  f l o o d -  

ed. There  a r e  few h i s t o r i c a l  d a t a  t o  de te rm ine  how l o n g  t h e  h e r b  dominated 

area has been i n  e x i s t e n c e ,  b u t  an a e r i a l  photograph o f  t h e  Rhode R i v e r  area 

shows t h a t  i t  was p r e s e n t  i n  1921. 
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F i g .  2. Sampl ing s i t e s  i n  M i l l  Swamp. S u r f a c e  w a t e r  c o l l e c t i o n  s i t e s  a r e  

d e s i g n a t e d  as c i r c l e d  numbers. Subsur face w a t e r  t r a n s e c t s  a r e  i n d i c a t e d  i n  

roman numerals and samp l i ng  s t a t i o n s  a l o n g  t h e  t r a n s e c t s  a r e  shown as s o l i d  

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

t h e  d i s t a n c e  (m) f r o m  t h e  o r i g i n  of  t h e  t r a n s e c t .  

The canopy o f  t h e  t w o  f o r e s t e d  h a b i t a t s  i s  dominated by F r a x i n u s  amer i -  

cana, Acer rubrum, Ulmus americana, and B e t u l a  n i g r a .  The u n d e r s t o r y  i s  dense - -- - 
and dominated by Cornus amomum and Viburnum dentatum. The herbaceous area can 

be d i v i d e d  i n t o  f o u r  v e g e t a t i o n  zones based on spec ies  dominance: (1) Typha 
l a t i f o l i a  and Saururus cernuus,  ( 2 )  Carex sp. and L e e r s i a  o r y z o i d e s ,  (3) 

L e e r s i a  o r y z o i d e s  and Saururus  cernuus, ( 4 )  H i b i s c u s  p a l u s t r i s  and Saururus  

cernuus.  

MATERIALS AND METHODS 

S u r f a c e  w a t e r  - Sur face  w a t e r  c o l l e c t i o n  s i t e s  were  chosen t o  de te rm ine  i f  

n u t r i e n t  c o n c e n t r a t i o n s  changed as w a t e r  moved i n t o  and t h r o u g h  each o f  t h e  

t h r e e  h a b i t a t s  ( F i g .  2 ) .  S i t e  1, l o c a t e d  upst ream o f  M i l l  Swamp, was chosen 



t o  be r e p r e s e n t a t i v e  of  w a t e r  t h a t  e n t e r e d  t h e  system. S i t e s  2 and 7, l o c a t e d  

a t  c u l v e r t s  g o i n g  unde r  t h e  road,  were chosen t o  r e p r e s e n t  w a t e r  t h a t  had 

passed t h r o u g h  t h e  f r e q u e n t l y  f l o o d e d  p o r t i o n  o f  M i l l  Swamp. Water f l o w i n g  

p a s t  S i t e  2 remains  i n  t h e  s t ream channe l  and f l o w s  t h r o u g h  t h e  f o r e s t e d  area 

eas t  o f  t h e  road w i t h o u t  coming i n t o  c o n t a c t  w i t h  t h e  s u r f a c e  of  t h e  f o r e s t e d  

we t l and .  Water f l o w i n g  p a s t  S i t e  7 e n t e r s  t h e  h e r b  dominated a rea  where i t  

mixes w i t h  w a t e r  t h a t  f l o w s  p a s t  S i t e  3. S i t e  3  samples w a t e r  f r o m  a  sma l l  

subwatershed b e f o r e  i t  e n t e r s  t h e  h e r b  dominated p o r t i o n  o f  M i l l  Swamp. S i t e s  

4  and 5  sample w a t e r  t h a t  has f l owed  t h r o u g h  t h e  f o r e s t e d  and h e r b  dominated 

areas e a s t  o f  t h e  road. S i t e s  4 and 5 can be t i d a l l y  i n f l u e n c e d  under  l o w  

f l o w  c o n d i t i o n s  i n  M i l l  Swamp and when ex t reme h i g h  t i d e s  o c c u r  i n  t h e  Rhode 

R i v e r .  

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

They a r e  r e t u r n e d  t o  t h e  l a b o r a t o r y ,  a c i d i f i e d  w i t h  36 N s u l f u r i c  a c i d ,  f i l -  

t e r e d  (0.45 m i c r o n ) ,  and r e f r i g e r a t e d  p r i o r  t o  a n a l y s i s  as d e s c r i b e d  below. A  

s e p a r a t e  sample i s  c o l l e c t e d  i n  n o n a c i d i f i e d  p o l y e t h y l e n e  b o t t l e s ,  and r e t u r n -  

ed t o  t h e  l a b o r a t o r y  f o r  pH measurements. 

Subsur face w a t e r  - Water l e v e l s  a r e  m o n i t o r e d  a t  f o u r  l o c a t i o n s  u s i n g  d i g i t a l  

r e c o r d e r s  t h a t  t a k e  r e a d i n g s  a t  15 m inu te  i n t e r v a l s  ( F i g .  2 ) .  One r e c o r d e r  

(MS 0 )  i s  l o c a t e d  i n  t h e  f r e q u e n t l y  f l o o d e d  a rea  about 200m west o f  t h e  road. 

The o t h e r  t h r e e  r e c o r d e r s  were l o c a t e d  e a s t  of  t h e  road. MS 80 i s  i n  t h e  

herbaceous w e t l a n d  and MS 333 on t h e  bank o f  t h e  s t ream f l o w i n g  t h r o u g h  t h e  

f o r e s t e d  area t h a t  h a r d l y  e v e r  f l o o d s  ( F i g .  2 ) .  MS 200 i s  i n  a  p o r t i o n  o f  t h e  

f o r e s t e d  area t h a t  i s  i nunda ted  under  h i g h  f l o w  c o n d i t i o n s  ( F i g .  1B and 2 ) .  

Subsur face w a t e r  i s  sampled f rom c l u s t e r s  of  w e l l s  d i s t r i b u t e d  a l o n g  t h e  

two  t r a n s e c t s  shown i n  F i g .  2. The t r a n s e c t s  a r e  p e r p e n d i c u l a r  t o  t h e  d i r e c -  

t i o n  o f  s t ream f l o w  and each ground w a t e r  w e l l  symbol i n  F i g .  2  r e p r e s e n t s  a  

c l u s t e r  o f  3  w e l l s .  T ransec t  I  i s  40 meters  l o n g  and has c l u s t e r s  o f  w e l l s ,  

h e r e a f t e r  r e f e r r e d  t o  as S i t e s  0  and 40, a t  b o t h  ends. W e l l s  a t  S i t e  0  a r e  

app rox ima te l y  5-10 meters  f r o m  t h e  s t ream channe l .  T ransec t  1 1 1  i s  333 meters  

l o n g  and has f i v e  c l u s t e r s  o f  w e l l s .  Two c l u s t e r s ,  S i t e s  60 and 80, a r e  i n  

t h e  h e r b  and sh rub  dominated area ( F i g s .  1 and 2 ) .  The s i t e  80 c l u s t e r  i s  

c l o s e  t o  w a t e r  l e v e l  r e c o r d e r  MS 80 ( F i g .  2 ) .  Another  c l u s t e r  o f  w e l l s ,  S i t e  

200, i s  nea r  w a t e r  l e v e l  r e c o r d e r  MS 200 ( F i g .  2 ) .  Two s e t s  o f  c l u s t e r s  

( S i t e s  300 and 333) a r e  n e a r  w a t e r  l e v e l  r e c o r d e r  MS 333. S i t e  333 w e l l s  a r e  

on t h e  l e v e e  o f  t h e  c reek t h a t  f l o w s  t h r o u g h  t h e  f o r e s t e d  area e a s t  o f  t h e  



r o a d  ( F i g .  2 ) .  We l l s  a r e  c o n s t r u c t e d  from PVC p i p e s  t h a t  a r e  capped on t h e  

b o t t o m  and have h o l e s  d r i l l e d  i n  a  band around t h e  p i p e  t o  sample w a t e r  f r om 

1 5  t o  30 cm below t h e  s u b s t r a t e  su r face .  

Subsur face w a t e r  samples a r e  c o l l e c t e d  mon th l y .  The w e l l s  a r e  pumped d r y  

w i t h  a  vacuum pump t h e  day be fo re  samples a r e  c o l l e c t e d .  On t h e  sampl ing  day, 

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

j a r ,  t r a n s f e r r e d  t o  a c i d  washed p o l y e t h y l e n e  b o t t l e s ,  and r e t u r n e d  t o  t h e  

l a b o r a t o r y  f o r  ana lyses as d e s c r i b e d  below. 

A n a l y t i c a l  p rocedures  - The f i l t e r e d  p o r t i o n  o f  each s u r f a c e  w a t e r  sample i s  

ana l yzed  f o r  o r thophospha te  (Po4) ,  ammonia-N (NH4), and n i t r a t e  p l u s  n i t r i t e - N  

h e r e a f t e r  r e f e r r e d  t o  as n i t r a t e  (NO3). Or thophosphate  i s  measured c o l o r i -  

m e t r i c a l l y  u s i n g  t h e  stannous c h l o r i d e  t e c h n i q u e  (American P u b l i c  H e a l t h  As- 

s o c i a t i o n  1976).  The l e v e l  o f  NH4 was ana l yzed  by o x i d i z i n g  ammonia and 

l a b i l e  amino compounds t o  n i t r i t e  wh i ch  i s  t h e n  meas l~red c o l  o r i m e t r i c a l l y  

(R i cha rds  and K l e t s c h ,  1964).  N i t r a t e  i s  reduced t o  n i t r i t e  w i t h  amalgamated 

cadmium and ana lyzed as above (American P u b l i c  H e a l t h  A s s o c i a t i o n ,  1976).  

The n o n f i l t e r e d  p o r t i o n  o f  each sample i s  used t o  measure t o t a l  phos- 

phorus  (TP) ,  t o t a l  K j e l d a h l  n i t r o g e n  (TKN), and o r g a n i c  m a t t e r  (OM). T o t a l  

phosphorus i s  d i g e s t e d  w i t h  p e r c h l o r i c  a c i d  (K ing,  1932) and t h e n  measured 

u s i n g  t h e  stannous c h l o r i d e  t e c h n i q u e  (Amer ican Pub1 i c  H e a l t h  A s s o c i a t i o n ,  

1976) .  The TKN method measures b o t h  NH4 and o r g a n i c  n i t r o g e n ,  b u t  does n o t  

i n c l u d e  n i t r a t e  o r  n i t r i t e  n i t r o g e n .  The samples a r e  d i g e s t e d  t o  ammonia 

s a l t s  u s i n g  s u l f u r i c  a c i d  and hydrogen p e r o x i d e  w i t h  hengar b o i l i n g  c h i p s  as 

c a t a l y s t s  ( M a r t i n ,  1972).  The ammonia i s  t h e n  d i s t i l  l e d  and measured by Nes- 

s l e r i z a t i o n  (American P u b l i c  H e a l t h  A s s o c i a t i o n ,  1976).  

O rgan i c  carbon i s  measured by d r y i n g  samples a t  6 0 ' ~  t h e n  d i g e s t i n g  w i t h  

67% s u l f u r i c  a c i d  and po tass ium d i ch roma te  i n  a  w a t e r  b a t h  a t  1 0 0 ~ ~  f o r  t h r e e  

hours  (Mac io lek ,  1962).  T h i s  i s  done i n  t h e  presence o f  m e r c u r i c  s u l f a t e  t o  

complex h a l i d e s  (Dobbs and W i l l i a m s ,  1963).  The excess d i ch roma te  i s  t h e n  

measured c o l o r i m e t r i c a l  l y  and chemica l  oxygen demand (COD) i s  determined 

(Gandy and Rananathan, 1964).  COD i s  m u l t i p l i e d  by 3.4 t o  c o n v e r t  t o  C a l o r i e s  

(g -ca l  /l i t e r )  . A c i d i t y  i s  measured w i t h  a  Cole-Parmer Model 5800-00 pH meter .  

Subsur face w a t e r  c o l l e c t e d  f rom we1 1  s  a l o n g  t r a n s e c t s  d e s c r i b e d  above i s  

ana l yzed  u s i n g  t h e  same techn iques  as w i t h  s u r f a c e  w a t e r  w i t h  two  e x c e p t i o n s :  

t h e  w a t e r  i s  n o t  a c i d i f i e d  and a l l  ana lyses a r e  per formed on f i l t e r e d  sam- 

p l  es . 



Sur face  w a t e r  - A n a l y s i s  of  v a r i a n c e  and d i s c r i m i n a n t  a n a l y s i s  (Ray, 1982) -- 
were a p p l i e d  t o  l o g  t r ans fo rmed  d a t a  t o  t e s t  f o r  s i t e ,  season (month) ,  and 

y e a r  d i f f e r e n c e s .  ANOVA was a l s o  used t o  t e s t  f o r  two-way i n t e r a c t i o n s ,  b u t  

th ree-way i n t e r a c t i o n s  c o u l d  n o t  be cons ide red  because samples were n o t  r e p l i -  

ca ted  a t  each s i t e .  S i t e  r e l a t i o n s h i p s  f r o m  t h e  c a n o n i c a l  d i s c r i m i n a n t  a n a l y -  

s i s  a r e  shown i n  F i g .  3. The f i r s t  two  c a n o n i c a l  v a r i a b l e s  were s i g n i f i c a n t  

(P<.0001 and P<.003, r e s p e c t i v e l y )  and sepa ra ted  sampl ing  s i t e s  i n t o  t h e  f o r -  

e s t e d  ( S i t e s  1, 2, 4 )  and herbaceous ( S i t e s  3, 5, 7 )  p a r t s  o f  M i l l  Swamp. 

I , , , , , , , , ,  
1 -2.0 -1.6 -1.2 -0.8 - 0  4 0 0 0.4 0.8 1 2 1 6 

CANONICAL VARIABLE I 

F i g .  3. R e s u l t s  o f  c a n o n i c a l  d i s c r i m i n a n t  a n a l y s i s  o f  s u r f a c e  w a t e r  q u a l i t y  

data .  Sampl ing l o c a t i o n s  a r e  shown on F i g .  2. The c i r c l e s  around each s t a -  

t i o n  a r e  95% con f i dence  l i m i t s .  

pH, TP, PO4, TKN, and NO3 had t h e  h i g h e s t  F va lues  and had s i g n i f i c a n t  impac ts  

i n  d i s c r i m i n a t i n g  between s i t e s  ( T a b l e  1). pH had t h e  h i g h e s t  c a n o n i c a l  c o r -  

r e l a t i o n  c o e f f i c i e n t  on t h e  f i r s t  a x i s  and was t h e  v a r i a b l e  most r e s p o n s i b l e  

f o r  s e p a r a t i o n  o f  s i t e s  i n t o  t h e  f o r e s t e d  and herbaceous areas.  T o t a l  K j e l d -  

ah1 n i t r o g e n  had t h e  h i g h e s t  c a n o n i c a l  c o r r e l a t i o n  c o e f f i c i e n t  on t h e  second 

311 



a x i s  ( T a b l e  1 ) .  The d i s c r i m i n a n t  a n a l y s i s  n o t  o n l y  sepa ra ted  t h e  s i t e s  i n t o  

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

t h e  95% con f i dence  l e v e l .  ANOVA a l s o  sepa ra ted  t h e  s i t e s  i n t o  two  groups, b u t  

p roduced r e s u l t s  t h a t  were more r e a d i l y  i n t e r p r e t a b l e .  

There  were s i g n i f i c a n t  s i t e  (P>.0001) and seasonal  (P>.0001) e f f e c t s  f o r  

a l l  v a r i a b l e s .  S i g n i f i c a n t  y e a r  d i f f e r e n c e s  were found o n l y  f o r  NO3 and OM. 

Season X s i t e  and s i t e  X y e a r  i n t e r a c t i o n s  were s i g n i f i c a n t  (P>.005) f o r  a l l  

v a r i a b l e s .  Season X y e a r  i n t e r a c t i o n s  were s i g n i f i c a n t  f o r  o n l y  PO4, NO3, and 

pH. S i t e s ,  g i v e n  i n  parentheses,  i n  Tab le  2  a r e  a r ranged  i n  t h e  sequence gen- 

e r a t e d  by t h e  ANOVA and a r e  f r om t h e  h i g h e s t  means on t h e  l e f t  t o  t h e  l owes t  

on t h e  r i g h t .  Means, expressed as a n t i l o g s ,  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  

t h e  P>.05 l e v e l  sha re  t h e  same s u p e r s c r i p t .  W h i l e  no two  v a r i a b l e s  a r e  a r -  

ranged i n  t h e  same l e f t  t o  r i g h t  sequence, i t  i s  p o s s i b l e  t o  d i s c e r n  genera l  

r e1  a t i o n s h i  ps between s i t e s .  

ANOVA a l s o  d i v i d e d  t h e  s i t e s  i n t o  two  groups. S i t e s  1, 2, and 4 a r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  f o r  any o f  t h e  v a r i a b l e s  (Tab le  2 )  s u g g e s t i n g  t h a t  

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

p o r t i o n s  o f  M i l l  Swamp. S i t e s  3, 5, and 7 a r e  ranked c l o s e s t  t o  each o t h e r  

f o r  a l l  b u t  2 o f  t h e  v a r i a b l e s .  S i t e  5  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e i t h e r  

S i t e  3  o r  7 f o r  4  o f  t h e  v a r i a b l e s  ( T a b l e  2 ) .  T h i s  suggests  t h a t  su r face  

w a t e r  n u t r i e n t  c o m p o s i t i o n  changes as i t  moves t h r o u g h  t h e  herbaceous p o r t i o n  

o f  M i l l  Swamp. Mean pH, PO4, TP, TKN, and OM c o n c e n t r a t i o n s  i n c r e a s e  w h i l e  

NO3 decreases as w a t e r  moves t h r o u g h  t h e  herbaceous p o r t i o n  o f  M i l l  Swamp 

( T a b l e  2 ) .  

Based  on  r e s u l t s  o f  t h e  ANOVA and d i s c r i m i n a n t  ana lyses,  we have chosen 

t o  d e s c r i b e  tempora l  v a r i a t i o n s  by combin ing s i t e s  i n t o  t w o  groups:  t h e  f o r -  

es ted  area ( S i t e s  1, 2, and 4 )  and t h e  herbaceous area ( S i t e s  3, 5, and 7 ) .  

F i g u r e s  4  and 5 suggest  t h a t  tempora l  p a t t e r n s  a r e  more pronounced i n  w a t e r  

t h a t  f l o w s  t h r o u g h  t h e  herbaceous p o r t i o n  o f  M i l l  Swamp. Seasonal (mon th l y )  

d i f f e r e n c e s  and seasona l  i n t e r a c t i o n s  a r e  a l s o  obv ious  i n  F i g s .  4 and 5. 

Phosphate c o n c e n t r a t i o n s  i n c r e a s e  i n  t h e  summer months and d e c l i n e  i n  t h e  

c o l d e r  months (F ig .  4 ) .  There  appears t o  be an i n t e r - a n n u a l  s h i f t  i n  t h e  t i m e  

when t h e  i n c r e a s e s  and d e c l i n e s  occu r ,  b u t  t h e  genera l  p a t t e r n  has h e l d  d u r i n g  

each o f  t h e  t h r e e  y e a r s  t h a t  we have been samp l i ng  s u r f a c e  wa te r .  O rgan i c  

m a t t e r  c o n c e n t r a t i o n s  ( F i g .  5 )  a l s o  i n c r e a s e  d u r i n g  t h e  summer, b u t  u n l i k e  

phosphate,  t h e r e  a r e  no d i f f e r e n c e s  between t h e  herbaceous and f o r e s t e d  areas 



Tab le  1. R e s u l t s  o f  c a n o n i c a l  d i s c r i m i n a n t  a n a l y s i s  o f  s u r f a c e  and subsur face 

w a t e r .  V a r i a b l e s  used i n  t h e  a n a l y s i s  a r e  l i s t e d  a long  w i t h  t h e i r  

s tandard i zed  canon ica l  c o e f f i c i e n t s ,  F, and P  va lues.  

VARIABLE CANON I CAL CANONICAL F  P  
VARIABLE 1 VARIABLE 2  

T  P 

P04 
TKN 

3 

NH4 
OM 

P04 
TKN 

3 

NH4 
OY 

SURFACE WATER 
1.52 0.55 

0.48 0.47 

0.05 -0.61 

-0.23 1.04 

-0.13 0.30 

0.03 -0.57 

-0.25 0.52 

SUBSURFACE WATER 

1.28 -0.86 

-0.59 -0.07 

0.26 0.12 

0.30 -0.09 

-0.29 -0.92 

-0.04 0.22 

0.08 0.64 

d u r i n g  t h e  remainder o f  t h e  yea r .  

Subsur face wa te r  - I n  a d d i t i o n  t o  seasonal p a t t e r n s  o f  s u r f a c e  f l o o d i n g  

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

t e r h a b i t a t  d i f f e r e n c e ~  ( F i g .  6 ) .  Groundwater l e v e l s  a r e  l owes t  i n  l a t e  summer 

and f a l l  and h i g h e s t  i n  t h e  w i n t e r  and s p r i n g .  West o f  t h e  road (MS 0  i n  

F i g .  6 ) ,  w a t e r t a b l e  h e i g h t s  a r e  always e l e v a t e d  above t h o s e  measured eas t  o f  

t h e  road.  There was a l s o  l e s s  dep ress ion  o f  t h e  groundwater a t  t h a t  s i t e  

d u r i n g  d r y  p e r i o d s  such as t h e  one between June and September o f  1984. F i g u r e  

6  suggests  t h a t  t h e  area west o f  t h e  road has r e c e i v e d  l a r g e  amounts o f  s e d i -  

ment because t h e  s u r f a c e  e l e v a t i o n  a t  t h e  m o n i t o r i n g  s i t e  i s  more t h a n  2  

meters  above s u r f a c e  e l e v a t i o n s  o f  t h e  t h r e e  reco rde rs  e a s t  o f  t h e  road. 



T a b l e  2. R e s u l t s  o f  ANOVA f o r  s u r f a c e  w a t e r  v a r i a b l e s .  S i t e s  a r e  g i v e n  i n  

p a r e n t h e s e s .  Means f o r  each s i t e  a r e  a n t i l o g s  as t h e  ANOVA was 

p e r f o r m e d  on l o g  t r a n s f o r m e d  d a t a .  Means t h a t  s h a r e  t h e  same 

s u p e r s c r i p t  a r e  n o t  d i f f e r e n t  based on Tukey ' s  S t u d e n t i z e d  Range 

T e s t s .  Values a r e  p a r t s  p e r  b i l l i o n  f o r  a l l  v a r i a b l e s  except  OM 

and pH. OM u n i t s  a r e  g - c a l / l .  S i t e  l o c a t i o n s  a r e  g i v e n  i n  F i g .  2. 

VARIABLE SITES AND MEANS 

a abc ab ab ab b 
TKN 339 316 287 286 280 262 

( 4 )  (2  ) (1 ( 7 )  (5  ( 3  

S u b s t r a t e s  i n  t h e  p o r t i o n  o f  M i l l  Swamp west  o f  t h e  road  a r e  a lmos t  always 

wa te r1  ogged. 

The  herbaceous h a b i t a t  i s  a l s o  wa te r l ogged  f o r  l o n g  p e r i o d s  o f  t i m e  as 

shown by t h e  w a t e r t a b l e  d a t a  i n  F i g .  6  (MS 80) .  I n  t h e  f o r e s t e d  area eas t  of  

t h e  r o a d  (MS 200 and MS 333 i n  F i g .  Z ) ,  t h e  groundwater  i s  a lmos t  a lways below 

t h e  s u r f a c e ,  e s p e c i a l l y  nea r  t h e  s t ream channe l  (MS 333 i n  F i g .  2 )  d u r i n g  t h e  

growing season months. As no ted  e a r l i e r ,  MS 200 i s  f l o o d e d  under  h i g h  f l o w  

c o n d i t i o n s  ( F i g .  1B) when w a t e r  spreads i n t o  t h e  f o r e s t e d  area f rom t h e  herba-  
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F i g .  4. Seasonal p a t t e r n s  o f  phosphate c o n c e n t r a t i o n s  i n  s u r f a c e  w a t e r  i n  t h e  

f o r e s t e d  and herbaceous p o r t i o n s  o f  M i l l  Swamp. 

ceous area. W a t e r t a b l e  f l u c t u a t i o n s  i n  t h e  f o r e s t e d  areas suggest  t h a t  sub- 

s t r a t e  c o n d i t i o n s  a l t e r n a t e  between a e r o b i c  and anae rob i c  a t  MS 200 and t h a t  

c o n d i t i o n s  a r e  a lmost  always a e r o b i c  a t  MS 333. 

S i t e  re1 a t i o n s h i p s  f o r  subsu r face  w a t e r  were ana l yzed  by d i s c r i m i n a n t  

a n a l y s i s  ( F i g .  7 ) .  The f i r s t  f o u r  c a n o n i c a l  v a r i a b l e s  were h i g h l y  s i g n i f i c a n t  

(P>.0001), b u t  t h e  f i r s t  t w o  v a r i a b l e s  had much h i g h e r  F va lues  (15.27 and 

7.33) f o r  t h e  f i r s t  and second v a r i a b l e s  compared t o  4.16 and 3.55 f o r  t h e  

t h i r d  and f o u r t h .  S i t e s  0  and 300 were sepa ra ted  by t h e  f i r s t  c a n o n i c a l  v a r i -  

a b l e  wh ich  was most i n f l u e n c e d  by pH (Tab le  1). The second c a n o n i c a l  v a r i a b l e  

sepa ra ted  t h e  s i t e s  f u r t h e r  ( F i g .  7 )  w i t h  pH, NO3, and OM h a v i n g  t h e  h i g h e s t  

c a n o n i c a l  c o e f f i c i e n t s  ( T a b l e  1 ) .  S i t e s  300 and 333 have about t h e  same 

p o s i t i o n  on t h e  second c a n o n i c a l  a x i s  as do S i t e s  0  and 80. A second g roup ing  

i s  formed by S i t e s  40, 60, and 200. These two  g roup ings  c o i n c i d e  w i t h  a  g ra -  
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F i g .  5. Seasonal p a t t e r n s  o f  o r g a n i c  m a t t e r  c o n c e t r a t i o n s  i n  s u r f a c e  w a t e r  i n  

t h e  f o r e s t e d  and herbaceous p o r t i o n s  o f  M i l l  Swamp. 

d i e n t  o f  decreased f l o o d i n g  and i n c r e a s e d  f l u c t u a t i o n s  i n  t h e  groundwater  

t a b l e .  S i t e s  0  and 80, a r e  i n  areas where s u r f a c e  f l o o d i n g  i s  most f r e q u e n t  

and groundwater  i s  nea r  t h e  s u r f a c e  f o r  l o n g e r  p e r i o d s  o f  t i m e .  Those w e l l  

c l u s t e r s  co r respond  t o  t h e  l o c a t i o n s  o f  g roundwater  m o n i t o r s  MS 0  and MS 80 

( F i g .  2 ) .  W e l l s  a t  S i t e s  40, 60, and 200 a r e  a t  s l i g h t l y  h i g h e r  e l e v a t i o n s  

and f l o o d  l e s s  f r e q u e n t l y  and t h e  groundwater  t a b l e  f l u c t u a t i o n s  a r e  p robab l y  

more s i m i l a r  t o  t h o s e  found a t  r e c o r d e r  s i t e  MS 200 ( F i g .  2 ) .  W e l l s  a t  S i t e s  

300 and 333 a r e  i n  areas t h a t  r a r e l y  f l o o d  and t h e  w a t e r t a b l e  i s  a lmost  always 

below t h e  we t l and  s u r f a c e  ( F i g .  6 ) .  

ANOVA and Tukey'  s  S t u d e n t i  zed Range T e s t s  comparisons o f  w a t e r  qua1 i t y  

d a t a  f r o m  t h e  w e l l s  a r e  shown i n  T a b l e  3. The ANOVA model was based on main 

e f f e c t s  due t o  s i t e ,  season, and y e a r .  A l l  two-  and three-way comparisons 

were made w i t h  r e p l i c a t e s  b e i n g  t h e  s e t  o f  3  w e l l s  a t  each s i t e .  S i m i l a r  t o  



F i g .  6. Subsur face w a t e r  e l e v a t i o n s  a t  t h e  f o u r  m o n i t o r i n g  s t a t i o n s  shown i n  

F i g .  2. A l l  d a t a  a r e  shown as e l e v a t i o n  (m) above t h e  base o f  t h e  f l u x  s t a -  

t i o n  t h a t  i s  used t o  c o n t i n u o u s l y  m o n i t o r  w a t e r  f l u x  t h r o u g h  M i l l  Swamp. The 

s o l i d  h o r i z o n t a l  l i n e  on each graph r e p r e s e n t s  t h e  e l e v a t i o n  o f  t h e  su r face  

r e l a t i v e  t o  t h e  base o f  t h e  w a t e r  f l u x  m o n i t o r i n g  s t a t i o n .  
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CANONICAL VARIABLE I 

F i g .  7. R e s u l t s  o f  c a n o n i c a l  d i s c r i m i n a n t  a n a l y s i s  o f  subsu r face  w a t e r  q u a l -  

i t y  da ta .  We l l s  0  and 40 a r e  on T ransec t  I w h i l e  t h e  o t h e r  w e l l s  a r e  on Tran-  

s e c t  I 11  ( F i g .  2 ) .  C i r c l e s  around each s t a t i o n  a r e  95% c o n f i d e n c e  l i m i t s .  

su r face  w a t e r  da ta ,  none of  t h e  v a r i a b l e s  have t h e  same l e f t  t o  r i g h t  a l i g n -  

ment o f  s i t e s  and none o f  t h e  v a r i a b l e s  have t h e  same s t a t i s t i c a l  between s i t e  

r e l a t i o n s h i p s .  There  were s i g n i f i c a n t  S i t e  (P>.0001) e f f e c t s  Fo r  a1 1  v a r i -  

ab les .  S i g n i f i c a n t  seasonal  and y e a r l y  d i f f e r e n c e s  o c c u r r e d  f o r  a1 1  v a r i a b l e s  

excep t  PO4 (season)  and TP ( y e a r ) .  Two-way i n t e r a c t i o n s  were s i g n i f i c a n t  i n  

a l l  v a r i a b l e s  excep t  TKN and NH4. 

Comparison o f  Tab le  3  and F i g .  7  show s l i g h t l y  d i f f e r e n t  s i t e  r e l a t i o n -  

s h i p s .  S i t e s  0  and 40 a r e  a lmost  always s t a t i s t i c a l l y  s i m i l a r  and S i t e s  60, 

80, and 200 f o r m  a  second group ( T a b l e  3 ) .  The d i s c r i m i n a n t  a n a l y s i s  grouped 

S i t e  0  w i t h  80 and S i t e s  40 and 60 w i t h  200. S i t e s  300 and 333 f o r m  a  separ -  

a t e  group i n  b o t h  t h e  ANOVA ( T a b l e  3 )  and d i s c r i m i n a n t  a n a l y s i s  ( F i g .  7 ) .  

Phosphate and NO3 c o n c e n t r a t i o n s  a r e  h i g h e s t  i n  areas t h a t  f l o o d  l e s s  f r e -  

q u e n t l y  and where groundwater  f l u c t u a t i o n s  a r e  g r e a t e s t .  O rgan i c  m a t t e r ,  TKN, 

and NH4 show t h e  o p p o s i t e  p a t t e r n  ( T a b l e  3 ) .  

We have chosen t o  demonst ra te  t empora l  v a r i a t i o n s  and i n t e r a c t i o n s  hy 

combin ing t h e  w e l l  d a t a  i n t o  3  groups. Group 1 combines d a t a  f rom w e l l s  0  and 



T a b l e  3. R e s u l t s  o f  ANOVA f o r  subsu r face  w a t e r  v a r i a b l e s .  S i t e s  a r e  g i v e n  i n  

parentheses.  Means f o r  each s i t e  a r e  a n t i l o g s  as t h e  ANOVA was p e r -  

f o r m e d  on l o g  t r a n s f o r m e d  da ta .  Means t h a t  sha re  t h e  same super -  

s c r i p t  a r e  n o t  d i  f f e r e n t  based on Tukey 's  S t u d e n t i  zed Range Tes ts .  

Values a r e  p a r t s  p e r  b i l l i o n  f o r  a l l  v a r i a b l e s  excep t  OM and pH. OM 

u n i t s  a r e  g - c a l / l .  S i t e  l o c a t i o n s  a r e  g i v e n  i n  F i g .  2. 

VARIABLE SITES AND MEANS 

a  ab b  c  bcd cde de e  

a  a ab b c  c 
TKN 684 450 262 257 213 155 138 

(0 )  (40 )  (60 )  (80 )  (200)  (333)  (300)  

a  a  b c  bc bcd c  d  
pH 6.34 5.81 5.75 5.68 5.49 5.44 5.39 

( 0 )  (333)  (80 )  (40 )  (60 )  (200)  (300)  

80 which a r e  i n  areas t h a t  f l o o d  most f r e q u e n t l y .  Group 2  combines d a t a  f r o m  

we1 1s i n  l o c a t i o n s  t h a t  a r e  h y d r o l o g i c a l l y  i n t e r m e d i a t e  (40, 60, and 200) .  

Group 3  combines d a t a  f r om t h e  d r i e s t  l o c a t i o n s  (300 and 333).  Organ ic  m a t t e r  

and NH4 c o n c e n t r a t i o n s  a r e  h i g h e r  i n  t h e  summer months i n  w e l l s  t h a t  a r e  i n  

areas where t h e  groundwater  i s  nea r  t h e  s u r f a c e  ( F i g s .  8  and 9 ) .  The p a t t e r n  

was s i m i l a r  i n  1983 and 1985, b u t  was n o t  as obv ious  i n  1984. N i t r a t e  (F ig .  

10) and phosphate (F ig .  11 )  a r e  c l e a r l y  h i g h e s t  i n  a reas  wh ich  f l o o d  l e s s .  
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1.0 

F i g .  8. Seasonal p a t t e r n s  o f  o r g a n i c  m a t t e r  i n  subsur face water .  Values a r e  

means f o r  d a t a  combined i n t o  t h r e e  groups as d i scussed  i n  t h e  t e x t .  

t .  -. 
G R O U P  2 ";' 

I 

I I 1 I I 

Both parameters show c l e a r  seasonal d i f f e r e n c e s .  S i m i l a r  t o  NH4 and OM, 

t h e r e  a r e  c l e a r  annual p a t t e r n s ,  b u t  w i t h  l e s s  obv ious s e a s o n a l i t y  i n  1984. 
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DISCUSSIDN 

R e s u l t s  o f  t h i s  s tudy  demonst ra te  w i t h i n  we t l and  d i f f e r e n c e s  i n  s u r f a c e  

and subsu r face  wa te r  q u a l i t y  parameters.  Su r face  wa te r  changes occur  p r i -  

m a r i l y  i n  t h e  herbaceous area. We cannot y e t  comp le te l y  e v a l u a t e  w i t h i n  h a b i -  

t a t  p a t t e r n s  f o r  s u b s u r f a c e  w a t e r  because  we o n l y  h a v e  enough d a t a  f r o m  

groundwater  w e l l s  a l o n g  t r a n s e c t s  I and 111. Three o t h e r  t r a n s e c t s  a r e  now 

be ing  sampled, b u t  we have ve ry  few d a t a  because o f  t h e  d r y  c o n d i t i o n s  t h a t  

have p e r s i s t e d  s i n c e  t h e  summer o f  1984. Data  f rom t r a n s e c t s  I and 111, how- 

ever ,  do demonst ra te  between h a b i t a t  d i f f e r e n c e s  t h a t  a r e  r e l a t e d  t o  drawdown 

o f  t h e  wa te r tab le .  The w a t e r t a b l e  i s  most o f t e n  near  t h e  s u r f a c e  i n  t h e  f o r -  

es ted  area west o f  t h e  road. As t h e  r e s u l t s  f o r  b o t h  s u r f a c e  and subsur face 



F i g .  9. Seasonal p a t t e r n s  o f  ammonia i n  subsu r face  wa te r .  Values a r e  means 

2.5 - 

2 
2 
M 
0 
4 2.0- 

f o r  d a t a  combined i n t o  t h r e e  groups as d i scussed  i n  t h e  t e x t .  

1.5 - 

1.0 

wate r  a r e  p r e l i m i n a r y  and we have n o t  y e t  conducted expe r imen ta l  m a n i p u l a t i o n s  

i n  M i l l  Swamp, e x p l a n a t i o n  o f  t h e  p a t t e r n s  can o n l y  be i n f e r r e d  f r o m  r e s u l t s  

o f  o t h e r  s t u d i e s .  

Su r face  wa te r  - We have n o t  d e t e c t e d  any impac t  of  e i t h e r  of  t h e  f o r e s t e d  -- 
p o r t i o n s  o f  M i l l  Swamp upon any o f  t h e  su r face  w a t e r  q u a l i t y  paramaters .  Eas t  

o f  t h e  road,  s u r f a c e  w a t e r  i n  t h e  f o r e s t e d  a rea  i s  a lmos t  always c o n t a i n e d  

w i t h i n  t h e  s t ream c o r r i d o r  and we have n o t  reco rded  any s u r f a c e  f l o o d i n g  

even ts  d u r i n g  t h e  3 y e a r s  t h a t  we have been c o l l e c t i n g  d a t a  f rom t h e  r e c o r d e r  

a t  MS 333 ( F i g .  2 ) .  The s t ream i s  c o m p l e t e l y  shaded d u r i n g  t h e  growing sea- 

son, suppo r t s  no macrophytes ,  and c o n t a i n s  v e r y  few r i f f l e  and poo l  h a b i t a t s .  

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

e s s i n g  i s  t o  occu r  i n  s t reams.  West of t h e  road,  because t h e  s t ream channe ls  

a r e  sma l l  and ve ry  sha l l ow ,  s u r f a c e  f l o o d i n g  occu rs  more f r e q u e n t l y .  D u r i n g  

t h e  p e r i o d  t h a t  w a t e r t a b l e  d a t a  have been c o l l e c t e d  a t  MS 0, ( F i g .  2 )  t h e  wet -  

l a n d  s u r f a c e  has f l o o d e d  on numerous occas ions.  I n  1984, a  c o m p a r a t i v e l y  wet 

1 

1 
, 

/ 
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F i g .  10. Seasonal p a t t e r n s  o f  n i t r a t e  i n  subsur face wa te r .  Va lues a r e  means 

f o r  d a t a  combined i n t o  t h r e e  groups as d i scussed  i n  t h e  t e x t .  

y e a r  i n  t h e  w i n t e r  and s p r i n g ,  t h e  s u r f a c e  was f l ooded  f o r  s e v e r a l  months 

( F i g .  6 ) .  We b e l i e v e  t h a t  any s i g n i f i c a n t  changes i n  su r face  w a t e r  wou ld  he 

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

when t h e  w a t e r  c o n t a i n s  l a r g e  amounts of  sed iment .  We combined w a t e r t a b l e  

d a t a  and s u r f a c e  w a t e r  q u a l i t y  d a t a  t o  compare p e r i o d s  o f  t i m e  when t h e  area 

west o f  t h e  road  f l o o d e d  t o  a  comparable t i m e  when t h e  area d i d  n o t  f l o o d .  

Data  f r o m  t h a t  comparison show t h a t  g r e a t e r  changes i n  n u t r i e n t  c o n c e n t r a t i o n s  

occu r  between S i t e s  1 and 2 d u r i n g  p e r i o d s  o f  f l o o d i n g  ( T a b l e  4 ) .  Concentra- 

t i o n  changes between S i t e s  1 and 2 were more pronounced f o r  NH4, TP, PO4 and 

NO3 d u r i n g  t h e  p e r i o d  o f  f l o o d i n g  f rom December, 1983 t h r o u g h  February ,  1984 

t h a n  t h e y  were d u r i n g  t h e  same t i m e  p e r i o d  i n  1984 and 1985 when s u r f a c e  w a t e r  

was r e s t r i c t e d  t o  channe l  f low.  A l l  o f  t h e  v a r i a b l e s  except  NO3 d e c l i n e d  be- 

tween S i t e  1 and S i t e  2. D u r i n g  t h e  second t i m e  p e r i o d ,  n i t r a t e  concen t ra -  

t i o n s  i n c r e a s e d  between t h e  two  s i t e s .  
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F i g .  11. Seasonal p a t t e r n s  o f  phosphate  i n  subsu r face  wa te r .  Values a r e  

means f o r  d a t a  combined i n t o  t h r e e  groups as d i scussed  i n  t h e  t e x t .  

A l t hough  we have n o t  conducted any d e t a i l e d  s t u d i e s  o f  w a t e r  q u a l i t y  

changes d u r i n g  f l o o d i n g  even ts ,  d a t a  f rom a  s t u d y  of  l i t t e r  decompos i t i on  a l s o  

demonst ra tes  t h a t  n u t r i e n t  i n t e r a c t i o n s  between f l o o d i n g  w a t e r  and s u r f a c e  

l i t t e r  occu r  i n  t h e  area west of  t h e  road.  The decompos i t i on  s t u d y  was con- 

ducted i n  s e v e r a l  u p l a n d  and we t l and  h a b i t a t s  t o  compare changes i n  t h e  nu- 

t r i e n t  s t a t u s  of l i t t e r  and r a t e s  o f  decompos i t i on  (Whigham and O ' N e i l l ,  Un- 

p u b l i s h e d ) .  L i t t e r  bags accumulated l a r g e  amounts o f  sediment i n  t h e  r i p a r i a n  

f o r e s t  s t u d i e d  by P e t e r j o h n  and C o r r e l l  ( 1986 ) ,  bu t  t h e  amount o f  sediment 

t h a t  accumulated i n  t h e  l i t t e r  bags i n  t h e  f l o o d e d  p o r t i o n  o f  M i l l  Swamp was 

an o r d e r  o f  magni tude h i g h e r  ( F i g .  12) .  The amount o f  phosphorus c o n t a i n e d  i n  

t h e  l i t t e r  bags i n  M i l  1 Swamp was much g r e a t e r  t h a n  t h e  amount o f  phosphorus 

c o n t a i n e d  i n  l i t t e r  bags a t  any o f  t h e  o t h e r  s i t e s  ( F i g .  13 ) .  N i t r o g e n  f o l -  

lowed t h e  same p a t t e r n .  These f i n d i n g s  s u p p o r t  t h e  r e s u l t s  shown i n  Tab le  4 

and t h o s e  o f  Cooper e t  a l .  (1986) who found  t h a t  l a r g e r  sed iment  p a r t i c l e s  

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



p h o s p h o r u s  l e v e l s  a r e  t r a n s p o r t e d  f u r t h e r  downs t ream and d e p o s i t e d  i n  swamps 

a n d / o r  f l o o d p l a i n  a r e a s .  

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

i n t e r a c t i o n s  b e t w e e n  t h e  w a t e r  and w e t l a n d  v e g e t a t i o n ,  1 i t t e r ,  and  m i c r o b e s .  

The i m p o r t a n c e  o f  t h e  l i t t e r  zone  and  i t s  m i c r o b i a l  commun i ty  h a s  b e e n  demon- 

s t r a t e d  i n  e s t u a r i n e  w e t l a n d s  ( W o l a v e r  and  Zieman,  1984;  J o r d a n  and  Whigham, 

1 9 8 5 ) ,  and f r e s h w a t e r  t i d a l  w e t l a n d s  (Whigham and  Simpson,  1 9 7 8 ) .  The i m p o r t -  

a n c e  o f  t h e  l i t t e r - m i c r o b i a l  commun i ty  i n  a l t e r i n g  w a t e r  qua1  i t y  has  been 

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

s y s t e m s  t h a t  u s e  o v e r l a n d  f l o w  s y s t e m s  t o  t r e a t  sewage e f f l u e n t  ( S m i t h  and 

S c h r o e d e r ,  1 9 8 5 ) .  N u t r i e n t  r e t e n t i o n  c a n  b e  f u r t h e r  augmented b y  t h e  p h y s i c a l  

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

d e p o s i t i o n  t o  b e  i n c r e a s e d  ( B u r t o n ,  1 9 8 2 ) .  P e r e n n i a l  e m e r g e n t  m a c r o p h y t e s  

T a b l e  4. Changes i n  c o n c e n t r a t i o n s  b e t w e e n  S i t e s  1 and 2 ( F i g .  2 )  d u r i n g  a 

p e r i o d  o f  c o n t i n u o u s  f l o o d i n g  ( 1 2 1 8 3 - 2 / 8 4 )  and t h e  same t i m e  p e r i o d  

a y e a r  l a t e r  ( 1 2 1 8 4 - 2 / 8 5 )  when s u r f a c e  f l o w  was r e s t r i c t e d  t o  s t r e a m  

c h a n n e l s .  V a l u e s  a r e  a n t i l o g s  o f  means t h a t  w e r e  b a s e d  on  l o g  

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

w h i c h  i s  g - c a l l l .  

VARIABLE SAMPLE SITE FLOODED NOT FLOODED 

TKN 1 
2 



probab ly  have a  g r e a t e r  i n f l u e n c e  on subsu r face  wa te r  as t h e y  have been shown 

t o  a l t e r  t h e  c h e m i s t r y  o f  i n t e r s t i t i a l  wa te r  t h rough  t h e  a s s i m i l a t i o n  o f  

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

m a t e r i a l  f rom belowground s t r u c t u r e s  (Jayne and Carpenter ,  I n  p ress ;  

K lopatek,  1975; Shaver and M e l i l  l o ,  1984).  

Annual spec ies  of v a s c u l a r  p l a n t s ,  i n  c o n t r a s t ,  p r o b a b l y  have a  l a r g e  

impact on water  q u a l i t y  d u r i n g  t h e  growing season. Annuals t h a t  occur  i n  t h e  

herbaeous p o r t i o n  o f  Mi 11 Swamp (Polygonum a r i  f o l  ium, Polygonum saggi ta tum,  

I m p a t i e n s  c a p e n s i  s )  c a n n o t  t o 1  e r a t e  a n a e r o b i c  c o n d i t i o n s  and t h e i r  r o o t  

systems deve lop i n  t h e  nar row a e r o b i c  zone a t  t h e  w e t l a n d  sur face.  As t h e  

p l a n t  canopy deve lops,  l o w e r  leaves o f  t h e  annuals  senesce and a d v e n t i t i o u s  

r o o t s  deve lop a t  t h e  nodes (Whigham, pe rsona l  o b s e r v a t i o n ) .  By t h e  m i d d l e  of 

t h e  growing season, t h e  annuals have formed a  dense mat o f  a d v e n t i t i o u s  r o o t s  
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F i g .  12. Changes i n  t h e  ash  c o n t e n t ,  e x p r e s s e d  as a  p e r c e n t a g e  o f  t h e  

o r i g i n a l ,  i n  l e a f  l i t t e r  f o r  seve ra l  v e g e t a t i o n  t ypes  on t h e  Rhode R i v e r  

watershed. S i t e  d e s i g n a t i o n s  a r e  as shown on t h e  f i g u r e .  The s c a l e  f o r  t h e  

f l o o d e d  p o r t i o n  o f  M i l l  Swamp i s  on t h e  r i g h t .  



F i g .  13. Temporal changes i n  t h e  amount (gm) of  phosphorus i n  l i t t e r  bags. 

S i t e  d e s i g n a t i o n s  a r e  as shown on t h e  f i g u r e .  
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on t h e  w e t l a n d  s u r f a c e .  The r o o t  mat i s  b a t h e d  b y  s u r f a c e  w a t e r  and  we 

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

s u r f a c e  wa te r .  N u t r i e n t  r e t e n t i o n  a t  o t h e r  t i m e s  o f  t h e  y e a r  i s  most l i k e l y  

c o n t r o l l e d  by i n t e r a c t i o n s  between t h e  w a t e r  and t h e  l i t t e r - m i c r o b i a l  com- 

m u n i t y .  These  i n t e r a c t i o n s  a r e  mos t  i m p o r t a n t  i n  t h e  s p r i n g ,  p r i o r  t o  

emergence o f  t h e  v a s c u l a r  p l a n t s ,  when b a c t e r i a l  g rowths  and a l g a l  mats a r e  

p r e s e n t  on t h e  l i t t e r  (Whigham, pe rsona l  o b s e r v a t i o n ;  Whigham e t  a l .  1980).  

The 1 i t t e r - m i c r o b i a l  community i n t e r a c t i o n s  a r e  a l s o  i m p o r t a n t  i n  t h e  fa1 1  

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

Each summer t h e r e  a r e  i nc reases  i n  phosphate  c o n c e n t r a t i o n s  o f  w a t e r  

l e a v i n g  t h e  herbaceous p o r t i o n  o f  Mi 11 Swamp ( F i g .  4 ) .  An oxygen m o n i t o r  i n  

t h a t  a rea reco rded  f r e q u e n t  o v e r n i g h t  anox ia .  Phosphorus f l u x e s  p r o b a b l y  
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c o i n c i d e  w i t h  t h o s e  even ts .  

Subsur face water - The n u t r i e n t  c o m p o s i t i o n  o f  subsu r face  wa te r ,  i n t e r s t i t i a l  

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

annual  p a t t e r n  of  f l o o d i n g  and drawdown. B r i  nson and h i s  c o l l  eagues ( B r i n s o n  

e t  a l . ,  1983 and 1984) have s t u d i e d  t h e  i n t e r a c t i o n  between s u r f a c e  and sub- 

s u r f a c e  w a t e r  i n  a  N o r t h  C a r o l i n a  a l l u v i a l  swamp f o r e s t .  They found t h a t  
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n i t r a t e  and ammonium i n t e r a c t i o n s  were c l o s e l y  c o ~ ~ p l e d  t o  d e n i t r i f i c a t i o n ,  t h e  

a b i l i t y  o f  ammonium t o  b e  adsorbed on c a t i o n  exchange s i t e s  d u r i n g  p e r i o d s  o f  

f l o o d i n g ,  and t h e  c o n v e r s i o n  o f  ammonium t o  n i t r a t e  d u r i n g  p e r i o d s  o f  draw- 

down. D u r i n g  p e r i o d s  o f  drawdown, n i t r a t e  d i d  n o t  i n c r e a s e  i n  subsu r face  

wa te r  due t o  d e n i t r i  f i c a t i o n .  Ammonium d i d  n o t  accumula te  i n  subsu r face  w a t e r  

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

swamp system. Yarbro  e t  a l .  (1984)  found d i f f e r e n t  r e s u l t s  i n  N o r t h  C a r o l i n a  

swamps t h a t  had been d r a i n e d .  N i t r o g e n  and phosphorus l o s s e s  were g r e a t e r  i n  

d r a i n e d  swamps w i t h  c o n t i n u o u s l y  lowered w a t e r t a b l e s .  The r e s u l t s  o f  t h o s e  

two  N o r t h  C a r o l i n a  s t u d i e s  demonst ra te  t h e  impor tance of  f l u c t u a t i n g  wa te r -  

t a b l e s .  Annual f l o o d i n g  i s  necessary  i n  swamp systems because f l o o d i n g  r e -  

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

( P e t e r j o h n  and C o r r e l l ,  1986).  Su r face  f l o o d i n g  i s  a l s o  i m p o r t a n t  i f  swamp 

systems a r e  t o  r e t a i n  phosphorus ( B r i n s o n  e t  a1 ., 1984).  Drawdown p e r i o d s  

cause a l t e r n a t i n g  p e r i o d s  o f  a e r o b i c  and anae rob i c  c o n d i t i o n s  t h a t  a r e  i m p o r t -  

an t  t o  b o t h  o r g a n i c  m a t t e r  decompos i t i on  and n i t r o g e n  l o s s  t h r o u g h  n i t r i f i c a -  

t i o n  and d e n i t r i f i c a t i o n  ( B r i n s o n  e t  a l . ,  1984; Reddy and P a t r i c k ,  1975).  

CONCLUSIONS 

T h i s  p r e l i m i n a r y  resea rch  i n t o  n u t r i e n t  p r o c e s s i n g  i n  Mi 11 Swamp has 

shown t h a t  t h e r e  a r e  d i f f e r e n c e s  between h a b i t a t s  and a l s o  d i f f e r e n c e s  between 

s u r f a c e  and subsur face wa te r .  However, we s t i l l  do no t  know much about  mecha- 

nisms r e s p o n s i b l e  f o r  t h e  p a t t e r n s  n o r  do we know t h e  impact  t h a t  each of  t h e  

h a b i t a t s  has on o v e r a l l  n u t r i e n t  f l u x  and r e t e n t i o n .  We a r e  now i n  t h e  p r o -  

cess o f  b u i l d i n g  a d d i t i o n a l  m o n i t o r i n g  s t a t i o n s  i n  M i l l  Swamp t o  q u a n t i f y  

h y d r o l o g i c  f l u x e s  t h r o u g h  each o f  t h e  h a b i t a t s .  We w i l l  t h e n  be a b l e  t o  more 

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

w i t h i n  M i l l  Swamp. 
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DISCUSSION: Whigham Paper 

Comment ( C o r r e l l ) :  I am s t r u c k  by some s i m i l a r i t i e s  w i t h  some o f  t h e  
t h i n g s  t h a t  G i l l i a m  was t a l k i n g  about  i n  te rms o f  t h e  i n f l u e n c e  o f  r e g u l a t -  
i n g  t h e  wa te r  t a b l e  h e i g h t  on t h e  n u t r i e n t  dynamics. I am wonder ing how 
s i m i l a r l y  t h i s  system responds as compared w i t h  some of t h e  No r th  C a r o l i n a  
c o a s t a l  p l a i n  areas t h a t  a r e  b e i n g  r e g u l a t e d  a r t i f i c i a l l y  f o r  c r o p  produc-  
t i o n .  Could we see s i m i l a r  p a t t e r n s  i f  we knew enough about t h i s  system? 

Q u e s t i o n  ( G i l l i a m ) :  How wide i s  t h i s  swamp where t h e  road goes ac ross?  

Answer: We l l ,  I guess i n  t h e  upper  p a r t  i t  m i g h t  be 600 - 700 m across .  
A t  t h e  road p robab l y  400 m. 

Q u e s t i o n  ( G i l l i a m ) :  How b i g  an area a r e  you t a l k i n g  about?  

Comment ( C o r r e l l ) :  The t o t a l  a rea i s  about  60 hec ta res .  



Comment ( G i l l i a m ) :  I n  o u r  s i t u a t i o n  we would  c o n s i d e r  t h a t  m o s t l y  r i p a r i a n  
v e g e t a t i o n  on a  c r e e k .  An a r e a  t h a t  s i z e  down where  we a r e ,  I d o n ' t  
b e l i e v e  would be c a l l e d  a  swamp. We a r e  t a l k i n g  about swamps t h a t  a r e  much 
b i g g e r .  

Answer: I t h i n k  t h e  reason we c a l l  i t  a  swamp i s  t h a t  h i s t o r i c a l l y  t h a t  i s  
what i t  was c a l l e d .  I f  i t  wasn ' t  f o r  t h e  road  g o i n g  ac ross  i t , I t h i n k  i t  
would  j u s t  be a  r i p a r i a n  zone. It would  be a  c o n t i n u a t i o n  o f  t h e  r i p a r i a n  
zone found f u r t h e r  up t h e  g r a d i e n t .  

Comment ( G i l l i a m ) :  One o f  t h e  t h i n g s  we have n o t i c e d  i s  t h a t  road beds 
t u r n e d  o u t  t o  be ve ry  e f f e c t i v e  dams t o  h o l d  t h e  wa te r  and t o  c h a n n e l i z e  i t  
and c r e a t e  swamps upst ream which a r e  q u i t e  e f f e c t i v e  f i l t e r s .  These roads 
have done q u i t e  a  b i t  f o r  wa te r  q u a l i t y  downstream. 
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