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ABSTRACT 

A s t u d y  was made of t h e  p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  of seven  
small C o a s t a l  P l a i n  s t r e a m s  of  e a s t e r n  North Caro l ina .  Three n a t u r a l  s t r e a m s  
which f low through r e l a t i v e l y  u n d i s t u r b e d  bottomland hardwood f o r e s t s  were 
compared t o  f o u r  s t reams  which had been channe l ized  f o r  t h e  purpose  o f  reduc- 
i n g  a g r i c u l t u r a l  l o s s e s  caused by f lood ing .  Two o r  t h r e e  sampl ing s t a t i o n s  
were e s t a b l i s h e d  on each s t ream.  Some s t a t i o n s  on n a t u r a l  s t r e a m s  were 
e s s e n t i a l l y  p r i s t i n e  b u t  o t h e r s  r e c e i v e d  po in t - source  i n p u t s  of l i v e s t o c k  
farm wastes .  The n a t u r a l  s t r eams  had broad f l o o d p l a i n s  and low s t r e a m  
v e l o c i t i e s  even dur ing  f l o o d  s t a g e s .  S p a t e s  o c c u r r e d  i n  a l l  s e a s o n s ,  b u t  
h igh d i s c h a r g e ,  and concomitant  f l o o d i n g  o f  n a t u r a l  swamps, were u s u a l l y  
g r e a t e s t  dur ing  w i n t e r  and s p r i n g .  The w a t e r s  o f  channe l ized  streams, how- 
e v e r ,  were r e s t r i c t e d ;  they  a t t a i n e d  h i g h e r  v e l o c i t i e s ,  c a r r i e d  g r e a t e r  
p a r t i c u l a t e  l o a d s ,  and were more t u r b i d  than  n a t u r a l  s t r eams .  Some c h a n n e l i z e d  
s t r e a m s  were e n r i c h e d  by sewage, by l i v e s t o c k  w a s t e s ,  o r  by a g r i c u l t u r a l  
f e r t i l i z e r .  

The w a t e r s  o f  t h e  n a t u r a l  s t r e a m s  were d a r k l y  c o l o r e d ,  moderate ly  a c i d ,  
low i n  c o n d u c t i v i t y ,  and v e r y  low i n  p l a n t  n u t r i e n t s .  N i t r a t e  and f i l t e r a b l e  
r e a c t i v e  phosphorus were e s p e c i a l l y  low, much lower t h a n  t h e  c o n c e n t r a t i o n s  
i n  r a i n w a t e r  o f  t h e  reg ion .  A marked s e a s o n a l  c y c l e  e x i s t e d  i n  d i s s o l v e d  
oxygen i n  n a t u r a l  s t r eams ,  t h e  c o n c e n t r a t i o n s  o f t e n  becoming low d u r i n g  t h e  
summer-fall,  low-flow p e r i o d ,  o r  even u n d e t e c t a b l e  i n  s t a g n a n t  poo ls .  These 
p e r i o d s  of low oxygen c o i n c i d e d  w i t h  t h e  p e r i o d s  o f  h i g h e r  c o n c e n t r a t i o n s  of 
ammonium, t o t a l  o r g a n i c  n i t r o g e n ,  p a r t i c u l a t e  phosphorus,  and i r o n  i n  t h e  
w a t e r  o f  n a t u r a l  s t reams.  The w a t e r s  o f  channe l ized  s t r e a m s ,  on t h e  average ,  
had lower c o l o r ,  b u t  h i g h e r  c o n d u c t i v i t i e s ,  t u r b i d i t i e s ,  pH's, and phosphorus 
c o n c e n t r a t i o n s ,  and were  v e r y  r i c h  i n  n i t r a t e  compared t o  n a t u r a l  streams. 
Dissolved oxygen was abundant throughout  t h e  year .  Measurements d u r i n g  t h e  
course  o f  one summer and one w i n t e r  s p a t e  showed t h a t  peak c o n c e n t r a t i o n s  of 
n i t r a t e ,  ammonium, f i l t e r a b l e  reac t ive -P ,  p a r t i c u l a t e - P ,  t u r b i d i t y ,  and 
p a r t i c u l a t e  s i l i c o n ,  aluminum, and i r o n  u s u a l l y  o c c u r r e d  1-2 days b e f o r e  
maximal d i s c h a r g e  i n  b o t h  a  n a t u r a l  and a channe l ized  s t ream.  C o n c e n t r a t i o n s  
o f  s o l u b l e  c a t i o n s  decreased  s l i g h t l y  o r  remained n e a r l y  c o n s t a n t  d u r i n g  a 
s p a t e ,  T o t a l  e l e m e n t a l  t r a n s p o r t  r a t e s  d u r i n g  t h e  h i g h  d i s c h a r g e  p e r i o d  of 
a  s p a t e  were 10-1000 t imes t h e  f l u x  rates d u r i n g  normal-flow p e r i o d s .  

Weighted mean c o n c e n t r a t i o n s  o f  t h e  n u t r i e n t  e lements  N and P were much 
lower i n  waters o f  u n p o l l u t e d  n a t u r a l  s t r e a m s  t h a n  i n  r a i n w a t e r ,  and t h e r e  
was a n e t  i n p u t  of t h e s e  n u t r i e n t s  t o  t h e  watershed.  C o n c e n t r a t i o n s  and 
f l u x e s  of e lements  such a s  C a ,  Mg, Na, K,  and C 1 ,  however, were h i g h e r  i n  a l l  
s t r e a m s  than i n  p r e c i p i t a t i o n  and t h e  n e t  f l u x e s  o f  t h e s e  e lements  were 
d i r e c t e d  o u t  of t h e  watershed.  
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The C o a s t a l  P l a i n  of North  C a r o l i n a  h a s  l a r g e  t r a c t s  o f  we t lands  as a  
r e s u l t  of i t s  humid c l i m a t e ,  low topography, and poor  dra inage.  A g r i c u l t u r e  
has  moved i n t o  f lood-prone a r e a s  where t i l l a g e  i s  f r e q u e n t l y  i n h i b i t e d  by 
f l o o d i n g  d u r i n g  t h e  growing season.  Farmers have o b t a i n e d  p a r t i a l  r e l i e f  by 
d i t c h i n g  low-lying f i e l d s  and c h a n n e l i z i n g  s t reams  t o  c a r r y  away t h e  f l o o d  
w a t e r s  and t o  lower t h e  w a t e r  t a b l e .  The s t r e a m s  of e a s t e r n  North  C a r o l i n a  
g e n e r a l l y  have g r e a t e r  d i s c h a r g e  r a t e s  i n  w i n t e r  t h a n  i n  summer, a l though  
h i g h  f lows ( s p a t e s )  fo l lowing  r a i n s t o r m s  may o c c u r  d u r i n g  any season.  The 
n a t u r a l  s t r e a m s  of t h e  r e g i o n  t y p i c a l l y  have broad,  f l a t  f l o o d p l a i n s  covered 
by second-growth hardwood deciduous f o r e s t s .  The p r o d u c t i v i t y  of t h e s e  
f o r e s t s  i s  h i g h  and t h e  annua l  l e a f - f a l l  p r o v i d e s  a  l a r g e  s o u r c e  o f  o r g a n i c  
m a t t e r  d i r e c t l y  t o  t h e  s t ream when f l o o d i n g  becomes t h e  normal c o n d i t i o n  i n  
l a t e  f a l l  and w i n t e r .  Because o f  t h e  v e r y  g e n t l e  s l o p e  of t h e  s t r e a m ,  w a t e r  
v e l o c i t i e s  a r e  v e r y  low i n  t h e  n a t u r a l  swamp even dur ing  l a r g e  f l o o d s .  
C3anne l iza t ion  i s  a  p r o c e s s  of s t r a i g h t e n i n g ,  widening,  and deepening a  
s t r e a m  course  t o  i n c r e a s e  t h e  d i s c h a r g e  r a t e ,  dec rease  t h e  n a t u r a l  p e r i o d  .of 
f l o o d i n g ,  and t o  draw down t h e  w a t e r  t a b l e  on each s i d e  o f  t h e  channel.  The 
channe l ized  stream l o s e s  i t s  i n t i m a t e  c o n t a c t  w i t h  a  bottomland f o r e s t .  The 
i n c r e a s e d  c u r r e n t  v e l o c i t y  t e n d s  t o  t r a n s p o r t  g r e a t e r  p a r t i c u l a t e  l o a d s  t h u s  
r e s u l t i n g  i n  h i g h e r  l e v e l s  o f  t u r b i d i t y  than  a r e  normal ly  found i n  a n a t u r a l  
stream. The g r e a t e r  r e l a t i v e  dep th  o f  t h e  channe l ized  s t r e a m  probab ly  i n -  
c r e a s e s  t h e  p r o p o r t i o n  o f  groundwater r e l a t i v e  t o  s u r f a c e  r u n o f f ,  and undoubt- 
e d l y  c o n t r i b u t e s  t o  t h e  maintenance o f  f low dur ing  t h e  summer. 

This  s t u d y  endeavored t o  d e s c r i b e  t h e  major  w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  
of n a t u r a l  C o a s t a l  P l a i n  s t r e a m s ,  t o  de te rmine  how much e f f e c t  c h a n n e l i z a t i o n  
has  upon t h e s e  c h a r a c t e r i s t i c s ,  and t o  e l u c i d a t e  t h e  causes  f o r  b o t h  t h e  
n a t u r a l  and t h e  modi f i ed  c h a r a c t e r i s t i c s .  Three  n a t u r a l  s t r eams  (Creeping 
Swamp, Pa lmet to  Swamp, and Chicod Creek) i n  and n e a r  P i t t  Co., N.C., which 
flow through r e l a t i v e l y  u n d i s t u r b e d  seasona l ly -£  looded bot tomland swamp 
f o r e s t s  were compared t o  f o u r  s t reams  (Tracey Swamp, Conetoe Creek,  G r i n d l e  
Creek, and Clayroot  Swamp) which had been channe l ized  f o r  t h e  purpose  of 
reducing a g r i c u l t u r a l  l o s s e s  caused by f l o o d i n g .  Two o r  t h r e e  s t a t i o n s  were  
e s t a b l i s h e d  on each s t ream and p h y s i c a l  measurements were made and samples 
t a k e n  f o r  chemical  a n a l y s e s  on a  r e g u l a r  b a s i s  every  2-6 weeks depending on  
t h e  s t ream.  D a i l y  samples were a l s o  c o l l e c t e d  a t  one s t a t i o n  f o r  a lmost  3  
months i n  s p r i n g  f o r  n i t r o g e n  and phosphorus ana lyses .  Da i ly  measurements 
and sample c o l l e c t i o n s  were a l s o  made on one n a t u r a l  and one channe l ized  
s t ream d u r i n g  s p a t e s  i n  January  and June. 

The w a t e r s  o f  n a t u r a l  s t r e a m s  were modera te ly  a c i d  a t  a l l  t imes .  The 
most u n d i s t u r b e d  upst ream s t a t i o n  (CP-20) had a  mean a n n u a l  pH of 5 . O ,  and 
t h e  o t h e r s  ranged from 5.6 - 6.3 pH. N a t u r a l  s t r eam w a t e r s  were d a r k  w i t h  
o r g a n i c  c o l o r  (averag ing  74 - 127 S tandard  U n i t s )  b u t  had r e l a t i v e l y  low 
c o n d u c t i v i t i e s  (averag ing  66 - 122 p mho cm-I), and t u r b i d i t i e s  (averag ing  
6  - 15 Jackson T u r b i d i t y  U n i t s ) .  I n o r g a n i c  n i t r o g e n  c o n c e n t r a t i o n s  of 
n a t u r a l  s t r e a m s  were low where t h e r e  were no  s o u r c e s  o f  p o l l u t i o n ,  mean 
annua l  n i t r a t e  c o n c e n t r a t i o n s  being .06 - .ll mg 1'1 and mean a n n u a l  anunonium 
amounting t o  .05 - .25 mg 1-l. Hog-farm and poul t ry-farm d r a i n a g e  i n c r e a s e d  
t h e s e  l e v e l s  by a  f a c t o r  of 5 - 10. T o t a l  o r g a n i c  n i t r o g e n  was a  l a r g e  and 
r e l a t i v e l y  c o n s t a n t  n i t r o g e n  f r a c t i o n ,  mean a n n u a l  c o n c e n t r a t i o n s  r a n g i n g  



from about  0.4 - 0.9 mg 1-1 ( a f t e r  c o r r e c t i o n  f o r  incomple te  recovery)  
i n  a l l  s t r eams  n a t u r a l  and channel ized.  F i l t e r a b l e  r e a c t i v e  phosphorus 
mean a n n u a l  c o n c e n t r a t i o n s  were v e r y  low (. 003 - .OO8 mg 1-1) i n  u n p o l l u t e d  
s t reams ,  b u t  d r a i n a g e  from l i v e s t o c k  o p e r a t i o n s  r a i s e d  t h e s e  l e v e l s  by a t  
l e a s t  a  f a c t o r  of LO. F i l t e r a b l e  unreact ive-P c o n c e n t r a t i o n s  were a l s o  low, 
averag ing  ,006 - .018 mg 1'1 a t  a l l  c l e a n  s t a t i o n s ,  n a t u r a l  o r  channe l ized .  
P a r t i c u l a t e - P  u s u a l l y  c o n s t i t u t e d  t h e  l a r g e s t  phosphorus f r a c t i o n ,  t h e  un- 
p o l l u t e d  s t reams  having mean annua l  c o n c e n t r a t i o n s  of abou t  0.01 t o  .03  mg 
1-I. There  were s u b s t a n t i a l  s e a s o n a l  changes i n  c e r t a i n  N and P  f r a c t i o n s ,  
ammonium, t o t a l  organic-N and p a r t i c u l a t e - P  be ing  h i g h e r  dur ing  t h e  low-flow 
o r  s t a g n a n t  p e r i o d s  of summer and f a l l .  Calcium, magnesium, sodium, p o t a s -  
sium, manganese, and c h l o r i d e  were p r i m a r i l y  f i l t e r a b l e  and tended t o  show 
t h e  same p a t t e r n s  as c o n d u c t i v i t y  i n  b o t h  t h e  n a t u r a l  and t h e  c h a n n e l i z e d  
s t reams .  I r o n ,  s i l i c o n ,  and aluminum were p r i m a r i l y  p a r t i c u l a t e ,  e s p e c i a l l y  
dur ing  s p a t e s .  There was a  s e a s o n a l  p a t t e r n  of low d i s s o l v e d  oxygen and 
abundant i r o n  dur ing  summer p e r i o d s  o f  low s t r e a m  f low i n  t h e  n a t u r a l  s t r eams .  

The w a t e r s  o f  channe l ized  s t reams  had g e n e r a l l y  h i g h e r  l e v e l s  o f  pH . 
(mean annua l  v a l u e s  of 6.1 - 7.0) ,  c o n d u c t i v i t y  (69 - 172 u mho cm-I), and 
t u r b i d i t y  (15 - 34 J.T.U.) t h a n  n a t u r a l  s t r eams .  Color ,  however, was some- 
what lower (35 - 84 Std. U n i t s )  excep t  f o r  one s t a t i o n  on Tracey Swamp which 
r e c e i v e s  d ra inage  from a  lowland hardwood f o r e s t  ( annua l  mean c o l o r  o f  142 
Std. U n i t s ) .  N i t r a t e  c o n c e n t r a t i o n s  were v e r y  much h i  h e r  than  i n  t h e  f n a t u r a l  s t r eams  (mean annual  l e v e l s  of 0.4 - 1.7  mg 1' ). There are known 
p o i n t  s o u r c e s  o f  n i t r o g e n  (sewage and l i v e s t o c k  farm dra inage)  and t h e r e  is  
ev idence  o f  e x t e n s i v e  i n p u t s  where f e r t i l i z e r  i s  l e a c h e d  from t i l l e d  f i e l d s .  
P a r t  o f  t h e  i n c r e a s e ,  however, may be a t t r i b u t e d  t o  t h e  absence o f  a 
f u n c t i o n i n g  n a t u r a l  swamp f l o o d p l a i n  sys tem t o  s t r i p  n i t r o g e n  from t h e  water .  
Ammonium c o n c e n t r a t i o n s  i n  channe l ized  s t r e a m s  were n o t  d i f  f e r e n t  from t h o s e  
o f  n a t u r a l  s t r eams  when p o i n t  s o u r c e s  of l i v e s t o c k  w a s t e s  a r e  t aken  i n t o  
c o n s i d e r a t i o n .  Mean annua l  f i l t e r a b l e  reac t ive -P  c o n c e n t r a t i o n s  were 0.010 - 
0.018 mg 1-1 i n  channe l ized  s t reams  w i t h o u t  p o i n t  s o u r c e s ,  abou t  twice  t h e  
l e v e l s  i n  u n p o l l u t e d  n a t u r a l  s t reams.  P a r t i c u l a t e - P  mean a n n u a l  concentra-  
t i o n s  i n  t h e  channe l ized  s t reams  were i n  t h e  range .03 - .11 mg 1-I, o r  
s e v e r a l  f o l d  h i g h e r  than i n  n a t u r a l  s t r eams .  The mean annua l  c o n c e n t r a t i o n s  
of i r o n  and manganese were g e n e r a l l y  h i g h e r  i n  n a t u r a l  s t r eams  because  o f  
t h e i r  abundance d u r i n g  t h e  summer and f a l l  p e r i o d  of low d i s s o l v e d  oxygen 
than i n  channe l ized  s t reams  which seldom became oxygen d e p l e t e d .  Other  
e lements  (Mg, Na, K ,  A l ,  and S i )  were s i g n i f i c a n t l y  h i g h e r  i n  channe l ized  
t h a n  i n  n a t u r a l  s t r eams ,  e s p e c i a l l y  e lements  which e x i s t e d  p r i m a r i l y  as 
p a r t i c u l a t e s  (A1 and S i ) .  

Da i ly  sampl ing showed c l e a r  r e l a t i o n s h i p s  between s t ream d i s c h a r g e  d u r i n g  
s p a t e s  and w a t e r  q u a l i t y  f o r  b o t h  channe l ized  and n a t u r a l  s t r eams .  Nitrate, 
ammonium, p a r t i c u l a t e - P ,  f i l t e r a b l e  r e a c t i v e - P ,  S i ,  A l ,  and i r o n  g e n e r a l l y  
tended t o  i n c r e a s e  i n  c o n c e n t r a t i o n  c o i n c i d e n t l y  w i t h  r a i n f a l l  and w i t h  t h e  
r i s e  i n  s t ream d i scharge ,  o f t e n  reach ing  peak c o n c e n t r a t i o n s  1-2 days b e f o r e  
maximal d i scharge .  Transpor t  r a t e s  o f  water-borne materials i n c r e a s e d  from 
one t o  t h r e e  o r d e r s  o f  magnitude o v e r  r a t e s  measured d u r i n g  s t e a d y  o r  normal  
f low p e r i o d s ,  t h e s e  h i g h  r a t e s  r e s u l t i n g  from coupl ing  o f  h i g h  d i s c h a r g e  and 
e l e v a t e d  e l e m e n t a l  c o n c e n t r a t i o n s .  Measurements made dur ing  two s p a t e  
p e r i o d s  r e v e a l e d  t h a t  a channe l ized  s t r e a m  (Clayroo t  Swamp) had f l u x  r a t e s  
up t o  10 t imes  h i g h e r  than  a  n a t u r a l  s t r eam (Creeping Swamp), e s p e c i a l l y  f o r  



p a r t i c u l a t e  m a t e r i a l s .  Export o f  t h e s e  m a t e r i a l s  d u r i n g  s p a t e s  i s  a  major  
component of t o t a l  annua l  f l u x e s  f o r  North C a r o l i n a  C o a s t a l  P l a i n  streams 
because  o f  h igh  e l e m e n t a l  t r a n s p o r t  rates and t h e  r e l a t i v e l y  h i g h  f requency  
of s p a t e  e v e n t s  d u r i n g  a  year .  

Weighted mean annua l  c o n c e n t r a t i o n s  o f  s e v e r a l  s p e c i e s  o f  n i t r o g e n  and 
phosphorus were h i g h e r  i n  b u l k  p r e c i p i t a t i o n  ( r a i n f a l l  p l u s  d r y f a l l )  than  i n  
t h e  w a t e r s  o f  e i t h e r  n a t u r a l  o r  channe l ized  s t reams.  The lower  s t r e a m  w a t e r  
c o n c e n t r a t i o n s  coupled w i t h  w a t e r  l o s s e s  by e v a p o t r a n s p i r a t i o n  p o i n t  t o  
s t r o n g  r e t e n t i v e  c a p a c i t i e s  f o r  N and P by t h e s e  wa te r sheds ,  p a r t i c u l a r l y  
wa te r sheds  d r a i n e d  by n a t u r a l  s t reams.  I n c r e a s e d  i n p u t s  i n  t h e  form of 
sewage, l i v e s t o c k  w a s t e s ,  and f e r t i l i z e r  runof f  does r e s u l t  i n  h i g h e r  o u t p u t s  
o f  N and P from t h e s e  wa te r sheds ,  r e g a r d l e s s  of t h e  channel  c h a r a c t e r i s t i c s  
of t h e  s t ream.  Although t h e  n e c e s s a r y  d a t a  a r e  l a c k i n g ,  we s u g g e s t ,  however, 
t h a t  t h e s e  wa te r sheds  r e t a i n  a  p r o p o r t i o n  of t h e  i n c r e a s e d  i n p u t s  o f  N and P 
from p o i n t  sources .  On t h e  o t h e r  hand, Ca, Mg, Na, K,  and C 1  were  abundant 
i n  s u r f a c e  w a t e r s  and t h e r e  were o u t p u t s  o f  t h e s e  e lements  g r e a t e r  than 
p r e c i p i t a t i o n  i n p u t s  from most wa te r sheds ,  n a t u r a l  o r  channe l ized .  The up- 
s t ream s t a t i o n  a t  Creeping Swamp, however, a p p a r e n t l y  r e c e i v e d  v e r y  l i t t l e  
groundwater and consequent ly  t h e  p r e c i p i t a t i o n  i n p u t s  o f  Ca, Mg, Na, K,  and 
C 1  accounted f o r  most o f  t h e  o u t p u t  by t h e  s t ream.  

Based on t h e  above f i n d i n g s  we recommend: 

1. The bot tomland ecosystem should  be  recognized  as a  v a l u a b l e  r e s o u r c e  
i n  i t s  n a t u r a l  s t a t e .  It prov ides  mechanisms f o r  removal of s i l t  and 
n u t r i e n t s  from w a t e r  w i t h o u t  o p e r a t i n g  and maintenance c o s t s .  T h i s  n o t  o n l y  
h a s  i m p l i c a t i o n s  f o r  w a t e r  q u a l i t y  w i t h i n  t h e  wa te r shed ,  b u t  a l s o  f o r  w a t e r  
q u a l i t y  of downstream r i v e r s  and e s t u a r i e s .  The g e n e r a l  c i t i z e n  and t h e  
landowner shou ld  be  made aware of t h e  v a l u e  o f  we t land  systems and economic 
i n c e n t i v e s  should be  p rov ided  t o  t h e  landowner t o  encourage him t o  r e t a i n  
t h e  swamp f o r e s t  i n  a f u n c t i o n a l  s t a t e  r a t h e r  t h a n  c o n v e r t i n g  it t o  o t h e r  
uses. The commonly inunda ted  p o r t i o n  of t h e  swamp s t r e a m  f l o o d p l a i n  shou ld  
b e  given s p e c i a l  p r o t e c t i o n .  I t  i s  t h e  a r e a  i n  which most of t h e  t r i b u t a r y -  
borne s i l t s  s e t t l e  ou t .  I t  f u n c t i o n s  a s  a  n u r s e r y  a r e a  f o r  f i s h  and a q u a t i c  
organisms and a s  a  s i t e  f o r  t h e  t r a n s f e r  of t e r r e s t r i a l  p roduc t ion  v i a  l i t t e r -  
f a l l  and t h r o u g h - f a l l  from t h e  f o r e s t  t o  t h e  a q u a t i c  food  web of t h e  inunda ted  
swamp. Because o f  n a t u r a l  s l o p e s  w i t h i n  t h i s  a r e a ,  a s  t h e  w a t e r  l e v e l  de- 
c r e a s e s ,  few s t a g n a n t  p o o l s  remain a s  s i t e s  f o r  mosquito b reed ing .  However, 
i f  t h e  a r e a  i s  d i s t u r b e d  by logg ing  o r  c l e a r i n g  o p e r a t i o n s ,  t h e n  numerous 
i s o l a t e d  p o c k e t s  a r e  formed where w a t e r  w i l l  remain and form i d e a l  s i t e s  f o r  
mosquito b reed ing .  

2. A r e d u c t i o n  i n  t h e  r a t e  a t  which s t r e a m  c h a n n e l i z a t i o n  i s  proceed ing  
should be e f f e c t e d  u n t i l  t h e  sponsor ing  a g e n c i e s  a r e  a b l e  t o  p r o v i d e  s a t i s -  
f a c t o r y  c o n t r o l s  f o r  t h e  causes  of i n c r e a s e d  p a r t i c u l a t e  m a t t e r  and n u t r i e n t s ,  
e s p e c i a l l y  n i t r a t e ,  i n  t h e  s t ream.  The S o i l  Conservat ion S e r v i c e  i n  p a r t i c u l a r  
should  determine t h e  p r e c i s e  source  of s i l t  and n i t r a t e  i n  t h e  s t r e a m s  which 
i t  has  a l r e a d y  channel ized.  I f  t h e  p r i n c i p a l  s o u r c e  is  a g r i c u l t u r a l  f i e l d s ,  
t h e  S. C. S. shou ld  develop and recommend t i l l a g e  t e c h n i q u e s  which w i l l  con- 
s e r v e  t h e  s o i l  and t h e  n u t r i e n t s  on t h e  farm r a t h e r  t h a n  p e r m i t t i n g  them t o  
e n t e r  t h e  wa te rcourse .  A r e d u c t i o n  i n  emphasis w i t h i n  t h e  S.C.S. on i n c r e a s -  
i n g  immediate farm income and renewed emphasis on long-term s o i l  s t e w a r d s h i p  



should be  promoted. I f  o t h e r  s o u r c e s  of p a r t i c u l a t e  m a t t e r  and n u t r i e n t s  
a r e  more i m p o r t a n t ,  methods f o r  t h e i r  c o n t r o l  should  be  developed; f o r  
example, paving of a l l  r o a d s  i n  t h e  wa te r shed  and sodding o f  t h e  s h o u l d e r s  
would do much t o  reduce t h i s  s o u r c e  of s i l t .  A l l  c o s t s  of s i l t  and n i t r a t e  
r e d u c t i o n  shou ld  be i n c l u d e d  i n  b e n e f i t l c o s t  a n a l y s e s .  

3. Cont ro l  of p o i n t  source  n u t r i e n t  i n p u t  i s  a n  e q u a l  cha l l enge .  
M u n i c i p a l i t i e s  and hog-farm and poul t ry-farm o p e r a t o r s  i n  p a r t i c u l a r  must 
keep e f f l u e n t s  low i n  volume and i n  n u t r i e n t  c o n t e n t  t o  a v o i d  p o l l u t i o n  of 
n a t u r a l  o r  channe l ized  s t reams .  A n a t u r a l  s t r eam i s  more l i k e l y  t o  m a i n t a i n  
lower n i t r a t e  c o n c e n t r a t i o n s  i n  i t s  w a t e r  t h a n  a  channe l ized  s t ream,  g iven  
t h e  same was te  i n p u t .  E f f l u e n t  d i t c h e s  shou ld  end a t  t h e  edge of t h e  f lood-  
p l a i n  s o  t h a t  wastewaters  would be d i s p e r s e d  o v e r  t h e  f l o o d p l a i n  b e f o r e  
e n t e r i n g  t h e  main channel. T h i s  would d i l u t e  t h e  e f f l u e n t  and a l l o w  f o r  more 
sed imenta t ion  and b i o l o g i c a l  a b s o r p t i o n  o f  n u t r i e n t s  b e f o r e  t h e  was tewate r s  
reached t h e  main channel.  I n v e s t i g a t i o n s  shou ld  be conducted t o  l e a r n  i f  
s p r a y i n g  o f  sewage o r  o t h e r  was tes  o n t o  t h e  swamp f l o o r  dur ing  low-flow 
p e r i o d s  would p rov ide  e f f e c t i v e  n u t r i e n t  s t r i p p i n g .  

4. The N. C. Department of N a t u r a l  Resources and Community Development 
shou ld  c o n s i d e r  e s t a b l i s h i n g  a  r i g o r o u s  and e x t e n s i v e  moni to r ing  program 
based on t u r b i d i t y ,  c o n d u c t i v i t y ,  and n i t r a t e ,  ammonium, f i l t e r a b l e  r e a c t i v e -  
P ,  and p a r t i c u l a t e - P  c o n c e n t r a t i o n s  t o  d e t e c t  i m p o r t a n t  changes o v e r  t ime i n  
bo th  n a t u r a l  and channe l ized  s t reams.  S p e c i a l  a t t e n t i o n  shou ld  be p a i d  t o  
s p a t e  p e r i o d s  one t o  two days b e f o r e  peak d i s c h a r g e  i n  o r d e r  t o  i n c l u d e  samples 
r e p r e s e n t a t i v e  of some of t h e  h i g h e s t  c o n c e n t r a t i o n s  and f l u x e s  which o c c u r  
dur ing  t h e  year .  

5. Degradation o f  wa te r  q u a l i t y  i n  n a t u r a l  s t r e a m s  by s i l t  from road- 
s i d e  d i t c h e s  shou ld  be a l l e v i a t e d .  I n  many c a s e s  t h i s  might be done by 
l e a d i n g  t h e  d i t c h  away from t h e  road w h i l e  s t i l l  some d i s t a n c e  from t h e  
f l o o d p l a i n .  The d i t c h  shou ld  then t e r m i n a t e  a t  t h e  edge of t h e  f l o o d p l a i n  
10 - 30 m from t h e  road so t h a t  d i t c h  runof f  w i l l  s p r e a d  o u t  a s  a  t h i n  s h e e t  
and d rop  i t s  s i l t  l o a d  b e f o r e  reach ing  t h e  main s t ream.  

6. Three r e s e a r c h  programs seem d e s i r a b l e .  The f i r s t  would e s t a b l i s h  
more p r e c i s e l y  t h e  e f f e c t s  o f  l a n d  use on w a t e r  q u a l i t y  i n  t h e  C o a s t a l  P l a i n  
of North Carol ina .  S p e c i f i c a l l y  we need more p r e c i s e  i n f o r m a t i o n  on t h e  
amounts of s i l t ,  n i t r o g e n ,  and phosphorus l e a v i n g  v a r i o u s  k i n d s  of crop 
l a n d s ,  l i v e s t o c k  o p e r a t i o n s ,  n a t u r a l  and p l a n t e d  f o r e s t s ,  towns, t r a i l e r  
p a r k s ,  e t c .  These r e s u l t s  would g r e a t l y  a i d  i n  l a n d  u s e  p lann ing  as i t  re -  
l a t e s  t o  w a t e r  q u a l i t y .  The second would e s t a b l i s h  t h e  d i r e c t i o n  and r a t e  
of change i n  l a n d  use  f o l l o w i n g  s t ream c h a n n e l i z a t i o n .  These r e s u l t s  would 
permi t  a  long-term view of t h e  l a t e r  impacts  t o  be  expec ted  fo l lowing  s t r e a m  
m o d i f i c a t i o n  and permit  a  more e x a c t  s t a t e m e n t  o f  env i ronmenta l  impac t s ,  
c o s t s ,  and b e n e f i t s .  A t h i r d  r e s e a r c h  program would s e e k  t o  measure t h e  
e f f i c i e n c y  and f e a s i b i l i t y  o f  u s i n g  bottomland ecosystems f o r  t e r t i a r y  t r e a t -  
ment of sewage. 

x v i i  
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INTRODUCTION 

General  

North C a r o l i n a  h a s  t h r e e  major  p h y s i o g r a p h i c  p r o v i n c e s  ( ~ i ~ .  1 ) .  I n  t h e  
wes t ,  t h e  Appalachian Mountains a r e  c h a r a c t e r i z e d  by h i g h  e l e v a t i o n s ,  s t e e p  
s l o p e s ,  rocky s o i l s ,  and s w i f t  s t reams.  I n  t h e  c e n t e r ,  t h e  Piedmont P l a t e a u  
i s  c h a r a c t e r i z e d  by i n t e r m e d i a t e  e l e v a t i o n s  and s l o p e s ,  and c l a y e y  s o i l s .  
I n  t h e  e a s t ,  t h e  C o a s t a l  P l a i n  is  c h a r a c t e r i z e d  by low e l e v a t i o n s ,  g e n t l e  
s l o p e s ,  c layey  t o  sandy s o i l s ,  and s l u g g i s h  s t reams.  The f l a t n e s s  of t h e  
l a n d ,  t h e  g e n t l e  g rades  o f  t h e  s t reams ,  and t h e  abundant r a i n f a l l  of  t h e  
C o a s t a l  P l a i n  r e s u l t  i n  h i g h  w a t e r  t a b l e s  and an abundance o f  we t lands .  
Wilson (1962) e s t i m a t e d  t h a t  95% of  t h e  we t lands  o f  North  C a r o l i n a  are i n  
t h e  C o a s t a l  P l a i n  province.  The a r e a s  covered by wet lands  a r e  s u b s t a n t i a l .  
I n  1962 North C a r o l i n a  had n e a r l y  24,000 km2 o f  we t lands ,  most o f  which was 
comprised of (1)  Bogs ( a l s o  c a l l e d  Southern bog swamp o r  p o c o s i n ) ,  (2)  Sounds 
and Bays (e.g. ,  Pamlico and Albemarle Sounds),  (3)  Wooded Swamps ( f o r  example, 
a long t h e  lower  reaches  o f  Tar ,  Neuse, Cape Fear ,  and Roanoke R i v e r s ) ,  and. 
(4)  S e a s o n a l l y  Flooded Bottomlands (most ly  t h e  f l o o d  p l a i n s  o f  C o a s t a l  P l a i n  
s t r e a m s )  (Table  1 ) .  These bottomland o r  f lood-p la in  swamp s t r e a m s  i n  t h e i r  
n a t u r a l  and modi f i ed  c o n d i t i o n  a r e  t h e  major  t o p i c  of t h i s  r e p o r t .  

Some r e s i d e n t s  of t h e  C o a s t a l  P l a i n  a r e  t r o u b l e d  by stream f l o o d i n g .  
Farmers w i t h  f l a t ,  low-lying f i e l d s  o f t e n  have d i f f i c u l t y  plowing and p l a n t -  
i n g  i n  t h e  s p r i n g  b e f o r e  t h e  w i n t e r  f l o o d s  have l e f t  t h e  swamps, o r  t h e y  may 
have d i f f i c u l t y  t i l l i n g  o r  h a r v e s t i n g  f o l l o w i n g  wet  weather .  Timber h a r v e s t -  
i n g  i s  impeded. Residences  b u i l t  i n  low a r e a s  e x p e r i e n c e  s e p t i c  t a n k  f a i l u r e s  
which release raw sewage t o  t h e  s u r f a c e  wa te r .  Low-lying roads  become impass- 
a b l e  a f t e r  unusua l  r a i n s t o r m s .  Mosquitoes sometimes become abundant.  The 
u s u a l  remedy f o r  such problems i s  t o  d i g  d r a i n a g e  d i t c h e s  t o  t h e  n e a r e s t  
s t r eam t o  c a r r y  o f f  e x c e s s  wa te r ,  b u t  t h e  c a p a c i t y  of t h e  s t r e a m  t o  c a r r y  
away t h e  f l o o d w a t e r s  i s  o f t e n  d i s a p p o i n t i n g .  I n  f a c t ,  t h e  l o c a l  t r i b u t a r y  
may a c t u a l l y  be  f l o o d i n g  downstream l a n d s  because  of upst ream r u n o f f .  Thus 
t h e  n e x t  s t e p  o f t e n  was c h a n n e l i z a t i o n  of t h e  s t ream,  an o p e r a t i o n  which 
s t r a i g h t e n s ,  widens ,  and deepens a  stream f o r  t h e  purpose  o f  i n c r e a s i n g  t h e  
d i s c h a r g e  r a t e  and the reby  s h o r t e n i n g  t h e  d u r a t i o n  of n a t u r a l  f l o o d i n g .  I n  
r e c e n t  decades  landowners have r e q u e s t e d  and r e c e i v e d  a s s i s t a n c e  from U.S. 
S o i l  Conservat ion S e r v i c e  (S. C. S. ) f o r  c h a n n e l i z a t i o n .  Between 1955 and 1973, 
t h e  S.C.S. had completed 679 m i l e s  (1093 km) o f  c h a n n e l i z a t i o n  p r o j e c t s  i n  
North C a r o l i n a  under  PL-566 ( S o i l  Conservat ion S e r v i c e ,  1973).  "channel  
improvement," however, h a s  n o t  been conf ined  t o  North C a r o l i n a  s t reams .  The 
amount o f  a l l  channel  m o d i f i c a t i o n  completed by S.C.S. i n  t h e  Uni ted  S t a t e s  
i n c r e a s e d  from about  7730 m i l e s  i n  1972 t o  abou t  9290 m i l e s  i n  1974, an 
i n c r e a s e  o f  20% i n  two y e a r s  (Thomas 1975).  Nor h a s  i t  been conf ined  t o  
a c t i v i t i e s  o f  S.C.S.; p r i v a t e  i n d i v i d u a l s ,  highway depar tments ,  t h e  U.S. Army 
Corps of E n g i n e e r s ,  a g e n c i e s  r e s p o n s i b l e  f o r  mosquito c o n t r o l ,  and o t h e r s  
have completed an e s t i m a t e d  20,000 m i l e s  o r  more o f  d i t c h e s  and d r a i n a g e  
c a n a l s  i n  North  C a r o l i n a  (J. L. Hicks ,  p e r s o n a l  communication). The Uni ted  
S t a t e s  h a s  p e r m i t t e d ,  and l a r g e l y  sponsored,  development, improvement, o r  
m o d i f i c a t i o n  o f  a t  l e a s t  200,000 m i l e s  o f  waterways i n  t h e  p a s t  150  y e a r s ,  
f o r  d r a i n a g e ,  f l o o d  c o n t r o l ,  and t r a n s p o r t  (Wilkinson 1973). The d r a i n a g e  
a s p e c t  has  a f f e c t e d  130 m i l l i o n  a c r e s  i n  t h e  Uni ted S t a t e s ,  o r  abou t  40 t imes  
t h e  t o t a l  we t land  a r e a  o f  North Caro l ina .  





Table  1. Approximate Acreages o f  North C a r o l i n a  Wetland Types 
( a f t e r  Wilson 1962) 

Wetland Type 

Bogs 

Sounds and Bays 

Wooded Swamps 

Seasona l ly  Flooded Bottomlands 

C o a s t a l  Open Fresh  Water 

I r r e g u l a r l y  Flooded S a l t  Marsh 

I n l a n d  Open Fresh  Water 

Regula r ly  Flooded S a l t  Marsh 

Fresh  Marsh 

T o t a l  

Acreage 

2,263,000 

1,496,000 

989,000 

459,000 

385,000 

100,000 

88,000 

58,000 

48,000 

5,886 , 000 



The p o t e n t i a l  b e n e f i t s  o f  c h a n n e l i z a t i o n  t o  l o c a l  r e s i d e n t s  i n  terms o f  
r e l i e f  from f l o o d i n g  a r e  recognized ,  b u t  q u e s t i o n s  have been r a i s e d  r e g a r d i n g  
n e g a t i v e  impacts on f r e s h w a t e r  s p o r t s  f i s h i n g ,  on anadromous f i s h  spawning, on 
game and o t h e r  w i l d l i f e ,  on swamp t imber  p r o d u c t i v i t y ,  on s u r f a c e  and ground- 
w a t e r  budge t s ,  on s u r f a c e  w a t e r  q u a l i t y ,  and on p o s s i b l e  e f f e c t s  upon down- 
s t r e a m  e s t u a r i n e  p r o d u c t i v i t y .  Th i s  r e p o r t  shows some o f  t h e  e f f e c t s  of 
swamps and o f  c h a n n e l i z a t i o n  on w a t e r  q u a l i t y  o f  swamp s t reams .  The term 
11 w a t e r  q u a l i t y "  i n c l u d e s  t h e  p h y s i c a l ,  chemical ,  and b i o l o g i c a l  c h a r a c t e r i s t i c s  
of w a t e r  t h a t  i n f l u e n c e  i t s  u s e f u l n e s s  and d e s i r a b i l i t y  f o r  a wide range o f  
human needs.  The i n v e s t i g a t i o n  examined p r i m a r i l y  t h o s e  a s p e c t s  of w a t e r  
q u a l i t y  which may be o f  e c o l o g i c a l  and economic importance and which may be  
s i g n i f i c a n t l y  modi f i ed  by t h e  c h a n n e l i z a t i o n  of swamp s t r e a m s ,  e s p e c i a l l y  
t h e  p h y s i c a l  c h a r a c t e r i s t i c s ,  t h e  p l a n t  n u t r i e n t s ,  o r g a n i c  and i n o r g a n i c  
carbon,  and c e r t a i n  m e t a l s .  

Hydro logy 

The hydrology o f  s t r e a m s ,  n a t u r a l  o r  channe l ized ,  
t o  many a s p e c t s  of w a t e r  q u a l i t y .  Small  n a t u r a l  Lower 
o r d i n a r i l y  have r e l a t i v e l y  shal low,  sometimes b r a i d e d ,  
capab le  o f  c a r r y i n g  l i t t l e  more than  t h e  b a s e  f lows o f  
s t reams  become i n t e r m i t  t e n t  dur ing  t h a t  s e a s o n ,  runof f  
r a i n s  p e r i o d i c a l l y  i n c r e a s e s  s t ream s t a g e  s u f f i c i e n t l y  
p a r t  of t h e  f l o o d  p l a i n .  During the5h igh  w a t e r  p e r i o d  
o f  t h e  f l o o d p l a i n  i s  covered 0.'2-0.5 m deep (Fig .  2 ) .  

i s  o f  g r e a t  importan'ce 
C o a s t a l  P l a i n  s t r e a m s  
s t r e a m  channe l s  
summer. Although some 
from heavy summer 
t o  inunda te  t h e  lower  
o f  w i n t e r ,  most o r  a l l  
The w a t e r  t a b l e  is  

always h igh ,  even under t h e  neighb&ing "upland." Drainage channe l s  a r e  
des igned  t o  c o n t a i n  a lmost  a l l  of t h e  f loodwate rs  s o  t h a t  t h e  former f lood-  
p l a i n  i s  l a r g e l y  d r a i n e d  (Fig .  2 ) .  During d ry  wea ther  t h e  s t r e a m ' s  f l o w  is  
o f t e n  r e s t r i c t e d  t o  a  s m a l l  meandering channel  w i t h i n  t h e  c o n s t r u c t e d  channel.  
Groundwater (base  flow) u s u a l l y  keeps  t h e  channe l ized  s t ream f lowing ,  espe- 
c i a l l y  s i n c e  t h e  dep th  has  been i n c r e a s e d  by 1 .3  t o  3  m. S p o i l  i s  p i l e d  
a long one o r  bo th  s i d e s  of t h e  cana l .  Excavat ion by d r a g l i n e  u s u a l l y  r e q n i r e s  
c l e a r i n g  o f  5-10 m of t imber  on each s i d e  o f  t h e  c a n a l ,  the reby  opening t h e  
wa te rcourse  t o  s u n l i g h t .  Drainage c a n a l s  a l s o  draw down t h e  w a t e r  t a b l e  t o  
pe rmi t  d ry ing  o f  f i e l d s  b o r d e r i n g  t h e  f l o o d p l a i n .  Throughout most o f  o u r  
s t u d y  a r e a  t h e  deep C a s t l e  Hayne Limestone ( a  h i g h l y  porous Eocene d e p o s i t )  
i s  o v e r l a i n  by Pungo River  Formation ( p h o s p h a t i c  sands  o f  t h e  middle  Miocene). 
These i n  t u r n  a r e  o v e r l a i n  by t h e  s i l t s  and c l a y s  o f  t h e  Yorktown Formation 
(upper Miocene) which a r e  i n  t u r n  o v e r l a i n  i n  p a r t  ( h i g h e s t  e l e v a t i o n s )  by 
s u r f i c i a l  sands  and s i l t s  o f  t h e  Quar te rnary  ( P l e i s t o c e n e  and Recent) .  
I n f i l t r a t i n g  r a i n w a t e r  p e r c o l a t e s  downward i n t o  t h e s e  d e p o s i t s .  The hydro- 
s t a t i c  head developed i s  s u f f i c i e n t  t o  cause  a  s u b s t a n t i a l  q u a n t i t y  of w a t e r  
t o  e n t e r  t h e  n a t u r a l  s t r eam from t h e  Yorktown and t h e  C a s t l e  Hayne, e s p e c i a l l y  
i n  t h e  lower r e a c h e s  o f  t h e  s t r e a m ,  p r o v i d i n g  b a s e  f low (Winner and Simmons 
1977). Channe l iza t ion  lowers  t h e  w a t e r  t a b l e  a l o n g  t h e  w a t e r  course  and 
p e r m i t s  a d d i t i o n a l  w a t e r  s t o r a g e  as groundwater,  the reby  d e c r e a s i n g  f l o o d i n g  
from s m a l l  and medium ra ins to rms .  

The measurements by t h e  U.S. Geolog ica l  Survey o f  s t r e a m  d i s c h a r g e  from 
Creeping Swamp, Palmet to  Swamp, and Conetoe Creek (Figs .  3 ,  4 ,  5 )  show t h e  
markedly h i g h e r  f lows i n  w i n t e r  than i n  summer. Because p r e c i p i t a t i o n  i s  
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Fig. 2. Diagram of cross-sect ion through t y p i c a l  n a t u r a l  and channel ized 
bottomlands i n  ea s t e rn  North Caro l ina  showing channel contours  and t h e  gene ra l  
n a t u r e  of t h e  hydro logica l  regimes. The v e r t i c a l  s c a l e  is  g r e a t l y  exaggerated. 
Construct ion s p e c i f i c a t i o n s  f o r  t h e  channel ized s t r e a e  vary  wi th  t h e  s i z e  of 
t h e  watershed, but  a r e  u sua l ly  i n  t h e  fol lowing ranges : bottom widths,  1.3- 
15.0 m; depth 1.3-3 m; s i d e  s lopes  approximately 1:l. The percent  of t ime 
f looded t o  t h e  ind ica ted  l e v e l s  were der ived  from 1975-76 wa te r  l e v e l  records  
f o r  Creeping Swamp and Conetoe Creek. 



Fig. 3. Daily d ischarge  a t  Creeping Swamp s t a t i o n  CP-10 f o r  1975 and 1976. 
Data from U. S. Geological  Survey (1976, 1977). Bar graphs r ep re sen t  5-day 
r a i n f a l l  c o l l e c t e d  by M s .  Wil la  Baker, W i l m a r  F i r e  .Tower, U. S. Fo res t ry  
Service,  Wilmar, N.C. R a i n f a l l  measurements were n o t  made from 15  June t o  
15 October during both years .  P o i n t s  on curves mark t h e  sampling dates .  







nea r ly  uniform throughout t he  yea r ,  t he  low runoff of  summer and e a r l y  f a l l  
i s  a t t r i b u t e d  t o  t he  h igh  evapot ranspi ra t ion  of t h e  warm, growing season. 
Heavy r a i n f a l l ,  however, may produce h igh  discharge r a t e s  ( spa t e s )  during any 
season. For the most p a r t  mean monthly discharges were l a r g e s t  i n  Conetoe 
Creek and progress ive ly  smal le r  i n  Creeping Swamp and Palmetto Swamp i n  
agreement wi th  the  r e l a t i v e  s i z e s  of t h e i r  drainage a reas  ( s ee  below). The 
mean d a i l y  flow of each of t h e s e  t h r e e  s t reams (Figs. 3 ,  4 ,  5) shows t h e  de- 
t a i l s  of temporal v a r i a t i o n  i n  runoff ,  and sugges ts ,  by t h e  r e l a t i o n s h i p  
between flow and stream s t a g e ,  t h e  v a r i a t i o n  i n  water  depth and consequent 
f looding  pa t t e rns .  

Water Budget o f  Creeping Swamp 

The U.S. Geological Survey prepared an annual water  budget f o r  Creeping 
Swamp watershed (Fig. 6, a f t e r  Winner and Simmons 1977). The measured over- 
land and base runoff a r e  approximately equal  and t o t a l  more than  one-third 
of t h e  p r e c i p i t a t i o n  which f a l l s  on t h e  watershed. The c a l c u l a t e d  ground- 
water  outf low from the  a r e a  through deep a q u i f e r s  i s  very smal l ,  about 2%: 
The remainder of t h e  incoming p r e c i p i t a t i o n  (61%) r e t u r n s  t o  t h e  atmosphere 
a s  evapot ranspi ra t ion .  This amount i s  somewhat l e s s  than p o t e n t i a l  
evapot ranspi ra t ion  (73%) repor ted  by Sumsion (1970). 

Water Qual i ty  C h a r a c t e r i s t i c s  

A number of t he  c h a r a c t e r i s t i c s  of t h e  water  of Coas ta l  P l a i n  s t reams 
a r e  a t t r i b u t a b l e  i n  l a r g e  p a r t  t o  t h e  e f f e c t s  of pocosin, wooded swamp, and 
bottomland f o r e s t  systems. These c h a r a c t e r i s t i c s  hold e s p e c i a l l y  w e l l  f o r  
streams which d r a i n  ombrotophic pocosins  where a deep l a y e r  of pea t  has  
formed over  t h e  mineral  s o i l  and f o r  s t reams which de r ive  t h e i r  flow from 
a reas  of r e l a t i v e l y  pure s i l i c i o u s  sands. Ombrotrophic ecosystems d e r i v e  
p l a n t  n u t r i e n t s  from the  scan t  amounts i n  p r e c i p i t a t i o n .  These waters  
t y p i c a l l y  ca r ry  a l a r g e  amount of  non- f i l t e r ab le  dark-colored o rgan ic  carbon 
but have low t u r b i d i t y ,  low pH, and only  smal l  amounts of d i sso lved  s o l i d s  
Pardue, Huish, and Per ry  1975; Reuter and Perdue 1972; Lewis and Tyburczy 
1974; Rykiel 1977; Beck 1972). They a l s o  tend t o  have low concent ra t ions  of 
d i sso lved  n i t r a t e  and phosphate and in te rmedia te  l e v e l s  of ammonium and 
organic-N (Pardue, e t  a l . ,  1975; Ca r t e r ,  Bums,  Cavinder, Dugger, Fore, 
Hicks, Revel l s ,  and Schmidt 1973). The l a r g e  amounts of d i sso lved  o rgan ic  
ma t t e r  r e s u l t  p a r t l y  from carbon compounds leached d i r e c t l y  from t h e  l i v i n g  
vegeta t ion  by r a i n ,  p a r t l y  from leaching  of l i t t e r ,  and p a r t l y  from the  many 
so luble  organic  compounds, inc luding  f u l v i c  and humic m a t e r i a l s ,  formed i n  
the  s o i l s  and i n  t h e  swamp water  i t s e l f  (Reuter and Perdue 1972; Brinson 
1977b;Mulholland, unpub. da t a ;  Ponnamperuma 1972; Etherington 1975). 

The s a l i e n t  f e a t u r e s  of Coastal  P l a i n  streams a r e  shared wi th  many 
Coastal  P l a i n  l a k e s  and ponds which r ece ive  swamp drainage. O f  8 n a t u r a l  
l akes  and 11 m i l l  ponds i n  North Caro l ina  (Weiss and Kuenzler 1976),  1 8  had 
t u r b i d i t i e s  l e s s  than 1 3  Jackson Turbid i ty  Uni t s ,  1 5  had c o l o r  va lues  of 
65-500 P t  u n i t s ,  12 had PH's between 3.1 and 6.5, 1 4  had c o n d u c t i v i t i e s  l e s s  
than 80 p mho cm-1, and 15 had so lub le  reactive-P concent ra t ions  below ,016 
mg 1-1. 
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Fig. 6 .  Diagram of t h e  w a t e r  budget f o r  Creeping Swamp J u l y  1974-June 1975 
( a f t e r  Winner and Simmons, 1977). 



Water q u a l i t y  i s  a f f e c t e d  by t h e  sediments  o r  s o i l s  which i t  c o n t a c t s .  
The water logged c o n d i t i o n  o f  wet land s o i l s  r educes  p e r m e a b i l i t y  of a tmospher ic  
oxygen and t h u s  r e s u l t s  i n  a  low redox  p o t e n t i a l  a s  o r g a n i c  m a t t e r  decomposes. 
The d i s s o l v e d  oxygen (D.O.) i n  swamp w a t e r s  sometimes d e c l i n e s  t o  low l e v e l s ,  
e s p e c i a l l y  i f  low f lows and s t a g n a n t  c o n d i t i o n s  o c c u r  d u r i n g  t h e  warm season  
when sediment and r o o t  metabolism r a t e s  a r e  h i g h  (OIRear 1975; Pardue,  e t  a l . ,  
19 75). P roduc t s  of a n a e r o b i c  metabolism and chemical  r e d u c t i o n  (NH3 ,  N 2 ,  
~ e ' ~ ,  ~ n f 2 ,  H2S), methane, and a l a r g e  v a r i e t y  of o t h e r  o r g a n i c  compounds) 
accumulate i n  f looded  swamp s o i l s  and d i f f u s e  i n t o  t h e  o v e r l y i n g  w a t e r  
(E ther ing ton  1975; Ponnamperuma 1972; Keup, McKee, Raabe, and Warner 1970).  
Waters of C o a s t a l  P l a i n  s t r e a m s  and r i v e r s  markedly d i f f e r e n t  from t h e  
c h a r a c t e r i s t i c s  g iven  above may r e s u l t  i f  t h e  headwaters  a r e  i n  r e g i o n s  r i c h  
i n  c l a y s  o r  l i m e s t o n e  (Ki tchens ,  Dean, Stevenson,  and Cooper 1 9 7 5 ) ,  i f  
munic ipa l  o r  o t h e r  was tes  a r e  i n t r o d u c e d  (OIRear 1975; B u l t e r  1975; Ki tchens ,  
e t  a 1  1975) ,  o r  i f  t h e  s t r e a m  r e c e i v e s  b r a c k i s h  w a t e r  by t i d a l  f l o o d i n g  a t  - * 
i t s  mouth ( C a r t e r ,  e t  a l .  , 1973). The low w a t e r  v e l o c i t i e s  w i t h i n  n a t u r a l  
swamps p e r m i t s  sed imenta t ion  of stream-borne p a r t i c l e s ,  and t h e  g r e a t  a f f i n i t y  
of t h e  v e g e t a t i o n  and swamp s o i l s  f o r  p l a n t  n u t r i e n t s  and c e r t a i n  metals h a s  
been shown t o  r e s u l t  i n  t h e  r e d u c t i o n  o f  p o l l u t a n t  l e v e l s .  The swamps 
border ing  t h e  Alcovy R i v e r ,  Georgia,  i n c r e a s e d  t h e  d i s s o l v e d  oxygen and re-  
duced t h e  BOD and f e c a l  c o l i f o r m  l e v e l s  (Wharton 1970).  The S a n t e e  Swamp, 
South C a r o l i n a ,  e f f e c t e d  r e d u c t i o n s  i n  l e v e l s  of t u r b i d i t y ,  phosphorus,  and 
f e c a l  c o l i f o r m s  (Ki tchens ,  e t  a l . ,  1975). The p o t e n t i a l  f o r  u s e  o f  we t lands  
f o r  t e r t i a r y  t r e a t m e n t  of munic ipa l  w a s t e s  i s  b e i n g  i n v e s t i g a t e d  i n  bo th  
f r e s h w a t e r  marsh and cypress  swamp ecosystems (Richardson,  Kadlec ,  Wentz, 
Chamie, and Kadlec 1976; Odum and Ewe1 1976).  

The f r e q u e n t  and r e g u l a r  measurement of d i s c h a r g e  and chemical  cons tit- 
u e n t s  h a s  made p o s s i b l e  t h e  c a l c u l a t i o n  of e l e m e n t a l  t r a n s p o r t  by s t r e a m s  
and budge t s  f o r  e n t i r e  watersheds .  For  example, t h e r e  have been measurements 
o f  t h e  annua l  l o s s e s  from wate r sheds  v e g e t a t e d  by upland f o r e s t  ecosystams of 
c a t i o n s  (L ikens ,  Bormann, Johnson, and P i e r c e  1967; Johnson and Swank l 9 7 3 ) ,  
o f  o t h e r  p l a n t  n u t r i e n t s  (Likens ,  Bormann, Johnson, F i s h e r ,  and P i e r c e  1970; 
Likens and Bormann 1972; Hobbie and Likens  1973; Bormann, L ikens ,  Siccama, 
P i e r c e ,  and Eaton l 9 7 4 ) ,  and o f  o r g a n i c  m a t t e r  and energy ( F i s h e r  and L ikens ,  
1973).  Fewer s t u d i e s  have been made i n  S o u t h e a s t e r n  f r e s h w a t e r  swamp systems. 
C a r t e r ,  e t  a l .  (1973) measured t r a n s p o r t  o f  t o t a l  K j e l d a h l  n i t r o g e n ,  t o t a l  
phosphorus,  and t o t a l  o r g a n i c  carbon from a p a r t  o f  Big Cypress Swamp, 
F l o r i d a ,  t o  t h e  e s t u a r y ,  and Rykie l  (1977) r e p o r t e d  t h e  inpu t -ou tpu t  budge t s  
o f  Ca, Mg, Na, K ,  and C 1  f o r  t h e  Okefenokee Swamp, Georgia. 

R a i n f a l l  and Its C o n t r i b u t i o n  o f  S o l u t e s  

Rainwater c o n t r i b u t e s  s i g n i f i c a n t  q u a n t i t i e s  o f  d i s s o l v e d  s a l t s  t o  
t e r r e s t r i a l  systems. Our s t u d y  a r e a  i n  t h e  A t l a n t i c  C o a s t a l  P l a i n  p r o v i n c e  
o f  North C a r o l i n a  l i e s  j u s t  above t h e  t i d e w a t e r  r e g i o n  and is  c h a r a c t e r i z e d  
by s u b t r o p i c a l  mois t  c l i m a t e  w i t h  warm summers and c o o l  w i n t e r s .  The mean 
annual  p r e c i p i t a t i o n  (most ly  r a i n )  i s  about  120 cm and i s  w e l l  d i s t r i b u t e d  
through t h e  y e a r  w i t h  a l l  months averag ing  between 7  and 10 cm mo-l, e x c e p t  t h a t  
June  through September average 1 0  t o  1 7  cm mo-1 (Sumsion 1970). The months 
August through November may be e i t h e r  d r y  o r  v e r y  wet i f  t r o p i c a l  s to rms  
s t r i k e .  P o t e n t i a l  e v a p o t r a n s p i r a t i o n  i s  about  88 cm, o r  73% of  p r e c i p i t a t i o n  



(Sumsion 1970) and most o f  t h i s  o c c u r s  from l a t e  s p r i n g  through summer. 

The chemical  composit ion o f  r a i n w a t e r  i n  e a s t e r n  North C a r o l i n a  v a r i e s  
w i t h  l o c a t i o n  r e l a t i v e  t o  t h e  source  of each e lement  (Gambell and F i s h e r  
1966).  C h l o r i d e ,  sodium, and magnesium f o r  example, come l a r g e l y  from sea 
s a l t  and a r e  h i g h e s t  n e a r  t h e  coas t .  Calcium probab ly  comes mos t ly  from 
s o i l  d u s t  and s u l f a t e  from i n d u s t r i a l  s o u r c e s  and t h e i r  c o n c e n t r a t i o n s  t e n d  
t o  i n c r e a s e  i n l a n d .  Seasona l  p a t t e r n s  a l s o  e x i s t ,  w i t h  sea s a l t  e l ements  
(Na, C 1 ,  Mg) be ing  h i g h e r  i n  w i n t e r ,  ca lc ium b e i n g  h i g h e r  i n  s p r i n g  and 
summer, and s u l f a t e  peaking duririg p e r i o d s  o f  a tmospher ic  s t a g n a t i o n  which 
permi t  i t s  accumulation.  It h a s  become i n c r e a s i n g l y  apparen t  t h a t  phosphorus 
c o n c e n t r a t i o n s  i n  r a i n f a l l  can p r o v i d e  a s i g n i f i c a n t  amount of t h i s  n u t r i e n t  
t o  ecosystems. Weighted mean phosphorus c o n c e n t r a t i o n s  i n  b u l k  p r e c i p i t a t i o n  
( r a i n f a l l  and d r y f a l l )  f o r  t h e  North C a r o l i n a  C o a s t a l  P l a i n  i s  a b o u t  0.054 
mg/l which i s  midway i n  t h e  range of c o n c e n t r a t i o n s  measured i n  t h e  e a s t e r n  
Uni ted S t a t e s .  

Gambell and F i s h e r  (1966) showed t h a t  t h e  amounts of n i t r a t e  and s u l f a t e  
i n  f o u r  Piedmont North C a r o l i n a  s t reams  could  b e  e n t i r e l y  accounted f o r  by 
t h e  annua l  amounts c o n t r i b u t e d  by p r e c i p i t a t i o n ,  b u t  o t h e r  e lements  (Ca, Mg, 
C 1 ,  Na and K)  were much more abundant i n  r i v e r  w a t e r  than  i n  r a i n w a t e r .  The 
s u l f a t e ,  ammonium, and n i t r a t e  c a r r i e d  i n  some mountain streams i n  New 
Hampshire could  a l s o  b e  mos t ly  o r  e n t i r e l y  accounted f o r  by t h e  amounts i n  
a tmospher ic  p r e c i p i t a t i o n  ( F i s h e r ,  Gambell, L ikens ,  and Bormann 1968).  

Elemental  mass b a l a n c e s  f o r  o u r  C o a s t a l  P l a i n  wa te r sheds  can b e  e s t i -  
mated by u s i n g  t h e  d a t a  of Gambell and F i s h e r  (1966) i n  c o n j u n c t i o n  w i t h  o u r  
measurements of r a i n f a l l  volume and c o n s t i t u e n t s  i n  r a i n f a l l  and s t r e a m  w a t e r s .  

Swamp P r o d u c t i v i t y  

Water q u a l i t y  and b i o l o g i c a l  p r o d u c t i v i t y  o f  t h e  swamp f o r e s t s  and t h e i r  
s t r e a m s  a r e  i n t i m a t e l y  r e l a t e d .  We s h a l l  omit  c o n s i d e r a t i o n  o f  wood pro-  
duc t ion .  Although channe l iza t ion  a p p a r e n t l y  h a s  a s u b s t a n t i a l  e f f e c t  on t h e  
composit ion of t h e  f o r e s t  by a d v e r s e l y  a f f e c t i n g  growth and r e p r o d u c t i o n  o f  
t h e  v a l u a b l e  c y p r e s s  and t u p e l o  gum, d r a i n e d  swamplands can produce q u a n t i t i e s  
of t imber  and p u l p  comparable t o  and o f t e n  g r e a t e r  than  n a t u r a l  swamps. 

Of c o n s i d e r a b l e  i n t e r e s t  t o  w a t e r  q u a l i t y  i s  t h e  p r o d u c t i o n  o f  o r g a n i c  
m a t t e r  t h a t  e n t e r s  t h e  a q u a t i c  phase  o f  t h e  sys tem,  from t h e  swamp f o r e s t  t o  
t h e  s t ream.  Th is  i s  comprised mos t ly  o f  l i t t e r ,  t h e  l e a v e s ,  b r a n c h e s ,  f lowers ,  
and f r u i t s  which f a l l  a n n u a l l y  t o  t h e  f o r e s t  f l o o r .  Our e s t i m a t e s  from l i t t e r  
bag c o l l e c t i o n s  and t h o s e  o f  Br inson (1977a) i n d i c a t e s  abou t  600-700 g d r y  
weight  e r  s q u a r e  mete r  p e r  year .  A s m a l l e r  amount of o r g a n i c  m a t t e r  ( abou t  
50 g m-8, Mulholland unpubl. d a t a )  i s  l e a c h e d  o r  washed from t h e  l e a v e s ,  
b ranches ,  and t r u n k s  of t r e e s  by r a i n  (= t h r o u g h f a l l  and s temflow),  and abou t  
5-10 t imes l e s s  a d d i t i o n a l  p r o d u c t i o n  a r i s e s  on t h e  f o r e s t  f l o o r  and i n  t h e  
s t ream i t s e l f  by growth of macrophytes and a l g a e  (Brinson 1977a,Mulholland 
unpubl.  d a t a ) .  The dense shade of t h e  f o r e s t  canopy most o f  t h e  y e a r  p r e v e n t s  
h i g h e r  p r o d u c t i v i t y  o f  t h e  f o r e s t  f l o o r .  I n  f a c t  t h e  f i l a m e n t o u s  a l g a e  are 
o n l y  impor tan t  d u r i n g  l a t e  w i n t e r  and e a r l y  s p r i n g  b e f o r e  t h e  l e a v e s  come o u t .  
Assuming 700 g d r y  weight  ~ e a r ' l ,  we f i n d  an amount of o r g a n i c  m a t t e r  e n t e r -  
i n g  t h e  d e t r i t u s  food  pathway of t h e  swamp ecosystem comparable t o  t h e  amount 



of above-ground produc t ion  o f  o u r  a v e r a g e  s a l t m a r s h e s ,  o r  h a l f  as much as 
from t h e  most p r o d u c t i v e  N.C. s a l t m a r s h e s  (about  1,500 g  mm2 yr'l) (Will iamg 
and Murdoch 1969; S t roud  and Cooper 1968).  Th i s  amounts t o  about  3 t o n s  d r y  
m a t t e r  acre'l yr-l, most o f  i t  f a l l i n g  i n  autumn t o  be l e a c h e d ,  e n r i c h e d  w i t h  
n i t r o g e n ,  f ragmented,  and decomposed under  w a t e r  d u r i n g  t h e  w i n t e r  and s p r i n g  
f l o o d i n g  p e r i o d  (Brinson 1977b). Some o f  t h e  s m a l l e r  o r g a n i c  molecu les  poly- 
mer ize  i n t o  t h e  c h a r a c t e r i s t i c  brown s t a i n  (humates) found i n  t h e s e  wa te r s .  

From t h e  number and v a r i e t y  of amphipods, i s o p o d s ,  o l i g o c h a e t e s ,  and 
chironomids on t h e  f looded  f o r e s t  f l o o r  i n  w i n t e r  and s p r i n g ,  however, i t  
appears  t h a t  t h e  l i t t e r f a l l  i s  t h e  b a s e  o f  a s t r o n g  p u l s e  i n  d e t r i t i v o r e  
p r o d u c t i v i t y  (Robert  S n i f f e n ,  unpubl. d a t a ) .  From what we know of  d e t r i t u s -  
based food c h a i n s  i n  o t h e r  sys tems,  such a s  s t r e a m s  and e s t u a r i e s ,  i t  a p p e a r s  
h i g h l y  p robab le  t h a t  t h e  c r u s t a c e a n s ,  i n s e c t  l a r v a e ,  and worms of  t h e  swamp 
f o r e s t  f l o o r  are an impor tan t  s t e p  i n  t h e  t r a n s f e r  o f  energy t o  t h e  f i s h e s  
of swamp s t reams.  A v a r i e t y  o f  game and non-game f i s h e s  a r e  found i n  swamp 
w a t e r s  i n  s p i t e  o f  t h e  stress o f  low d i s s o l v e d  oxygen c o n c e n t r a t i o n s  i n  t h e  
s u m e r t i m e  (Pardue,  e t  a l . ,  1975). I n  a d d i t i o n  t o  t h e  r e s i d e n t  p o p u l a t i o n s ,  
some anadromous f i s h e s  use  t h e  C o a s t a l  P l a i n  s t r e a m s  and r i v e r s  f o r  spawning, 
mos t ly  i n  t h e  s p r i n g ,  and t h e i r  j u v e n i l e s  may p a r t a k e  of organisms which were 
produced i n  t h e  swamp d e t r i t u s  food-web. The "nursery" f u n c t i o n  o f  w e t l a n d s ,  
bo th  f r e s h  and s a l t ,  swamps and marshes,  h a s  been f r e q u e n t l y  invoked as one 
o f  t h e i r  unique f e a t u r e s ,  one t h a t  cannot  b e  e a s i l y  rep laced .  

Channelized s t reams  a l s o  r e c e i v e  o r g a n i c  d e t r i t u s  from t h e  watershed.  
More abundant s u n l i g h t ,  however, p e r m i t s  growth of r o o t e d  a q u a t i c  p l a n t s  
and phytoplankton ( 0 ' ~ e a r  1975) ;  t h e  r a t e s  o f  p roduc t ion  i n  c h a n n e l i z e d  
s t reams  have n o t  been w e l l  e s t a b l i s h e d .  There is  ev idence ,  however, o f  
s u b s t a n t i a l  d i f f e r e n c e s  i n  f i s h  p r o d u c t i v i t y  between n a t u r a l  and channe l ized  
s t reams.  Although t h e  sampl ing was done e n t i r e l y  d u r i n g  t h e  summer months 
when t h e  low d i s s o l v e d  oxygen i n  n a t u r a l  s t r e a m s  e x e r t s  a c o n s i d e r a b l e  s t r e s s ,  
t h e r e  were fewer  f i s h  p e r  a c r e  o f  channe l ized  s t r e a m  than  of n a t u r a l  stream 
and t h e  d i v e r s i t y  of  s p e c i e s  was somewhat less ( T a r p l e e ,  Louder, and Weber 
1971). These d i f f e r e n c e s  were a t t r i b u t e d  t o  t h e  s h a l l o w n e s s ,  t h e  s h o r t a g e  of 
food organisms,  and t h e  s t r e s s  of h i g h e r  summer t empera tu res  r e s u l t i n g  from 
l a c k  o f  shade i n  t h e  channe l ized  stream. Channe l iza t ion  may a l s o  h i n d e r  
spawning and j u v e n i l e  growth o f  t h e  commercially v a l u a b l e  anadromous f i s h e s  
t h a t  ascend C o a s t a l  P l a i n  s t r e a m s  from t h e  ocean t o  spawn d u r i n g  March through 
May. Frankensteen (1976) s t u d i e d  t h r e e  s t r e a m s  i n  e a s t e r n  N.C. and found 
s i g n i f i c a n t l y  fewer a d u l t  and j u v e n i l e  f i s h e s  i n  t h e  channe l ized  s t ream t h a n  
i n  t h e  unchanne l ized  s t reams .  

A i m s  of Th is  Research 

The p r i n c i p a l  aim of  t h i s  r e s e a r c h  was t o  a s s e s s  t h e  e f f e c t s  o f  one fonn 
of s t ream m o d i f i c a t i o n ,  c h a n n e l i z a t i o n ,  upon w a t e r  q u a l i t y .  An a d d i t i o n a l  g o a l  
was t o  i n t e r p r e t  t h e  d a t a  on s e a s o n a l  p a t t e r n s  and on d i f f e r e n c e s  between s t r e a m s  
i n  terms o f  s t r e a m  f u n c t i o n i n g ,  e s p e c i a l l y  t h e  chemical  and b i o l o g i c a l  pro-  
c e s s e s  t a k i n g  p l a c e  i n  t h e  s t ream.  F i n a l l y ,  t h e  r e s e a r c h  aimed t o  c o n t r i b u t e  
t o  unders tand ing  of t h e  e f f e c t s  of l a n d  u s e  upon chemical  c o n s t i t u e n t s  of t h e  
water.  A s u i t e  of w a t e r  q u a l i t y  pa ramete rs  which might be  a f f e c t e d  by s t r e a m  
c h a n n e l i z a t i o n  and  which a r e  o f  economic o r  e c o l o g i c a l  concern were s e l e c t e d .  
A t t e n t i o n  was f i r s t  d i r e c t e d  toward o b t a i n i n g  d a t a  on each o f  t h e s e  pa ramete rs .  



a t  r e g u l a r  i n t e r v a l s  o v e r  a  f u l l  y e a r  c y c l e  i n  3 n a t u r a l  and 3 r e c e n t l y  
channe l ized  s t reams  of t h e  C o a s t a l  P l a i n  i n  o r d e r  t o  c h a r a c t e r i z e  t h e  season-  
a l  p a t t e r n s  of i n t e n s i t y  o r  c o n c e n t r a t i o n .  Based upon t h e  r e s u l t s  o f  t h e  
f i r s t  y e a r  of d a t a  some measurements were d i s c o n t i n u e d  and some s t r e a m s  were  
dropped, b u t  i n c r e a s e d  sampling f requency was a t t a i n e d ,  a d d i t i o n a l  s t a t i o n s  
were added on t r i b u t a r i e s  t o  one of t h e  s t r e a m s ,  an a d d i t i o n a l  s t r e a m  which 
had been channe l ized  about  60 y e a r s  ago w a s  added, and a few i n t e n s i v e  
s t u d i e s  were made dur ing  and a f t e r  p e r i o d s  o f  heavy r a i n f a l l  ( s p a t e  s t u d i e s ) .  
These s t u d i e s  dur ing  t h e  second y e a r  a l l  aimed a t  p r o v i d i n g  a d d i t i o n a l  de- 
t a i l s  of t h e  p a t t e r n s  o f  w a t e r  q u a l i t y ,  and d a t a  t o  h e l p  e x p l a i n  stream 
f u n c t i o n i n g .  

This  r e p o r t  i n c o r p o r a t e s  o n l y  a  p o r t i o n  of t h r e e  d o c t o r a l  d i s s e r t a t i o n s  
now be ing  completed i n  t h e  Creeping Swamp watershed.  These s t u d i e s  o f  
p o p u l a t i o n s  o f  b e n t h i c  m a c r o i n v e r t e b r a t e s ,  of t h e  o r g a n i c  carbon budge t ,  and 
of phosphorus c y c l i n g  i n  a  n a t u r a l  swamp ecosystem w i l l  b e  p r e s e n t e d  l a t e r  a s  
d i s s e r t a t i o n s  and a s  a  p a r t  o f  t h e  f i n a l  r e p o r t  of ongoing r e s e a r c h  sponsored 
by t h e  Water Resources Research I n s t i t u t e .  

METHODS 

The Study Areas  

Seven s t reams  i n  P i t t ,  Craven, B e a u f o r t ,  Leno i r ,  and Edgecomb Count ies ,  
N . C . ,  (F ig .  7) were s e l e c t e d  f o r  s t u d y  on t h e  b a s i s  of t h e i r  g e n e r a l  s i m i l a r -  
i t i e s  i n  s i z e  and b a s i n  c h a r a c t e r i s t i c s .  Three s t reams  were mos t ly  n a t u r a l ,  
b u t  f o u r  had been channe l ized .  

The s t u d y  a r e a  i s  a  r e g i o n  of f l a t  t o  g e n t l y  r o l l i n g  topography. The 
i n t e r s t r e a m  a r e a s  a r e  o f  v e r y  low r e l i e f  w i t h  s c a t t e r e d ,  l a r g e  pocos ins  
which form t h e  headwaters  o f  many of  t h e  s t reams.  The s t r e a m  v a l l e y s  a r e  
sha l low,  wide,  s e a s o n a l l y  f looded  bot tomlands ,  v e g e t a t e d  w i t h  hardwood f o r e s t .  

The C o a s t a l  P l a i n  s u r f a c e  h e r e  i s  covered by a  l a y e r  of sand and c l a y  (3- 
7 m t h i c k )  l a i d  down dur ing  P l e i s t o c e n e  i n v a s i o n s  of t h e  s e a ,  b u t  t h e r e  are 
a l s o  s i g n i f i c a n t  amounts o f  f l u v i a l  and a e o l i a n  sands  of Holocene age.  Sediments 
i n  s t r e a m  bottoms a r e  mos t ly  s i l t  and c l a y  w i t h  s u b s t a n t i a l  amounts o f  o r g a n i c  
m a t t e r  (Maki, Hazel ,  and Weber 1975). The P l e i s t o c e n e  and Holocene sand beds 
a r e  an  i m p o r t a n t  a q u i f e r  f o r  l o c a l  farm and domes t ic  u s e ;  t h e  w a t e r  i s  u s u a l l y  
s l i g h t l y  a c i d  and c o n t a i n s  s o l u b l e  i r o n  i n  v a r y i n g  m o u n t s  (Sumsion 1970). 
Th i s  same groundwater p r o v i d e s  some of b a s e  f low f o r  t h e  l a r g e r  s t reams.  

The s t u d y  s t reams  a r e  a l l  r e l a t i v e l y  s m a l l  w i t h  wa te r sheds  r a n g i n g  i n  
a r e a  from 54 t o  176 km2 a t  t h e  downstream s t a t i o n s  (Table  2 ) .  Areas  and 
r a t i o s  of c l e a r e d  t o  wooded l a n d  i n  each wate r shed  were  determined from 
1970 and 1971 a e r i a l  photographs  o f  t h e  U.S. A g r i c u l t u r a l  S t a b i l i z a t i o n  and 
Conservat ion S e r v i c e ,  Ra le igh ,  N.C. ,  by t h e  use  o f  e q u i d i s t a n t  d o t  t r a n s p a r -  
e n c i e s  (Ornernik 1976).  E r r o r s  i n  e s t i m a t i n g  wate r shed  a r e a  a r e  i n e v i t a b l e  
because of m c e r t a i n t y  i n  e s t a b l i s h i n g  d ra inage  b a s i n  boundar ies  i n  t h e  v e r y  
f l a t  pocosin  a r e a s  and because  of man-made changes i n  d r a i n a g e  p a t t e r n s .  
Underes t imates  i n  t h e  p e r c e n t a g e s  of c l e a r e d  l a n d  may o c c u r  because  of f o r e s t  
c l e a r i n g  s i n c e  1971. 



Fig. 7. Map of  t h e  s t u d y  a r e a  showing l o c a t i o n  of t h e  streams and sampling 
s t a t i o n s .  1 5  



Table 2. Location and C h a r a c t e r i s t i c  Fea tu re s  of Sampling S t a t i o n s  and t h e  Streams 

St  ream S t a t i o n  Location Watershed Percent  Eleva t ion  a t  Stream Slope 
(Road No.) ~ r e a ( ' )  Watershed Zero Flow ~ e n g t h ( ' )  % 

(km2) Wooded Cleared 64 (kd 

Natu ra l  Streams 

Creeping CP-20 N.C. 102 3 2 62 38 10.0 
Swamp CP-10 N.C. 43 80 68 3 2 5.8 7.7 .054 

Palmetto PM-20 U.S. 17  4 0 6 7 33 4 . 0 ( ~ )  
Swamp PM-10 N.C. 43 5 4 6 1 39 0.8 4.2 .076 

Chicod CH- 40 1565 64 6 1 3 9 6.3 
Creek CH-20 1760 132 5 6 44 1.6 5.2 .094 

Channelized Streams (Date Channel iza t io l  Completed) 

Trace y 
swamp (4)  

(19 73) 
Grindle  

Creek 
(1966) 

Conetoe 
Creek 

(1971) 
Clayroo t 

Swamp 
(1919) 

GR-30 
GR-2 0 
GR-10 
0 - 3 0  
co-2 0 
CO-10 
CY-20 
CY- 10 

1425 
1521 
1541 
1527 

U.S. 64 
1409 

N. C. 102 
1928 

(1) Inc ludes  a l l  a r e a  of watershed upstream of c i t e d  stream s t a t i o n .  
(2) Between h ighes t  upstream s t a t i o n  and t h e  downstream s t a t i o n .  
(3) Es t imates  based on topographic map and i n t e r p o l a t i o n s .  
(4)  Tracey Swamp becomes Mosley Creek a t  i t s  lower end. 



The lowermost s t r e a m  s t a t i o n s  a r e  o n l y  a few meters above mean sea 
l e v e l .  A l l  s t a t i o n s  were a t  o r  n e a r  b r i d g e s  excep t  f o r  two s t a t i o n s  (CP-14 
and CP-15) l o c a t e d  on ly  100 a p a r t  on Creeping Swamp about  hal fway between 
CP-10 and CP-20; d a t a  from t h e s e  two s t a t i o n s  a r e  combined and w i l l  be 
d e s i g n a t e d  as d a t a  from CP-14. Two s t a t i o n s  on Chicod Creek, CH-40 and CH-50, 
were o n l y  abou t  1 km a p a r t  and d a t a  from t h e s e  two have a l s o  been combined 
and d e s i g n a t e d  CH-40. Three  s t r e a m s  (Creeping Swamp, Pa lmet to  Swamp, and 
Chicod Creek) have had l i t t l e  o r  no c h a n n e l i z a t i o n  and a r e  s t i l l  bordered  by 
s u b s t a n t i a l  swamp f o r e s t  which i s  inunda ted  d u r i n g  t h e  w i n t e r  p e r i o d .  Three 
streams (Tracey Swamp, G r i n d l e  Creek,  and Conetoe Creek) have been r e c e n t l y  
channe l ized  co able 2) and t h e  former  bot tomlands  a r e  no l o n g e r  f l o o d e d  f o r  
l o n g  p e r i o d s .  Clayroot  Swamp was channe l ized  abou t  60 y e a r s  ago b u t  t h e  
channel  h a s  n o t  been main ta ined  t o  keep v e g e t a t i o n  c l e a r .  The amount o f  
f o r e s t  cover  i n  t h e s e  wa te r sheds  ranges  from about  48% t o  77% (Tab le  2 ) ;  t h e  
remainder is  m o s t l y  a g r i c u l t u r a l  l a n d  w i t h  o n l y  a s m a l l  f r a c t i o n  of urban 
land.  Four s t r e a m s  r e c e i v e  p o l l u t a n t s  d i r e c t l y ;  Chicod Creek, Creeping Swamp, 
and Clayroo t  Swamp r e c e i v e  was tes  from l i v e s t o c k  farms above s t a t i o n s  CH-20, 
CP-10, and CY-20 and G r i n d l e  Creek r e c e i v e s  sewage from t h e  town o f  B e t h e l  
about  1 3  km above GR-10. The U.S. Geolog ica l  Survey o p e r a t e d  r e c o r d i n g  
s t ream gauges on Creeping Swamp, Pa lmet to  Swamp, and Conetoe Creek d u r i n g  
t h i s  s t u d y  and i n s t a l l e d  a gauge on Chicod Creek i n  l a t e  1975. 

Sampling Schedules  

The c o l l e c t i o n  of f i e l d  d a t a  and of w a t e r  samples f o r  chemical  a n a l y s e s  
was schedu led  t o  reach  t h r e e  goa l s .  F i r s t ,  r o u t i n e  samples were t a k e n  a t  
each s t a t i o n  a f t e r  approximately  e q u a l  t i m e  i n t e r v a l s  (2-6 weeks, depending 
on t h e  s t r e a m )  i n  o r d e r  t o  have r e p r e s e n t a t i v e  measurements and samples 
throughout  t h e  year .  These were f o r  t h e  purpose  of demons t ra t ing  major  
s e a s o n a l  p a t t e r n s  and as a b a s i s  f o r  examining d i f f e r e n c e s  between s t a t i o n s  
on a stream and d i f f e r e n c e s  between s t reams .  Secondly,  d a i l y  samples f o r  
u n f i l t e r e d  n u t r i e n t  a n a l y s e s  o n l y  were c o l l e c t e d  a t  one s t a t i o n  (CP-10) f o r  
a lmost  t h r e e  months i n  t h e  s p r i n g  o f  1975 i n  o r d e r  t o  f o l l o w  t h e  shor t - t e rm 
v a r i a t i o n s  i n  n i t r o g e n  and phosphorus s p e c i e s ,  e s p e c i a l l y  i n  r e l a t i o n  t o  
s t r e a m  d i scharge .  F i n a l l y ,  a s e r i e s  of d a i l y  measurements was made and 
samples were c o l l e c t e d  i n  l a t e  s p r i n g  ( 3  June-8 June 1976) and i n  w i n t e r  
(27 January-4 February 1976) d u r i n g  and a f t e r  t h e  peak s t r e a m  f lows f o l l o w i n g  
heavy r a i n s t o r m s  (= s to rm e v e n t  o r  s p a t e ) .  These s h a r p  peaks  i n  f low a r e  
more common than  s t e a d y  f lows (Figs .  3 ,  4 ,  5 )  and t r a n s p o r t  most of t h e  w a t e r  
each  year .  Spa te  s t u d i e s  were conducted a t  two s t a t i o n s  on a n a t u r a l  s t r eam 
(Creeping Swamp) and a t  two on a channe l ized  s t ream (Clayroo t  Swamp). The 
purpose  of t h e s e  s t u d i e s  was (1) t o  de te rmine  t h e  importance of s p a t e s ,  
r e l a t i v e  t o  s t e a d y  f low p e r i o d s ,  i n  t r a n s p o r t i n g  d i s s o l v e d  and p a r t i c u l a t e  
m a t e r i a l s ,  (2) t o  de te rmine  whether  channe l ized  s t r e a m s  d i f f e r  from unchan- 
n e l i z e d  s t reams  i n  terms of t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  t r a n s p o r t  o f  
m a t e r i a l s ,  and (3) de te rmine  whether  t h e r e  a r e  s e a s o n a l  d i f f e r e n c e s  i n  t h e  
e f f e c t s  of s p a t e s  on f low r a t e s  and t h e  q u a l i t y  and q u a n t i t y  o f  m a t e r i a l s  
moved. Da i ly  f i e l d  sampling began on t h e  f i r s t  day o f  a s u b s t a n t i a l  f r o n t a l  
r a i n s t o r m  and con t inued  f o r  f i v e  t o  s i x  days  u n t i l  f low approached b a s e  l e v e l s  
again .  



F i e l d  Measurements and C o l l e c t i o n s  

F i e l d  p rocedures  were c a r e f u l l y  s t a n d a r d i z e d  and p r e p r i n t e d  forms used 
t o  r e c o r d  f i e l d  da ta .  The d a t e ,  t ime,  s t a t i o n  number, wea ther  c o n d i t i o n s ,  
sample b o t t l e  numbers, f i e l d  measurements, and misce l l aneous  n o t e s  on t h e  
s t r e a m  and watershed c o n d i t i o n s  were recorded  on t h e s e  forms. 

S e v e r a l  measurements were completed i n  t h e  f i e l d .  S p e c i f i c  conductance 
( c o n d u c t i v i t y )  and t empera tu re  were determined w i t h  a  YSI Model 33 S-C-T 
meter  w i t h  a  p la t inum e l e c t r o d e  submers ib le  c e l l ,  The c o n d u c t i v i t y  was 
c o r r e c t e d  f o r  t empera tu re  by us ing  a  s t a n d a r d  curve.  F i e l d  pH was measured 
w i t h  a  p o r t a b l e  Beckman Model N g l a s s  e l e c t r o d e  pH meter.  A i r  t empera tu res  
were t aken  i n  t h e  shade n e a r  t h e  w a t e r  w i t h  a c a l i b r a t e d  thermometer. The 
s t r e a m  w a t e r  l e v e l s  were determined by d i r e c t  r e a d i n g  o f  U,S. G e o l o g i c a l  
Survey enameled gauges,  where i n s t a l l e d ,  o r  by measur ing t h e  v e r t i c a l  d i s t a n c e  
from a  r e f e r e n c e  p o i n t  on t h e  b r i d g e  t o  t h e  w a t e r  s u r f a c e  w i t h  a m e t a l  t a p e  
and plumb bob. A t  twelve s t a t i o n s  where t h e  U.S. Geolog ica l  Survey d i s c h a r g e  
d a t a  were n o t  a v a i l a b l e ,  s t r eam d i s c h a r g e s  were r e a d  from curves  c o n s t r u c t e d  
by measuring d i s c h a r g e s  a t  v a r i o u s  w a t e r  l e v e l s  dur ing  t h e  year .  The d i s -  
charges  were  c a l c u l a t e d  from measurements of c u r r e n t  v e l o c i t i e s  t aken  a t  
s e v e r a l  p o i n t s  i n  a  c r o s s  s e c t i o n  of t h e  stream. At medium o r  h i g h  d i s c h a r g e s  
a Gurley No. 622 c u r r e n t  mete r  was used b u t  a t  v e r y  low d i s c h a r g e  r a t e s  t h e  
c u r r e n t  was measured by r e p e a t e d l y  t iming  w a t e r  movement over  a  one-meter 
d i s t a n c e .  

The w a t e r  samples were  taken from t h e  s t r e a m  w i t h  a d i s s o l v e d  oxygen 
bucket  sampler  ( s i m i l a r  t o  Fig.  442:1, American P u b l i c  H e a l t h  A s s o c i a t i o n ,  
1975).  D u p l i c a t e  d i s s o l v e d  oxygen samples i n  330 m l  BOD b o t t l e s  were col-  
l e c t e d  f i r s t  and t h e  remaining w a t e r  i n  t h e  bucke t  sampler  poured ou t .  The 
bucket  was lowered a g a i n  w i t h  c l e a n  BOD b o t t l e s  t o  c o l l e c t  w a t e r  f o r  m e t a l ,  
n u t r i e n t  and carbon samples. The w a t e r  i n  t h e  bucke t  i t s e l f  was used f o r  
t u r b i d i t y ,  c o l o r ,  f i e l d  pH, b iochemica l  oxygen demand (BOD) and c h l o r o p b y i l  
samples. 

At s t a t i o n s  CP-12, CP-14, CP-15 and a t  any t i m e  when t h e  w a t e r  was n o t  
deep enough f o r  t h e  D.O. bucket  ( l e s s  than one f o o t ) ,  w a t e r  f o r  a n a l y s i s  was 
c o l l e c t e d  i n  a  c l e a n  two l i t e r  p o l y e t h y l e n e  b o t t l e ,  e x c e p t  t h a t  D.O. samples 
were c o l l e c t e d  w i t h  a  mouth-operated s u c t i o n  dev ice  used w i t h  each D.O. b o t t l e  
t o  p r e v e n t  en t ra inment  of a tmospher ic  oxygen. 

A t  each s t a t i o n  an u n f i l t e r e d  w a t e r  sample was p l a c e d  i n  a  500 m l  poly-  
e t h y l e n e  b o t t l e  and s t o r e d  a t  ambient t empera tu re  f o r  l a b o r a t o r y  d e t e r m i n a t i o n  
of t u r b i d i t y ,  c o l o r ,  and l a b  pH. T u r b i d i t y  was measured on a  Hach Model 2100 
Laboratory  Turbidimeter  c a l i b r a t e d  w i t h  a  s t a n d a r d  formazin  r e f e r e n c e  suspen- 
s i o n .  For c o l o r  a n a l y s i s ,  a  50 m l  subsample was f i l t e r e d  through a 0.45 um 
membrane f i l t e r  t o  reduce t u r b i d i t y  and t h e  f i l t r a t e  used  f o r  c o l o r  determina-  
t i o n  on a K l e t t  c o l o r i m e t e r  w i t h  a  n e t t  #42 f i l t e r  and 4  cm c e l l .  The K l e t t  
was c a l i b r a t e d  w i t h  s t a n d a r d  c h l o r o p l a t i n a t e  s o l u t i o n s  and c o l o r  was r e p o r t e d  
i n  s t a n d a r d  c o l o r  u n i t s  (American P u b l i c  Hea l th  A s s o c i a t i o n  1975).  Disso lved  
oxygen was measured by t h e  Winkler t echn ique  (American P u b l i c  H e a l t h  
A s s o c i a t i o n  19x5). A l l  of t h e  above measurements were made w i t h i n  12-48 
hours  of t h e  c o l l e c t i o n  time. 



U n f i l t e r e d  w a t e r  f o r  BOD a n a l y s i s  was poured i n t o  c l e a n  2 - l i t e r  poly- 
e t h y l e n e  b o t t l e s  and p l a c e d  on i c e .  Labora to ry  i n c u b a t i o n s  were i n i t i a t e d  
w i t h i n  24 h o u r s  i n  t r i p l i c a t e  i n  s t a n d a r d  BOD b o t t l e s  a t  20°C f o r  5 days. 

Chlorophyl l  samples were  o b t a i n e d  by f i l t e r i n g  1 l i t e r  of sample w a t e r  
w i t h  one m l  of added MgC03 suspens ion  through an u n r i n s e d  Gelman g l a s s  f i b e r  
f i l t e r ,  type A-E, and s t o r i n g  t h e  f i l t e r  i n  a s m a l l  p e t r i - d i s h  i n  a d e s i c c a t o r  
on d ry  i c e  f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .  Chlorophyll-a was e x t r a c t e d  i n t o  
ace tone  f o r  one hour  a t  4OC and measured by s p e c t r o p h o t o m e t r i c  a n a l y s i s  a t  
665 and 750 nm b e f o r e  and a f t e r  a c i d i f i c a t i o n  (Lorenzen 1967).  

Water samples f o r  n u t r i e n t s ,  m e t a l s  and carbon were c o l l e c t e d  a t  each 
s t a t i o n .  A l l  sample b o t t l e s  and caps  were  p r e v i o u s l y  washed w i t h  b r u s h  and 
l i q u i d  d e t e r g e n t ,  r i n s e d  3 t imes  w i t h  t a p  w a t e r ,  1 t ime  w i t h  10% H C 1 ,  3 t imes  
w i t h  t a p  w a t e r  and 3 more t imes  w i t h  d e i o n i z e d  wate r .  

The samples were d i spensed  i n t o  b o t t l e s  a s  shown below. 

Amount of 
B o t t l e  Sample 

Sample Type S i z e  (ml) (ml) S t o r a g e  

N u t r i e n t ,  u n f i l t e r e d  P o l y e t h y l e n e  250 2  00 Frozen 
N u t r i e n t ,  f i l t e r e d  Po l y e  t h y l e n e  125 100 Frozen 
Meta l ,  u n f i l t e r e d  Po lye thy lene  12 5 100 Ambient temp. 
Meta l ,  f i l t e r e d  P o l y e t h y l e n e  12 5 10 0  Ambient temp. 
Carbon, u n f i l t e r e d  Glass 25 5  Frozen 
Carbon, f i l t e r e d  Glass 2 5 5 Frozen 

Gelman membrane f i l t e r s  ( M e t r i c e l  GA-6, 47 mm, 0.45 pm p o r e  s i z e )  and 
Gelman g l a s s  f i b e r  f i l t e r s  ( t y p e  A-E, 47 mm) were used  w i t h  a  M i l l i p o r e  
Swinnex-47 f i l t e r  h o l d e r  and d i s p o s a b l e ,  p l a s t i c  60 m l  s y r i n g e s  t o  ob ta i r i  
f i l t r a t e s  i n  t h e  f i e l d .  Koenings (1977) showed t h a t  a l l  of t h e  phosphorus 
i n  bog w a t e r  p a s s e d  through a  f i l t e r  i s  n o t  t r u l y  s o l u b l e ;  some i s  c o l l o i d a l .  
We t h e r e f o r e  u s e  h i s  term " f i l t e r a b l e "  i n  p r e f e r e n c e  t o  " so lub le"  f o r  t h o s e  
f r a c t i o n s  n o t  r e t a i n e d  by t h e  f i l t e r .  A g l a s s  f i b e r  f i l t e r  was p l a c e d  on 
top  of t h e  membrane f i l t e r  and 5  m l  of  10% HC1,  fo l lowed  by 100 m l  of  
d e i o n i z e d  w a t e r  was f o r c e d  through t o  wash and r i n s e  t h e  f i l t e r s .  The f i r s t  
2-4 m l  of sample f i l t r a t e  was d i s c a r d e d ,  2-5 m l  of  sample f i l t r a t e  was used  
t o  r i n s e  each sample b o t t l e ,  and each b o t t l e  was t h e n  f i l l e d  t o  t h e  d e s i r e d  
l e v e l .  For  m e t a l  a n a l y s e s ,  n i t r i c  a c i d  was d i spensed  i n t o  t h e  b o t t l e s  p r i o r  
t o  adding 100 m l  of sample. Samples f o r  n u t r i e n t  and carbon a n a l y s e s  were  
f r o z e n  on d r y  i c e  immediately.  

Bulk p r e c i p i t a t i o n  ( r a i n f a l l  and d r y f a l l )  was c o l l e c t e d  u s i n g  poly- 
e t h y l e n e  f u n n e l s  covered by .25 mm NITEX s c r e e n i n g  connected t o  p l a s t i c  
v e s s e l s  l o c a t e d  i n  open f i e l d s  i n  t h e  Creeping Swamp watershed.  Volume of  
r a i n f a l l  was measured every  two weeks beg inn ing  i n  September, 1976; samples  
f o r  n u t r i e n t  a n a l y s e s  were t aken  every  f o u r  weeks c o n t i n g e n t  upon s u f f i c i e n t  
r a i n f a l l .  Bulk p r e c i p i t a t i o n  samples were p r e s e r v e d  i n  t h e  f i e l d  w i t h  HgC12 
a t  a  f i n a l  c o n c e n t r a t i o n  of abou t  40 mg/ l  and were k e p t  a t  4OC u n t i l  a n a l y s i s .  
Since  c o n c e n t r a t i o n s  o f  HgC12 g r e a t e r  than  40 mg/l  i n t e r f e r e  w i t h  phosphorus 
a n a l y s e s ,  some samples were d i l u t e d  b e f o r e  a n a l y s i s .  Chemical a n a l y s e s  



fol lowed t h e  same procedures  a s  used f o r  s t r e a m  wate r s .  R a i n f a l l  measurements 
p r i o r  t o  March 1977 were o b t a i n e d  from o n l y  one c o l l e c t o r ;  t h e r e a f t e r  t h r e e  
c o l l e c t o r s  were sampled. Chlor ide  c o n c e n t r a t i o n s  were measured i n  r a i n w a t e r  
samples p r e s e r v e d  w i t h  formaldehyde. 

The c o n c e n t r a t i o n s  of n u t r i e n t s  and f i l t e r a b l e  metals i n  groundwater v e r y  
n e a r  t h e  s u r f a c e  were measured i n  samples t aken  from n i n e  sha l low w e l l s  n e a r  
CP-20 and CP-14 i n  t h e  Creeping Swamp f l o o d p l a i n .  Each w e l l  c o n s i s t e d  o f  a 
p l a s t i c  p i p e  (8.2 cm d iamete r  x 0.7-2.0 m l o n g )  set i n t o  a 0.3-1.4 m h o l e  
which had been dug i n t o  t h e  s o i l .  Some w e l l s  were c o n s t r u c t e d  w i t h  p e r f o r a -  
t e d  p i p e ;  o t h e r s  were open o n l y  a t  t h e  bottom. S i x  wells were on low si tes 
n e a r  t h e  s t r e a m  and t h r e e  were on h i g h e r  s i t e s  o f  t h e  f l o o d p l a i n .  D e t a i l e d ,  
s t e p  by s t e p ,  d e s c r i p t i o n s  o f  f i e l d  p rocedures  and t h e  e x a c t  l o c a t i o n s  o f  
sampling s t a t i o n s  a r e  a v a i l a b l e  upon r e q u e s t .  

Chemical Analyses  

The Limnology Laboratory  of t h e  Department o f  Environmental  S c i e n c e s  and 
Engineer ing  performed t h e  m e t a l  and n u t r i e n t  assays.  The m e t a l s  c o n s i s t e d  o f  
i r o n ,  manganese, ca lc ium,  magnesium, po tass ium,  sodium and aluminum; a n a l y s e s  
were performed f o r  b o t h  d i s s o l v e d  and t o t a l  metals .  The n u t r i e n t  a n a l y s e s  
c o n s i s t e d  o f  ammonium, t o t a l  K j e l d a h l  n i t r o g e n ,  n i t r a t e ,  n i t r i t e ,  f i l t e r a b l e  
r e a c t i v e  phosphorus ( F R P ) , t o t a l  f i l t e r a b l e  phosphorus ,  and t o t a l  phosphorus.  
T o t a l  o r g a n i c  n i t r o g e n  (TON) was c a l c u l a t e d  by s u b t r a c t i n g  ammonium from 
t o t a l  Kjeldahl-N, f i l t e r a b l e  u n r e a c t i v e  phosphorus (F'LIP) by s u b t r a c t i n g  FRP 
from f i l t e r a b l e  P ,  and p a r t i c u l a t e  phosphorus (PP) by s u b t r a c t i n g  f i l t e r a b l e  
phosphorus from t o t a l  phosphorus. Chlor ide  and s i l i c o n  were a l s o  measured. 

1. N u t r i e n t s  

Samples were k e p t  f r o z e n  u n t i l  t ime of a n a l y s i s .  A l l  p rocedures  were 
automated u s i n g  Technicon AAI equipment (Table  3 ) .  P r e c i s i o n  was c o n t r o l l e d  
i n  t h e s e  a n a l y s e s  by runn ing  a l l  samples i n  d u p l i c a t e .  Approximately 10% o f  
r o u t i n e  a n a l y s i s  t ime was s p e n t  doing samples w i t h  s t a n d a r d  s p i k e s  f o r  
accuracy  c o n t r o l .  The average r e c o v e r i e s  o f  t h e s e  s p i k e s  (Table  4) were 
good wi th  t h e  excep t ion  of n i t r i t e .  Recovery d a t a  f o r  t o t a l  K j e l d a h l  
n i t r o g e n  i s  mis lead ing .  The s p i k e s  were made w i t h  ammonia and t h u s  do n o t  
t e s t  d i g e s t i o n  e f f i c i e n c y .  Comparison s t u d i e s  of 1 5  samples on t h e  b lock  
d i g e s t o r  sugges t  r ecovery  ranges  f o r  t o t a l  K j e l d a h l  n i t r o g e n  from t h e  auto-  
mated procedure  t o  be o n l y  about  53-77% w i t h  an average  o f  60.2%. F u r t h e r ,  
r e p l i c a t e  d a t a  was n o t  good a s  i n d i c a t e d  by t h e  s t a n d a r d  d e v i a t i o n  and a l s o  
from t h e  r e p e a t e d  a n a l y s i s  of a t o t a l  n i t r o g e n  EPA n u t r i e n t  c o n t r o l .  
Recover ies  f o r  t h i s  c o n t r o l  o v e r  a four-month p e r i o d  were i n  a range  of 43.9- 
119.5%. For n i t r o g e n o u s  m a t t e r  found i n  t h e s e  samples ,  t h e  b l o c k  d i g e s t e r  
g i v e s  more n e a r l y  c o r r e c t  v a l u e s ;  d a t a  from t h e  con t inous  d i g e s t o r  s h o u l d  be  
i n c r e a s e d  by 67% t o  g i v e  v a l u e s  t h a t  a r e  c l o s e r  t o  t r u e  c o n c e n t r a t i o n s .  

2.  Meta l s  and S i l i c o n  

Water samples were f i l t e r e d  i n t o  c leaned  p o l y e t h y l e n e  b o t t l e s  and 
a c i d i f i e d  t o  1% HN03 i n  t h e  f i e l d .  U n f i l t e r e d  samples were a c i d i f i e d  t o  1% 
HN03 and 2.5% H C 1  i n  t h e  E i e l d ,  a u t o c l a v e d  f o r  30 minu tes  a t  121°C i n  T e f l o n  
b o t t l e s  and ana lyzed  f o r  t o t a l  meta l s .  Samples c o l l e c t e d  f o r  t o t a l  m e t a l  



Nut r i en t  

Ammonia 

N i t r i t e  

N i t r a t e  

Tota l  Kjeldahl  
Nitrogen 

Table 3 .  Methods used f o r  n u t r i e n t  analyses  

Method 

Automated Color imet r ic  
Phenolate  

Automated Color imet r ic  
D iazo t i za t ion  

Automated Hydrazine 
Reduction & Diazo t i za t ion  

Reference and Page 

E P A ~ ,  p. 168 

EPA, p. 215 

Automated Digest ion & Phenolate  EPA, p. 182 
Method 

F i l t e r a b l e  Reactive Automated Stannous Old E P A ~ ,  p. 259 
P Chloride Method 

F i l t e r a b l e  T o t a l  Persu l f  ate Digest ion Old EPA, p. 259 
P' Automated Stannous Chloride 

Tota l  Phosphorus P e r s u l f a t e  Digest ion Old EPA, p. 259 
Automated Stannous Chloride 

Chloride Automated Thiocyanate EPA, p. 3 1  

~ E P A ,  Manual of  Methods f o r  Chemical Analys is  o f  Water and Wastes, U.S. 
Environmental P ro t ec t ion  Agency, Cinc inna t i ,  Ohio, 1974. 
201d EPA, 1971 ed i t i on .  
3 ~ n v i r o m e n t a l  Methods Support Laboratory, EPA, C inc inna t i ,  Ohio. 



Table 4. Average recovery of var ious  forms of N and P, and 
of C 1  when spiked i n t o  swamp water samples 

Nutrient  No. of Average Standard 
Observations Recovery (%) Deviation (%) 

Ammonia 
N i t r i t e  
N i t r a t e  

Kj eldahl-N 
F i l t e r a b l e  Reactive P 
F i l t e r a b l e  Tota l  P 

Tota l  P 
Chloride 



a n a l y s i s  p r i o r  t o  27 January  1976,  d i d  n o t  r e c e i v e  t h e  H C 1  and were n o t  
a u t o c l a v e d  b e f o r e  a n a l y s i s .  Comparison of 20-50 samples s t o r e d  and t r e a t e d  
each way showed t h a t  t h e  l a t e r  p rocedure  w i t h  a u t o c l a v i n g  r e c o v e r e d  4% more 
Fe,  22% more Mn, 7% more Ca, 4% more Mg, 16% more S i ,  39% more A l ,  7% more 
Na, and 10% more K. Where t h e  more r i g o r o u s  p rocedure  gave n o  more than  
10% g r e a t e r  r e c o v e r y  (Fe,  Ca, Mg, N a ,  and K ) ,  t h e  two methods were  assumed 
t o  be  comparable and t h e  d a t a  were lumped f o r  s t a t i s t i c a l  a n a l y s i s .  However, 
t h e  Mn, S i ,  and A1 measurements o b t a i n e d  by t h e  o r i g i n a l  p rocedure  were  
c o r r e c t e d  f o r  recovery  wherever r e p o r t e d .  

The m e t a l  and s i l i c o n  a n a l y s e s  were run u s i n g  a Perkin-Elmer 303 Atomic 
Absorpt ion Spectrophotometer  w i t h  hol low cathode lamps (Table  5 ) .  Minor 
d e v i a t i o n s  from t h e s e  p rocedures  were a s  fo l lows .  S tandard  s o l u t i o n s  were 
bought from F i s h e r  S c i e n t i f i c  Co. r a t h e r  t h a n  made i n  o u r  l a b o r a t o r y .  For 
Ca and Mg a n a l y s e s ,  t h e  lanthanum c h l o r i d e  s o l u t i o n  was added i n  a  p r o p o r t i o n  
of 1:7 t o  b o t h  s t a n d a r d s  and samples ,  r a t h e r  t h a n  1:10 as EPA s u g g e s t s ,  as a 
m a t t e r  of convenience.  Lanthanum was n o t  used w i t h  Ca and Mg samples  p r i o r  
t o  mid-December 1975; t h i s  had l i t t l e  e f f e c t  on Mg c o n c e n t r a t i o n s  b u t  Ca 
v a l u e s  p r i o r  t o  t h i s  t i m e  a r e  abou t  30% of  t h e  c o r r e c t  v a l u e .  A c o r r e c t i o n  
f a c t o r  of 3.4 was a p p l i e d  t o  t h e  samples c o l l e c t e d  b e f o r e  December 1976. 
S i l i c o n  was ana lyzed  u s i n g  t h e  methods i n  t h e  handbook prov ided  by Perkin-  
Elmer Corp. (1976). 

Approximately 10% of  a n a l y s i s  t i m e  was s p e n t  on q u a l i t y  c o n t r o l .  Dupli- 
c a t e s  and s p i k e s  were done f o r  each metal d u r i n g  t h e  r o u t i n e  runs .  Sp ikes  
done a t  t h e  l e v e l s  found i n  t h e  swamp s t r e a m s  gave good r e c o v e r i e s  and  s m a l l  
s t a n d a r d  d e v i a t i o n s  (Table  5 ) .  S tandards  were i n c l u d e d  a t  t h e  beg inn ing  and 
end of each a u t o a n a l y z e r  run. EPA m i n e r a l  c o n t r o l s  were r u n  where a v a i l a b l e ;  
average  recovery  f o r  ca lc ium a t  a l e v e l  of 14.5 mg/l was l oo%,  f o r  magnesium 
a t  3.0 mg/ l  was 96%, and f o r  sodium a t  5.0 mg/l  was 114%. 

D i e l  Oxygen Changes 

D i e l  s t u d i e s  were performed on Creeping Swamp, P a l m e t t o  Swamp, Clayroo t  
Swamp, and Tracey Swamp s e v e r a l  t i m e s  t o  e s t i m a t e  ecosystem metabolism. Water 
t empera tu re ,  wa te r  l e v e l ,  c o n d u c t i v i t y ,  pH, and d i s s o l v e d  oxygen (D.O. ) 
c o n c e n t r a t i o n s  were measured a t  3-4 h o u r  i n t e r v a l s  o v e r  a 24-hour p e r i o d  as 
d e s c r i b e d  i n  F i e l d  Methods. 

Rate o f  change curves  f o r  d i s s o l v e d  oxygen were c o n s t r u c t e d  f o r  each  
sampling s t a t i o n  and c o r r e c t i o n s  were made f o r  d i f f u s i o n  (Odum, 1956) .  A 
d i f f u s i o n  c o e f f i c i e n t  (k )  o f  0.03 g  02 m-2 h r -1  a t  0% D.O. s a t u r a t i o n  was 
measured i n  Creeping Swamp u s i n g  t h e  n i t r o g e n - f i l l e d  dome method of Copeland 
and D u f f e r  (1965). T h i s  agreed  v e r y  c l o s e l y  w i t h  a  c a l c u l a t e d  d i f f u s i o n  
c o e f f i c i e n t  u s i n g  average  w a t e r  v e l o c i t y  and t h e  e l e v a t i o n  g r a d i e n t  i n  
Creeping Swamp (Tsivoglou and Wallace 1972) .  Because of t h e  p o s s i b i l i t y  o f  
u n d e r e s t i m a t i n g  d i f f u s i o n  by reduc ing  s u r f a c e  r i p p l i n g  u s i n g  t h e  dome method, 
a  s l i g h t l y  l a r g e r  d i f f u s i o n  c o e f f i c i e n t  o f  0.05 g  m-2 h r - l  ( a t  0% s a t u r a t i o n )  
was used f o r  c o r r e c t i n g  t h e  d i s s o l v e d  oxygen r a t e  o f  change c u r v e s  f o r  sampl- 
i n g  s t a t i o n s  on t h e  n a t u r a l  swamp s t reams ,  Creeping and Pa lmet to .  For t h e  
channe l ized  stream sampling s t a t i o n s ,  C layroo t  and Tracey,  d i f f u s i o n  c o e f f i -  
c i e n t s  were chosen from a t a b l e  p r e s e n t e d  by Odum (1956) accord ing  t o  average  
w a t e r  v e l o c i t i e s  and depth.  A c o e f f i c i e n t  o f  0.10 g  m'2 hr-1  was a p p l i e d  t o  



Metal  

Table 5. Methods f o r  Measuring Meta l s  and S i l i c o n  By 
Atomic Absorpt ion Spectrophotometry and 

Average Recovery of  S tandards  
Spiked I n t o  Swamp Water Samples 

No. of Average Standard 
Reference and Page Observa t ions  Recovery (%) Devia t ion  (%) 

EPA, p. 92' 
EPA, p. 103 
EPA, p. 110 
EPA, p. 143 
EPA, p. 114 
EPA, p. 116 
EPA, p. 147 

Perkin-Elmer 1976 2 

~ E P A ,  Manual of Methods f o r  Chemical Analys i s  o f  Water and Wastes, U.S. 
Environmental  P r o t e c t i o n  Agency, C i n c i n n a t i ,  Ohio, 19 74. 
2 ~ e r k i n - ~ l m e r .  September 1976. A n a l y t i c a l  Methods f o r  Atomic Absorpt ion 
Spectropho tometry. 



t h e  s l u g g i s h  upper Clayroot  s t a t i o n  (CY-20) w h i l e  a c o e f f i c i e n t  o f  0.50 g  m'2 
hr-1  was a p p l i e d  t o  t h e  more s w i f t l y  moving downstream Clayroot  s t a t i o n  (CY- 
10) .  The d i f f u s i o n  c o e f f i c i e n t s  a p p l i e d  t o  t h e  ~ r a $  s t a t i o n s  TR-20 
(upst ream),  TR-15, and TR-10, were 0.5, 1 .0 ,  and 1.0 g  m-2 h r - I ,  r e s p e c t i v e l y ,  
because  o f  t h e i r  h i g h e r  v e l o c i t i e s .  

Vege ta t ion  A n a l y s i s  

Community composit ion and r e l a t i v e  abundance o f  t h e  v a s c u l a r  v e g e t a t i o n  
of a  s t r e a m  f l o o d p l a i n  swamp were determined a long  t h r e e  t r a n s e c t s  a c r o s s  
Creeping Swamp and Pa lmet to  Swamp. Trees  (> 10 cm DBH) and s a p l i n g s  (2.5-10 
cm DBH) were sampled by t h e  p o i n t - q u a r t e r  method a t  s t a t i o n s  e v e r y  20 m e t e r s  
a long each t r a n s e c t  (Cox 1967).  Herbaceous ground cover  was a s s e s s e d  i n  a 
one square  mete r  q u a d r a t  a t  each s t a t i o n .  Data f o r  t r e e s  and s a p l i n g s  were 
analyzed w i t h  a computer program prepared  by M r .  George McRae e s p e c i a l l y  f o r  
t h i s  p r o j e c t .  R e s u l t s  a r e  i n  t h e  appendix.  

Data  P r o c e s s i n g  and Ana lys i s  

Data was i n i t i a l l y  recorded  on p r e p r i n t e d  f i e l d  d a t a  forms by f i e l d  
p e r s o n n e l  and i n  bound notebooks by l a b o r a t o r y  personne l .  Th i s  i n f o r m a t i o n  
was c a r e f u l l y  t r a n s f e r r e d  t o  f i v e  p r e p r i n t e d  coding forms and computer c a r d s  
were punched and v e r i f i e d  from t h e  forms. The d a t a  was then  r e a d  i n t o  an 
ASAP f i l e  maintenance system (Compuvisor, Inc . ,  1971) program p r e p a r e d  f o r  
t h i s  p r o j e c t .  The ASAP program s i m p l i f i e d  t h e  p r o c e s s  o f  r e t r i e v i n g  d a t a  f o r  
a n a l y s i s .  Subprograms CONDESCRIPTIVE and PEARSON CORRELATION from SPSS (Nie ,  
e t  a1 1975) were used t o  o b t a i n  means and c o r r e l a t i o n s  r e s p e c t i v e l y  f o r  d a t a  - -* 9 

r e t r i e v e d  s e l e c t i v e l y  by t h e  ASAP program. 

Non-parametric s t a t i s t i c a l  comparisons o f  measured v a l u e s  between 
n a t u r a l  and channe l ized  s t r e a m s  were made u s i n g  t h e  Wilcoxon matched p a i r s  
s igned-rank t e s t  (Remington and Schork 1970) w i t h  t h e  a i d  of a  FORTRAN com- 
p u t e r  program. Comparisons were made by d a t e s  w i t h i n  a g iven  y e a r  (1975 o r  
1976) between t h e  average o f  a p a r t i c u l a r  v a r i a b l e  f o r  a l l  c h a n n e l i z e d  and 
a l l  unchannel ized s t r e a m s ,  r e s p e c t i v e l y .  There were 9  such sampling d a t e s  in 
1975 and 1 3  d a t e s  i n  1976. The s t a t i o n s  i n c o r p o r a t e d  i n  t h e  a v e r a g e s  a r e  
p r e s e n t e d  i n  Table  6. 

I n s t a n t a n e o u s  e x p o r t  o f  water-borne m a t e r i a l s  ( f l u x e s )  was c a l c u l a t e d  
f o r  b o t h  Creeping and Clayroot  sampling s t a t i o n s  f o r  each sampling d a t e  
d u r i n g  t h e  two s p a t e  s t u d i e s .  I n  a d d i t i o n ,  f l u x e s  were c a l c u l a t e d  f o r  a l l  
s t r e a m s  examined d u r i n g  t h e  p r o j e c t  on f o u r  s e l e c t e d  "s teady  flow" d a t e s .  
These " s teady  flow" d a t e s  were chosen from p e r i o d s  o f  r e l a t i v e l y  s t a b l e  f l o w  
a t  l e a s t  f i v e  days a f t e r  t h e  l a s t  s p a t e  peak by examining t h e  d a i l y  d i s c h a r g e  
a t  CP-10 (Fig.  3 ) .  The f o l l o w i n g  "s teady  flow" d a t e s  were s e l e c t e d :  March 
6-7 and October  9-10, 1975; March 3-4 and May 24,  1976. 

Fluxes  were c a l c u l a t e d  on t h e  computer u s i n g  t h e  e q u a t i o n :  

Flux(A) = Conc(A) * Flow * 101.88 

where: Flux(A) i s  t h e  f l u x  o f  c o n s t i t u e n t  A expressed  i n  g / h r  
Conc(A) i s  t h e  c o n c e n t r a t i o n  o f  c o n s t i t u e n t  A expressed  i n  mg/l 



Table  6 .  S t a t i o n s  from which sampling d a t e  averages  of 
measured v a r i a b l e s  were made f o r  s t a t i s t i c a l  
comparison of n a t u r a l  and channe l ized  s t r e a m s  
i n  1975 and 1976. 

N a t u r a l  Streams 

Table  7 .  

S t a t i o n  

CP-10 
CP-20 
PM- 10 
CH-20 
TR-10 
TR-2 0 
co-10 
CO-30 
GR-10 
GR-30 
CY-10 
CY-20 

Channelized Streams 

Runoff v a l u e s  (m) used i n  t h e  c a l c u l a t i o n  of 
annua l  f l u x e s  modi f i ed  from v a l u e s  o b t a i n e d  
from U. S.G. S. Water Resources  Data f o r  North 
C a r o l i n a  (19 75, 19 76) . 

Runoff Value 
1975 - 1976 - 



Flow i s  t h e  i n s t a n t a n e o u s  v a l u e  o f  f low expressed  i n  c f s  
101.88 i s  t h e  convers ion  f a c t o r  r e l a t i n g  c f s  t o  l / h r  and mg t o  g 

Fluxes  were a l s o  c a l c u l a t e d  i n  terms o f  wa te r shed  a r e a s  by d i v i d i n g  f l u x e s  
f o r  a g iven  sampling s t a t i o n  and d a t e  by t h e  a r e a  of t h e  s t r e a m  wate r shed  
above t h e  sampling s t a t i o n .  

Annual weighted mean c o n c e n t r a t i o n s  and a n n u a l  f l u x e s  o f  n u t r i e n t s  and 
meta l s  a d j u s t e d  f o r  wa te r shed  a r e a s ,  f o r  t h e  y e a r s  1975 and 1976, were  c a l -  
c u l a t e d  f o r  a l l  s t a t i o n s  where d i s c h a r g e  measurements were  a v a i l a b l e .  For  a 
g iven  y e a r  and sampling s t a t i o n ,  t h e  annua l  weighted mean c o n c e n t r a t i o n  of a 
g iven  s p e c i e s  was weighted on t h e  b a s i s  o f  d i s c h a r g e  i n  t h e  f o l l o w i n g  manner: 

w t .  Conc. (Day X) = Conc. (Day X) *Discharge (Day X) 
C Discharge 

where: W t .  Conc. (Day X) is  t h e  weighted c o n c e n t r a t i o n  i n  mg 1-I o f  t h e  
s p e c i e s  on a g iven  sampling day (Day X) . 

Conc. (Day X) i s  t h e  measured c o n c e n t r a t i o n  i n  mg 1-I of t h e  s p e c i e s  
on a g i v e n  sampling d a t e  (Day X). 

Discharge (Day X) is  t h e  i n s t a n t a n e o u s  d i s c h a r g e  on a g iven  
sampling d a t e  (Day X). 

C Discharge  i s  t h e  sum of a l l  t h e  d i s c h a r g e  v a l u e s  on a l l  sampl ing 
d a t e s  f o r  t h e  g iven  y e a r  and s t a t i o n .  

Annual f l u x e s  were c a l c u l a t e d  by m u l t i p l y i n g  t h e  a n n u a l  weighted mean 
c o n c e n t r a t i o n s  by a n n u a l  r u n o f f  v a l u e s  o b t a i n e d  o r  e s t i m a t e d  from Water 
Resources Data f o r  North C a r o l i n a  Water Year 1976 (U.S. G e o l o g i c a l  Survey,  
1977) .  Runoff (expressed  i n  m e t e r s  y r - l )  i s  d e f i n e d  as t h e  dep th  t o  which 
t h e  wa te r shed  above t h e  s t ream s t a t i o n  would b e  f looded  i f  t h e  t o t a l  volume 
of w a t e r  p a s s i n g  by a gauging s t a t i o n  d u r i n g  a y e a r  were d i s t r i b u t e d  uniform- 
l y  o v e r  t h e  e n t i r e  watershed.  Thus t h e  runof f  v a l u e  i s  normal ized  f o r  water-  
shed a r e a ;  examinat ion o f  long  term (20-40 y e a r s )  r u n o f f  v a l u e s  f o r  wa te r sheds  
o f  wide ly  d i f f e r i n g  a r e a s  demonstra ted t h a t  average  a n n u a l  r u n o f f  is f a i r l y  
c o n s t a n t  a t  abou t  0.38 m yr-l (Water Resources Data f o r  North  C a r o l i n a  Water 
Year 1976. 1977).  

For t h o s e  sampl ing s t a t i o n s  a t  which d a i l y  d i s c h a r g e  measurements were 
made by t h e  U. S. Geo log ica l  Survey (CP-10, CP-20, PM-10, CO-10) , p u b l i s h e d  
v a l u e s  f o r  r u n o f f ,  c o r r e c t e d  f o r  o u r  e s t i m a t i o n  of wa te r shed  a r e a  above t h e  
sampling s t a t i o n ,  were used (Table  7).  By assuming t h a t  runof f  i s  r e l a t i v e l y  
c o n s t a n t ,  we used  t h e  runof f  v a l u e s  f o r  CP-10 f o r  t h e  ungauged s t a t i o n s  
CH-20, CY-10, CY-20, TR-10, and TR-20. The 1975 runof f  v a l u e  f o r  CO-10 was 
used f o r  CO-30, GR-10 and GR-30 because  t h e  Conetoe and G r i n d l e  wa te r sheds  
a r e  more s i m i l a r  i n  s i z e  and l o c a t i o n  t o  each o t h e r  t h a n  t o  any of t h e  o t h e r  
sampled wate r sheds  (Table  2) .  Runoff v a l u e s  f o r  1976 were c a l c u l a t e d  from 
d i s c h a r g e  d a t a  f o r  t h e  gauged s t a t i o n s  because  r u n o f f  v a l u e s  f o r  c a l e n d a r  
year  1976 have n o t  y e t  been pub l i shed .  The lower runof f  v a l u e s  i n  1976 
r e f l e c t  t h e  d r i e r  weather  i n  1976 compared t o  1975. A FORTRAN computer 
program, u s i n g  d a t a  made a v a i l a b l e  from ASAP f i l e s ,  was used t o  c a l c u l a t e  



annua l  weighted mean c o n c e n t r a t i o n s  and annual  f l u x e s .  

Annual i n p u t s  o f  m e t a l  and n u t r i e n t  s p e c i e s  i n  r a i n f a l l  were c a l c u l a t e d  
u s i n g  t h e  weighted mean averages  of n i t r o g e n  and phosphorus s p e c i e s  measured 
i n  t h i s  s t u d y  and t h e  v a l u e s  f o r  metal s p e c i e s  r e p o r t e d  by Gambell and F i s h e r  
(1967, Table  3 ) .  Annual r a i n f a l l  volumes f o r  1975 and 1976 were o b t a i n e d  
from C l i m a t o l o g i c a l  Data f o r  North C a r o l i n a  ( N a t i o n a l  Oceanographic and 
Atmospheric A d m i n i s t r a t i o n ,  1975, 1976) and were averages  o f  v a l u e s  measured 
a t  Washington and G r e e n v i l l e ,  North Carol ina .  Annual volume o f  p r e c i p i t a t i o n  
p e r  s q u a r e  k i l o m e t e r  was m u l t i p l i e d  by c o n c e n t r a t i o n s  t o  o b t a i n  t h e  annua l  
area-based i n p u t s  o f  n u t r i e n t s  and m e t a l s  d e l i v e r e d  by b u l k  p r e c i p i t a t i o n .  

L i n e a r  c o r r e l a t i o n s  between a l l  of t h e  p h y s i c a l  and chemical  f a c t o r s  
measured a t  each s t a t i o n  between December 1974 and December 1976 were calcu-  
l a t e d  by means of an S.P. S. S. program i n  o r d e r  t o  judge (1 )  t h e  p r o b a b l e  
jmportance of t r e n d s  e v i d e n t  i n  s e a s o n a l  changes and (2)  t h e  i n t e r r e l a t b n -  
s h i p s  between n u t r i e n t s ,  s o l u b l e  sal ts ,  and t h e  p a r t i c u l a t e  forms of e lements  
as they  e x i s t  i n  t h e  w a t e r s  o f  n a t u r a l  and channe l ized  s t reams.  c o r r e l a t i o n s  
( r )  f o r  4 s t a t i o n s  a r e  p r e s e n t e d  (P 5 ,002) t o  i l l u s t r a t e  c o n d i t i o n s  i n  a 
n a t u r a l  s t r e a m  (CP-20) and a channe l ized  s t ream (TR-10) wi thou t  p o i n t  s o u r c e s  
o f  p o l l u t i o n ,  and a n a t u r a l  s t r e a m  (CP-10) and a c h a n n e l i z e d  s t r e a m  ((3-10) 
which r e c e i v e  d r a i n a g e  from l i v e s t o c k  farms. P o s i t i v e  c o r r e l a t i o n s  r e s u l t  
when t h e  i n t e n s i t i e s  o r  c o n c e n t r a t i o n s  of two v a r i a b l e s  i n c r e a s e  and d e c r e a s e  
t o g e t h e r  and n e g a t i v e  c o r r e l a t i o n s  r e s u l t  when t h e  i n t e n s i t y  o r  concent r a t i o n  
of one v a r i a b l e  i n c r e a s e s  w h i l e  t h e  o t h e r  i s  decreas ing .  These c o r r e l a t i o n s  
do n o t  prove c a u s a l  r e l a t i o n s h i p s ,  b u t  t h e y  o f t e n  a i d  unders tand ing .  

RE SULT S 

The d a t a  c o l l e c t e d  d u r i n g  t h i s  i n v e s t i g a t i o n  a r e  p r e s e n t e d  a s  fo l lows .  
F i r s t  t h e  r e s u l t s  of t h e  r o u t i n e  sampling program a r e  shown t o  demons t ra te  
t h e  s e a s o n a l  p a t t e r n s .  The r e s u l t s  o f  t h e  d a i l y  sampl ing program and t h e n  
t h e  s p a t e  sampling program a r e  p r e s e n t e d  t o  i l l u s t r a t e  shor t - t e rm f l u c t u a -  
t i o n s .  F i n a l l y ,  t h e  a n n u a l  mean and weighted mean c o n c e n t r a t i o n  and f l u x e s  
a t  each s t a t i o n  f o r  s e v e r a l  pa ramete rs  a r e  p r e s e n t e d  i n  o r d e r  t o  examine 
d i f f e r e n c e s  i n  w a t e r  q u a l i t y  between s t a t i o n s  on t h e  same s t r e a m  and between 
s t  reams. 

Seasona l  P a t t e r n s  o f  P h y s i c a l  and Chemical C h a r a c t e r i s t i c s  

1. P h y s i c a l  f a c t o r s  

The mean v a l u e  o f  wa te r  t empera tu re  measurements i n  a l l  s t r e a m s ,  n a t u r a l  
and channe l ized ,  showed t h e  expec ted  annua l  c y c l e  (Fig .  8) .  The mean tempera- 
t u r e  i n  January was abou t  8  C and i n  August i t  was abou t  24 C. Water tempera- 
t u r e s  sometimes dropped t o  0  C on w i n t e r  n i g h t s  and s u r f a c e  i c e  formed, and 
daytime summer w a t e r  t empera tu res  sometimes exceeded 30 C. The range d u r i n g  
any month, however, was a s  g r e a t  a s  t h e  d i f f e r e n c e  between t h e  w i n t e r  and 
summer monthly means. The g r e a t  range i n  t empera tu re  dur ing  a  month r e s u l t e d  
p a r t l y  from t h e  f a c t  t h a t  measurements were  n o t  always made a t  t h e  same t ime  
o f  day; t h e  d a i l y  t empera tu re  v a r i a t i o n  measured d u r i n g  d i e 1  s t u d i e s  o f  
a q u a t i c  p r o d u c t i v i t y  ranged from 1 C a t  CY-10 and CY-20 i n  November 1975 
t o  8.3 C a t  CP-20 i n  June 1975 (Table  16) .  Furthermore,  measurements a t  t h e  
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Fig.  8. Mean monthly w a t e r  t empera tu re  i n c l u d i n g  a l l  s t reams ,  a l l  s t a t i o n s  
and a l l  sampling d a t e s  f o r  1974-1977. H o r i z o n t a l  l i n e s  i n d i c a t e  means, b a r s  
i n d i c a t e  one s t a n d a r d  d e v i a t i o n  and v e r t i c a l  l i n e s  i n d i c a t e  range of tempera- 
t u r e  f o r  a  g iven month. 



beg inn ing  of t h e  month dur ing  s p r i n g  and f a l l  may be expec ted  t o  be lower  o r  
h i g h e r ,  r e s p e c t i v e l y ,  t h a n  measurements a t  t h e  end. However, t h e  most 
impor tan t  f a c t o r  i s  probably  t h e  o r d i n a r y  wide range  i n  a i r  t empera tu re  which 
o c c u r s  each month and which e x e r t s  t h e  major c o n t r o l  o v e r  w a t e r  t empera tu re .  
The w a t e r  t empera tu re  i n  channe l ized  s t reams  was 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  
from t h a t  o f  n a t u r a l  s t r eams ,  n o r  w a s  t h e r e  a s i g n i f i c a n t  d i f f e r e n c e  between 
1975 and 1976 wate r  t empera tu res  (no t  shown). 

Measurements o f  s t r e a m  d i s c h a r g e  were made on each sampling t r i p  (F igs .  
9-16). Long p e r i o d s  w i t h  no f low,  where known from gauging s t a t i o n  r e c o r d s ,  
a r e  shown by heavy h o r i z o n t a l  l i n e s  j u s t  below t h e  lower  margin of t h e  f i g u r e .  
These " ins tan taneous"  f lows  n e i t h e r  a r e  r e p r e s e n t a t i v e  of t h e  g r e a t  v a r i a b i l -  
i t y  i n  s t r e a m  flow through t h e  y e a r  which i s  e v i d e n t  when d a i l y  f lows  a r e  
p l o t t e d  (Figs .  3-5), n o r  a r e  they an  adequa te  sample from which t o  e s t a b l i s h  
mean annua l  f lows o r  s e a s o n a l  p a t t e r n s .  They a r e  shown h e r e ,  however, t o  
h e l p  i n t e r p r e t  t h e  p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  o f  each s t r e a m  on  
a  p a r t i c u l a r  d a t e .  During 1975, most sampl ing t r i p s  o c c u r r e d  at  t i m e s  of 
d e c l i n i n g  o r  n e a r l y  s ~ e a d y  s t r e a m  f low and few d u r i n g  p e r i o d s  o f  h i g h  f low 
(F igs .  3 , 4 , 5 ) .  The g r e a t e r  f requency  of sampling d u r i n g  s p a t e s  i n  1976 

must be cons idered  i n  examinat ion o f  each  p h y s i c a l  and chemical  pa ramete r  
f o r  d i f f e r e n c e s  between 1975 and 1976. During 1976 a d d i t i o n a l  f i e l d  t r i p s  
were conducted t o  p e n n i t  d a i l y  sampling d u r i n g  s p a t e  p e r i o d s  i n  o r d e r  t o  
d e l i n e a t e  t h e  shor t - t e rm changes i n  w a t e r  chemistry.  D e t a i l e d  s t u d i e s  o f  a 
w i n t e r  and a  summer s p a t e  a t  Creeping Swamp and Clayroot  Swamp a r e  d e s c r i b e d  
below; d a t a  from t h e s e  s p a t e  p e r i o d s  a r e  o m i t t e d  from Figs.  9 ,  10 and 16. 
Stream f lows i n  channe l ized  s t reams  f l u c t u a t e d  wide ly ,  b u t  much l e s s  f r e -  
q u e n t l y  d i d  t h e y  c e a s e  e n t i r e l y .  The l o g a r i t h m  of  s t ream f low was n e g a t i v e l y  
c o r r e l a t e d  (P 5 0.01) w i t h  w a t e r  t empera tu re  a t  a l l  4  s t a t i o n s  examined, i n  
accordance w i t h  t h e  lower  d i s c h a r g e  r a t e s  o f  summer and a t  CP-10, TR-10, and 
CY-10 t h e  P-values were 5 0.002 and a r e  t h e r e f o r e  shown i n  Tab les  8-11. Most 
s o l u b l e  c o n s t i t u e n t s  o f  t h e  w a t e r  i n  a l l  4  s t reams  decreased  i n  c o n c e n t r a t i o n  
when f low i n c r e a s e d  ( c o r r e l a t i o n  w i t h  log-flow were n e g a t i v e ,  Tab les  8-11) 
excep t  f o r  d i s s o l v e d  oxygen i n  Creeping Swamp and c o l o r  i n  Tracey Swamp and 
Clayroo t  Swamp. Note t h e  l o n g  p e r i o d s  of s t a g n a t i o n  a t  CP-10 d u r i n g  t h e '  
unusua l  summer d rought ;  t h e r e  was a  t o t a l  of abou t  4.5 months of no-flow 
c o n d i t i o n s  d u r i n g  1976. 

The c o n c e n t r a t i o n s  o f  d i s s o l v e d  oxygen v a r i e d  s e a s o n a l l y  i n  n a t u r a l  
s t r eams  (Figs .  9-12) b u t  were h i g h  and r e l a t i v e l y  c o n s t a n t  i n  channe l ized  
s t reams  (Figs .  13-16). A l l  s t r eams  u s u a l l y  had 5-10 mg 02 1-I d u r i n g  t h e  
c o o l  seasons .  With a  few e x c e p t i o n s  (CY-10 i n  October  and November 1976, 
TR-10 i n  October 1976; Figs .  16 ,  1 3 ) ,  t h e  channe l ized  s t reams  had D.O. l e v e l s  
above 6  mg 1-1 throughout  t h e  year .  N a t u r a l  s t r e a m s ,  however, o f t e n  had much 
lower d i s s o l v e d  oxygen l e v e l s  i n  summer than i n  w i n t e r  (F igs .  9-12). A t  
CP-10 t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  d i s s o l v e d  oxygen was n e g a t i v e  w i t h  
t empera tu re  ( r  = -.63). Oxygen c o n c e n t r a t i o n  may b e  below 4 mg 1-I f o r  3-7 
months, and is  o f  t e n  v e r y  low (< 0 .1  mg 1 - I )  when f l o w  s t o p s .  C layroo t  
Swamp, a l though  i t  h a s  n o t  been main ta ined  a s  a  c l e a n  channel  and bank 
v e g e t a t i o n  now complete ly  shades  t h e  channe l ,  r e t a i n s  t h e  d i s s o l v e d  oxygen 
p a t t e r n  o f  channe l ized  s t reams  w i t h  o n l y  one s u b s t a n t i a l  d i p  a t  t h e  end of a 
long  p e r i o d  o f  low f low i n  October and November (Fig.  16) .  The d i e 1  v a r i a -  
t i o n  i n  d i s s o l v e d  oxygen w i l l  be  d e s c r i b e d  below i n  t h e  Stream Metabolism 
s e c t i o n .  The s e a s o n a l  p a t t e r n s  o f  low D.O. dur ing  low-flow p e r i o d s  i n  summer 
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Table  8. C o r r e l a t i o n s  ("r") between p h y s i c a l  and chemical  
f a c t o r s  a t  CP-20. A l l  a r e  l i n e a r  c o r r e l a t i o n s  
excep t  " log  flow" which were c a l c u l a t e d  from 
l o g a r i t h m i c  t r a n s f o r m a t i o n  of s t r e a m  d i scharge .  
C o r r e l a t i o n s  a r e  shown o n l y  where P 5 0.002. 

Con d  . 
pH 
Color  
Turb. 
D. 0. 

NO2 
NH4 
TON 
FRP 
F'UP 
PP 
C 1 
Sol. Fe 
Sol.  Mn 
Sol. Ca 
Sol .  Mg 
Sol.  N a  
Sol.  K 
Sol .  S i  
P a r t .  Fe 
P a r t .  C a  
T o t a l  Fe 

Log 
Flow - 
-.57 -. 60 -. 43 

.65 

-. 53 

-. 48 
-.66 

-.68 

-. 73 -. 72 

-. 6 1  

Conduc- 
t i v i t y  

.69 

.50 

. 6 1  

.76 

. 7 1  

. 8 1  

.87 

.97 

.82 

. 9 1  

.92 

.77 

Water 
Temp. 

-. 66 

.46 

.46 

.45 

.63 

. 6 1  

pH Color Turb. 

- - - 
D.O. 
- 

-.52 -. 5 9  -. 55 -. 48 
-.56 

-. 62 

-. 73 -. 7 1  -. 79 



Water T  
Cond. 
pH 
Color 
D. 0. 
NH4 
TON 
FRP 
FUP 
P  P  
C 1  
Sol.  Fe 
Sol.  Mn 
Sol. Ca 
Sol.  Mg 
Sol .  Na 
Sol.  K 
Sol .  S i  
P a r t .  Ca 
P a r t .  K 
P a r t .  A 1  
P a r t .  S i  
T o t a l  Fe 
T o t a l  Mn 

Lo g  
Flow - 
-. 40 -. 6 2  -. 66  
- .51 

.72 -. 40 -. 66  

-.68 -. 40  -. 6 2  -. 6 4  -. 7 8  

-. 55 -. 7 1  -. 74 -. 59 

Cond. 

.61  

.40 -. 47 

.56 

.58 
- 5 1  
.47 
.47 
.86 

.77 

.85 
.93 
.97 
.89 
.74 

Table  9 .  C o r r e l a t i o n s  ("r") between p h y s i c a l  and chemical  
f a c t o r s  a t  CP-10. A l l  a r e  l i n e a r  c o r r e l a t i o n s  
excep t  " log  flow" which were  c a l c u l a t e d  from 
l o g a r i t h m i c  t r a n s f o r m a t i o n  of s t r e a m  d i scharge .  
C o r r e l a t i o n s  a r e  shown o n l y  where P  f 0 .002 .  

Water pH 
T  

Color 

-. 7 6  

.52 

.43 

.52 

.65 

.5 7 

.59 

.45 

.66 

Turb. D.O. 

- - 



Table 1 0 .  C o r r e l a t i o n s  ("r") between p h y s i c a l  and 
chemical  f a c t o r s  a t  TR-10. A l l  a r e  l i n e a r  
c o r r e l a t i o n s  excep t  " log  flow" which were 
c a l c u l a t e d  from l o g a r i t h m i c  t r a n s f o r m a t i o n  
of s t ream d i scharge .  C o r r e l a t i o n s  a r e  
shown on ly  where P  2 0.002. 

Log Conduc- PH Color Turb . 
Flow - t i v i t y  - 

Water T  
Cond. 
pH 
Color 

NO3 
FUP 
PP 
Sol .  Ca 
Sol .  Mg 
Sol.  Na 
Sol.  A1 
P a r t .  Fe 
P a r t .  K 
Part. A 1  
P a r t .  S i  
P a r t .  Mg 
T o t a l  Mg 
T o t a l  Na 



Table 

Water T. 
Con d  . 
pH 
Color 
NO2 
FRP 
FUP 
PP 
C 1  
Sol .  Ca 
Sol.  Mg 
Sol.  Na 
Sol .  K 
Sol. S i  
P a r t .  Fe 
P a r t .  Ca 
P a r t .  K 
P a r t .  A 1  
P a r t .  S i  
P a r t .  Mg 

- - - 
11. C o r r e l a t i o n s  ("r") between p h y s i c a l  and 

chemical  f a c t o r s  a t  CY-10. A l l  a r e  l i n e a r  
c o r r e l a t i o n s  e x c e p t  " l o g  flow" which were  
c a l c u l a t e d  from l o g a r i t h m i c  t r a n s f o r m a t i o n  
of s t r e a m  d i scharge .  c C o r r e l a t i o n s  are shown 
o n l y  where P - 0.002. 

Lo g  
Flow - 
-. 59 -. 84 -. 90 

.51 -. 5 1  

-. 63 

-. 80 -. 70 -. 89 

-. 61  

- 5 8  

Con d  . PH Color  Turb. 
- 
. 61  



i n  n a t u r a l  s t r eams  i s  demonstra ted a l s o  by t h e  p o s i t i v e  c o r r e l a t i o n s  w i t h  
log-flow and n e g a t i v e  c o r r e l a t i o n s  w i t h  w a t e r  t empera tu re  a t  CP-20 and CP-10 
(Tables  8 ,9) .  Disso lved  oxygen was a l s o  n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e  
n u t r i e n t s  and some s o l u b l e  s a l t s ,  e s p e c i a l l y  s o l u b l e  Fe, which i n c r e a s e d  i n  
Creeping Swamp d u r i n g  summer and f a l l  p e r i o d s  o f  low f low o r  s t a g n a t i o n  
(Tables  8 .9) .  Levels  o f  D.O. a t  TR-10 and CY-10 were t o o  n e a r l y  c o n s t a n t  t o  
p rov ide  s t r o n g  c o r r e l a t i o n s  w i t h  p h y s i c a l  f a c t o r s  (Tables  1 0 ,  1 1 ) .  

Streams a r i s i n g  i n  t h e  C o a s t a l  P l a i n  o f t e n  a r e  d a r k l y  s t a i n e d  w i t h  
o r g a n i c  co lo r .  The c o l o r  of t h e  n a t u r a l  s t r eams  tended t o  be  g r e a t e r  dur ing  
t h e  w a r m ,  low-flow p e r i o d s  (Figs .  9-12). I n  Creeping Swamp (CP-10) t h e  
c o r r e l a t i o n  c o e f f i c i e n t  ( r )  w i t h  t empera tu re  was 0.45 (Table  9 ) .  There  was 
g e n e r a l l y  l e s s  c o l o r  i n  t h e  w a t e r  o f  c h a n n e l i z e d  s t reams  t h a n  i n  n a t u r a l  
s t reams d u r i n g  summer and t h e r e  was l i t t l e  ev idence  of an a n n u a l  c y c l e  
excep t  i n  Tracey Swamp ( f i g s .  13-16). Color  decreased  as f low i n c r e a s e d  i n  
Creeping swamp' ( n e g a t i v e  c o r r e l a t i o n s  w i t h  log-flow. Tab les  8,9) b u t  c o l o r  
i n c r e a s e d  w i t h  f l o w  i n  t h e  channe l ized  s t r e a m s ,  p robab ly  because  t h e  w a t e r  
i n  channe l ized  s t r e a m s  dur ing  low f low p e r i o d s  i s  mos t ly  groundwater.  These 
d i f f e r e n c e s  i n d i c a t e  t h a t  da rk  w a t e r  produced i n  t h e  n a t u r a l  swamps i s  
d i l u t e d  d u r i n g  p e r i o d s  of h i g h  f low whereas channe l ized  s t reams  r e c e i v e  more 
h i g h l y  c o l o r e d  w a t e r s  from e l sewhere  i n  t h e  wa te r shed  d u r i n g  p e r i o d s  of heavy 
£1 ow. 

The t u r b i d i t y  o f  n a t u r a l  s t r eams  was v a r i a b l e  b u t  u s u a l l y  low, r e s u l t i n g  
i n  c l e a r  b u t  da rk  c o l o r e d  w a t e r s  (F igs .  9-12). During r i s i n g  w a t e r  l e v e l s  
t h e  t u r b i d i t y  i n c r e a s e d  due t o  suspens ion  of p a r t i c u l a t e s ;  t h i s  was demon- 
s t r a t e d  by t h e  s p a t e  s t u d i e s  ( s e e  below). During v e r y  low f low o r  s t a g n a n t  
p e r i o d s  t h e  t u r b i d i t y  a l s o  i n c r e a s e d  a s  a  r e s u l t  of b i o l o g i c a l  a c t i v i t y ,  
i n c l u d i n g  r o i l i n g  o f  t h e  w a t e r  by f i s h e s  and some phytoplankton growth. The 
t u r b i d i t y  of channe l ized  s t reams  was about  twice  t h a t  of n a t u r a l  s t r eams  
(Figs .  13-16). The h i g h e s t  t u r b i d i t i e s  o c c u r r e d  p r i o r  t o  peak f low,  so  t h a t  
c o r r e l a t i o n s  w i t h  s t r e a m  d i s c h a r  e  a r e  n o t  s t r o n g .  T u r b i d i t i e s  i n c r e a s e d  
wi th  c o n d u c t i v i t y ,  pH, c o l o r ,  NHf, FRP, PP, and t o t a l  Fe a t  t h e  upst ream 
Creeping Swamp s t a t i o n  (CP-20), c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  b i o l o g i c a l  
p r o c e s s e s  a r e  o f t e n  impor tan t  (Table  8).  A t  CP-10 and CY-10, t h e r e  were 
c o n s i s t e n t  c o r r e l a t i o n s  between t u r b i d i t y  and Fe, K ,  Al, and S i ,  e s p e c i a l l y  
t h e  p a r t i c u l a t e  s p e c i e s ,  (Tables  9 , l l )  , i n  accordance w i t h  t h e  abundance 
of t h e s e  e lements  i n ,  o r  a s s o c i a t e d  w i t h ,  s o i l  p a r t i c l e s .  The t u r b i d i t y  of 
wa te r  of Tracey Swamp, however, i n c r e a s e d  a t  t h e  same t ime a s  NO?, FUP, and 
p a r t i c u l a t e  phases  of P ,  Fe, P ,  A l ,  S i ,  and Mg (Table  1 0 )  s t r o n g l y  sugges t -  
i n g  suspended s o i l  p a r t i c l e s  from a g r i c u l t u r a l  f i e l d s  of t h e  watershed.  

Although s e a s o n a l  changes i n  s t r e a m  w a t e r  c o n d u c t i v i t y  were n o t  v e r y  
g r e a t ,  v a l u e s  were c o n s i s t e n t l y  lower d u r i n g  t h e  w i n t e r  p e r i o d  o f  h i g h e r  f lows 
and h i g h e r  d u r i n g  summer and f a l l  (F igs .  9-16); n e g a t i v e  c o r r e l a t i o n s  between 
log-flow and c o n d u c t i v i t y  were found a t  CP-10, CP-20, TR-10, and CY-10 
(Tables 8-11). The n a t u r a l  s t r eams  showed t h e  p a t t e r n  b e s t .  The c o n d u c t i v i t y  
a t  CP-10 was 40-70 p mho cm-1 d u r i n g  January  - June 1975 and December 1975 - 
May 1976, e x c e p t  when flow s topped  a t  t h e  end of A p r i l  1976. I t  peaked i n  
September 1975, A p r i l  1976, and climbed d u r i n g  t h e  most ly  s t a g n a n t  p e r i o d  

1 J u l y  - November 1976,  r e a c h i n g  a  maximum of a lmos t  200 p mho cm- . Sampling 
was d i s c o n t i n u e d  a t  CP-20 d u r i n g  t h e  no-flow p e r i o d s  J u l y  - September 1975 
and August - October 1976 because  o f  l a c k  of wa te r  a t  t h e  sampl ing s t a t i o n  



(Fig .  10) .  The c o n d u c t i v i t y  p a t t e r n ,  however, appears  n o t  t o  d i f f e r  from 
t h a t  a t  t h e  downstream s t a t i o n ,  CP-10 (Fig .  9 ) .  C o n d u c t i v i t i e s  i n  P a l m e t t o  
Swamp and Chicod Creek a l s o  fol lowed t h i s  s e a s o n a l  p a t t e r n ,  b e i n g  mos t ly  
50-100 p mho cm-1 i n  w i n t e r  and g r e a t e r  than  100 dur ing  summer and f a l l ,  w i t h  
t h e  h i g h e s t  peak i n  November 1976 (Figs .  11 ,12) .  A weaker b u t  similar season- 
a l  v a r i a t i o n  i n  c o n d u c t i v i t y  i s  e v i d e n t  i n  t h e  t h r e e  r e c e n t l y  c h a n n e l i z e d  
s t reams  (Figs .  13-15). The more e r r a t i c  p a t t e r n  i n  Clayroot  Swamp (Fig .  16)  
probably  r e s u l t e d  i n  p a r t  from v a r i a t i o n s  i n  w a s t e  l o a d i n g  from hog and 
p o u l t r y  farms i n  t h e  watershed.  Conduc t iv i ty  was n e v e r t h e l e s s  n e g a t i v e l y  
c o r r e l a t e d  w i t h  v a r i a t i o n s  i n  f low,  t h e  minima i n  J a n u a r y ,  l a t e  March, June  
and December occur r ing  when s t r e a m  d i s c h a r g e s  were a p p r e c i a b l e .  A p a t t e r n  of 
g e n e r a l l y  h i g h e r  c o n d u c t i v i t i e s  i n  1976 than i n  1975 may be  a t t r i b u t a b l e  t o  
lower r a i n f a l l .  Conduc t iv i ty  was p o s i t i v e l y  c o r r e l a t e d  w i t h  pH and w i t h  most 
of t h e  s o l u b l e  s a l t s  (Tab les  8-11). 

2. N u t r i e n t s  

Ni t rogen  and phosphorus c o n c e n t r a t i o n s  were determined a s  i n d i c a t o r s  'of 
n u t r i e n t  s t a t u s  of t h e s e  s t reams.  A l l  d a t a  a r e  p r e s e n t e d  i n  u n i t s  o f  
e l e m e n t a l  weight  p e r  l i t e r ,  f o r  example mg N 1-I a s  n i t r a t e  o r  ammonium, o r  
mg P 1-1 as FUP. 

The combined n i t r o g e n  i n  n a t u r a l  swamp s t reams  was dominated by o r g a n i c  
n i t r o g e n  (F igs .  17-20). The organic-N c o n c e n t r a t i o n s  were n o t  c o r r e c t e d  f o r  
poor recovery  ( s e e  Methods) and a r e  t h e r e f o r e  p robab ly  underes t imated  by 
about  40%. The organic-N f r a c t i o n  was n o t  s e p a r a t e d  i n t o  p a r t i c u l a t e  and 
f i l t e r a b l e  f r a c t i o n s  , b u t  i t  i s  probably  p r i m a r i l y  f i l t e r a b l e  ( s o l u b l e  and 
c o l l o i d a l )  because  organic-C was p r i m a r i l y  f i l t e r a b l e  r a t h e r  than  p a r t i c u l a t e  
( n o t  shown). The organic-N and ammonium were h i g h e s t  d u r i n g  t h e  summer and 
f a l l  s e a s o n s  of h igh  t empera tu re ,  low f low,  and low D.O. ; TON and N H ~  were 
p o s i t i v e l y  c o r r e l a t e d  w i t h  temperature  and n e g a t i v e l y  w i t h  f low i n  Creeping 
Swamp. Almost a l l  of t h e  o x i d i z e d  n i t r o g e n  o c c u r r e d  a s  n i t r a t e .  Mean a n n u a l  
n i t r i t e  l e v e l s  were l e s s  than  4% of n i t r a t e  a t  a l l  s t a t i o n s ;  n i t r i t e  con- 
c e n t r a t i o n s  have n o t  been p l o t t e d  because  t h e y  were so  low. N i t r a t e  con- 
c e n t r a t i o n s  were g e n e r a l l y  low and c o n s t a n t  e x c e p t  a t  CH-20 which r e c e i v e d  
some e f f l u e n t  from a hog farm (Fig .  20).  The e f f e c t s  o f  i n c r e a s e d  s t r e a m  
f low fo l lowing  w i n t e r  and summer r a i n s  upon n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  
wa te r  w i l l  be shown f o r  n a t u r a l  and channe l ized  s t r e a m s  i n  t h e  s e c t i o n  
Temporal Changes During Spa tes .  The n i t r o g e n  p a t t e r n s  i n  Creeping Swamp a t  
t h e  downstream s t a t i o n  (CP-10) i n  1975 were s i m i l a r  t o  t h o s e  of t h e  upst ream 
s t a t i o n  (CP-20) i n  1975 and 1976 (F igs .  1 7 ,  18) .  N i t r a t e  l e v e l s  seemed some- 
what h i g h e r  downstream b u t  ammonium and organic-N l e v e l s  were n e a r l y  t h e  
same ( n o t e  change o f  s c a l e  between CP-10 and CP-20). The e f f e c t s  of hog 
farm dra inage  e n t e r i n g  j u s t  above CP-10, however, were s u b s t a n t i a l  i n  1976, 
r a i s i n g  t h e  c o n c e n t r a t i o n s  of a l l  forms of n i t r o g e n ,  b u t  e s p e c i a l l y  ammonium 
(F ig .  20). The g e n e r a l l y  h i g h e r  l e v e l s  o f  NO? i n  Chicod Creek t h a n  i n  t h e  
o t h e r  two n a t u r a l  s t r eams  probably  r e s u l t s  from p o u l t r y  and swine w a s t e s  
i n t r o d u c e d  upstream. 

The combined n i t r o g e n  i n  channe l ized  s t r e a m s ,  however, was dominated by 
n i t r a t e  throughout  t h e  y e a r ,  w i t h  somewhat h i g h e r  v a l u e s  i n  summer t h a n  i n  
w i n t e r  (Figs .  21-24). N i t r a t e  was h i g h e r  i n  channe l ized  than  i n  n a t u r a l  
s t reams.  T o t a l  organic-N was l e s s  abundant than NO; b u t  more abundant t h a n  
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Fig. 18. Seasonal p a t t e r n s  o f  n i t r a t e ,  ammonium, t o t a l  o rgan ic  n i t r o g e n ,  
f i l t e r a b l e  reactive-P, f i l t e r a b l e  unreactive-P, and pa r t i cu l a t e -P  a t  Creeping 
Swamp (8 -10 )  during 1975-1976. Data c o l l e c t e d  during s p a t e  s t u d i e s  is  shown 
i n  Fig. 36,  40. TON va lues  have n o t  been co r rec t ed  f o r  incomplete recovery 
and a r e  about 40% low. 













CLAYROOT SWAMP CY-I0 
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Fig. 24. Seasonal p a t t e r n s  of n i t r a t e ,  ammonium, t o t a l  o r g a n i c  n i t rogen ,  
f i l t e r a b l e  reactive-P , f i l t e r a b l e  unreactive-P and p a r t  i cu la te -P  concent r a t i o n s  
a t  Clayroot Swamp (CY-10) f o r  November 1975-December ,1976. Data c o l l e c t e d  
during s p a t e  s t u d i e s  i s  shown i n  Fig. 38,  42. TON va lues  have n o t  been 
cor rec ted  f o r  incomplete recovery and a r e  about 40% low. 



" -- - + NH4 i n  Tracey Swamp, Conetoe Creek,Qand G r i n d l e  Creek (Figs .  20-22).  
Ammonium and TON c o n c e n t r a t i o n s  were n o t  c o n s i s t e n t l y  d i f f e r e n t  between 
n a t u r a l  and channe l ized  s t reams.  High n i t r a t e  and ammonium c o n c e n t r a t i o n s  a t  
CY-10 on 29 A p r i l  1976 ( n o t  shown on Fig .  24) a r e  p robab ly  a t t r i b u t a b l e  t o  
l o c a l  contaminat ion d u r i n g  t h i s  p e r i o d  o f  low f low (.06 m3 sec'l); h i g h  
c h l o r i d e  c o n c e n t r a t i o n  (11.5 mg 1-I)  a l s o  e x i s t e d .  Th is  s t a t i o n  had h i g h  
ammonium (7.0 mg l - l ) ,  s o l u b l e  r e a c t i v e  P (0.58 mg lB1), and c h l o r i d e  (13.9 
mg 1-I)  aga in  on 11 November 1976 (no t  shown) when d i s c h a r g e  was 0.3 m3 s e c - l ,  
b u t  a l l  of t h e s e  c o n c e n t r a t i o n s  dro ped s h a r p l y  by t h e  n e x t  day (Fig .  24) 
when d i s c h a r g e  had i n c r e a s e d  t o  2  m s  sec-1. Even h i g h e r  c o n c e n t r a t i o n s  of 
n i t r a t e ,  armnonium, and c h l o r i d e  were found on 29 A p r i l  1976 and o f  ammonium, 
organic-N, p a r t i c u l a t e - P ,  and c h l o r i d e  on 1 3  October  1976 upst ream a t  CY-20 
dur ing  p e r i o d s  o f  complete s t a g n a t i o n .  Anthropogenic con tamina t ion  of t h e  
pool  benea th  t h e  b r i d g e  i s  suspec ted ,  a l t h o u g h  l i v e s t o c k  w a s t e s  may have 
a l s o  accumulated here .  

Except f o r  s t a t i o n s  below p o i n t  s o u r c e s  of contaminat ion (CP-10, CH-20, 
GR-10, CY-lo), f i l t e r a b l e  r e a c t i v e  P and f i l t e r a b l e  u n r e a c t i v e  P concentra-  
t i o n s  were low, u s u a l l y  l e s s  t h a n  0.04 mg P 1-I and o f t e n  l e s s  than  0.02 
mg 1-I, r e g a r d l e s s  o f  whether  t h e  s t r e a m  was n a t u r a l  o r  channe l ized  (F igs .  1 7 ,  
1 9 ,  21,  22). There was a  tendency f o r  h i g h e r  c o n c e n t r a t i o n s  of f i l t e r a b l e  
forms of phosphorus t o  be p r e s e n t  i n  summer and f a l l  t h a n  dur ing  t h e  r e s t  of 
t h e  year .  P a r t i c u l a t e  phosphorus was o f t e n  t h e  dominant form i n  b o t h  n a t u r a l  
and channe l ized  s t reams ,  b u t  i t s  c o n c e n t r a t i o n  sometimes changed e r r a t i c a l l y .  
The chemical  n a t u r e  of t h e  p a r t i c u l a t e - P  i s  n o t  known, b u t  i t s  f l u c t u a t i o n s  
a r e  r e l a t e d  t o  changes i n  t u r b i d i t y .  High p a r t i c u l a t e - P  l e v e l s  were  found 
i n  summer i n  n a t u r a l  s t r eams ,  e s p e c i a l l y  d u r i n g  s t a g n a n t  p e r i o d s  (F igs .  18 ,  
19,20) .  Th i s  i s  t e n t a t i v e l y  a s c r i b e d  t o  phytoplankton growth,  b i o l o g i c a l  
r o i l i n g  of t h e  w a t e r  by f i s h e s ,  and perhaps  t o  e x c r e t a  of f i s h e s  and i n v e r t e -  
b r a t e s .  High p a r t i c u l a t e - P  l e v e l s  i n  n a t u r a l  and channe l ized  s t reams ,  how- 
e v e r ,  were a l s o  s e e n  dur ing  p e r i o d s  of i n c r e a s i n g  s t r e a m  f low probab ly  due t o  
a d s o r p t i o n  t o  and movement w i t h  s o i l  p a r t i c l e s  ( s e e  Temporal Changes During 
S p a t e s ,  below). The FRP i n  Clayroo t  Swamp i n c r e a s e d  s t e a d i l y  t o  u n u s u a l l y  
h i g h  l e v e l s  d u r i n g  t h e  s t a g n a n t  p e r i o d  of September - October ,  whereas 
p a r t i c u l a t e - P  d e c l i n e d  u n t i l  f l o w  i n c r e a s e d  aga in  (Fig .  24). F i n a l l y ,  al- 
though t h e  p a t t e r n s  o f  phosphorus l e v e l s  agreed  c l o s e l y  between c o n s e c u t i v e  
y e a r s  bo th  a t  CP-20 and PM-10 (Figs .  1 7 ,  l g ) ,  i n c r e a s e d  f requency of sampl ing 
d u r i n g  s p a t e s  and perhaps  g r e a t e r  hog-farm d r a i n a g e  above CP-10 d u r i n g  1976 
s u b s t a n t i a l l y  r a i s e d  t h e  c o n c e n t r a t i o n s  of a l l  forms of phosphorus (Fig .  1 8 ) .  
The p l a n t  n u t r i e n t s  N ,  P ,  K ,  Ca, and Fe showed s e v e r a l  i n t e r r e l a t i o n s  o f  
i n t e r e s t  (Table  1 2 ) .  N i t r a t e  d i d  n o t  c o r r e l a t e  s t r o n g l y  w i t h  any o t h e r  of 
t h e s e  e lements ,  a l t h o u g h  n i t r i t e  d i d  a t  CP-20 and CY-10. Ammonium and TON 
gave p o s i t i v e  c o r r e l a t i o n s  w i t h  each o t h e r  and w i t h  phosphorus,  e s p e c i a l l y  
i n  Creeping Swamp. There were a l s o  p o s i t i v e  c o r r e l a t i o n s  between ammonium 
and b o t h  C 1  and s o l u b l e  K a t  t h e  two s t a t i o n s  s u b j e c t  t o  l i v e s t o c k  w a s t e s ,  
CP-10 and CY-10 (Table  12) .  

3. Meta l s  and S i l i c o n  

The s e a s o n a l  p a t t e r n s  f o r  e i g h t  a d d i t i o n a l  e lements  a r e  i l l u s t r a t e d  by 
d a t a  from one  n a t u r a l ,  one r e c e n t l y  channe l ized ,  and one e a r l i e r  c h a n n e l i z e d  
stream. The t o t a l  c o n c e n t r a t i o n s  o f  each e lement  have been p l o t t e d  (F igs .  
25-28) r e c o g n i z i n g  t h a t  t h e s e  e lements  e x i s t  i n  more than one form and a r e  



Table  12.  L i n e a r  c o r r e l a t i o n s  between v a r i o u s  
forms of p l a n t  n u t r i e n t s  a t  4 
s t a t i o n s .  Values  i n  t h e  t a b l e s  
a r e  shown on ly  where P  5 0.002. 

NO:, N& - TON - FRF' - FUP 

TON 
FRP 
FUP 
PP 
C 1  
Sol.  Ca 
So l .  Na 
Sol. K 
P a r t .  Fe 

TON 
FRF' 
FUP 
PP 
C 1  
Sol .  K 
Sol.  Fe 
P a r t .  K 
P a r t .  Fe 
T o t a l  Na 
T o t a l  C a  

FRP 
FUP' 

CY- 10 

TON 
FRF' 
FUP 
C 1  
Sol .  K 
Sol.  S i  
Sol .  Na 











in t roduced  and removed from t h e  s t r e a m  by s e v e r a l  p rocesses .  For  example, 
t h e  average amount of t o t a l  i r o n  o v e r  t h e  y e a r  which e x i s t s  i n  s o l u b l e  forms 
ranges  from 18-40% i n  t h e  n a t u r a l  s t r eams ,  Creeping Swamp, P a l m e t t o  Swamp, 
and Chicod Creek,  whereas i t  averages  o n l y  13-19% i n  t h e  c h a n n e l i z e d  s t r e a m s ,  
Clayroo t  and Tracey Swamps (Table 1 3 ) .  Sodium, on t h e  o t h e r  hand, a v e r a g e s  
o v e r  94%, and calc ium and po tass ium o v e r  84% d i s s o l v e d  a t  a l l  s t a t i o n s .  
Seasona l  v a r i a b i l i t y  i n  t h e  d i s s o l v e d  f r a c t i o n  h a s  n o t  been examined. T o t a l  
Ca, Na, and S i  were g e n e r a l l y  t h e  dominants of t h i s  group of e lements  where- 
a s  Mn w a s  one t o  two o r d e r s  of magnitude l e s s  c o n c e n t r a t e d  (Tab les  22-23 
below). 

Three p a t t e r n s  can be recognized  i n  t h e  m e t a l  and s i l i c o n  d a t a .  F i r s t ,  
i r o n  and manganese t end  t o  be more c o n c e n t r a t e d  d u r i n g  t h e  summer - f a l l  
p e r i o d ,  e s p e c i a l l y  when flow i s  low, i n  Creeping and Clayroo t  Swamps (Figs .  
25, 26, 28; Tab les  8 ,  9 ) .  I n  t h e  more c o n s t a n t l y  f lowing  ~ r a c - e ~  Swamp i r o n  
and manganese l e v e l s  were low and r e l a t i v e l y  c o n s t a n t  (Fig .  27) e x c e p t  f o r  
t h e  June 1976 peak, a  sample a l s o  h i g h  i n  t u r b i d i t y  (Fig .  l 3 ) ,  S i ,  Al, and K. 
The second p a t t e r n ,  i l l u s t r a t e d  by s i l i c o n  and aluminum, c o n s i s t s  o f  r e la - '  
t i v e l y  low l e v e l s  dur ing  p e r i o d s  of low o r  i n t e r m e d i a t e  f low and maxima 
d u r i n g  p e r i o d s  of h igh  s t r e a m  d i s c h a r g e  (F igs .  26, 2 7 ,  28; Tab les  8-11) ; t h i s  
r e l a t i o n s h i p  is  shown even more c l e a r l y  by d a t a  c o l l e c t e d  d u r i n g  p e r i o d s  of 
h i g h  flow ( s e e  Temporal Changes During Spa tes ,  below). T o t a l  i r o n  l e v e l s  
a l s o  were h i g h  d u r i n g  p e r i o d s  o f  h i g h  flow. The t h i r d  p a t t e r n ,  shown by Mg 
and K ,  i s  a weak summer maximum and w i n t e r  minimum c o n c e n t r a t i o n ,  b u t  w i t h  a  
g e n t l e  upward t r e n d  d u r i n g  t h e  p e r i o d  of s t u d y  (Figs .  26, 27, 28).  F i n a l l y ,  
Na and Ca, a l s o  show an upward t r e n d  dur ing  t h e  p e r i o d  o f  s t u d y ,  b u t  t h e i r  
c o n c e n t r a t i o n s  t end  t o  d i p  when s t ream flow i n c r e a s e s  ( s e e  a l s o  Tab les  8 ,  9 ,  
11) .  

The f i l t e r a b l e  forms of  m e t a l s  and s i l i c o n  i n c l u d e  b o t h  d i s s o l v e d  and 
c o l l o i d a l  m a t e r i a l s ,  b u t  t h e  term "so lub le"  i s  used h e r e .  The s o l u b l e  forms 
of m e t a l s  and s i l i c o n  (presumably s i l i c a t e )  g e n e r a l l y  a r e  c l o s e l y  c o r r e l a t e d  
t o  each o t h e r  and t o  c h l o r i d e  i n  Creeping Swamp, and l e s s  c l o s e l y  i n  Tracey 
Swamp and Clayroot  Swamp (Table 1 4 ) .  The l a c k  o f  c o r r e l a t i o n s  between - '  

s o l u b l e  Fe and s o l u b l e  Ca, Mg, Na, K, and S i  a t  CP-10 i s  unexpla ined ,  a s  i s  
t h e  p a u c i t y  o f  s t r o n g  c o r r e l a t i o n s  a t  TR-10 and CY-10 (Table  1 5 ) .  On t h e  
o t h e r  hand, t h e  Creeping Swamp s t a t i o n s  e x h i b i t e d  o n l y  a  few c o r r e l a t i o n s  
among t h e  p a r t i c u l a t e  s p e c i e s  (Table  1 4 ) .  The upstream Creeping Swamp 
s t a t i o n  a p p a r e n t l y  r e c e i v e s  so  l i t t l e  s i l t  and c l a y  t h a t  i t  d i d  n o t  even show 
t h e  s t r o n g  p o s i t i v e  c o r r e l a t i o n  between S i  and A1 found a t  CP-10, TR-10, and 
CY-10. The c o r r e l a t i o n  p a t t e r n s  a t  TR-10 and CY-10 a r e  v e r y  s i m i l a r  e x c e p t  
f o r  t h e  p o s i t i v e  c o r r e l a t i o n s  between NO; and p a r t i c u l a t e  P,  Fe ,  K, and A l ,  
presumably a l l  from a g r i c u l t u r a l  runof f  i n  t h i s  wa te r shed  (Table  1 5 ) .  

4. Organic Carbon, Chlorophyl l ,  and M e t a b o l i c  R a t e s  

The s t u d y  of t h e  carbon budget of swamp s t r e a m s  i s  n o t  y e t  complete,  
but  some d a t a  on t o t a l  o r g a n i c  carbon a r e  a v a i l a b l e .  Organic  carbon concen- 
t r a t i o n s  u s u a l l y  d i d  n o t  v a r y  s i g n i f i c a n t l y  between s t a t i o n s  on each  s t r e a m  
and t h e  c o n c e n t r a t i o n s  a t  each s t a t i o n  were t h e r e f o r e  averaged f o r  each 
s t ream and sampling t r i p  (Fig .  29). Most of t h e  o r g a n i c  m a t t e r  was f i l t e r a b l e  
(< 0.45 ] A ) ,  t h i s  f r a c t i o n  averag ing  between 84 - 96% i n  n a t u r a l  s t r e a m s  
and 91 - 86% i n  channe l ized  s t reams.  Pa lmet to  Swamp showed t h e  g r e a t e s t  



T a b l e 1 3 .  The Average  P e r c e n t a g e  o f  Each Element  
P r e s e n t  i n  F i l t e r a b l e  Form 

S t a t i o n  - n - Fe Mn Ca 

CP-10 32 29 89 86 88  

CP-14 28 30 7 8  84  87 

CP-20 27  35 92 89 89 

PM-10 1 2  30 8 1  88 94 

PM-20 11 32 82 99 96 

CH-20 1 2  39 86 90 96 

CH-40 6 1 8  95" 84 90  

TR-10 1 2  1 9  76 89  90 

TR-20 1 2  1 8  98  87 90  

CY-10 29 1 3  77 80 84 

CY-20 29 1 5  72 84  86 

"one o u t l i e r  o m i t t e d  f rom mean 



Table 14. L inear  c o r r e l a t i o n s  between s o l u b l e  
forms of m e t a l s ,  s i l i c o n ,  and 
c h l o r i d e  a t  4  s t a t i o n s .  Values a r e  
shown o n l y  where P 1 0.002. 

C 1 .  Sol .  So l .  So l .  So l .  Sol.  Sol .  
F e  Mn Ca K - M g N a -  

Sol.  Mn 
Sol. Ca 
Sol.  Mg 
Sol. Na 
Sol .  K 
Sol.  S i  

Sol. Fe 
Sol.  Mn 
Sol.  Ca 
Sol. Mg 
Sol. N a  
Sol.  K 
Sol.  S i  

TR- 10 

So l .  Mg 
Sol.  Na 

Sol.  Mg 
So l .  N a  
Sol.  S i  



T a b l e  15. 

CP-20 

P a r t .  Na 
P a r t .  K 
P a r t .  A1 

CP-10 

P a r t .  Fe  
P a r t .  A1 
P a r t .  S i  

TR- 1 0  

P a r t .  F e  
P a r t .  fi 
P a r t .  Mg 
P a r t .  K 
P a r t .  A1 
P a r t .  S i  
NO3 

a!-10 

P a r t .  F e  
Part. Mg 
P a r t .  K 
P a r t .  A1 
P a r t .  S i  

L i n e a r  c o r r e l a t i o n s  be tween p a r t i c u l a t e  
s p e c i e s  a t  4 s t a t i o n s .  V a l u e s  are 
shown o n l y  where P  5 0.002. 

P a r t .  F e  P a r t .  Mg P a r t .  K P a r t .  A1 
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Fig. 29. Seasonal p a t t e r n s  of t o t a l  organic carbon i n  t h e  n a t u r a l  s t reams,  
Creeping Swamp, Palmetto Swamp, and Chicod Creek, and i n  the channelized 
streams, Tracey Swamp, Conetoe Creek and Grindle c reek  f o r  December 1974- 
January 1976. Values f o r  each d a t e  a r e  averages of va lues  a t  a l l  s t a t i o n s  
on the  stream. 



range of t o t a l  o r g a n i c  carbon,  from about  7.5 mg 1-I i n  March t o  34 mg 1-I i n  
September (Fig.  29). The same p a t t e r n  of la te  summer and autumn maxima, b u t  
w i t h  lower ampl i tudes ,  was shown by Creeping Swamp and Chicod Creek. The 
channe l ized  s t r e a m s ,  however, showed minimum o r g a n i c  carbon c o n c e n t r a t i o n s  i n  
l a t e  summer and autumn. These d a t a  i n d i c a t e  average  a n n u a l  t o t a l  o r g a n i c  
carbon l e v e l s  i n  t h e  n a t u r a l  s t r e a m s  p l u s  Tracy Swamp of 15-16 mg C 1-I 
whereas Conetoe and G r i n d l e  Creeks averaged a b o u t  9  mg C 1". 

Chlorophyl l  a l e v e l s  were low ( l e s s  t h a n  0.4 mg/m3) a t  a l l  t imes  i n  t h e  
n a t u r a l  s t r e a m s  excep t  d u r i n g  la te  summer (Fig.  3 0 ) ,  when t h e r e  i s  l i t t l e  o r  
no f low i n  t h e s e  swamp streams and t h e  samples were o b t a i n e d  from p o o l s  a t  
each  s t a t i o n .  Chlorophyl l  a c o n c e n t r a t i o n s  were  somewhat h i g h e r  i n  t h e  
channe l ized  streams (Fig.  30).  There appeared t o  be a l a t e  summer and f a l l  
peak i n  c o n c e n t r a t i o n ,  b u t  t h e  t r e n d  was l e s s  pronounced than i n  t h e  n a t u r a l  
s t reams.  G r i n d l e  Creek g e n e r a l l y  had t h e  h i g h e s t  v a l u e s ,  probably  due t o  
enr ichment  from t h e  sewage t r e a t m e n t  p l a n t  upstream. Fi lamentous  a l g a e  . 
( p r i m a r i l y  Eunot ia  p e c t i n a l i s ,  Hyalotheca d i s s i l i e n s ,  Batrachospermum SJ., 

Oedogonium =., and S p i r o g y r a  9.) were v e r y  conspicuous  i n  Creeping Swamp 
d u r i n g  w i n t e r  and e a r l y  s p r i n g .  On A p r i l  21,  1975 a d r i f t  n e t  set  i n  
Creeping Swamp c o l l e c t e d  abou t  0.5 mg/l  (d ry  wt.) o f  f i l a m e n t o u s  a l g a e ,  
p r i n c i p a l l y  t h e  f i l amentous  desmid Hyalotheca d i s s i l i e n s .  As t h e  trees l e a f  
o u t ,  however, t h e s e  a l g a e  g r a d u a l l y  became l e s s  abundant  and e v e n t u a l l y  
d i sappeared  j u s t  as water l e v e l s  were f a l l i n g  and t h e  swamp was d r y i n g  up. 
The d r i f t  n e t ,  however, sampled o n l y  t h o s e  f i l a m e n t s  which were f r e e l y  
d r i f t i n g ,  whereas t h e  g r e a t e s t  p o r t i o n  of t h e s e  a l g a e  were snagged on sub- 
merged b ranches ,  twigs ,  stumps, and sunken l e a v e s .  Thus both  t h e  d r i f t  n e t  
and t h e  samples g a t h e r e d  f o r  c h l o r o p h y l l  a g r e a t l y  underes t imated  t h e  amount 
of a l g a e  p r e s e n t  dur ing  s p r i n g .  

The amount o f  oxygen consumed by microbes  and p lank ton  d u r i n g  a 5-day 
i n c u b a t i o n  was very  low i n  a l l  w a t e r s  (Fig.  31).  Although t h e  n a t u r a l  
s t r eams  had h igh  l e v e l s  of o r g a n i c  m a t e r i a l ,  most of t h i s  was r e f r a c t o r y  and 
consequent ly  was n o t  be ing  decomposed. BOD'S tended t o  be h i g h e r  i n  n a t u r a l  
s t r eams  d u r i n g  t h e  summer p e r i o d s  o f  s t a g n a t i o n  and a s s o c i a t e d  low d i s s o l v e d  
oxygen, implying t h a t  o r g a n i c  p r o d u c t s  of a n a e r o b i c  metabolism were accumulat- 
i n g  f o r  , subsequent  u t i l i z a t i o n  f o l l o w i n g  r e a e r a t i o n  of t h e  s t ream.  However, 
t h e  means f o r  BOD v a l u e s  on n a t u r a l  s t r e a m s  a r e  s i m i l a r  t o  t h o s e  on channe l ized  
s t reams.  

The r a t e s  of i n  s i t u  b e n t h i c  and p l a n k t o n i c  pr imary p r o d u c t i v i t y  and 
r e s p i r a t i o n  were a s s e s s e d  from d i e 1  changes i n  d i s s o l v e d  oxygen. Leve l s  o f  
d i s s o l v e d  oxygen were sometimes low and so n e a r l y  c o n s t a n t  (CP-10, PM-10, and 
PM-20 on 1 November 74) such t h a t  e s t i m a t e s  of m e t a b o l i c  r a t e  cou ld  n o t  b e  
made (Table  1 6 ) ;  D.O. a t  CP-20 on t h i s  d a t e  changed by 0.4 mg 1-I b u t  i n  an 
e r r a t i c  f a s h i o n  t h a t  p reven ted  r a t e  e s t i m a t i o n .  At o t h e r  t i m e s  t h e  r a n g e  
was r e l a t i v e l y  l a r g e  (Creeping and Pa lmet to  Swamps on 1 3  February 75; Tracy 
and Clayroo t  Swamps on 3  March 75) .  

R e s p i r a t i o n  r a t e  ( R ) ,  g r o s s  pr imary p r o d u c t i v i t y  (GPP) and n e t  dayt ime 
p r o d u c t i v i t y  (NDP) a t  each  sampling s t a t i o n  c a l c u l a t e d  by t h e  o n e - s t a t i o n  
method of Odum (1956) a r e  a l s o  p r e s e n t e d  i n  Table  16. R e s p i r a t i o n  ranged from 







S t a t i o n  

(2-10 

CP-20 

PM-10 

PM-20 

TR-10 

TR-15 

TR-20 

(3-10 

CY-2 0 

Table16. Die1 Oxygen Changes and C a l c u l a t e d  R a t e s  o f  R e s p i r a t i o n ,  Gross  Pr imary 
P r o d u c t i v i t y  (GPP), Gross ~hotosynthesis/Respiration (P/R) R a t i o ,  and 

N e t  Day t ime P r o d u c t i v i t y  (NDP) i n  N a t u r a l  and Channel ized Streams 

S t a r t i n g  
D a t e  

1 Nov 74 
1 3  Feb 75 

4 Jun 75 
24 Nov 75 

3 Mar 76 

1 Nov 74 
1 3  Feb 75 

4 Jun 75 
24  Nov 75 

3 M a r  76 

1 Nov 74 
1 3  Feb 75 

4 Jun 75 

1 Nov 74 
1 3  Feb 75 

4 Jun 75 

1 7  Sep 75 
3 M a r  76 

1 7  Sep 75 

1 7  Sep 75 
3 Mar 76 

3 Mar 76 

3 Mar 76 

Temp. 
Range 
(0 

15-19 
6-10 

19-22 
8-10 

16-20 

15-17 
5-11 

18-2 6 
9-10 

15-20 

15-18 
8-10 

22-24 

15-19 
6-10 

19-22 

20-24 
14-22 

20-24 

20-22 
14-20 

15-18 

14-18 

Max. 
D.O. 

(mg 1- I )  

.02 
12.0 

3.25 
3.7 
6.15 

.40 
9.7 
4.6 
6.25 
7.20 

.02 
10.0 

2.4 

0 
10.6 

4.3 

10.8 
10.9 

10.5 

7.6 
8.4 

7.7 

6.9 

Max. 
n D.O. Resp. GPP 

(mg 1- I )  (g 07 m-2 d )  (g 07 m-2 d) 
NDP 

( g  m-2 d)  

0 
2.5 

.5 

.1 
1.8 

0 
1.1 

.6 

.4  
1 .4  

0 
2.2 
1.8 

- 
.85 

1.1 

.9 

.9 

.6 

0 
0 

0 

.56 
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about  1.8 t o  5.9 g  02 m-2 d'l i n  t h e  n a t u r a l  swamp s t r e a m s  and from 2.9 t o  
6.7 g  0  m'2 d'l i n  t h e  channe l ized  s t reams .  GPP ranged from 0.5 t o  5 .7  
g  02 m-$ d-I i n  t h e  n a t u r a l  swamp s t r e a m s  and from 0.7 t o  4.2 g  02 rne2 d-I i n  
t h e  channe l ized  s t reams.  NDP was o f t e n  n e a r  z e r o  i n  t h e  n a t u r a l  swamp s t r e a m s ,  
b u t  v a l u e s  of up t o  about  2.5 g  02 m-2 d-1 were reached d u r i n g  w i n t e r  and 
e a r l y  s p r i n g .  NDP i n  t h e  channe l ized  s t r e a m s  ranged from 0  t o  0.9 g  02 m-2 
d l .  The g r o s s  p r o d u c t i v i t y - t o - r e s p i r a t i o n  r a t i o  (P/R) ranged from .28  t o  
1.0 f o r  t h e  n a t u r a l  s t r e a m s  and .19 t o  .83 f o r  t h e  channe l ized  streams; t h e s e  
v a l u e s  below 1 .0  demonstra te  t h e  p r i m a r i l y  h e t e r o t r o p h i c  n a t u r e  o f  t h e s e  
n a t u r a l  and channe l ized  stream systems throughout  t h e  y e a r .  

Da i ly  P a t t e r n s  of N u t r i e n t  Concen t ra t ion  

Ana lys i s  o f  samples c o l l e c t e d  d a i l y  a t  t h e  downstream s t a t i o n  on 
Creeping Swamp demonstra tes  t h e  magnitude o f  s h o r t - t e r m  v a r i a t i o n s  i n  n i t r o g e n  
and phosphorus. There  were t h r e e  r e l a t i v e l y  symmetr ical  f l o o d  e v e n t s  d u r i n g  
t h i s  p e r i o d ,  each c r e s t i n g  a t  60-70% o f  t h e  d i s c h a r g e  r a t e  o f  t h e  p r e v i o u s  
f l o o d  (Fig .  32). Ammonium c o n c e n t r a t i o n s  r o s e  and f e l l  v e r y  q u i c k l y ,  some- 
t imes  changing by a  f a c t o r  of about  1 0  i n  one o r  two days.  Three  o f  t h e  f o u r  
major  ammonium p u l s e s  developed d u r i n g  t h e  day o f  r a i n f a l l  and r i s i n g  w a t e r  
and had a l r e a d y  begun t h e i r  d e c l i n e  p r i o r  t o  maximum d i s c h a r g e .  The two double  
peaks p robab ly  r e s u l t e d  from two c l o s e l y  spaced  r a i n  e v e n t s  (Fig .  32).  
N i t r a t e  ranged l e s s  wide ly  than  ammonium. The n i t r a t e  temporal  p a t t e r n  was 
v e r y  similar t o  t h a t  o f  ammonium, w i t h  t h r e e  double peaks ,  e x c e p t  t h a t  it 
d i d  n o t  peak w i t h  ammonium d u r i n g  t h e  s t e a d y  d e c l i n e  i n  d i s c h a r g e  d u r i n g  t h e  
f i r s t  week o f  March, and t h e  peaks i n  n i t r a t e  c o n c e n t r a t i o n  i n c r e a s e d  d u r i n g  
t h e  p e r i o d  o f  measurement. T o t a l  o r g a n i c  n i t r o g e n  (TON) was t h e  dominant 
form o f  n i t r o g e n  excep t  f o r  s h o r t  p e r i o d s  when i t  was exceeded by ammonium 
(Fig .  32) ;  c o r r e c t i o n  f o r  incomplete  recovery would r a i s e  TON c o n c e n t r a t i o n s  
by abou t  40% ( s e e  Methods). The v a r i a t i o n  i n  TON c o n c e n t r a t i o n  was l e s s  t h a n  
t h a t  o f  ammonium o r  n i t r a t e ,  t h e  maximum v a l u e  be ing  o n l y  abou t  3  t imes  t h e  
minimum. F i n a l l y ,  t h e  f l u c t u a t i o n s  i n  TON showed no c l e a r  r e l a t i o n s h i p  
e i t h e r  t o  s t ream d i s c h a r g e  o r  t o  ammonium and n i t r a t e  c o n c e n t r a t i o n s .  

Phosphorus,  as FRP and t o t a l  P, had t h e  same temporal  t r e n d s  a s  ammonium, 
b u t  t h e i r  c o n c e n t r a t i o n s  were lower.  Both ammonium and phosphorus had an 
anomalous peak on 4  March 1975 which was u n r e l a t e d  t o  flow. The l a c k  o f  a 
concur ren t  n i t r a t e  peak,  and t h e  c l o s e  r e l a t i o n s h i p  between ammonium and 
phosphorus similar t o  t h a t  seen  dur ing  t h e  i n t e n s i v e  s p a t e  s t u d i e s  ( s e e  
below),  s u g g e s t s  t h a t  a  s l u g  of hog-farm w a s t e s  may have been r e l e a s e d  a t  
t h i s  t ime. 

Temporal Changes i n  Elemental  Concen t ra t ions  and Fluxes  During S p a t e s  

Heavy r a i n s  d u r i n g  any season may cause  a  s h a r p  r i s e  i n  d i s c h a r g e  (F igs .  
3 ,  4 ,  5 ) .  The same amount o f  r a i n f a l l  i n  w i n t e r ,  however, r e s u l t s  i n  g r e a t e r  
d i s c h a r g e  than  dur ing  t h e  growing season  when e v a p o t r a n s p i r a t i o n  h a s  drawn 
down t h e  w a t e r  t a b l e  and reduced t h e  b a s e  flow. On 26-28 January  1976,  4.67 
cm of  r a i n f a l l  (Wi1l.a Baker, p e r s .  commun.) r e s u l t e d  i n  peak f lows of 9.6 
and 4.2 m3 sec -1  (340 and 150 c f s )  a t  CP-10 and CP-20, r e s p e c t i v e l y  (F igs .  3 ,  
33) whereas on 3  and 4  June 4.44 cm of r a i n f a l l  r e s u l t e d  i n  peak f lows  of 
on ly  1.84 and 0.76 m3 s e c - I  (65 and 27 c f s )  a t  CP-10 and CP-20, r e s p e c t i v e l y  
(Figs .  3 ,  34).  These s i m i l a r  r a i n f a l l s  a l s o  gave g r e a t e r  f lows  i n  January  
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Fig.  32. D a i l y  d i s c h a r g e ,  r a i n f a l l ,  and n i t r a t e ,  ammonium, t o t a l  o r g a n i c  
n i t r o g e n ,  f i l t e r a b l e  reac t ive -P  and t o t a l - P  c o n c e n t r a t i o n s  a t  Creeping Swamp 
(CP-10) f o r  t h e  p e r i o d  1 5  February t o  20 A p r i l  1975. R a i n f a l l  v a l u e s  were 
provided by Ms. Willa Baker (pe rs .  comm.). 
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Fig.  33. Dai ly  i n s t a n t a n e o u s  d i s c h a r g e  a t  Creeping Swamp (CP-20 and CP-10) 
and a t  Clayroo t  Swamp (CY-20 and CY-10) f o r  2 1  January-17 February 1976. 
Dotted l i n e s  i n d i c a t e  e s t i m a t i o n s  a t  C layroo t  Swamp. 
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Fig.  34. D a i l y  i n s t a n t a n e o u s  d i s c h a r g e  a t  Creeping Swamp (CP-20 and CP-10) 
and a t  C layroo t  Swamp (CY-10 and CY-20) f o r  24 May-21 June 1976. 



than i n  June a t  t h e  Clayroot  Swamp s t a t i o n s  (Figs .  33,  34).  I n  January ,  
d i s c h a r g e  a t  t h e  upstream s t a t i o n s  of b o t h  s t r e a m s  peaked p r i o r  t o  peak f low 
downstream (Fig.  33) ;  i n  June t h e  upstream and downstream s t a t i o n s  peaked on 
t h e  same day (Fig .  34).  

1. January  S p a t e  

R i s i n g  w a t e r  l e v e l s  and s t ream d i s c h a r g e  caused by a r a i n s t o r m  i n  
January  were u s y q l l y  accompanied by changes i n  w a t e r  q u a l i t y .  Although 
c o n d u c t i v i t y  s t a y e d  n e a r l y  c o n s t a n t  upst ream a t  CP-20 (Table  1 7 )  , it i n c r e a s e d  
a t  CP-10 about  50% from t h e  p re - spa te  l e v e l  w h i l e  d i s c h a r g e  was i n c r e a s i n g  on 
27 January,  b u t  dropped a g a i n  t o  i t s  former l e v e l  b e f o r e  t h e  maximal f low 
was reached on 29 January.  I n  c o n t r a s t ,  b o t h  s t a t i o n s  on Clayroo t  Swamp 
showed s u b s t a n t i a l  r e d u c t i o n s  i n  c o n d u c t i v i t y  from p r i o r  l e v e l s  d u r i n g  t h e  
January s p a t e  (Table  17) .  Color  i n c r e a s e d  g r e a t l y  a t  a l l  s t a t i o n s  on b o t h  
s t reams  a t  o r  b e f o r e  t h e  t ime of g r e a t e s t  d i scharge .  T u r b i d i t i e s  i n c r e a s e d  
a t  l e a s t  10-fold  a t  a l l  s t a t i o n s  where d a t a  a r e  complete (Table  1 8 ) ,  r e a c h i n g  
maximal v a l u e s  on o r  b e f o r e  peak d i scharge .  

Ammonium and n i t r a t e  c o n c e n t r a t i o n s  upstream a t  CP-20 showed s e v e r a l -  
f o l d  i n c r e a s e s  b u t  no s h a r p  peaks  o v e r  t h e  p r e - s p a t e  l e v e l s ,  t h e  N i n c r e a s e  
p reced ing  t h e  N O T  i n c r e a s e  (Fig.  35).  T o t a l  o r g a n i c  n i t r o g e n  remained r e l a -  
t i v e l y  c o n s t a n t  a t  b o t h  Creeping Swamp S t a t i o n s .  

The c o n c e n t r a t i o n  of n i t r a t e  a t  t h e  downstream s t a t i o n  CP-10 peaked o n  
January 29, t h e  same day a s  maximum d i s c h a r g e ,  whereas t h a t  o f  ammonium 
peaked two days e a r l i e r  d u r i n g  t h e  p e r i o d  of maximum r a i n f a l l  (Fig .  36) .  The 
peak i n  ammonia a t  CP-10 on January  27 was probably  due t o  t h e  i n p u t  of 15 .4  
kg NQ -N h r - l  from a  t r i b u t a r y  (TB-02) which r e c e i v e s  swine was tes  and which 
e n t e r s  t h e  main s t ream o f  Creeping Swamp l e s s  than  1 .5  km upstream from CP-10 
(Table 18) .  N i t r a t e  f l u x  i n  TB-02, however, d i d  n o t  peak u n t i l  Janury  29 
(Table  18) .  

Highes t  p a r t i c u l a t e - P  c o n c e n t r a t i o n s  occur red  s i m u l t a n e o u s l y  w i t h  d i s -  
charge a t  CP-20 bu t  2  days b e f o r e  t h e  peak i n  d i s c h a r g e  a t  CP-10 (Figs .  35,  
36) .  P a r t i c u l a t e - P  c o n c e n t r a t i o n s  were much h i g h e r  and s t r o n g l y  c o r r e l a t e d  
w i t h  ammonium a t  CP-10. P a r t i c u l a t e  phosphorus dynamics a r e  a l s o  c o r r e l a t e d  
s t r o n g l y  w i t h  t h o s e  o f  s i l i c o n  and aluminum (F igs .  35,  36) s u g g e s t i n g  t r a n s -  
p o r t  by c l a y  p a r t i c l e s .  Upstream a t  CP-20 f i l t e r a b l e  r e a c t i v e  phosphorus 
(FRP) remained v e r y  low (5  .005 mg 1 - I )  and s t a b l e  (Fig.  35) s u g g e s t i n g  
ecosystem r e t e n t i o n  and b u f f e r i n g ,  b u l k  p r e c i p i t a t i o n  c o n c e n t r a t i o n s  b e i n g  
4-8 t imes  h i g h e r  (Table 1 8 ,  below). However a t  CP-10, FRP peaked synchronous- 
l y  w i t h  p a r t i c u l a t e - P ,  a g a i n  p robab ly  s t r o n g l y  a f f e c t e d  by TB-02 i n p u t s .  
F i l t e r a b l e  u n r e a c t i v e  P  (FUP) showed no t r e n d  a t  e i t h e r  swamp s t a t i o n  ( F i g s .  
35, 3 6 ) ,  a c h a r a c t e r i s t i c  a t  a l l  s t a t i o n s  d u r i n g  bo th  s p a t e  s t u d i e s .  These 
f i n d i n g s  of peak n u t r i e n t  c o n c e n t r a t i o n s  dur ing  t h e  r i s i n g  s t a g e  o f  a  f l o o d  
were a l s o  s e e n  i n  t h e  d a i l y  changes i n  n i t r o g e n  and phosphorus c o n c e n t r a t i o n s  
measured at  CP-10 f o r  t h e  p e r i o d  February through A p r i l ,  1975. With t h e  
e x c e p t i o n  of t h e  ammonium t o t a l - P ,  and FRP peaks  on 4 March 1975 and t h e  
absence of c o n c e n t r a t i o n  peaks on 3  A p r i l  1975, a l l  c o n c e n t r a t i o n s  peaked on 
o r  s h o r t l y  a f t e r  a  day of r a i n  (Fig.  32) .  S i m i l a r l y  i n  January ,  1976, a l l  
c o n c e n t r a t i o n s  excep t  NO? peaked on 27 o r  28 January ,  t h e  days on which r a i n  
f e l l  (Fig.  36).  The l a g  i n  n i t r a t e  c o n c e n t r a t i o n  may r e s u l t  i f   NO^ i s  c a r r i e d  



Table  17. Conduc t iv i ty ,  c o l o r ,  t u r b i d i t y ,  and p e r c e n t a g e s  o f  p a r t i c u l a t e  
Fe,  Al,  and S i  i n  Creeping Swamp and Clayroo t  Swamp d u r i n g  a 
January  s p a t e .  

S t a t i o n  Date Conduct ivi ty  Color Turbi-  P a r t i c u l a t e  F r a c t i o n  
1976 (p mho cm-l) (Std. U n i t s )  d i  t y  Fe A1 S i  

(J.T.U.) - - -  (2)  (%) (%) 

CP-10 Jan 2 1  52 35 4.0 - - - 
2 7 75 12 7 5 6 93  9 8  94 
2 8 5 0 132 50 86 92 90 
2 9 4 6 112 1 7  59 65 7 1 
3 0 45 10 3 1 2  78 8 0  7 1  
3 1 5 0 1 0 3  7.0 4 7 62 56 

CY-20 J a n  21  102 
2 7 6 5 
2 8 6 7 
29 70 
30 - 
3 1 7 7 

CY-10 J a n  2 1  115 2 1  1 2  - - - 
2 7 7 7 174 1 8 0  98  99 97 
2 8 7 3 12 4 5 3  89 95 9 1 
29 70 115 3 4 85 8 2 7 6. 
3 0 - - 113  85 85 7 1 
3 1  79 102 1 8  72 7 9 6 4 
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Fig.  35. Da i ly  p a t t e r n s  of c o n c e n t r a t i o n s  of n i t r a t e ,  ammonium, t o t a l  o r g a n i c  
n i t r o g e n ,  f i l t e r a b l e  reac t ive -P ,  f i l t e r a b l e  unreac t ive -P ,  p a r t i c u l a t e - P ,  and 
t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and potass ium a t  Creeping 
Swamp (CP-20) d u r i n g  t h e  w i n t e r  s p a t e  s t u d y ,  2 1  January-17 February 1976. 
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Fig. 36. Da i ly  p a t t e r n s  of c o n c e n t r a t i o n s  of n i t r a t e ,  ammonium, t o t a l  
o r g a n i c  n i t r o g e n ,  f i l t e r a b l e  r e a c t i v e - P ,  f i l t e r a b l e  unreac t ive -P ,  p a r t i c u l ,  
P, and t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and po tass ium at 
Creeping Swamp (CP-10) dur ing  t h e  w i n t e r  s p a t e  s t u d y ,  2 1  January-17 Februa 
1976. 
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Table 18 Concentrations and f l u x e s  of s e l e c t e d  forms of n i t r o g e n  and 
phosphorus a t  t r i b u t a r y  TB-02 of Creeping Swamp during t h e  

s p a t e  s t u d i e s  

- 
D a t e   NO^ N H ~ +  

mg 1-I g hrrL mg 1-I g hr-L 

January - February 1976 

June 1976 

*no discharge on t h i s  d a t e  



mainly  i n  sha l low groundwater which h a s  p e r c o l a t e d  through a g r i c u l t u r a l  
f i e l d s  (GambrePl, G i l l i a m  and Weed, 1974). 

The c l a y  e lements ,  s i l i c o n  and aluminum, showed d i s t i n c t  peaks  i n  con- 
c e n t r a t i o n s  on t h e  day of peak d i s c h a r g e  a t  CP-20, b u t  had maximal v a l u e s  
two days  b e f o r e  peak d i s c h a r g e  a t  t h e  downstream s t a t i o n  (Figs .  35,  36).  At 
peak c o n c e n t r a t i o n s ,  s i l i c o n  and aluminum were  about  3  t imes  h i g h e r  a t  CP-10 
than a t  CP-20, pe rhaps  l a r g e l y  because  of i n p u t s  from t r i b u t a r y  TB-02 (Table  
19).  I r o n  c o n c e n t r a t i o n s  showed t h e  same t r e n d s  a s  t h o s e  of s i l i c o n  and 
aluminum b u t  changed l e s s .  Concen t ra t ions  o f  Fe ,  A l ,  and S i  a r e  shown as 
t o t a l  v a l u e s  based  on a n a l y s e s  of u n f i l t e r e d  samples;  however, e x c e p t  f o r  Fe 
and S i  a t  CP-20, t h e s e  t h r e e  e lements  were a l l  more than  90% i n  o r  a s s o c i a t e d  
wi th  p a r t i c u l a t e  phases  (Table 1 8 ) .  Fur thermore,  t h e y  g e n e r a l l y  reached  t h e  
g r e a t e s t  p r o p o r t i o n  a s  p a r t i c u l a t e s  on o r  b e f o r e  t h e  day o f  maximal d i s c h a r g e  
(Table 18).  Sodium, potass ium,  calc ium,  and magnesium, mos t ly  s o l u b l e ,  a l s o  
peaked two days b e f o r e  peak d i s c h a r g e  a t  CP-10 (Fig.  3 5 ) ,  whereas t h e y  re-  
mained a lmost  c o n s t a n t  a t  CP-20 (Fig.  36).  T h i s  may a l s o  be l a r g e l y  a t t r i -  
b u t a b l e  t o  d r a i n a g e  i n t o  Creeping Swamp from TB-02. 

A t  b o t h  Clayroo t  s t a t i o n s  n i t r a t e  c o n c e n t r a t i o n s  decreased  from pre - spa te  
v a l u e s  (January 21) o n l y  t o  r i s e  a t  (CY-lo), o r  fo l lowing  (CY-20), maximum 
d i s c h a r g e  (Figs .  37, 38) .  Ammonium c o n c e n t r a t i o n s  decreased  d u r i n g  t h e  s p a t e  
a t  both  s t a t i o n s ,  i n  s h a r p  c o n t r a s t  t o  ammonium dynamics a t  CP-10. O v e r a l l  
c o n c e n t r a t i o n s  o f  n i t r a t e  were g r e a t e r  t h a n  ammonium i n  Clayroot  Swamp where- 
a s  i n  Creeping Swamp c o n c e n t r a t i o n s  of ammonium were similar t o  o r  g r e a t e r  t h a n  
n i t r a t e .  As w i t h  t h e  Creeping Swamp s t a t i o n s ,  pa r t i cu la te -Y c o n c e n t r a t i o n s  
a t  CY-10 and CY-20 peaked on t h e  r i s i n g  p o r t i o n  o f  t h e  d i s c h a r g e  curve  and 
were s t r o n g l y  c o r r e l a t e d  w i t h  s i l i c o n  and aluminum c o n c e n t r a t i o n s  s u g g e s t i n g  
t r a n s p o r t  on c l a y  p a r t i c l e s  (Figs .  37,  38).  Concen t ra t ions  were, however, 
2-8 t imes  h i g h e r  a t  t h e  Clayroo t  s t a t i o n s  than  a t  t h e  Creeping Swamp s t a t i o n s .  
F i l t e r a b l e  r e a c t i v e  and f i l t e r a b l e  u n r e a c t i v e  P remained f a i r l y  c o n s t a n t  i n  
c o n c e n t r a t i o n  d u r i n g  t h e  s p a t e  (F igs .  37,  38) a t  b o t h  Clayroo t  s t a t i o n s .  

Concentra t  i o n s  of o t h e r  e lements  a t  Clayroot  Swamp showed t h e  same 
p a t t e r n s  a s  a t  Creeping Swamp (Figs .  35-38). The predominant ly  p a r t i c u l a t e  
e lements  (Fe, A l ,  S i )  r eached  h i g h  maximal c o n c e n t r a t i o n s  w h i l e  s t r e a m  d i s -  
charge was s t i l l  i n c r e a s i n g  whereas t h e  more s o l u b l e  e lements  (Na, Ca) were  
more n e a r l y  c o n s t a n t .  T o t a l  potass ium a l s o  tended t o  become more concen- 
t r a t e d  a t  o r  b e f o r e  peak d i s c h a r g e ,  b u t  n o t  t o  t h e  e x t e n t  of t h e  o t h e r  
p a r t i c u l a t e s .  A l l  c o n c e n t r a t i o n s  were h i g h e r  a t  Clayroot  Swamp t h a n  i n  
Creeping Swamp, e s p e c i a l l y  s i l i c o n  and aluminum. 

Fluxes  v a r i e d  o v e r  one-to-two o r d e r s  of magnitude f o r  e a c h  of t h e  
chemical  s p e c i e s  measured i n  Creeping Swamp and Clayroo t  Swamp (F igs .  39-42). 
The two Clayroo t  s t a t i o n s  had h i g h e r  f l u x e s  f o r  each o f  t h e  s p e c i e s  graphed,  
sometimes one t o  two o r d e r s  of magnitude above t h o s e  f o r  Creeping Swamp, 
much more than  would be  expec ted  from t h e  d i f f e r e n c e s  i n  t h e i r  wa te r shed  a r e a s  
(Table  2 ) .  F luxes  a t  CP-20 were o f t e n  one  o r d e r  o f  magnitude lower  t h a n  f l u x e s  
a t  CP-10 (Figs .  39,  40) presumably because  of t h e  more n a t u r a l  wa te r shed  above 
t h e  upstream s t a t i o n ,  Fluxes  a t  CP-10 peaked w i t h  maxima i n  c o n c e n t r a t i o n s  o r  
s h o r t l y  t h e r e a f t e r  (Figs .  35, 39) whereas a t  CP-20 f l u x e s  peaked w i t h  maximum 
d i s c h a r g e  (Figs .  36,  40) , i l l u s t r a t i n g  t h e  smaller changes i n  c o n c e n t r a t i o n  
i n  r e l a t i o n  t o  changes i n  d i s c h a r g e  a t  CP-20 compared t o  CP-10. A t  t h e  



Table 19. Concen t ra t ions  and f l u x e s  of t o t a l  s i l i c o n  
and sodium a t  TB-02 of Creeping Swamp 

d u r i n g  t h e  January  1976 s p a t e  s t u d y  

Date S i Na 
- mg 1-1 g hr - I  mg 1"' g hr" 
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Fig. 37.  D a i l y  p a t t e r n s  of c o n c e n t r a t i o n s  of n i t r a t e ,  ammonium, t o t a l  o r g a n i c  
n i t r o g e n ,  f i l t e r a b l e  reac t ive -P ,  f i l t e r a b l e  unreact ive-P,  p a r t i c u l a t e - P ,  
and t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and po tass ium a t  Clayroo t  
Swamp (CY-20) d u r i n g  t h e  w i n t e r  s p a t e  s t u d y ,  2 1  January-17 February 1976. 
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JANUARY-FEBRUARY 1976 
Fig.  38. Da i ly  p a t t e r n s  of c o n c e n t r a t i o n s  of n i t r a t e ,  ammonium, t o t a l  o r g a n i c  
n i t r o g e n ,  f i l t e r a b l e  reac t ive -P ,  f i l t e r a b l e  unreac t ive -P ,  p a r t i c u l a t e - P ,  and 
t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and potass ium a t  C layroo t  
Swamp (CY-10) d u r i n g  t h e  w i n t e r  s p a t e  s t u d y ,  2 1  January-17 February 1976. 
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CREEPING SWAMP 

Fig.  40. D a i l y  p a t t e r n s  of i n s t a n t a n e o u s  f l u x e s  of n i t r a t e ,  ammonium, 
f i l t e r a b l e  reac t ive -P  , p a r t i c u l a t e - P ,  and t o t a l  s i l i c o n ,  i r o n ,  ca lc ium,  and 
sodium a t  Creeping Swamp (CP-10) d u r i n g  t h e  w i n t e r  s p a t e  s t u d y ,  2 1  January- 
17 February 1976. 
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CLAYROOT SWAMP 

Fig. 41. D a i l y  p a t t e r n s  o f  i n s t a n t a n e o u s  f l u x e s  o f  n i t r a t e ,  ammonium, 
f i l t e r a b l e  reac t ive -P ,  p a r t i c u l a t e - P ,  and t o t a l  s i l i c o n ,  i r o n ,  ca lc ium,  and 
sodium a t  Clayroo t  Swamp (CY-20) d u r i n g  t h e  w i n t e r  s p a t e  s t u d y ,  2 1  January-  
17 February 1976. 8 3  
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Fig. 42. Da i ly  p a t t e r n s  o f  i n s t a n t a n e o u s  f l u x e s  o f  n i t r a t e ,  ammonium, 
f i l t e r a b l e  reac t ive -P ,  p a r t i c u l a t e - P ,  and t o t a l  s i l i c o n ,  i r o n ,  calcium, and 
sodium a t  C layroo t  Swamp (CY-10) dur ing  t h e  w i n t e r  s p a t e  s t u d y ,  2 1  January-  
17  February 1976. 8 4 
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Clayroot  Swamp s t a t i o n s ,  t h o s e  e lements  w i t h  s h a r p  peaks i n  c o n c e n t r a t i o n ,  
(PP, FRP, Fe, S i ) ,  tended t o  reach  maximum f l u x  on t h e  day o f  peak concentra-  
t i o n  (F igs .  41, 42).  Those e lements  whose c o n c e n t r a t i o n s  had l e s s  d i s t i n c t  
peaks o r  peaked on t h e  day o f  peak d i s c h a r g e  (N03, NH3, Ca, Na) tended t o  
reach maximum f l u x  on t h e  day o f  peak d i s c h a r g e  (Figs .  41, 42).  S i l i c o n  
f l u x e s  i n  p a r t i c u l a r  were ex t remely  h i g h  a t  t h e  Clayroo t  s t a t i o n s ,  be ing  
e q u a l  t o  o r  g r e a t e r  than  one m e t r i c  t o n  ( 1  tonne)  p e r  hour  d u r i n g  t h e  f i r s t  
day of t h e  s p a t e .  

2. June Spa te  

A June r a i n s t o r m  i n c r e a s e d  s t ream d i s c h a r g e s  3.2 t o  44 t i m e s  (CP-10; 
CY-10, r e s p e c t i v e l y )  t h e  p re - spa te  v a l u e s  (Figs .  33, 34) .  Both Creeping Swamp 
and Clayroo t  Swamp c r e s t e d  on 4  June a t  bo th  s t a t i o n s .  C o n d u c t i v i t i e s  were 
low a t  CP-20 throughout  t h e  s p a t e  (Table 2 0 ) ,  b u t  they  were a t  t h e i r  h i g h e s t  
l e v e l s  b e f o r e  peak f low a t  each of t h e  o t h e r  s t a t i o n s  and r e t u r n e d  t o  lower 
l e v e l s  dur ing  t h e  major p e r i o d  of h i g h  flow. Color  o f  t h e  w a t e r  peaked 
n e a r l y  concomi tan t ly  w i t h  flow. T u r b i d i t y  i n c r e a s e d  t o  l e v e l s  abou t  4-17 
t imes t h o s e  p r i o r  t o  t h e  s p a t e  and reached i t s  g r e a t e s t  l e v e l s  a t  a l l  
s t a t i o n s  on 3  June ,  t h e  day b e f o r e  maximal s t r e a m  d i s c h a r g e  (Tab le  20,  Fig. 
34) and a t  t h e  same t ime as peak c o n c e n t r a t i o n s  of PP and t o t a l  S i ,  A l ,  and 
Fe (F igs .  43-46). Abso lu te  c o n c e n t r a t i o n s  o f  n u t r i e n t s  and m e t a l s  measured 
a t  a given s t a t i o n  dur ing  t h e  June s p a t e  a r e  similar t o  t h o s e  measured d u r i n g  
t h e  w i n t e r  s p a t e  excep t  f o r  much h i g h e r  n i t r a t e  found a t  t h e  Clayroo t  s t a t i o n s  
(Figs .  43-46). The h i g h e r  June n i t r a t e  c o n c e n t r a t i o n s  may r e s u l t  p a r t l y  from 
a g r i c u l t u r a l  f e r t i l i z e r s ,  t h e  n i t r a t e  o f  which i s  l e a c h e d  i n t o  and c a r r i e d  
by sha l low groundwater t o  t h e  s t ream (Gambrell ,  -- et  a l .  1974).  

During t h e  June s p a t e ,  t h e  f o u r  s t a t i o n s  showed n e a r l y  t h e  same r e l a -  
t i o n s h i p s  t o  each o t h e r  as t h o s e  found f o r  t h e  w i n t e r  s p a t e  s t u d y ,  namely 
(1) a b s o l u t e  c o n c e n t r a t i o n s  and changes i n  c o n c e n t r a t i o n s  f o r  a l l  measured 
s p e c i e s  were  extremely s m a l l  a t  CP-20 compared t o  t h e  o t h e r  s t a t i o n s ,  
( 2 )  ammonium had a  l a r g e ,  s h a r p  peak i n  c o n c e n t r a t i o n  on t h e  f i r s t  day of 
r a i n  a t  CP-10, a g a i n  probably  f l u s h i n g  of swine w a s t e s  from TB-02, (3 )  phos- 
phorus ,  s i l i c o n ,  i r o n ,  and aluminum were mos t ly  i n  p a r t i c u l a t e  form (Tab le  
20) and t h e i r  c o n c e n t r a t i o n s  peaked on t h e  f i r s t  day of r a i n  a t  CP-10, CY-10, 
and CY-20 r e s u l t i n g  i n  h i g h l y  c o r r e l a t e d  peaks  of t h e s e  s p e c i e s ,  and 
(4)  po tass ium,  calc ium and sodium c o n c e n t r a t i o n s  remained r e l a t i v e l y  low a t  
a l l  s t a t i o n s  d u r i n g  t h e  s p a t e  and showed no d e f i n a b l e  changes d u r i n g  t h e  s p a t e  
p e r i o d  (Figs.  43-46). Excep t ions  i n c l u d e  l a c k  o f  a s i g n i f i c a n t  peak i n  
s i l i c o n  and aluminum c o n c e n t r a t i o n s  a t  CP-20 (Fig.  43) and a  more d e f i n i t e  
peak i n  FRP c o n c e n t r a t i o n s  on 3  June  a t  bo th  Clayroo t  s t a t i o n s  (F igs .  45, 46).  
N i t r a t e  c o n c e n t r a t i o n  had a small peak a t  CP-10 on t h e  f i r s t  day o f  r a i n  
( 3  June)  r a t h e r  than on t h e  day o f  peak d i s c h a r g e  as i n  t h e  w i n t e r  s p a t e .  
Concen t ra t ions  o f  FRP and N K ~ :  were h i g h e r  i n  TB-02 d u r i n g  t h e  June  p e r i o d  
(Table  1 8 )  b u t  n e t  i n f l u x  was lower than  f o r  t h e  w i n t e r  s p a t e  because  of l o w e r  
f lows (Table  10).  Fluxes were as much a s  an o r d e r  o f  magnitude lower d u r i n g  
t h e  June  s p a t e  (F igs .  47-50) t h a n  d u r i n g  t h e  w i n t e r  s p a t e  p r i m a r i l y  because  
of l e s s  flow. The r e l a t i o n s h i p  of f l u x  t o  d i s c h a r g e  f o r  a l l  s t a t i o n s ,  how- 
e v e r ,  was s i m i l a r  f o r  bo th  January  and June  s t u d i e s .  



Table 20 .  

S t a t i o n  Date 

Conductivity,  co lo r ,  t u r b i d i t y ,  and percentages o f  p a r t i c u l a t e  
Fe, A l ,  and S i  i n  Creeping Swamp and Clayroot Swamp du r ing  a 

May 24 
Jun 3 

4 
5 
6 
7 

May 24 
Jun 3 

4 
5 
6 
7 

May 24 
Jun 3 

4 
5 
6 
7 

May 24  
Jun 3 

4 
5 
6 
7 

June spa te .  

Conductivity Color Turb i- 
(u mho cm-l) (Std. Uni t s )  d i t y  

(J.T.U.) 

P a r t i c u l a t e  F rac t ion  
Fe Al S i  
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Fig.  4 3 .  Dai ly  p a t t e r n s  of c o n c e n t r a t i o n s  of n i t r a t e ,  ammonium, t o t a l  
o r g a n i c  n i t r o g e n ,  f i l t e r a b l e  r e a c t  ive-P , f i l t e r a b l e  unreact ive-P, p a r t i c u l a t e -  
P,  and t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and po tass ium a t  
Creeping Swamp (CP-20) dur ing  t h e  summer s p a t e  s t u d y ,  24 May-21 June  1976. 
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Fig.  44. D a i l y  p a t t e r n s  of  c o n c e n t r a t i o n s  of  n i t r a t e ,  ammonium, t o t a l  
o r g a n i c  n i t r o g e n ,  f i l t e r a b l e  r e a c t  ive-P , f i l t e r a b l e  unreac t ive -P ,  p a r t i c u l a t e -  
P ,  and t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and po tass ium a t  
Creeping Swamp (CP-10) d u r i n g  t h e  summer s p a t e  s t u d y ,  24  May-21 June  1976. 
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Fig. 45. Da i ly  p a t t e r n s  of c o n c e n t r a t i o n s  o f  n i t r a t e ,  ammonium, t o t a l  
o r g a n i c  n i t r o g e n ,  f i l t e r a b l e  reac t ive -P ,  f i l t e r a b l e  unreact ive-P,  p a r t i c u l a t e -  
P ,  and t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and po tass ium a t  
Clayroot  Swamp (CY-20) dur ing  t h e  summer s p a t e  s tudy ,  24  May-21 June 1976. 
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Fig.  46. Da i ly  p a t  t e r n s  of c o n c e n t r a t i o n s  o f  n i t r a t e ,  ammonium, t o t a l  
o r g a n i c  n i t r o g e n ,  f i l t e r a b l e  r e a c t i v e - P ,  f i l t e r a b l e  unreact ive-P,  p a r t i c u l a t e -  
P,  and t o t a l  s i l i c o n ,  aluminum, i r o n ,  ca lc ium,  sodium, and po tass ium a t  
Clayroot  Swamp (CY-10) d u r i n g  t h e  summer s p a t e  s t u d y ,  24 May-21 June 1976. 
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Fig.  47. Da i ly  p a t t e r n s  o f  i n s t a n t a n e o u s  f l u x e s  o f  n i t r a t e ,  ammonium, 
f i l t e r a b l e  r e a c t i v e - P ,  p a r t i c u l a t e - P ,  and t o t a l  s i l i c o n ,  i r o n ,  ca lc ium,  and 
sodium a t  Creeping Swamp (CP-20) d u r i n g  t h e  summer s p a t e  s t u d y ,  2 4  May-21 
June 1976. 
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Fig.  48. Da i ly  p a t t e r n s  o f  i n s t a n t a n e o u s  f l u x e s  of n i t r a t e ,  ammonium, 
f i l t e r a b l e  r e a c t i v e - P ,  p a r t i c u l a t e - P ,  and t o t a l  s i l i c o n ,  i r o n ,  ca lc ium,  and 
sodium a t  Creeping Swamp (CP-10) dur ing  t h e  s u m e r  s p a t e  s t u d y ,  24 May-21 
June 1976. 
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Fig.  49. Da i ly  p a t t e r n s  of i n s t a n t a n e o u s  f l u x e s  of n i t r a t e ,  ammonium, 
f i l t e r a b l e  r e a c t i v e - P ,  p a r t i c u l a t e - P ,  and t o t a l  s i l i c o n ,  i r o n ,  ca lc ium,  and 
sodium a t  C layroo t  Swamp (CY-20)  dur ing  t h e  s u m e r  s p a t e  s t u d y ,  24  May-22 
June 1976. 93 
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Fig.  50. Da i ly  p a t t e r n s  o f  i n s t a n t a n e o u s  f l u x e s  of n i t r a t e ,  ammonium, 
f i l t e r a b l e  reac t ive -P ,  p a r t i c u l a t e - P ,  and t o t a l  s i l i c o n ,  i r o n ,  ca lc ium,  and 
sodium a t  Clayroo t  Swamp (CY-10) dur ing  t h e  sunnner s p a t e  s t u d y ,  24 May-22 
June  1976. 
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Comparison o f  Steady Flow P e r i o d s  w i t h  Spa te  P e r i o d s  

Fluxes of n i t r a t e ,  s o l u b l e  r e a c t i v e  phosphorus,  t o t a l  s i l i c o n ,  and t o t a l  
sodium f o r  a l l  downstream s t a t i o n s  on f o u r  s e l e c t e d  "s teady  flow" d a t e s  a r e  
shown i n  Table  21. For t h e  Clayroot  and Creeping Swamp downstream, s t a t i o n s  
t h e  s t e a d y  f low f l u x e s  o f  n i t r a t e  are e q u a l  t o  o r  less t h a n  measured d u r i n g  
s p a t e  s t u d i e s  on t h e  lower d e c l i n i n g  p o r t i o n  of t h e  d i s c h a r g e  peaks.  F luxes  
of SRP, S i ,  and Na, however, a r e  g e n e r a l l y  less on t h e  s t e a d y  f low d a t e s  
than any t ime dur ing  s p a t e  s t u d i e s .  The overwhelming importance o f  s p a t e s  i n  
terms of t h e  movement of m a t e r i a l s  becomes e v i d e n t  when t h e  magnitude o f  
s t e a d y  f low v e r s u s  s p a t e  f l u x e s  a r e  compared, e s p e c i a l l y  i n  view of t h e  i m -  
p o r t a n c e  of s p a t e s  i n  annua l  w a t e r  budgets .  

I n  o r d e r  t o  compare channe l ized  and unchannel ized s t r e a m s ,  f l u x e s  o f  NO3, 
FRP, S i ,  and Na f o r  a l l  downstream s t a t i o n s  were c a l c u l a t e d  f o r  each  steady- 
f low d a t e  and t h e n  c o r r e c t e d  f o r  watershed a r e a .  The f l u x e s  of NO3, N a ,  and 
S i  p e r  u n i t  a r e a  were g e n e r a l l y  l e s s  i n  n a t u r a l  t h a n  i n  channe l ized  s t r e a m s  
bu t  d i f f e r e n c e s  were n o t  a p p a r e n t  f o r  FRP (Table 21). Even though t h e  d a t e s  
chosen r e p r e s e n t  t h r e e  seasons  ( w i n t e r  - March, s p r i n g  - May, autumn - 
October) ,  no s e a s o n a l  t r e n d s  a r e  e v i d e n t .  Ra ther  t h e  f l u x e s  o b t a i n e d  on a 
given d a t e  a r e  more l i k e l y  r e l a t e d  t o  t h e  r e c e n t  h y d r o l o g i c a l  h i s t o r y  o f  t h e  
s t reams  and t o  whether t h e  s t r e a m s  r e c e i v e  human o r  p i g  farm w a s t e s  i n  t h e i r  
watersheds .  S p e c i f i c a l l y ,  Creeping Swamp, Chicod Creek, and Clayroo t  Swamp 
watersheds  a r e  known t o  c o n t a i n  l a r g e  p i g  farms and Gr ind le  Creek r e c e i v e s  
s e c o n d a r i l y  t r e a t e d  sewage above t h e  upstream s t a t i o n ;  o t h e r  streams may have 
p o i n t  s o u r c e s  of which we a r e  n o t  aware. The p rox imi ty  o f  t h e  p o i n t  s o u r c e  
t o  t h e  s t ream sampling s t a t i o n  w i l l  a l s o  a f f e c t  t h e  magnitude o f  f l u x e s  
measured a t  t h a t  s t a t i o n .  One e x c e p t i o n  may be Palmet to  Swamp (PM-10) which 
i s  unchannel ized,  r e c e i v e s  no p o i n t  s o u r c e s  o f  n u t r i e n t s  ( t o  o u r  knowledge) , 
and has  a  small watershed (54 km2). Steady f low f l u x e s  from t h i s  swamp a r e  
q u i t e  low i n  most cases ;  w e  cannot  e x p l a i n  t h e  e x c e p t i o n a l  sodium f l u x  on 
24 May 1976. 

Water Q u a l i t y  D i f f e r e n c e s  Within  and Between Streams 

There a r e  d i f f e r e n c e s  i n  w a t e r  q u a l i t y  n o t  o n l y  d u r i n g  t h e  course  o f  a  
y e a r  a t  each stream s t a t i o n  b u t  a l s o  from s t a t i o n  t o  s t a t i o n  on each s t r e a m  
and from s t r e a m  t o  s t ream.  A r i t h m e t i c  mean v a l u e s  o f  s e v e r a l  of t h e  more 
important  pa ramete rs  f o r  a l l  samples a t  each s t a t i o n  were c a l c u l a t e d .  These 
average c o n c e n t r a t i o n s  i l l u s t r a t e  t h e  g e n e r a l  c o n d i t i o n s  t o  which s t r e a m  o r  
swamp organisms,  sed iments ,  and s o i l s  are exposed. Mean c o n c e n t r a t i o n s  
~ i g h t e d  f o r  s t r e a m  d i s c h a r g e ,  however, a r e  n e c e s s a r y  t o  unders tand  t o t a l  
f l u x e s  from t h e  wate r shed  and t h e s e  a r e  p r e s e n t e d  i n  a  l a t e r  s e c t i o n .  Two 
f u l l  y e a r s  o f  d a t a  (December 1974 - December 1976) were a v a i l a b l e  f o r  
s t a t i o n s  on a l l  n a t u r a l  s t r eams  and ~ r a $  Swamp b u t  on ly  one y e a r  o f  d a t a  was 
a v a i l a b l e  on t h e  o t h e r  channe l ized  s t reams.  

C o n d u c t i v i t i e s  g e n e r a l l y  i n c r e a s e d  going downstream (Table  22) ; t h e  
r e v e r s e ,  however, occur red  i n  G r i n d l e  Creek, presumably because  of d i l u t i o n  
of t h e  sewage w a s t e s  which e n t e r e d  above GR-30. C o n d u c t i v i t i e s  were mos t ly  
l e s s  than 100 p mho cm-1 i n  t h e  n a t u r a l  s t r e a m s  and h i g h e r  than t h i s  i n  t h e  
channe l ized  s t r e a m s ,  b u t  t h e  l a r g e  i n c r e a s e s  w i t h i n  each s t ream a s  t h e  
d ra inage  b a s i n  i n c r e a s e s  makes r i g o r o u s  comparisons d i f f i c u l t .  The c o e f f i c e n t  



Table2L. Selected Fluxes f o r  a l l  Downstream S t a t i o n s  on "Steady  low" Dates. 

- 
S t a t i o n  Flow NO FRP To ta l  S i  To ta l  Na 

m3 sec-1 kg h i i  g310p2 h r - l  kg hr-1 g h - 2  h l i  kg hr-1 g hr - i  kg hr-1 g b-: hr-i 

I. 6-7 March 1975 

111. 3-4 March 1976 
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Table 22. Mean Values  and  Standard Devia t ions  ( i n  p a r e n t h e s e s )  
o f  Conduc t iv i ty ,  Color ,  T u r b i d i t y ,  and pH a t  Each S t a t i o n  

During t h e  P e r i o d  December 1974-December 1976. 
S t a t s o n s  a r e  L i s t e d  i n  Upstream t o  Downstream Order.  

S t a t  i o n  Conduc t iv i ty  
(v mho cm"') 

Color 
(Std.  U n i t s )  

T u r b i d i t y  
(JTU) 

5.6(6.6) 
7.8(9.1) 

12 (17) 

9.2(6.4) 
6.1(5.0) 

1 3  (12) 
1 5  (25) 

22 (15)  
22 (49) 

22 (18) 
26(44) 
1 6  (19) 

1 7  (11) 
1 6  (6.6) 
1 5  (9.6) 

3 1  (32) 
34(39) 



of  v a r i a t i o n  (= s / Z )  f o r  c o n d u c t i v i t y  was l e s s  t h a n  1.0 a t  a l l  s t a t i o n s  
excep t  CY-20 which o c c a s i o n a l l y  had e x t r a o r d i n a r y  load ing  from an unknown 
source .  

Color v a r i e d  s e a s o n a l l y ,  e s p e c i a l l y  i n  n a t u r a l  s t r eams  (Fig.  9-16). The 
average amount of c o l o r ,  however, remained n e a r l y  c o n s t a n t  o r  decreased  down- 
s t ream i n  a l l  s t r e a m s  excep t  Creeping Swamp and Chicod Creek (Table 22) where 
i t  i n c r e a s e d  on t h e  average 70% and 12%,  r e s p e c t i v e l y .  A l l  n a t u r a l  s t a t i o n s  
averaged 74 u n i t s  o f  c o l o r  o r  more whereas o n l y  TR-20 and CY-20 of t h e  
channel ized s t reams  were above t h i s  l e v e l  (Table  22). TR-20, and p robab ly  
CY-20, r e c e i v e  s u b s t a n t i a l  amounts of pocosin  d r a i n a g e  and t h i s  may account  
f o r  t h e i r  da rk  wate r s .  C o e f f i c i e n t s  o f  v a r i a t i o n  o f  c o l o r  were l e s s  than  
1.0 f o r  a l l  s t a t i o n s  excep t  CP-14, i n d i c a t i n g  t h a t  c o l o r  was r e l a t i v e l y  c o n s t a n t .  

T u r b i d i t i e s  were h i g h l y  v a r i a b l e  from t i m e  t o  t ime  a t  each s t a t i o n  
(Figs .  9-16) and upstream-downstream d i f f e r e n c e s  i n  mean v a l u e s  t h e r e f o r e  do 
n o t  show demonstrably  s i g n i f i c a n t  d i f f e r e n c e s  (Table  22).  Mean t u r b i d i t i e s  
were 1 5  J.T.U. o r  less i n  n a t u r a l  s t r eams  and 15 J.T.U. o r  g r e a t e r  i n  
channe l ized  s t reams .  

The average  pH i n c r e a s e d  downstream o r  remained c o n s t a n t  i n  a l l  s t r e a m s  
(Table 22).  N a t u r a l  s t r e a m  s t a t i o n s  had mean pH v a l v e s  i n  t h e  range '5.0 - 
6.3 and channe l ized  s t r e a m  s t a t i o n s  6.0 - 7.0. 

V a r i a b i l i t y  i n  t u r b i d i t y  a t  each s t a t i o n  was c o n s i d e r a b l y  g r e a t e r  t h a n  
v a r i a b i l i t y  i n  c o n d u c t i v i t y  and co lo r .  C o e f f i c i e n t s  o f  v a r i a t i o n  exceeded 
1.0 a t  9 of t h e  1 7  s t a t i o n s .  Because o f  t h i s  g r e a t  v a r i a b i l i t y  a t  each 
s t a t i o n ,  on ly  t h e  s t a t i o n s  w i t h  t h e  h i g h e s t  and lowes t  t u r b i d i t i e s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  from each o t h e r .  

The mean y e a r l y  n i t r o g e n  c o n c e n t r a t i o n s  a t  each s t a t i o n  a r e  examined i n  
t h r e e  ways : (1)  t h e  d i f f e r e n c e s  between n i t r a t e ,  ammonium,and t o t a l  ( d i s s o l v e d  
and p a r t i c u l a t e )  o r g a n i c  n i t r o g e n ,  (2 )  t h e  upstream-downs t r e a m  changes ,  and 
(3)  t h e  d i f f e r e n c e s  between s t reams.  Except f o r  t h e  ve ry  h i g h  ammonium l e v e l s  
a t  CP-10 ( l a r g e l y  a t t r i b u t a b l e  t o  a swine fa rm) ,  most o f  t h e  n i t r o g e n  was 
o r g a n i c  i n  w a t e r s  of Creeping and Palmet t o  Swamps (Table  23) even w i t h o u t  
c o r r e c t i o n  f o r  poor recovery ( s e e  Methods). The t h i r d  n a t u r a l  stream, 
Chicod Creek, was more similar t o  t h e  channe l ized  s t reams  i n  t h a t  t h e  l a r g e s t  
s i n g l e  f r a c t i o n  of i t s  combined n i t r o g e n  o c c u r r e d  as n i t r a t e .  S t a t i o n s  on 
Chicod and Clayroo t  averaged 0.28 t o  0.48 mg N 1-I as ammonium whereas  t h e  
o t h e r  s t a t i o n s  excep t  CP-10 were w e l l  below t h i s  l e v e l  (Table  23).  There was 
a  tendency f o r  n i t r a t e  and ammonium t o  i n c r e a s e  downstream; t h e  o n l y  major  
r e v e r s a l s  o f  t h i s  t r e n d  were i n  Chicod Creek and  G r i n d l e  Creek.. T o t a l  o r g a n i c  
n i t r o g e n  i n c r e a s e d  s u b s t a n t i a l l y  downstream i n  Creeping Swamp and  Conetoe 
Creek, bu t  remained t h e  same o r  decreased  somewhat i n  o t h e r  s t r e a m s  (Tab le  
23).  The most marked d i f f e r e n c e s  between t h e  n i t r o g e n  i n  n a t u r a l  and 
channel ized s t r e a m s  i s  i n  t h e  amount of n i t r a t e .  A l l  b u t  one n a t u r a l  stream 
s t a t i o n  (CH-20) averaged 0.51 mg N 1-I o r  l e s s  a s  NO3 whereas a l l  b u t  one 
channe l ized  s t r e a m  s t a t i o n  (TR-20) e q u a l l e d  o r  exceeded 0.68 mg N 1'1 (Table  
23).  The hog and p o u l t r y  was tes  e n t e r i n g  above CH-20 have been mentioned 
above. The f a c t  t h a t  a  s t ream was channe l ized  appeared n o t  t o  be  a  major  
determinant  o f  t h e  ammonium c o n c e n t r a t i o n ,  w i t h  bo th  t y p e s  of s t r e a m s  hav ing  
c o n c e n t r a t i o n s  rang ing  from 0.05 t o  more than  0.45 mg N 1-l. There was a l s o  



S t a t i o n  

CP-20 
-14 
-10 

PM-20 
-10 

CH-4 0 
-20 

TR-2 0 
-10 

CO-30 
-2 0 
-10 

GR- 30 
-20 
-10 

CY-20 
-10 

Table 23. Mean concent ra t ions  (mg 1-l )  and s t anda rd  dev ia t i ons  ( i n  paren theses)  
of n i t rogen  and phosphorus in t h e  water  a t  each s t a t i o n .  Dec. 1974- 
Dec. 1976. S t a t i o n s  are l i s t e d  i n  upstream t o  downstream o rde r .  
To ta l  organic-N concent ra t ions  have n o t  been co r r ec t ed  f o r  recovery 
and a r e  probably about  40% low. 

N i t r a t e  Ammonium 

.O5 (. 11) 

.25(. 79) 

.62(1.22) 

.10(.22) . O8(. 09) 

.37(.59) 

.28(.43) 

-05 (.O4) 
.15(.38) 

. O5(. 02) 

.05(.02) 

.05(.03) 

.12(.08) 

. lo(.  07) 

.08(.08) 

.36 (.59) 

.48(.37) 

T o t a l  
Organic-N 

.26 (. 22) 

.44(. 60) 

.39(.20) 

.35(. 16) 

.34(.15) 

.34(.12) 

.38(.18) 

.28(.12) 

.24(.18) 

.26 (. 15)  

. 3 l ( .  12)  

.41(. 09) 

.52 ( .09) 

.46(.10) 

.36 (. 14)  

.34(.10) 
.35(.15) 

F i l t e r a b l e  
React ive-P 

.004(.009) 

.OO3 ( -003) 

.O65 ( .O84) 

.OO6 ( -006) 

.OO8 ( .OO6) 

. Ol4(. 007) 

.O92 ( .O46) 

.010 ( .009) 

.Ol6 ( .025) 

. Ol8(. 014) 

.018(.020) 

.014(.009) 

. O54(. 027) 

.O39 (. 019) 

.029(.014) 

.O72 (. 073) 

.O95 ( .O59) 

F i l t e r a b l e  
Unreact ive-P 

P a r t i c u l a t e  
P 

.010 ( .012) 

.026(.055) 

.O76 ( .140) 

.O33 (-038) 

.021(.018) 

.O28 (. 022) 

. l o  ( -12) 

"032 (. 026) 
.O4l(. 056) 

.11(.25) 

.O77 (. 146) 

.O4l( .O53) 

.12 (. 049) 

.089(.041) 

.083 ( .034) 

.13(.15) 

.11(.10) 



over lap  i n  t h e  r e l a t i v e l y  narrow ranges  of mean t o t a l  organic-N, n a t u r a l  
s t r eam s t a t i o n s  rang ing  from 0.26 - 0.44 mg N 1-1 and channe l ized  s t r e a m s  
from 0.24 - 0.52 mg N 1-I. A s  mentioned i n  t h e  Methods, t h e  automated 
K j e l d a h l  procedure  gave poor r e c o v e r i e s ;  assuming t h a t  t h e  organic-N of 
n a t u r a l  w a t e r s  was assayed  w i t h  t h e  same poor e f f i c i e n c y ,  t h e  v a l u e s  i n  
Table 23 a r e  about 40% l e s s  than  t h e  t r u e  c o n c e n t r a t i o n s ,  The n u t r i e n t  
c o n c e n t r a t i o n s  a t  Clayroo t  Swamp i n c l u d e d  some of t h e  h i g h e s t  v a l u e s  shown 
even though some measurements from A p r i l ,  October ,  and November which gave 
evidence o f  g r o s s  contaminat ion were o m i t t e d  from t h e s e  averages  Mean 

i n i t r i t e  c o n c e n t r a t i o n s  ( n o t  shown) were low (0.002 - 0.006 mg 1- ) a t  a l l  
s t a t i o n s  excep t  GR-30 (0.024 mg l - l ) ,  GR-20 (0.020 mg 1 - l )  and GR-10 (0.008 
mg 1-11, showing a g a i n  t h e  i n f l u e n c e  o f  sewage on G r i n d l e  Creek. 

The major  form of phosphorus a t  e v e r y  s t a t i o n  was p a r t i c u l a t e - P  (Tab le  
23). The low amounts o f  c h l o r o p h y l l  (Fig. 30) and s c a r c i t y  o f  p a r t i c u l a t e  
carbon (not  shown) i n d i c a t e s  t h a t  t h e  p a r t i c u l a t e - P  i s  n o t  phy top lank ton ,  
as might be  expec ted  i n  a l a k e ,  and p robab ly  i s  n o t  even o rgan ic .  The 
p r o b a b i l i t y  o f  i t s  be ing  o r g a n i c  i s  g r e a t e s t  i n  n a t u r a l  s t r e a m s  d u r i n g  

' 

s t a g n a n t  p e r i o d s  and l e a s t  d u r i n g  s p a t e  p e r i o d s  when p a r t i c u l a t e - P  p o s i t i v e l y  
c o r r e l a t e d  w i t h  t u r b i d i t y  and p a r t i c u l a t e  Fe, Al, and Si.  The second most 
abundant form of  phosphorus i n  Creeping Swamp (excep t  CP-10) and Pa lmet to  
Swamp was f i l t e r a b l e  unreact ive-P whereas f i l t e r a b l e  reac t ive -P  was second 
most abundant a t  s t a t i o n s  on t h e  remaining 5 s t reams  (Table 23). A l l  t h r e e  
forms of P tended t o  i n c r e a s e  i n  c o n c e n t r a t i o n  downstream i n  Creeping Swamp, 
Chicod Creek,  and c race^ Swamp and t o  remain abou t  c o n s t a n t  o r  d e c r e a s e  i n  
c o n c e n t r a t i o n  i n  t h e  o t h e r  s t reams.  F i l t e r a b l e  reac t ive -P  l e v e l s  were ve ry  
low i n  n a t u r a l  s t r eams  a t  s t a t i o n s  n o t  r e c e i v i n g  p o l l u t a n t s  (CP-20, CP-14, 
PM-20, PM-10) (Table 23) ;  many samples from t h e s e  s t a t i o n s  were a t  o r  below 
our  l i m i t  o f  d e t e c t i o n  (ca. 0.002 mg P 1 - I ) .  With t h e  e x c e p t i o n  of s t a t i o n s  
r e c e i v i n g  was tes  (CP-10, CH-20 CY-20, CY-10) FRP c o n c e n t r a t i o n s  i n  n a t u r a l  
s t r eams  were a l l  0.014 mg P 1-i o r  l e s s ;  a l l  of  t h e  channe l ized  s t r e a m s  
excep t  TR-10 and CO-10 were above t h i s  l e v e l .  There appear  t o  be  no con- 
s i s t e n t  d i f f e r e n c e s  between n a t u r a l  and channe l ized  s t r e a m s  i n  t h e  amounts of 
FUP. A l l  of t h e  n a t u r a l  s t r e a m  s t a t i o n s  e x c e p t  CP-10 and CH-20 averaged 
0.010 t o  0.033 mg P 1'1 a s  p a r t i c u l a t e - P  w h i l e  t h e  channe l ized  s t r e a m s  
ranged from 0.032 t o  0.13 mg P l-l, 

The average  c o n c e n t r a t i o n s  of t o t a l  i r o n  had t h e  g r e a t e s t  range i n  
channe l ized  s t r e a m s ,  being h i g h e s t  i n  Clayroo t  Swamp (2.6 - 2.9 mg 1-1) and 
lowes t  i n  Conetoe and Gr ind le  Creeks (0.8 - 1 . 5  mg 1 )  ; ~ r a c ~  Swamp and t h e  
t h r e e  n a t u r a l  s t r eams  had i n t e r m e d i a t e  c o n c e n t r a t i o n s  (Table  24).  The i r o n  
c o n c e n t r a t i o n s  decreased  t o  some e x t e n t  downstream i n  t h e  channe l ized  s t r e a m s  
and i n  Pa lmet to  Swamp, b u t  i n c r e a s e d  50 - 75% i n  t h e  o t h e r  n a t u r a l  streams. 
Mean t o t a l  i r o n  l e v e l s  v a r i e d  by a f a c t o r  of about  2 (1.2 - 2.3 mg 1 - I )  among 
s t a t i o n s  on n a t u r a l  s t r eams  b u t  by more than  3 (0.8 - 2.9) i n  c h a n n e l i z e d  
s t reams  . 

T o t a l  manganese c o n c e n t r a t i o n s  averaged a t  l e a s t  an o r d e r  of magnitude 
lower than t h e  mean i r o n  c o n c e n t r a t i o n s  (Table  24).  I n  ~ r a $  Swamp they  were  
a lmost  two o r d e r s  o f  magnitude l e s s .  The unusua l ly  h i g h  Mn l e v e l s  i n  Pa lmet to  
Swamp, which shows no ev idence  o f  p o l l u t i o n ,  cannot  be  exp la ined .  The l a r g e  
d i f f e r e n c e s  i n  Mn-concentration between s t a t i o n s  on some s t r e a m s  (Creeping 
Swamp, Chicod Creek,  Clayroot  Swamp), and t h e  l a r g e  s t a n d a r d  d e v i a t i o n s ,  make 



Table  24. Mean c o n c e n t r a t i o n s  (mg 1-I)  and s t a n d a r d  
d e v i a t i o n s  ( i n  p a r e n t h e s e s )  of t o t a l  Fe, Mn, 
Ca and Mg i n  t h e  w a t e r  a t  each s t a t i o n  Dec. 
1974-Dec. 1976. S t a t i o n s  a r e  l i s t e d  i n  
upstream t o  downstream o r d e r .  Mn and Ca 
v a l u e s  were c o r r e c t e d  f o r  incomple te  
recovery  when necessa ry .  

S t a t i o n  

CP-20 
-14 
-10 

PM- 2 0  
-10 

CH-40 
-20 

TR- 2  0  
-10 

CO-30 
-20 
-10 

GR-30 
-20 
-10 

CY-2 0  
-10 



i t  d i f f i c u l t  t o  c i t e  any e f f e c t  of c h a n n e l i z a t i o n .  

T o t a l  ca lc ium was t h e  most abundant c a t i o n  i n  a l l  of t h e  s t r e a m s  (Tab les  
24, 25).  The mean c o n c e n t r a t i o n s  i n c r e a s e d  a t  a l l  downstream s t a t i o n s  e x c e p t  
on G r i n d l e  Creek. The n a t u r a l  s t r eams  tended  t o  have lower l e v e l s ,  o n l y  3  
s t a t i o n s  showing mean c o n c e n t r a t i o n s  r 1 0  m 1-I whereas o n l y  2  s t a t i o n s  a l o n g  f t h e  channe l ized  s t reams  were below 10 mg 1- . The c o e f f i c i e n t  o f  v a r i a t i o n  
was g r e a t e r  than 1 .0  a t  CP-20 and CP-14. 

T o t a l  magnesium c o n c e n t r a t i o n s  were n o t  on ly  r e l a t i v e l y  c o n s t a n t  
s e a s o n a l l y  a t  each s t a t i o n  (Figs .  25-28) b u t  a l s o  r e l a t i v e l y  c o n s t a n t  from 
s t a t i o n  t o  s t a t i o n .  The e n t i r e  range o f  mean Mg c o n c e n t r a t i o n  was from 1.2 
t o  2.5 mg 1-1 (Table  24). Concen t ra t ions  remained c o n s t a n t  o r  i n c r e a s e d  
downstream, b u t  t h e r e  were no c o n s i s t e n t  d i f f e r e n c e s  between n a t u r a l  and 
channe l ized  s t reams.  

T o t a l  sodium and potass ium were g e n e r a l l y  t h e  second and t h i r d  most 
abundant c a t i o n s .  They were always e q u a l l y  o r  more c o n c e n t r a t e d  a t  down- 
s t r e a m  compared t o  upst ream s t a t i o n s ,  excep t  t h a t  K decreased  downstream i n  
Clayroot  Swamp and b o t h  Na and K decreased  i n  G r i n d l e  Creek (Tab le  25). 
Although t h e r e  was much o v e r l a p ,  channe l ized  s t reams  were  somewhat r i c h e r  i n  
Na, K, and C 1  r e l a t i v e  t o  n a t u r a l  s t r e a m s ,  t h u s  account ing  f o r  p a r t  o f  t h e  
h i g h e r  c o n d u c t i v i t i e s  of channe l ized  s t reams  (Table  22).  

T o t a l  s i l i c o n  c o n c e n t r a t i o n s  averaged l e s s  t h a n  7.5 mg 1-I i n  n a t u r a l  
s t r eams  b u t  more t h a n  t h i s  i n  channe l ized  s t r e a m s  (excep t  CO-20. Table  25).  
Although n a t u r a l  s t r eams  tended t o  c a r r y  l e s s  t o t a l  A 1  than  channe l ized  
s t reams ,  t h e r e  was some o v e r l a p ;  CH-20 o f  t h e  n a t u r a l  s t r e a m s  had a mean Al 
c o n c e n t r a t i o n  above 2.4 mg 1-I, and GR-20 had l e s s  t h a n  2.4 mg 1-I. As n o t e d  
above, S i  and A 1  c o n c e n t r a t i o n s  may i n c r e a s e  markedly dur ing  s p a t e s  (F igs .  
35-38, 43-46); a c c u r a t e  d e t e r m i n a t i o n  o f  annual  mean c o n c e n t r a t i o n s  o f  t h e s e  
e lements  t h e r e f o r e  r e q u i r e s  l a r g e r  numbers o f  samples than  were a v a i l a b l e  i n  
t h i s  s tudy.  

Choride was a n o t h e r  r e l a t i v e l y  c o n s e r v a t i v e  chemical  p r o p e r t y  o f  t h e s e  
Coas ta l  P l a i n  s t reams .  CP-20 and CP-14 were lower t h a n  any o t h e r  s t a t i o n s .  
It d i d  n o t  v a r y  g r e a t l y  i n  t ime a t  each s t a t i o n ,  n o r  were t h e r e  l a r g e  
d i f f e r e n c e s  between s t a t i o n s  (Table  25). Chlor ide  was l o w e s t  a t  s t a t i o n s  
on Creeping Swamp, and i t  i n c r e a s e d  downstream excep t  i n  Tracey Swamp and 
Gr ind le  Creek. 

Weighted Annual Mean Concen t ra t ions  and Annual F luxes  o f  Elements 

The mean c o n c e n t r a t i o n  of an e lement  weighted i n  p r o p o r t i o n  t o  t h e  s t r e a m  
d i s c h a r g e  a t  t h e  t ime  each sample was t aken  p rov ides  a p p r o p r i a t e  v a l u e s  f o r  
a s s e s s i n g  t h e  magnitude of t h e  a n n u a l  f l u x  o f  t h a t  element from a watershed.  
Weighted a n n u a l  mean c o n c e n t r a t i o n s  reduce t h e  importance o f  p e r i o d s  when 
e l e m e n t a l  c o n c e n t r a t i o n s  a r e  h i g h  b u t  s t r e a m  flow i s  low o r  n o n - e x i s t e n t  and 
i n c r e a s e s  t h e  importance o f  high-f low p e r i o d s  even though c o n c e n t r a t i o n s  may 
be  low. 



Table  25. Mean c o n c e n t r a t i o n s  (mg I") and s t a n d a r d  
d e v i a t i o n s  ( i n  p a r e n t h e s e s )  o f  Na, K, S i ,  A1 
and C 1  i n  t h e  w a t e r  a t  each s t a t i o n .  Dec. 
1974-Dec..1976. S t a t i o n s  a r e  l i s t e d  i n  
upst ream t o  downstream o r d e r .  S i  and A 1  
v a l u e s  were c o r r e c t e d  f o r  incomple te  
recovery  where necessa ry .  

S t a t i o n  

CP-20 
-14 
-10 

PM-20 
-10 

CH-40 
-20 

TR-20 
-10 

CO-30 
-2 0 
-1 0 

GR-30 
-20 
- 10 

CY-2 0 
-10 



1. Nitrogen 

Weighted mean n i t r a t e  c o n c e n t r a t i o n s  f o r  1975 and 1976 ranged from .03 
t o  .68 mg 1'1 i n  n a t u r a l  s t r eams  and from .47 t o  1.8 mg 1-I i n  channe l ized  
s t reams  (Table 26).  The h i g h  n i t r a t e  c o n c e n t r a t i o n s  d u r i n g  h i g h  f low 
p e r i o d s  g r e a t l y  i n c r e a s e d  t h e  weighted mean annual  c o n c e n t r a t i o n s  a s  e v i d e n t  
by comparing 1976 d a t a  f o r  CP-10, CP-20, CY-10, and (3-20 w i t h  and w i t h o u t  
s p a t e  sampling d a t e s .  Weighted mean annua l  ammonium c o n c e n t r a t i o n s  f o r  1975 
and 1976 ranged from .022 t o  .28 mg 1-I i n  n a t u r a l  s t r eams  and from .O43 t o  
.34 mg 1-1 i n  channe l ized  s t reams.  Exc lus ion  o f  s p a t e  p e r i o d s  i n  1976 s l i g h t -  
l y  decreased  weighted mean a n n u a l  anilnonium c o n c e n t r a t i o n s  a t  @-10, CY-10, 
and CY-20. I f  s t a t i o n s  r e c e i v i n g  no obvious  p o i n t  source  o f  p o l l u t i o n  
(CP-20, PM-10, TR-10, TR-20, CO-10 and CO-30) a r e  cons idered  s e p a r a t e l y  t h e  
weighted mean a n n u a l  armonium c o n c e n t r a t i o n  range f o r  n a t u r a l  s t r e a m s  was .022 
t o  .037 mg 1-l, whereas t h e  range  f o r  c h a n n e l i z e d  s t r e a m s  were .043 t o  .ll 
mg 1-I o v e r  t h e  two-year p e r i o d  (Table 26).  S i m i l a r l y ,  t h e  u n p o l l u t e d  s t a t i o n  
n i t r a t e  ranges  are .031 t o  .33 mg 1-I and .47 t o  1.6 mg 1-I f o r  n a t u r a l  and 
channe l ized  s t r e a m s ,  r e s p e c t i v e l y ,  f o r  b o t h  years .  Weighted mean annua l  
TON c o n c e n t r a t i o n s  f o r  1975 and 1976 range  from .16 t o  ,35 mg 1-I i n  n a t u r a l  
s t r eams  and from .24 t o  .55 mg 1-1 i n  channe l ized  s t reams.  

Fluxes o f  n i t r a t e  a r e  c o n s i d e r a b l y  h i g h e r  i n  t h e  channe l ized  than  n a t u r a l  
s t r eams  (Table  26).  This i s  a l s o  g e n e r a l l y  t r u e  o f  TON, e s p e c i a l l y  i f  t h e  
p o l l u t e d  s t a t i o n s  a r e  o m i t t e d  ( i . e . ,  CP-10, CH-20, GR-10, GR-30, CY-10 and 
CY-20). Ammoniumfluxes a r e  somewhat h i g h e r  f o r  t h e  two channe l ized  s t r e a m s  
w i t h  no p o i n t  s o u r c e s  o f  p o l l u t i o n  (Conetoe and Tracy Swamps) than  f o r  
s i m i l a r l y  u n p o l l u t e d  n a t u r a l  s t r e a m  s t a t i o n s  (CP-20 and PM-10). 

2. Phosphorus 

Weighted mean a n n u a l  FRP c o n c e n t r a t i o n s  f o r  1975 and 1976 ranged from 
.002 t o  .080 mg 1-I f o r  a l l  n a t u r a l  s t r e a m s  and from .010 t o  ,069 mg 1-1 f o r  
a l l  channe l ized  s t reams  (Table  27).  I f  p o l l u t e d  s t ream s t a t i o n s  are o m i t t e d  
t h e  ranges  were .002 t o  .007 mg 1-1 and .010 t o  .033 mg 1-I f o r  n a t u r a l  and 
channe l ized  streams, r e s p e c t i v e l y .  The corresponding ranges  of FUP and PP 
f o r  a l l  n a t u r a l  s t r e a m  s t a t i o n s  were .003 t o  ,047 mg 1-I and .004 t o  .13 mg 
1-I. The FUP and PP ranges  f o r  a l l  channe l ized  s t ream s t a t i o n s  were  .005 t o  
.014 mg 1-I and .023 t o  .33 mg 1-1, r e s p e c t i v e l y  (Table  27).  The u n u s u a l l y  
h igh  weighted mean annua l  c o n c e n t r a t i o n  o f  p a r t i c u l a t e - P  a t  CO-30 r e s u l t e d  
from s o i l  e r o s i o n  d u r i n g  a  r a i n s t o r m  i n  J u l y  1975; t u r b i d  w a t e r  was s t reaming  
from r e c e n t l y  t i l l e d  f i e l d s  ( s e e  a l s o  F igs .  1 4 ,  22 f o r  CO-20). I f  t h e  
p o l l u t e d  s t a t i o n s  a r e  omi t t ed ,  n a t u r a l  s t r e a m s  had low FTJP and PP weighted 
mean annua l  c o n c e n t r a t i o n  ranges  of .003 t o  .013 mg 1-I and .004 t o  ,029 mg 
1-1, whereas channe l ized  s t reams  had a  s i m i l a r  FUP range o f  .005 t o  .012 mg 
lml, and a  somewhat h i g h e r  PP range  o f  .023 t o  .33 mg 1-I, Exc lus ion  of s p a t e  
sampling d a t e s  from weighted mean a n n u a l  c o n c e n t r a t i o n s  d u r i n g  1976 tended t o  
i n c r e a s e  FRP a t  CY-10 and CY-20, and t o  i n c r e a s e  FUP and PP a t  CY-20 (Table  
27). 

Fluxes o f  FRP f o r  a l l  s t r eams  i n  1975 and 1976 ranged from .44 t o  17  
kg km-2 yr-l (Tab le  27).  E l i m i n a t i n g  p o l l u t e d  s t a t i o n s ,  t h e  n a t u r a l  s t r e a m s  
had lower FRP f l u x e s  than  channe l ized  s t reams .  FUP f l u x e s  f o r  a l l  s t a t i o n s  
i n  1975 and 1976 ranged from .73 t o  14.5 kg kmm2 yr-l. FUP f l u x e s  were more 



Table 26. Weighted a n n u a l  mean c o n c e n t r a t i o n s  
(mg 1 - l )  and t o t a l  annua l  f l u x e s  
(kg km-2 yr'l) of  n i t r o g e n  s p e c i e s  
a t  s t r eam s t a t i o n s  where f low d a t a  
were a v a i l a b l e .  

S t a t i o n  NO: N H ~  TON 
Conc. Flux Conc. F lux  Con c . Flux  - - - 

N a t u r a l  

CP-20 0.031 8.4 0.022 
8 - 1 0  0.062 19 0.076 
PM- 10 0.11 3 4 0.037 
CH-20 0.63 190 0.11 

Channelized 

1976 i n c l u d i n g  a l l  s p a t e  samples 

N a t u r a l  

CP-20 0.14 2 6 0.022 
CP-10 0.22 5 0 0.28 
PM- 10 0.33 73 0.034 
CH-20 0.68 150 0.27 

Channelized 

TR-20 0.58 130 0.062 
TR- 10 0.89 200 0 .11  
CY-20 0.97 220 0.16 
CY-10 1.0 230 0.34 



Table  26. Weighted a n n u a l  mean c o n c e n t r a t i o n s  
(mg 1 - l )  and t o t a l  a n n u a l  f l u x e s  
(kg km-2 y r - l )  of n i t r o g e n  s p e c i e s  
a t  s t r e a m  s t a t i o n s  where f low d a t a  
were a v a i l a b l e .  ( con t inued)  

S t a t i o n  NH 4 TON 
Con c . Flux  Conc. Flux Con c. F lux  - - - 

1976 exc lud ing  major  s p a t e  samples 

N a t u r a l  

Channelized 



Table 27. Weighted a n n u a l  mean c o n c e n t r a t i o n s  
(rng 1 - l )  and t o t a l  annua l  f l u x e s  
(kg km-2 y r - l )  of phosphorus s p e c i e s  
a t  s t r e a m  s t a t i o n s  where f low d a t a  
were a v a i l a b l e .  

S t a t i o n  FRP FUP P a r t .  P 
Conc . Flux  Conc. Flux - - Cone. - Flux  - 

CP-20 0.002 0.52 0.003 
CP-10 0.016 5.0 0.010 
PM- 10 0.007 2.2 0.013 
CH-2 0 0.057 1 7  0.047 

Channelized 

TR-20 0.010 3 . 1  0.008 
TR- 10 0.011 3.3 0.009 
CO-30 0.026 1 2  0,007 
CO-10 0.014 6.4 0.005 
GR-30 0.037 17  0.014 
GR- 10 0.030 1 4  0 .011 

1976 i n c l u d i n g  a l l  s p a t e  samples 

N a t u r a l  

Channelized 

TR-2 0 0.033 7.4 0.012 
TR- 10 0.019 4.2 0.011 
CY-20 0.049 11 0.010 
CY- 10 0.069 1 5  0.009 



Table  27. Weighted annual  mean c o n c e n t r a t i o n s  
(mg 1-1) and t o t a l  annua l  f l u x e s  
(kg km-2 y r - l )  of phosphorus s p e c i e s  
a t  stream s t a t i o n s  where f low d a t a  
were a v a i l a b l e .  ( con t inued)  

S t a t i o n  FRP FUP P a r t .  P 
Conc. Flux Con c. Flux Conc. F lux  - - - 

1976 exc lud ing  major s p a t e  samples 

N a t u r a l  

Channelized 



similar f o r  n a t u r a l  (. 73 - 3.9 kg km-2 y r - l )  and channe l ized  (2.5 - 3.5 kg 
km-2 y r - l )  s t r eams  a f t e r  s t a t i o n s  below p o i n t  s o u r c e s  were e l i m i n a t e d .  PP 
f l u x e s  ranged from 1.1 t o  150 kg km-2 yr"l f o r  a l l  s t a t i o n s .  The u n u s u a l l y  
h i g h  PP f l u x  a t  CO-30 i s  a t t r i b u t a b l e  i n  l a r g e  p a r t  t o  t h e  J u l y  r a i n s t o r m  
mentioned above. Except f o r  t h e  h igh  1975 f l u x  a t  PM-PO, u n p o l l u t e d  n a t u r a l  
s t r eams  had PP f l u x e s  g e n e r a l l y  lower  than t h o s e  from u n p o l l u t e d  channe l ized  
s t reams.  

I n  summary, n i t r a t e  dominated t h e  n i t r o g e n  budget of channe l ized  s t r e a m s  
when weighted mean annua l  c o n c e n t r a t i o n  a r e  considered.  N a t u r a l  s t r e a m s  had 
lower f l u x e s  of t o t a l  n i t r o g e n ,  o f t e n  dominated by TON. The phosphorus 
e x p o r t  of channe l ized  s t reams  was dominated by PP; i n  n a t u r a l  s t r e a m s  FRP and 
FUP were r e l a t i v e l y  more important .  T o t a l  phosphorus f l u x  was h i g h e r  i n  
channe l ized  s t reams  b u t  t h e r e  was some o v e r l a p  i n  ranges  and c o n s i d e r a b l e  
v a r i a t i o n  between s t r e a m s ,  even between t h e  r e l a t i v e l y  u n p o l l u t e d  streams. 

3. Meta l s ,  Ch lor ide  and S i l i c o n  

Weighted a n n u a l  mean c o n c e n t r a t i o n s  and annua l  f l u x e s  of v a r i o u s  m e t a l s ,  
C 1 ,  and S i  (Table  28 f o r  1975; Tables  29-32 f o r  1976) showed s i m i l a r i t i e s  and 
d i f f e r e n c e s  between s t reams.  I n  1975 and 1976 weighted mean a n n u a l  t o t a l  Fe 
c o n c e n t r a t i o n s  ranged from .44 t o  3.3 mg 1-I i n  a l l  s t reams  w i t h  c o n s i d e r a b l e  
o v e r l a p  between n a t u r a l  and channe l ized  s t r e a m s  (Tables  28-30). The n a t u r a l  
s t r eam s t a t i o n s ,  CP-20 i n  1975 and CP-20 and PM-10 i n  1976, were c o n s i d e r a b l y  
lower i n  Fe than t h e  o t h e r s  w i t h  a  range of .44 t o  .65 mg 1-I. CH-20, CY-10, 
and CY-20 i n  1976 had t h e  h i g h e s t  t o t a l  Fe c o n c e n t r a t i o n s ,  r ang ing  from 2.8 
t o  3.3 mg 1-I. I n  1976 most of t h e  t o t a l  Fe was i n  p a r t i c u l a t e  form. Weighted 
mean annua l  c o n c e n t r a t i o n s  o f  s o l u b l e  i r o n  ranged from .14 t o  .25 mg 1-I i n  
a l l  s t reams.  Exclusion o f  s p a t e  p e r i o d s  i n  1976 decreased  weighted mean 
annua l  c o n c e n t r a t i o n s  o f  b o t h  s o l u b l e  and p a r t i c u l a t e  Fe a t  CP-20, CP-10 and 
CY-10. T o t a l  annua l  Fe f l u x  i n  1975 and 1976 ranged from 120 t o  740 kg km"2 
yr-l and 240 t o  850 kg m-2 yr-l i n  n a t u r a l  and channe l ized  s t r e a m s ,  r e s -  
p e c t i v e l y  (Tables  28-30). 

Weighted mean annua l  t o t a l  Mn c o n c e n t r a t i o n s  were low and ranged from 
.016 t o  .O45 mg 1-I i n  a l l  s t reams  excep t  f o r  t h e  1975 PM-10 c o n c e n t r a t i o n  of 
.15 mg 1-I (Tab les  28-30). More than h a l f  t h e  t o t a l  Mn was i n  s o l u b l e  form 
i n  a l l  s t r eams  i n  1976. Exclusion of s p a t e  p e r i o d s  s l i g h t l y  decreased  
s o l u b l e  and p a r t i c u l a t e  Mn c o n c e n t r a t i o n s  a t  CP-10, CP-20 and CI-10 i n  1976. 
Annual f l u x e s  o f  t o t a l  Mn ranged from a  low of 5.0 kg km-3 yr-l a t  TR-20 i n  
1976 t o  47 kg km-2 yr-l a t  PM-10 i n  1975 (Tab les  28-30), 

Weighted annua l  mean t o t a l  Ca c o n c e n t r a t i o n s  ranged from 4.0 t o  28  mg 1-I 
i n  a l l  s t r e a m s  w i t h  c o n s i d e r a b l e  o v e r l a p  between n a t u r a l  and c h a n n e l i z e d  
s t reams  (Tables  28-30). CP-20 i n  1975 and 1976, CP-10 i n  1976, and CO-30 i n  
1975 were l o w e s t  w i t h  a  range  of 4.0 t o  4.8 mg 1-I, whereas TR-10 and TR-20 
were c o n s i s t e n t l y  h i g h e s t  w i t h  a  1975 - 1976 range o f  1 8  - 28 mg 1-l. 
Exclusion of s p a t e  p e r i o d s  i n c r e a s e d  t h e  weighted mean p a r t i c u l a t e  Ca concen- 
t r a t i o n s  i n  Creeping and Clayroot  swamps (Table  30) b u t  decreased  s o l u b l e  
Ca c o n c e n t r a t i o n s  (Table  29).  Annual f l u x e s  o f  t o t a l  Ca were lowes t  a t  
CP-10 and CP-20 rang ing  from 450 t o  1800 kg km-2 y r - I  and h i g h e s t  a t  TR-10 
and TR-20 rang ing  from 4100 t o  9000 kg km-2 ~r -1 .  



The range of weighted mean annua l  t o t a l  Mg c o n c e n t r a t i o n s  f o r  a l l  
s t a t i o n s  and b o t h  y e a r s  was narrow, .85 - 2.4 mg 1-1. CP-10 and CP-20 were 
lowest  r ang ing  from .85 t o  1.2 mg 1'1 and GR-10 and GR-30 were  h i g h e s t  w i t h  
c o n c e n t r a t i o n s  of 2.4 and 2.2 mg 1-l, r e s p e c t i v e l y  i n  1975 (Tab les  28-30). 
I n  1976, more than 60% of  t o t a l  Mg was s o l u b l e  a t  a l l  s t a t i o n s .  A s  was t h e  
c a s e  w i t h  Ca, e x c l u s i o n  o f  s p a t e  p e r i o d s  i n  1976 i n c r e a s e d  p a r t i c u l a t e  and 
decreased  s o l u b l e  weighted mean Mg c o n c e n t r a t i o n s  i n  Creeping and Clayroo t  
swamps. Annual t o t a l  Mg f l u x e s  ranged from 180 t o  1100 kg km-2 yr-l f o r  a l l  
s t a t i o n s  w i t h  CP-20 be ing  t h e  lowest .  

Weighted mean annua l  t o t a l  Na c o n c e n t r a t i o n s  ranged from 3 .1  t o  5 . 1  
mg 1-I f o r  a l l  s t a t i o n s  exc lud ing  GR-10 and GR-30 i n  b o t h  y e a r s .  The GR-10 
and GR-30 c o n c e n t r a t i o n s  i n  1975 were 7.4 and 6.9 mg 1-l, r e s p e c t i v e l y ,  
presumably from sewage wastes .  Again CP-20 had t h e  lowes t  c o n c e n t r a t i o n  
(Tables  28, 31,  32) .  A s  w i t h  Mg, more than  60% of  t o t a l  Na a t  a l l  s t a t i o n s  
was s o l u b l e  i n  1976. Exclusion of s p a t e  p e r i o d s  i n  1976 i n c r e a s e d  p a r t i c u l a t e  
Na and decreased  s o l u b l e  Na weighted mean c o n c e n t r a t i o n s  i n  Creeping and 
Clayroot  swamps. Annual t o t a l  Na f l u x e s  ranged from 570 t o  3500 kg km-2 yr-l 
w i t h  t h e  l o w e s t  f l u x e s  a t  t h e  Creeping Swamp S t a t i o n s  i n  1976 and t h e  h i g h e s t  
a t  t h e  Gr ind le  Creek s t a t i o n s  i n  1975. 

Weighted mean annual  t o t a l  K c o n c e n t r a t i o n s  ranged from 1.0 t o  3.6 mg 1-I 
f o r  a l l  s t a t i o n s  and b o t h  y e a r s  (Tables  28,  31, 32). CP-20 a g a i n  was lowes t .  
More than  50%, and o f t e n  g r e a t e r  than  65%, o f  t o t a l  K was s o l u b l e  f o r  a l l  
s t a t i o n s  i n  1976. Exclusion of 1976 s p a t e  p e r i o d s  i n c r e a s e d  w e i g h t e d '  
p a r t i c u l a t e  K c o n c e n t r a t i o n s  i n  Creeping and Clayroo t  swamps and d e c r e a s e d  
weighted s o l u b l e  K c o n c e n t r a t i o n s  i n  t h o s e  s t a t i o n s  excep t  CY-20 (Tables  31,  
32).  Annual f i u x e s  ranged from 230 t o  1700 kg km-2 yr-l f o r  a l l  s t a t i o n s  
and b o t h  y e a r s ,  a g a i n  w i t h  CP-20 i n  1976 b e i n g  t h e  lowest .  

Weighted mean a n n u a l  t o t a l  Al c o n c e n t r a t i o n s  ranged from .63 t o  7.7 mg 
1-1 f o r  a l l  s t a t i o n s  and b o t h  y e a r s  (Tables  28,  31, 32). The lowes t  concen- 
t r a t i o n s  were a t  PM-10 i n  1976 and CP-20 i n  1975, t h e  h i g h e s t  a t  CH-20 and  
CY-10 i n  1976. At  a l l  s t a t i o n s  b u t  CP-20 and PM-10 t o t a l  A1 was more t h a n  
80% p a r t i c u l a t e  (Tab les  30, 31) .  A t  CP-20 and PM-10 i t  was a b o u t  70% 
p a r t i c u l a t e .  Exc lus ion  of 1976 s p a t e  p e r i o d s  decreased  b o t h  weighted mean 
p a r t i c u l a t e  and s o l u b l e  A 1  c o n c e n t r a t i o n s  (Tab les  31, 32). Annual t o t a l  Al 
f l u x e s  ranged from 170 t o  2400 kg kmw2 yr'l f o r  a l l  s t a t i o n s  and b o t h  y e a r s ,  
a g a i n  w i t h  CP-20 i n  1975 and 1976 and PM-10 i n  1976 t h e  lowes t .  

Weighted mean annua l  t o t a l  S i  c o n c e n t r a t i o n s  ranged from 2.3 t o  14.3 
mg 1-I f o r  a l l  s t a t i o n s  and b o t h  y e a r s  (Tables  28,  31, 3 2 ) ,  w i t h  CP-20 b e i n g  
lowest .  Weighted s o l u b l e  S i  was remarkably c o n s t a n t  i n  a l l  streams rang ing  
1 .4  t o  2.6 mg 1-1; however weighted p a r t i c u l a t e  S i  ranged from 1.6 t o  12 mg 
1-1 i n  1976. A t  a l l  s t a t i o n s  a t  l e a s t  50% of  weighted t o t a l  S i  was p a r t i c u -  
l a t e  w i t h  t h i s  pe rcen tage  i n c r e a s i n g  w i t h  i n c r e a s i n g  t o t a l  S i .  A s  w i t h  Al, 
e x c l u s i o n  of 1976 s p a t e  p e r i o d s  decreased  b o t h  weighted mean p a r t i c u l a t e  and 
s o l u b l e  S i  c o n c e n t r a t i o n s ,  excep t  a t  CY-20 where t h e r e  was an i n c r e a s e d  i n  
p a r t i c u l a t e  Si .  Annual t o t a l  S i  f l u x e s  ranged from 590 t o  4800 kg km-2 yr-l 
wi th  CP-20 b e i n g  t h e  lowest .  

Weighted mean annua l  t o t a l  C 1  c o n c e n t r a t i o n s  ranged from 4.9 t o  10 mg 
1-I f o r  a l l  s t a t i o n s  and bo th  y e a r s  (Tables  28,  31,  3 2 ) ,  w i t h  CP-20 t h e  lowes t  



Table  28. Weighted annua l  mean c o n c e n t r a t i o n s  
(mg 1-1) and t o t a l  annua l  f l u x e s  
(kg km-2 y r - l )  o f  m e t a l s ,  s i l i c o n  and 
c h l o r i d e  a t  s t ream s t a t i o n s  where flow 
d a t a  were a v a i l a b l e  (19 75). 

S t a t i o n  T o t a l  Fe T o t a l  Mn T o t a l  Ca 
Conc. Flux Con c . Flux  - Cone. - Flux  - - 

N a t u r a l  

Channelized 

S t a t i o n  To t a 1  Mg 
Conc. Flux - 

N a t u r a l  

Channelized 

T o t a l  Na 
Conc. Flux - 

T o t a l  K 
Conc. F lux  



Table  28. Weighted annua l  mean c o n c e n t r a t i o n s  
(mg l - l 3  and t o t a l  a n n u a l  f l u x e s  
(kg km' y r - l )  of m e t a l s ,  s i l i c o n  and 
c h l o r i d e  a t  s t r eam s t a t i o n s  where f l o w  
d a t a  were a v a i l a b l e  (1975). ( c o n t i n u e d )  

S t a t i o n  T o t a l  A1 T o t a l  S i  T o t a l  C 1  
Conc. Flux Conc. F lux  Conc. F lux  - - 

N a t u r a l  

CP-20 0.63 170 2.3 630 5.8 1600 
CP-10 0.79 240 3.4 1000 6.9 2  100 
PM- 10 1 . 8  530 5.6 1700 7.7 2300 
CH-20 2.5 7  60 5.8 1800 8.5 2600 

Channelized 



Table 29. Weighted annual  mean con cent  r a t i o n s  (mg 1 - l )  and 
t o t a l  annual f l u x e s  (kg km-2 ~ r - 1 )  of s o l u b l e  i r o n ,  
manganese, calcium and magnesium f o r  s t a t i o n s  where 
flow d a t a  w a s  a v a i l a b l e  i n  1976. 

S t a t i o n  Sol. Fe Sol. Mn Sol.  Ca Sol.  Mg 
Con c . Flux Con c . Flux Conc. Flux Con c . Flux 

1976 inc luding  a l l  spa t e  samples 

Na tu ra l  

Channelized 

1976 excluding major s p a t e  samples 



Table 30. Weighted annual mean concentrat ions (mg 1-I) and 
t o t a l  annual f luxes  (kg kmm2 yr- l )  of p a r t i c u l a t e  
i ron ,  manganese, calcium and magnesium f o r  s t a t i o n s  
where flow da ta  was a v a i l a b l e  i n  1976. 

S ta t ion  Part .  Fe Par t .  Ih Par t .  Ca Pa r t .  Mg 
Con c . Flux Conc. Flux Con c . Flux Conc. Flux - 

1976 inc luding a l l  spa te  samples 

Natura l  

Channelized 

1976 excluding major spa te  s t u d i e s  
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Table 32. Weighted annual mean concent ra t ions  (mg 1- l )  and t o t a l  annual 
f luxes  (kg km-2 yr - l )  of p a r t i c u l a t e  sodium, potassium, 
aluminum, s i l i c o n  and t o t a l  ch lo r ide  f o r  s t a t i o n s  where flow 
da ta  was a v a i l a b l e  i n  1976. 

S t a t i o n  Pa r t .  Na Pa r t .  K Pa r t .  A 1  Pa r t .  S i  
Conc. Flux Conc. Flux Conc. Flux Con c. Flux 

1976 inc luding  a l l  spa te  samples 

Na tu ra l  

CP-20 0.70 120 0.39 71 1.3 230 1.7 310 
CP- 10 0.53 120 0.67 150 2.4 550 4.5 1000 
PM-10 1.6 340 0.96 210 0.62 140 1.6 370 
CH-20 0.97 220 1.6 350 6.7 1500 12 2 800 

Channelized 

TR-2 0 0.76 170 0.20 4 6 2.8 620 4.8 1100 
TR-10 1.3 2 80 0.71 160 3.4 7 60 6.5 1400 
CY-2 0 0.52 120 0.81 180 6.1 1400 1 0  2200 
CY- 10 0.98 220 1.3 300 7.2 1600 12 2700 

1976 excluding major spa te  samples 

Natura l  

Channelized 

CY-20 1.2 260 1.2 2 70 7.5 1700 13  3000 
CY- 10 1.4 320 1.4 320 6.3 1400 11 3 600 

Total  C 1  
Conc. Flux 



and GR-LO and GR-20 t h e  h i g h e s t .  Exc lus ion  of s p a t e  p e r i o d s  i n  1976 in -  
c r e a s e d  weighted mean t o t a l  C 1  c o n c e n t r a t i o n s  s l i g h t l y  (Table  32) .  Annual 
f l u x e s  o f  t o t a l  C 1  ranged from 880 t o  4900 kg km-2 yr-l f o r  a l l  s t a t i o n s  and 
bo th  y e a r s  a g a i n  w i t h  CP-20 t h e  lowes t  and GR-10 and GR-20 t h e  h i g h e s t .  

The o n l y  c o n s i s t e n t  d i f f e r e n c e s  i n  1975 between n a t u r a l  and channe l ized  
s t reams  were i n  t o t a l  A 1  and t o t a l  S i ,  t h e  channe l ized  s t r e a m  c o n c e n t r a t i o n s  
and f l u x e s  ranging somewhat h i g h e r  (Table  28). I n  1976, s o l u b l e  Na, Ca, Mg, 
and S i  weighted c o n c e n t r a t i o n s  and f l u x e s  were g e n e r a l l y  h i g h e r  i n  channe l ized  
than n a t u r a l  s t r eams  (Tables  29,  31).  Also i n  1976 p a r t i c u l a t e  forms of  Fe, 
A l ,  and S i w e r e  h i g h e r  i n  channe l ized  than  i n  n a t u r a l  s t r e a m s  i f  p o l l u t e d  CH-20 
is  excluded (Tables  30,  32) .  For a l l  m e t a l s  and bo th  y e a r s ,  CP-20 had t h e  
lowes t  weighted mean annua l  c o n c e n t r a t i o n s  and f l u x e s .  Exclus ion of s p a t e  
p e r i o d s  i n  1976 decreased  weighted mean annua l  c o n c e n t r a t i o n s  of a l l  s o l u b l e  
m e t a l  s p e c i e s  and S i ,  b u t  i n c r e a s e d  weighted C 1  and p a r t i c u l a t e  Ca, Mg, Na 
and K c o n c e n t r a t i o n s .  S p a t e  p e r i o d  e x c l u s i o n  a l s o  decreased  t o t a l  Fe, Mn, 
Al, and S i  weighted mean a n n u a l  c o n c e n t r a t i o n s  i n  1976 b u t  i n c r e a s e d  t h o s e  o f  
t o t a l  Ca, Mg, Na, K ,  and C 1 .  Weighted Fe, A l ,  and S i  c o n c e n t r a t i o n s  were 
dominated by t h e  p a r t i c u l a t e  forms whereas Mn, Ca, Mg, and K were dominated 
by t h e  s o l u b l e  forms. 

N u t r i e n t s  i n  Bulk P r e c i p i t a t i o n  

Measured c o n c e n t r a t i o n s  and mean v a l u e s  f o r  n i t r a t e ,  ammonia, t o t a l  
o r g a n i c  n i t r o g e n ,  f i l t e r a b l e  r e a c t i v e  phosphorus,  t o t a l  phosphorus and 
c h l o r i d e  a r e  p r e s e n t e d  i n  Table  32. The extremely h i g h  v a l u e s  measured on 
A p r i l  28,  1977, a r e  l i k e l y  due t o  contaminat ion o f  p o l l e n  a s  a yel low 
p r e c i p i t a t e  was v i s i b l e  i n  t h e  bottom o f  t h e  c o l l e c t i o n  v e s s e l s  on t h i s  d a t e .  

Groundwater Chemistry 

The w a t e r  c o l l e c t e d  from sha l low w e l l s  i n  t h e  Creeping Swamp f l o o d p l a i n  
was s i m i l a r  i n  i t s  chemical  c h a r a c t e r i s t i c s  t o  t h a t  of w a t e r  i n  t h e  s t ream 
wi th  only  a  few excep t ions .  Conduc t iv i ty ,  NO?,  FRP, Ca, Na and S i  were 
cons iderab ly  h i g h e r  on an annual  b a s i s  i n  w e l l  w a t e r  (Table  3 4 ) ,  t h a n  i n  
w a t e r  o f  t h e  s t ream a t  CP-20 and CP-14 (Table  23).  The v a r i a n c e s  a r e  so  
l a r g e ,  however, t h a t  on ly  c o n d u c t i v i t y ,  Na, Ca, and S i  proved s i g n i f i c a n t l y  
h i g h e r  when t h e  c o n s t i t u e n t s  of w e l l  wa te r  were compared w i t h  t h e  f i l t e r a b l e  
f r a c t i o n s  of s t r e a m  water .  I r o n  i n  w e l l  w a t e r  e x h i b i t e d  t h e  on ly  l a r g e  
s e a s o n a l  d i f f e r e n c e  w i t h  a  mean c o n c e n t r a t i o n  of 1 .28  rng 1-1 i n  summer v e r s u s  
0.26 mg 1-I i n  w i n t e r ;  t h e  v a r i a n c e s  were so l a r g e ,  however, t h a t  t h e s e  
d i f f e r e n c e s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  



Table 33. A. Nut r i en t  Concentrat ions (mg 1'') 

Date 
Sampled 

9-14-76 

12-8-76 

1-6-77 

2-16-77 

3-9-77 

3-31-77 

4-28-77 

5-25-77 

6-22-77 

8-2-77 
- 
X 

s 

Measured i n  Bulk P r e c i p i t a t i o n  

NO2 + NO3 NH3 TON FRP 
(mg 1-1) g 1-1) (mg 1-I] (mg 1-I1 

TO TP 
(mg 1-1) 

0.064 

0.022 

0.056 . 

0.076 

0.021 

0.045 

0.129 

0.043 

0.052 

0.092 

0.060 

0.033 

B. Weighted Mean Concentrat ions (mg 1- l )  of  Nu t r i en t s  
i n  Bulk P r e c i p i t a t i o n  of t he  Creeping Swamp Watershed 

?w 0.242 0.213 0.272 0.042 0.054 



Tab l e  34. C h a r a c t e r i s t i c s  o f  t h e  s u p e r f i c i a l  groundwater 
c o l l e c t e d  from s h a l l o w  w e l l s  i n  t h e  Creeping Swamp 
f l o o d p l a i n .  Unless  o t h e r w i s e  s t a t e d ,  mean v a l u e s  
are i n  mg 1'1 and a r e  from a l l  w e l l s  and a l l  d a t e s .  
Analyses  were from f i l t e r e d  samples ,  e x c e p t  f o r  
c o n d u c t i v i t y  . 

No. o f  Mean Standard 
Observa t ions  - Devia t ion  

Conduc t iv i ty  29 147 
(1.1 mho cm-l) 

N i t r i t e  40 .0026 .002 8 

Nitrate 40 .17 .32 

Ammonium 4 0 .12 .17 

Organic  N 3 8 .30 .14 

Reac t ive  P 45 . 00 70 ,0091  

Unreac t ive  P 4 2 .0091 .0073 

I r o n  2 5 .66 1.42 

Manganese 25 .050 .035 

Calcium 2 4 16.1  8.2 

Magnesium 2 4 1.49 0.59 

Sodium 25 6.9 1.8 

r o  t a ss ium 2 5 1.02 .44 

Aluminum 

S i l i c o n  



DISCUSSION 

P a t t e r n s  and Determinants  of Water O u a l i t v  

P e r i o d i c  sampling o v e r  one t o  two y e a r s  of t h e  w a t e r s  of seven C o a s t a l  
P l a i n  s t reams  h a s  shown p a t t e r n s  t h a t  may a i d  i n  unders tand ing  t h e  determi-  
n a n t s  of w a t e r  q u a l i t y  and t h e  e c o l o g i c a l  f u n c t i o n i n g  o f  swamp s t r e a m s  b e f o r e  
and a f t e r  c h a n n e l i z a t i o n .  Most e x p l a n a t i o n s ,  however, r e p r e s e n t  o n l y  reason- 
a b l e  hypo t h e s e s  based upon o b s e r v a t i o n s ,  c o r r e l a t i o n s ,  o r  comparisons t o  
pub l i shed  m a t e r i a l  r e g a r d i n g  f u n c t i o n i n g  o f  o t h e r  ecosystems. 

The chemical  c o n s t i t u e n t s  of a  s t ream a r e  p r i m a r i l y  a  f u n c t i o n  of 
(1) t h e  sa l ts  and g a s e s  d i s s o l v e d  i n  r a i n w a t e r ,  (2)  t h e  n a t u r e  o f  t h e  p a r e n t  
rocks  and t h e  s o i l s  of t h e  r e g i o n ,  (3)  t h e  in t imacy  of  c o n t a c t  w i t h  rock  and 
s o i l s  and t h e  p r o p o r t i o n  o f  groundwater i n  t h e  s t ream,  (4) t h e  v e g e t a t i v e  
cover  o f  t h e  wa te r shed ,  (5) t h e  o r g a n i c  p r o d u c t i v i t y  o f  t h e  s t ream,  and 
(6) human a c t i v i t i e s  i n  t h e  wa te r shed  and t h e  s t ream channel.  The d i s s o l v e d  
m a t e r i a l s  i n  r a i n w a t e r  a r i s e  p a r t l y  from s e a  s a l t  n u c l e i ,  p a r t l y  from d i s s o l v e d  
a tmospher ic  g a s e s  such a s  C02, and p a r t l y  from an thropogen ic  and v o l c a n i c  
emiss ions  t o  t h e  atmosphere such a s  n i t r a t e  and s u l f a t e ;  r a i n w a t e r  con t r ibu-  
t i o n s  t o  t h e  s o l u t e s  i n  s t reams  w i l l  be d i s c u s s e d  below. We a r e  n o t  aware 
of d e t a i l e d  s t u d i e s  of t h e  r e l a t i o n s h i p s  between t h e  s o i l s  and s u r f a c e  
a q u i f e r  sediments  and t h e  chemis t ry  o f  s h a l l o w  groundwaters throughout  o u r  
s t u d y  reg ion .  A s t u d y  o f  geology, hydrology,  and w a t e r  chemis t ry  o f  t h e  
Creeping Swamp watershed (Winner and Simmons 1977) ,  however, showed average  
groundwater c o n c e n t r a t i o n s  o f  ca lc ium and b i c a r b o n a t e  t o  be  3 . 8  and 8.4 mg 
1-I, r e s p e c t i v e l y ,  i n  t h e  s u r f i c i a l  Quar te rnary  de o s i t s  (2-5 f t .  deep) 
whereas t h e s e  c o n c e n t r a t i o n s  were 61  and 200 mg 1-', r e s p e c t i v e l y ,  i n  t h e  
deeper  Yorktown Formation (17-22 f  t, below t h e  s u r f a c e ) .  C o n c e n t r a t i o n s  o f  
ca lc ium and b i c a r b o n a t e  i n  t h e  y e t  deeper  C a s t l e  Hayne Limestone were  69 and 
276 mg 1-I. Disso lved  sodium, magnesium, s i l i c a t e ,  and s u l f a t e  a l s o  were 
h i g h e r  i n  t h e  C a s t l e  Hayne than  i n  t h e  Yorktown d e p o s i t s ,  whereas c h l o r i d e  
and i r o n  decreased  w i t h  depth.  Chlor ide  dropped from 11-12 mg 1-I i n  t h e  
Quar te rnary  and Yorktown sedimentary  l a y e r s  t o  6.2 mg 1-I i n  t h e  C a s t l e  
Ha n e  a q u i f e r ,  Large amounts of i r o n  a r e  p r e s e n t  i n  t h e  groundwater ,  1 5  mg 
1-I i n  t h e  Yorktown Formation and 3.5-4.6 mg 1-I i n  t h e  Castle Hayne 
Limestone (Winner and Simmons 197 7). The chemical  c h a r a c t e r i s t i c s  of t h e  
groundwaters o f  P i t t  Co. v a r y  w i t h  l o c a t i o n  and dep th ;  t h e  g e n e r a l  f e a t u r e s  
a r e  g iven  by Sumsion (1970) f o r  w a t e r  from r e l a t i v e l y  deep w e l l s  which, 
u n f o r t u n a t e l y ,  may n o t  be r e p r e s e n t a t i v e  of c o n c e n t r a t i o n s  i n  t h e  b a s e  
flows of o u r  streams. The warm and humid c l i m a t e  of t h e  r e g i o n  p e r m i t s  
v a r i o u s  v e g e t a t i o n a l  types ,  p i n e  f o r e s t ,  mixed hardwood f o r e s t ,  bays  and 
pocosins  , depending upon e d a p h i c  cond i t ions .  This  n a t u r a l  wa te r shed  vegeta-  
t i o n  i n t e r c e p t s  r a i n f a l l  and s o i l  w a t e r  b e f o r e  i t  e n t e r s  a  s t r e a m ,  removing 
some n u t r i e n t s ,  b u t  a l s o  c o n t r i b u t i n g  o r g a n i c  m a t t e r .  The wate r shed  vegeta-  
t i o n  is  p a r t i c u l a r l y  impor tan t  i n  h o l d i n g  t h e  s o i l  and p r e v e n t i n g  i t s  
e r o s i o n  i n t o  t h e  s t r e a m  channels .  The o r g a n i c  p r o d u c t i v i t y  o f  t h e  bot t tom- 
l and  swamps and o f  t h e  s t r e a m  i t s e l f  d i r e c t l y  a f f e c t  t h e  q u a n t i t y  o f  o r g a n i c  
m a t t e r  i n  t h e  w a t e r  and on t h e  s t r e a m  bottom and i n f l u e n c e  t h e  amount o f  d i s -  
so lved  oxygen i n  t h e  s t ream,  e s p e c i a l l y  dur ing  p e r i o d s  of low flow. The 
amount o f  oxygen, i n  t u r n  a f f e c t s  t h e  abundance o f  e lements  such a s  n i t r o g e n ,  
s u l f u r ,  and i r o n ,  t h e  chemical  s p e c i e s  of which v a r y  w i t h  redox p o t e n t i a l .  



This  t o p i c  w i l l  be d i s c u s s e d  more f u l l y  below. F i n a l l y ,  v a r i o u s  human 
a c t i v i t i e s  w i t h i n  t h e  wa te r shed  - a g r i c u l t u r e ,  an imal  husbandry,  f o r e s t r y ,  
u r b a n i z a t i o n ,  road  c o n s t r u c t i o n ,  and s t r e a m  m o d i f i c a t i o n  - have d i f f e r e n t  
impacts upon w a t e r  q u a l i t y ;  some of t h e s e  w i l l  be c o n s i d e r e d  below. 

Nature  of t h e  Source Water 

The immediate s o u r c e s  of w a t e r  which make up s t r e a m  f l o w  have an  impor- 
tant r o l e  i n  de te rmin ing  t h e  amounts and forms of t h e  chemical  c o n s t i t u e n t s  
o f  t h e  water.  The e lements  p r e s e n t  i n  p r e c i p i t a t i o n  and t h e i r  a n n u a l  c o n t r i -  
b u t i o n s  w i l l  b e  d i s c u s s e d  below; whereas t h i s  s e c t i o n  i s  l i m i t e d  t o  c o n t r i -  
b u t i o n s  from t h e  watershed.  F i r s t ,  t h e  f low i n  each s t r e a m  i s  d e r i v e d  p a r t i -  
a l l y  from over land runoff  and p a r t i a l l y  from b a s e ,  o r  groundwater,  d i s c h a r g e .  
The c o n t r i b u t i o n s  of m a t e r i a l s  from t h e s e  two w a t e r  s o u r c e s  depends upon 
t h e i r  r e l a t i v e  d i s c h a r g e  r a t e s  and upon t h e  c o n c e n t r a t i o n s  o f  t h e s e  m a t e r i a l s  
i n  each source .  There i s  no in format ion  a v a i l a b l e  f o r  each s t ream t o  pe rmi t  
t h e  e x a c t  appor t ionment  of annua l  runof f  i n t o  i t s  o v e r l a n d  r u n o f f  and i t s  
base ,  o r  groundwater,  d i scharge ,  Accordingly  we can o n l y  assume t h a t  t h e  
p r o p o r t i o n  o f  o v e r l a n d  runof f  t o  b a s e  runof f  o v e r  t h e  y e a r  i s  s i m i l a r  a t  a l l  
of o u r  s t a t i o n s  t o  t h a t  a t  Creeping Swamp. Winner and Simmons (1977) r e p o r t e d  
an o v e r l a n d  runof f  t o  b a s e  runof f  r a t i o  t h e r e  o f  17:20,  e q u i v a l e n t  t o  an  over- 
l a n d  runoff  of 46% of  t o t a l  runof f ,  Lack o f  d a t a  a l s o  p r o h i b i t s  making 
q u a n t i t a t i v e  e s t i m a t e s  o f  changes i n  t h e  r e l a t i v e  p r o p o r t i o n s  of over land- to-  
base  runoff  d u r i n g  each f l o o d  e v e n t  o r  d u r i n g  t h e  a n n u a l  h y d r o l o g i c  cyc le .  
Our d a t a  on c o n d u c t i v i t i e s  (Figs .  9-16; Tables  17-20) and t h o s e  o f  Winner and 
Simmons (1977) on d i s s o l v e d  s o l i d s ,  however, i n d i c a t e  t h a t  o v e r l a n d  r u n o f f  
predominates d u r i n g  t h e  w i n t e r ,  h i g h  f low p e r i o d  a s  w e l l  a s  n e a r  t h e  peak o f  
each f l o o d  e v e n t .  V a r i a t i o n s  i n  t h e  p r o p o r t i o n s  o f  o v e r l a n d  runof f  t o  b a s e  
f low may e x p l a i n  most d i f f e r e n c e s  i n  s o l u t e  c o n c e n t r a t i o n s  o f  a  s t r e a m  (Tole r  
1965).  Fur thermore,  s i n c e  t h e  s o i l s  and underground a q u i f e r s  va ry  from wate r -  
shed t o  wa te r shed ,  t h e  chemical  c o n s t i t u t i o n  o f  b a s e  f lows shou ld  n o t  be  
expected t o  b e  i d e n t i c a l  from s t r e a m  t o  s t ream.  Thus, s t r e a m s  which have 
c u t  down c l o s e  t o ,  o r  i n t o ,  t h e  C a s t l e  Hayne Limestone would be expec ted  t o  
have i n c r e a s e d  c o n c e n t r a t i o n s  o f  calcium. 

The chemical  q u a l i t y  of t h e  over land  runof f  i s  probab ly  j u s t  a s  v a r i a b l e  
i n  many c o n s t i t u e n t s  a s  t h e  chemical  q u a l i t y  of t h e  groundwater. The d i s t r i -  
b u t i o n  of v e g e t a t i o n a l  and s o i l  t y p e s  w i t h i n  each  o f  t h e  seven  wate r sheds  s tud-  
i e d  h e r e  h a s  n o t  been mapped. We a r e  unab le ,  t h e r e f o r e ,  t o  s t a t e  w i t h  any 
p r e c i s i o n  t h e  k i n d s  of n a t u r a l  v e g e t a t i o n  and s o i l s  upstream of each o f  o u r  
sampling s t a t i o n s .  Large t r a c t s ,  termed pocos ins  on county and U.S.G.S. 
maps, occupy v e r y  f l a t ,  p o o r l y  d r a i n e d ,  upland a r e a s .  They g e n e r a l l y  s u p p o r t  
hardwood f o r e & s , b u t  a r e  n o t  t h e  t y p i c a l  b road leaved ,  evergreen  shrub  bogs 
w i t h  deep p e a t  s o i l s  found e lsewhere  i n  North C a r o l i n a  (Heath 197.5, Penfound 
1952, Wells 1928). Fur thermore,  t h e  "pocosins" on o u r  s t u d y  a r e a  g r a d e  i n t o  
t h e  bot tomland swamps. However, r e g a r d l e s s  of t h e  e x a c t  s p e c i e s  composi t ion 
and s o i l  t y p e ,  t h e  w a t e r  d r a i n i n g  from n a t u r a l  t r a c t s  c o n s i s t e n t l y  i s  low 
i n  n u t r i e n t s  and h i g h  i n  co lo r .  Wet hardwood f o r e s t  d r a i n a g e  was an impor- 
t a n t  p a r t  of t o t a l  s t r e a m  f low a t  t h e  upst ream s t a t i o n s  o f  Creeping Swamp, 
Palmet to  Swamp, and Tracey Swamp. Runoff from t h e s e  f l a t ,  n a t u r a l l y  wooded 
a r e a s  has  l i t t l e  c o n t a c t  w i t h  t h e  m i n e r a l  s o i l  e x c e p t  where t h e  t r i b u t a r i e s  



a r e  d i t ched .  It d r a i n s  s lowly o v e r  abundant v e g e t a t i o n  and o r g a n i c  l i t t e r .  
For t h e s e  r e a s o n s  p l a n t  n u t r i e n t s  and pH a r e  u s u a l l y  low i n  w a t e r s  d r a i n i n g  
from l o c a l  pocos ins  o r  headwater  hardwood f o r e s t s ,  The g e n t l y  s l o p i n g  and 
r e l a t i v e l y  w e l l  d r a i n e d  l a n d  a long  t h e  s t ream f l o o d p l a i n s  i s  t h e  s i t e  of most 
of t h e  a g r i c u l t u r a l  a c t i v i t y  i n  t h e  watershed.  Subsurface  d r a i n a g e  from t h e  
m i n e r a l  s o i l  of  t h e s e  a r e a s ,  e n r i c h e d  w i t h  a p p l i e d  f e r t i l i z e r s ,  c a r r i e s  a 
h i g h e r  l o a d  o f  s o l u t e s  and a v a r i a b l e  supp ly  of n i t r o g e n  and phosphorus. 
It i s  a l s o  an a r e a  where h i g h l y  t u r b i d  s u r f a c e  runof f  from t h e  exposed 
m i n e r a l  s o i l s  o f  plowed f i e l d s ,  d i t ches ,and  d i r t  r o a d s ,  i s  most l i k e l y  t o  
reach  t h e  f l o o d p l a i n  w i t h  i t s  l o a d  of p a r t i c u l a t e s  and n u t r i e n t s .  F i n a l l y ,  
munic ipa l  wastes e n t e r i n g  G r i n d l e  Creek and s u b s t a n t i a l  amounts o f  l i v e s t o c k  
wastes  e n t e r i n g  Creeping Swamp, Chicod Creek,  and Clayroo t  Swamp, p rov ided  
some o f  t h e  h i g h e s t  l e v e l s  o f  N and P and o t h e r  s a l t s .  

S i m i l a r i t i e s  and D i f f e r e n c e s  between N a t u r a l  and Channelized Streams 

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show a wide range of c o n d i t i o n s  i n  
seven streams of a s m a l l  p a r t  of t h e  North C a r o l i n a  C o a s t a l  P l a i n .  Ex- 
amina t ion  o f  t h e  d a t a  i n d i c a t e s  t h a t  those  s t r e a m s  which have been channel-  
i z e d  d i f f e r  from those  which have n o t  i n  s e v e r a l  r e s p e c t s .  The s i g n i f i c a n c e  
of t h e s e  d i f f e r e n c e s  w a s  a s s e s s e d  by means o f  t h e  Wilcoxon s igned-rank test 
(Table  35) ,  w i t h  P 5 .05 cons idered  ev idence  t h a t  t h e  v a l u e s  f o r  a g i v e n  
parameter  d i f f e r  s i g n i f i c a n t l y  between channe l ized  s t r e a m s  and n a t u r a l  
s t r eams .  

Mean w a t e r  t empera tu res  o f  n a t u r a l  s t r e a m s  were 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  from t h o s e  of channe l ized  s t r e a m s ,  based on t h e  d a t a  t a k e n  i n  t h i s  
s t u d y ;  t h e r e f o r e ,  t h i s  f a c t o r  i s  n o t  shown i n  Table  35. The t e m p e r a t u r e  of 
t h e  w a t e r  v a r i e s  on bo th  d i e l  and s e a s o n a l  c y c l e s  (Table  16,  F igs .  9-16) 
depending on warming by s o l a r  r a d i a t i o n ,  t h e  a i r  t empera tu re ,  and  t h e  
t empera tu re  o f  groundwater i n p u t s .  Water t empera tu re  changes u s u a l l y  l a g  a i r  
t empera tu re  changes because  of t h e  h i g h  s p e c i f i c  h e a t  o f  wa te r ,  Groundwater, 
an impor tan t  f r a c t i o n  o f  t o t a l  s t r e a m  discharge i n  s t reams  such a s  Creeping 
Swamp (Fig.  6 )  and even more impor tan t  i n  channe l ized  s t reams,  i s  f a r  re- 
moved from t h e  d i r e c t  e f f e c t  of changing a i r  t empera tu re  and i t s  tempera tu re  
changes l a g  even f a r t h e r  behind t h o s e  o f  s u r f a c e  w a t e r ,  Water e n t e r i n g  a 
s t ream from s p r i n g s  o r  s e e p s  i s  u s u a l l y  c o o l e r  i n  summer and warmer i n  w i n t e r  
than t h e  a i r  o r  s u r f a c e  w a t e r  (Hynes 1970) .  C o r r e l a t i o n s  between a i r  and 
w a t e r  t empera tu re  e x i s t e d  i n  a l l  n a t u r a l  s t r eams  ( r  2 .58 and P 2 .01) where- 
a s  they  were a b s e n t  i n  channe l ized  s t reams  ( r  ? .38 and P ? .28 f o r  a l l  
excep t  TR-20). Large amounts o f  groundwater c o n t r i b u t i n g  t o  
t h e  d i s c h a r g e  o f  channe l ized  s t reams  may weaken t h e  c o r r e l a t i o n  w i t h  a i r  
temperature .  Due t o  t h e  l a r g e  v a r i a t i o n s  (4-10 C) i n  d i e l  w a t e r  t empera tu res  
i n  s m a l l  s t r e a m s ,  comparisons of d a i l y  i n s t a n t a n e o u s  r e a d i n g s  t a k e n  a t  vary-  
i n g  t imes  i s  n o t  a p r a c t i c a l  way t o  determine o v e r a l l  s i g n i f i c a n t  d i f f e r e n c e s .  
Water t empera tu res  appear  t o  be s i m i l a r  f o r  a l l  s t r eams  i n  t h e  w i n t e r  and f o r  
a l l  h e a v i l y  shaded s t reams  y e a r  around;  however, w a t e r s  were warmer i n  t h e  
open channe l ized  s t r e a m s  d u r i n g  t h e  summer. I n  s t reams  such a s  G r i n d l e  and 
Tracey,  where t h e  channe l  was n o t  h e a v i l y  shaded,  w a t e r  t empera tu res  reached  
30 C and h i g h e r  i n  t h e  summer whereas shaded swamp s t r e a m  tempera tu res  seldom 
r o s e  h i g h e r  than 25 C. 



Table 35. Differences between t h e  average concent ra t ions  of w a t e r  q u a l i t y  
parameters i n  channel ized and n a t u r a l  swamp streams a s  determined 
by the  Wilcoxin Signed Rank Test. n = number of cases;  P = P- 
va lues  f o r  a two-tai led t e s t .  n o s ,  = n o t  s i g n i f i c a n t .  P L .05 
considered s i g n i f i c a n t  ; P va lues  > .O5 included f o r  comparative 
purposes . 

A. Water q u a l i t y  parameters w i th  average concent ra t ions  g r e a t e r  i n  channel ized 
s t reams than 

Parameter 

F i e l d  D a t a :  

Conductivity 
F i e l d  pH 
Turb id i ty  
Dissolved Oxygen 
Chlorophyll  
Phaeophytin 

N u t r i e n t s  : 

FRP 
PP 
T o t a l  P 
Nitrate 

in n a t u r a l  swamp streams. 

19  75 
A l l  Zero Discharge 

Cases Cases ~ e l e t e d  
P n P 

1976 
A l l  Zero Discharge 

Cases - 
n - P - n - P 

1 3  .0004 8 .016 
1 3  .0002 8 .008 
1 3  .0008 8 .008 
1 3  .013 n. s. 

Not determined i n  1976 
Not determined i n  1976 



Table 35. Differences between the  average concentrations of water qua l i ty  
parameters i n  channelized and n a t u r a l  swamp streams a s  determined 
by the Wilcoxin Signed Rank Test. 

A. Water qua l i ty  parameters with average concentrat ions g rea te r  i n  channelized 
streams than i n  na tu ra l  swamp streams. (continued) 

Parameter 

Metals 
and Si l icon:  

Iron 
Calcium 
Magnes ium 
So d i m  
Potassium 
Aluminum 
Si l i con  

Total 
A l l  Zero Discharge 

Cases Cases Deleted 
n - P - n - P - 

(See B) 
8 .016 7 .031 
8 .066 7 .031 
8 .023 7 .047 
8 .008 7 .016 
8 .039 7 .031 
8 .008 7 .016 

1976 
F i l t e r a b l e  Par t i cu la te  

A l l  Zero Discharge A 1  1 Zero Discharge 
Cases Cases ~ e l e t e d  Cases Cases ~ e l e t e d  

n - P - n - P - n - P - n - P - 

(See B3 1 3  -59 8 .016 
12 .001 7 .047 1 3  ,001 8 .008 

n. s. n. s. 1 3  .040 8 .008 
n.s. n. s. n. s. n.s. 
n. s. n. s. 8 .023 7 .047 
n.s. n.s. 1 3  .001 8 -008 
n.s. n. s. 13 -002 8 .008 



Table 35. Differences be tween t h e  average concent ra t ions  of water  
q u a l i t y  parameters i n  channel ized and n a t u r a l  swamp 
streams a s  determined by t h e  Wilcoxin Signed Rank Test .  

B. Water q u a l i t y  parameters with average concent ra t ions  g r e a t e r  i n  
n a t u r a l  swamp streams than i n  channel ized streams . 

Parameter 1975 1976 
A 1  1 Zero Discharge A 1  1 Zero Discharge 

Cases Cases Deleted Cases Cases Deleted 
n P n P n P n P 

F i e l d  Data: 

Parameter 19 75 1976 
Tota l  F i l t e r a b l e  P a r t i c u l a t e  

A l l  Zero Discharge A l l  Zero Discharge A l l  Zero Discharge - 
Cases Cases Deleted Cases Cases Deleted Cases Cases Deleted 

n P n P n - P - n - P n - P - n - - - - P - - - 

Metals : 

I r o n  8 .055 
Manganese 8 .10 

(See A) 
n. s.. n.s. 



Conduc t iv i ty  and pH were s i g n i f i c a n t l y  h i g h e r  (P 5 .016 and <- .055, 
r e s p e c t i v e l y )  i n  channe l ized  s t reams  d u r i n g  each y e a r  r e g a r d l e s s  o f  whether  
d a t a  o b t a i n e d  d u r i n g  zero-flow ( s t a g n a n t )  p e r i o d s  were o m i t t e d  from t h e  
c a l c u l a t i o n  (Table  35). Those e lements  which were predominant ly  i n  f i l t e r -  
a b l e  form (Table  13)  and which c o n t r i b u t e  t o  c o n d u c t i v i t y  (Ca, Mg, Na, and 
K) were a l s o  s i g n i f i c a n t l y  more c o n c e n t r a t e d  i n  channe l ized  s t r e a m s  (Table  
35) i n  1975, b u t  o n l y  Ca was s i g n i f i c a n t l y  h i g h e r  i n  1976. Higher  l e v e l s  o f  
c o n d u c t i v i t y ,  pH, and o f  t h e s e  c o n s e r v a t i v e  f i l t e r a b l e  e lements  t ended  t o  
occur  d u r i n g  t h e  low flow c o n d i t i o n s  o f  summer and f a l l  i n  a l l  s t reams  
(Figs.  25-28). This  i n v e r s e  r e l a t i o n s h i p  o f  i o n i c  c o n c e n t r a t i o n s  t o  stream 
discharge  (Tab les  8-11) i s  o f t e n  r e p o r t e d  ( C r i s p  1966; Likens ,  et &. 1970; 
Sch ind le r , . e t  a l .  1976). It s u g g e s t s  t h a t  a  g r e a t e r  p r o p o r t i o n  o f  t h e  t o t a l  -- 
f low d u r i n g  summer and f a l l  i s  comprised o f  (1) groundwater w i t h  i ts  g r e a t e r  
l o a d  o f  s o l u b l e  m a t e r i a l s ,  (2)  l e s s  d i l u t e d  munic ipa l  and l i v e s t o c k  w a s t e s ,  
o r  (3)  both. The h i g h e r  mean annua l  c o n d u c t i v i t i e s  o f  t h e  c h a n n e l i z e d  
s t reams may a l s o  r e s u l t  from one o r  b o t h  o f  t h e s e  causes ,  b u t  t h e  i n c r e a s e d  
l e v e l s  o f  pH a r e  more l i k e l y  a  r e s u l t  of ca lc ium b i c a r b o n a t e  from t h e  s o i l  o r  
groundwater t h a n  from sewage o r  l i v e s t o c k  wastes.  Another c o n t r i b u t o r  t o  
h i g h e r  l e v e l s  o f  s o l u b l e  s a l t s  dur ing  t h e  warm season is  t h e  p r o c e s s  o f  
e v a p o t r a n s p i r a t i o n  which removes w a t e r  and t h u s  c o n c e n t r a t e s  t h e  salts.  

Water v e l o c i t i e s  were d i s t i n c t l y  g r e a t e r  i n  channe l ized  streams t h a n  i n  
n a t u r a l  swamps ( d a t a  n o t  shown). A t  w i n t e r  d i s c h a r g e  r a t e s ,  c u r r e n t  v e l o c i t y  
i n  t h e  channe l ized  s t reams  v a r i e d  from 30-95 cm sec'l whereas t h e  ran e 
i n  n a t u r a l  s t r e a m s  was 15-25 cm sec- I  i n  t h e  channel  and 0-15 cm sec-P i n  
t h e  f l o o d p l a i n ,  The d i f f e r e n c e s  i n  c u r r e n t  v e l o c i t y  were p robab ly  due t o  
d i f f e r e n c e s  i n  w a t e r  dep ths  and t h e  roughness c o e f f i c i e n t  o f  t h e  s t r e a m  
bottom s i n c e  t h e  s l o p e s  o f  bo th  t y p e s  o f  s t r e a m s  were q u i t e  low (Tab le  1 ) .  
The swamp s t ream channels  were v e r y  sha l low w i t h  maximum dep ths  d u r i n g  w i n t e r  
s p a t e s  of 1 meter  whereas t h e  channe l ized  s t reams  d u r i n g  t h e  same p e r i o d s  
were 1-3 m e t e r s  deep, The roughness c o e f f i c i e n t  h a s  n o t  been measured,  b u t  
i t  i s  a lmos t  c e r t a i n l y  g r e a t e r  i n  n a t u r a l  s t r eams  because  o f  t h e i r  winding 
n a t u r e  and t h e  stumps, t rees ,and f a l l e n  l o g s  which o c c u r  i n  t h e  channel.  

T u r b i d i t y  w a s  a l s o  h i g h e r  i n  channe l ized  s t reams  than  i n  swamp s t r e a m s  
(Table  35). Three f a c t o r s  c o n t r i b u t e d  t o  t u r b i d i t y  i n  t h e s e  s t reams .  
I n  n a t u r a l  s t r e a m s ,  t u r b i d i t i e s  r o s e  d u r i n g  p e r i o d s  o f  s t a g n a t i o n ;  t h i s  r ise 
may be a t t r i b u t e d  t o  i n c r e a s e d  d e n s i t i e s  o f  phytoplankton,  a g g r e g a t i o n  o f  
o r g a n i c  m a t e r i a l s ,  and r o i l i n g  o f  t h e  sediments  by macroorganisms. High 
t u r b i d i t i e s  were a l s o  observed i n  one channe l ized  and one n a t u r a l  s t r e a m  
dur ing  p e r i o d s  o f  heavy r a i n f a l l  and r i s i n g  d i s c h a r g e  (Figs .  33,  34) ;  t h e s e  
v a l u e s  were p robab ly  t h e  r e s u l t  o f  road and i n i t i a l  o v e r l a n d  runof f .  F i n a l l y ,  
h i g h e r  o v e r a l l  v e l o c i t i e s  and t h e  c o n s t r i c t e d  s t r e a m  bed probably  were impor- 
t a n t  f a c t o r s  c o n t r i b u t i n g  t o  t h e  e l e v a t e d  t u r b i d i t i e s  observed i n  c h a n n e l i z e d  
s t reams.  The wider  s t r e a m  bed, e x t e n s i v e  f l o o d p l a i n  and lower v e l o c i t i e s  i n  
n a t u r a l  s t r eams  con t r i b u t e  l e s s  energy t o  t h e  t r a n s p o r t  of p a t i c l e s  , r e d u c i n g  
scour ing  o f  t h e  channel  and a l lowing  p a r t i c l e s  t o  s e t t l e  o u t  on t h e  f l o o d p l a i n .  

Stream d i s c h a r g e  a t  any s t a t i o n  i s  a  f u n c t i o n  of t h e  amount 
of r a i n f a l l ,  t h e  s e a s o n a l  changes i n  t h e  r a t i o  of runof f  t o  e v a p o t r a n s p i r a t i o n ,  
and t h e  a r e a  of t h e  watershed.  R a i n f a l l  i s  r e l a t i v e l y  c o n s t a n t  th roughout  t h e  
y e a r  (Sumsion 1970) b u t  t h e  i n c r e a s e d  t r a n s p i r a t i o n  by deciduous v e g e t a t i o n  
dur ing t h e  growing season removes a  g r e a t e r  p o r t i o n  of t h e  incoming w a t e r  



from t h e  watershed.  D i f f e r e n c e s  e x i s t  between n a t u r a l  and channe l ized  
s t reams  i n  t h e  temporal  p a t t e r n s  of d i s c h a r g e ,  For  example, f lows  peaked 
i n  bo th  Creeping Swamp and Conetoe Creek i n  1975 a b o u t  January  1 4  and 26,  
February 6  and 26, March 21,  A p r i l  17,  J u l y  1 5 ,  September 27, October 1 9 ,  
and December 11, 20, and 28 (F igs .  3 ,  5 ) .  Creeping Swamp, however, had 
l a r g e  flows n o t  seen  a t  Conetoe Creek on May 24, June  2, and October 29 ,  
and Conetoe Creek had l a r g e  f lows which were n o t  s i g n i f i c a n t  a t  Creeping 
Swamp on February 25, March 1 5 ,  J u l y  12 and 26, and  September 1, 17,  and 22. 
Thus t h e r e  i s  a  tendency f o r  1-3 p e r i o d s  of h i g h  f low each w i n t e r  month 
fo l lowing  widespread f r o n t a l  r a i n s  and t h e s e  f lows correspond c l o s e l y  between 
s t reams  of  t h e  reg ion .  This  i s  a l s o  t h e  p e r i o d  o f  h i g h  b a s e  f lows and 
consequent bottomland f l o o d i n g  o f  l o n g  d u r a t i o n .  During t h e  summer, on t h e  
o t h e r  hand, t h e r e  i s  o f t e n  poor  correspondence between f lows i n  n e i g h b o r i n g  
s t r e a m s ;  l o c a l  thundershowers o f t e n  r e s u l t  i n  heavy r a i n s  o v e r  one  o r  more 
watersheds  b u t  l i t t l e  o r  none nearby.  During summer n a t u r a l  s t r eams  may 
f low f o r  2-15 days f o l l o w i n g  heavy r a i n s  b u t  they a l s o  may have long  p e r i o d s  
w i t h  no f low;  t h e  s t r e a m  then becomes a  s e r i e s  of s t a g n a n t  p o o l s  and t h e  
bottomland f o r e s t  f l o o r  i s  dry.  I n  c o n t r a s t ,  t h e  c h a n n e l i z e d  s t reams  u s u a l l y  
f low a l l  summer because  t h e i r  depth  p e r m i t s  c o n t i n u a l  d ra inage  o f  groundwater. 

Disso lved  oxygen was c l e a r l y  more abundant i n  channe l ized  s t r e a m s  t h a n  
i n  n a t u r a l  s t r e a m s  b o t h  y e a r s  when a l l  c a s e s  were c o n s i d e r e d  (Table  35). The 
l e v e l s  o f  d i s s o l v e d  oxygen were low d u r i n g  low-flow p e r i o d s  i n  t h e  n a t u r a l  
swamp s t r e a m s ;  t h i s  p a t t e r n  a l s o  e x i s t s  i n  o t h e r  n a t u r a l  swamp s t reams  
(Pardue,  et &. 1975) .  Oxygen u s u a l l y  became u n d e t e c t a b l e  when t h e  s t r e a m  
s topped  f lowing  (F igs .  9-12); omission o f  t h e s e  p e r i o d s  i n  1976 r e s u l t e d  i n  
no s i g n i f i c a n t  d i f f e r e n c e  between t h e  two t y p e s  o f  s t r e a m s  (Table  35).  Low 
D.O. v a l u e s  occur  d u r i n g  a  t ime when t h e  s t r e a m  i s  l a r g e l y  f e d  by ground- 
w a t e r  which i s  probably  a n o x i c ,  o r  n e a r l y  so. Furthermore t h e  e x c e s s  o f  
o r g a n i c  m a t t e r  i n  t h e  w a t e r  and on t h e  bottom of  t h e  n a t u r a l  streams i s  
s u b j e c t  t o  decomposit ion which,  a t  summer t e m p e r a t u r e s ,  may consume oxygen 
more r a p i d l y  than i t  i s  r e s u p p l i e d  by d i f f u s i o n  from t h e  atmosphere.  The 
swamp canopy i s  e s s e n t i a l l y  c l o s e d  s o  t h a t  i n s u f f i c i e n t  l i g h t  i s  a v a i l a b l e  
f o r  v igorous  p h o t o s y n t h e t i c  oxygen produc t ion .  F i n a l l y ,  oxygen s o l u b i l i t y  
d e c r e a s e s  w i t h  t empera tu re ,  and l a c k  o f  f low reduces  t h e  r e a e r a t i o n  c o e f f i -  
c i e n t  t o  v e r y  low v a l u e s  (Odum 1956) .  These f a c t o r s  a l l  c o n t r i b u t e  t o  
depressed D.O. c o n c e n t r a t i o n s  dur ing  t h e  warm season  which n o t  on ly  may cause  
s t r e s s  f o r  swamp f i s h e s  (Pardue,  et e. 1975) b u t  a l s o  may a f f e c t  m i c r o b i a l  
metabolism and t h e  form and c o n c e n t r a t i o n  of s e v e r a l  chemical  c o n s t i t u e n t s  
which a r e  s u b j e c t  t o  redox r e a c t i o n s  o c c u r r i n g  i n  t h e  swamp stream. Oxygen 
was abundant i n  n a t u r a l  s t r eams  dur ing  t h e  c o o l ,  high-flow s e a s o n s  and i n  
channe l ized  s t reams  a lmos t  a l l  of  t h e  t ime (Figs .  9-16). 

The Wilcoxon s igned-rank t e s t  showed t h a t  i n  1975 c h l o r o p h y l l  was h i g h e r  
i n  channe l ized  than i n  n a t u r a l  s t r eams  b u t  a t  a  P  v a l u e  of 0.078 which does  
n o t  f a l l  i n t o  t h e  s e l e c t e d  range of s i g n i f i c a n c e .  Phaeophyt in ,  a decomposi- 
t i o n  p roduc t  of c h l o r o p h y l l ,  showed no d i f f e r e n c e  when a l l  c a s e s  were 
cons idered ,  bu t  omiss ion of d a t a  dur ing  one low-flow p e r i o d  i n  t h e  n a t u r a l  
s t r eams  decreased  t h e  p r o b a b i l i t y  o f  no d i f f e r e n c e  s u b s t a n t i a l l y  (Table  3 5 ) .  
Although t h e  d a t a  from a l l  o f  t h e  s t a t i o n s  h a s  n o t  been p l o t t e d ,  t h e  graph 
of Fig .  30 s u g g e s t s  t h a t  t h e  d i f f e r e n c e s  between t h e  two t y p e s  of streams may 
b e  s i g n i f i c a n t  on a p a r t i c u l a r  d a t e  b u t  t h a t  t h e  a n n u a l  mean c o n c e n t r a t i o n s  
a r e  s i m i l a r .  The h igh  c h l o r o p h y l l  c o n c e n t r a t i o n s  of n a t u r a l  s t r eams  i n  



August and September (Fig.  30) o c c u r r e d  d u r i n g  a p e r i o d  o f  s t a g n a t i o n  i n  a l l  
streams (Figs .  9-15) ; omiss ion o f  d a t a  from such p e r i o d s  i n c r e a s e s  t h e  
r e l a t i v e  amount o f  c h l o r o p h y l l  i n  channe l ized  s t reams.  

The c h l o r o p h y l l  and phaeophyt in  a n a l y s e s  measured p r i m a r i l y  t h e  
phytoplankton whereas t h e  dominant a l g a e  s p e c i e s  i n  most of t h e  s t r e a m s  
s t u d i e d  were f i l a m e n t o u s  e p i b e n t h i c  o r  e p i p h y t i c  s p e c i e s .  Phytoplankton was 
n o t  abundant e x c e p t  dur ing  summer (Fig.  30) when t h e  swamp s t a t i o n s  CP-10, 
PM-10, and CH-20 were s t a g n a n t  p o o l s  behind w e i r s  o r  n e a r  b r i d g e s  . r e c e i v i n g  
d i r e c t  s u n l i g h t .  G r i n d l e  Creek a l s o  had h i g h e r  c h l o r o p h y l l  l e v e l s  t h a n  t h e  
o t h e r  s t reams  (Fig.  30) because  it r e c e i v e d  t h e  dense  a l g a l  s u s p e n s i o n  from 
a  sewage o x i d a t i o n  pond above GR-30. F i n a l l y ,  t h e  l a t e  w i n t e r - e a r l y  s p r i n g  
bloom of  f i l a m e n t o u s  a l g a e  i n  t h e  n a t u r a l  swamp s t reams  is  g iven  l i t t l e  
weight  i n  t h e  c h l o r o p h y l l  c o n c e n t r a t i o n s .  These f i l a m e n t s  grow abundan t ly  
wherever they  become snagged o r  e n t a n g l e d  on t r e e s ,  stumps,  l e a v e s ,  o r  
o t h e r  p r o j e c t i o n s  i n  t h e  g e n t l y  f lowing y a t e r  o v e r  t h e  f l o o d p l a i n ;  they  
d i s a p p e a r  when t h e  t r e e s  l e a f  o u t  and t h e  w a t e r  drops  o f f  t h e  f l o o d p l a i n .  

N i t r a t e  was c l e a r l y  much more abundant i n  channe l ized  s t r e a m s  t h a n  i n  
n a t u r a l  s t r e a m s  b u t  d i f f e r e n c e s  between t h e s e  two types  o f  s t r e a m s  were n o t  
s i g n i f i c a n t  f o r  e i t h e r  ammonium o r  t o t a l  o r g a n i c  n i t r o g e n  (Tab les  21,  23,  
26, 35).  The wide range i n  c o n c e n t r a t i o n s  o f  t h e  3  major forms of  n i t r o g e n  
through t h e  y e a r  a t  a  g iven s t a t i o n  (Figs .  17-24) and t h e  d i f f e r e n c e s  between 
s t a t i o n s  and s t r e a m s  (Tables  21, 23,  26) can b e  a t  l e a s t  p a r t i a l l y  exp la ined .  
N i t r a t e  and ammonium a r e  b i o l o g i c a l l y  r e a c t i v e  compared t o  t h e  organic-N and  
t h e i r  c o n c e n t r a t i o n s  changed more r a p i d l y  through t ime (Figs .  17-24). When 
p o l l u t e d  s t a t i o n s  (CP-10, CH-40, CH-20 and CY-20) a r e  o m i t t e d  from cons idera -  
t i o n ,  a  d i s t i n c t  p a t t e r n  o f  NO? v a r i a t i o n  becomes e v i d e n t  when c h a n n e l i z e d  
and n a t u r a l  s t r e a m s  a r e  compared. The n a t u r a l  s t r eam s t a t i o n s  had low 
average  NO? v a l u e s  b u t  h igh  (> 1.0) c o e f f i c i e n t s  of v a r i a t i o n  (s /Z)  whereas 
t h e  channe l ized  s t r e a m  s t a t i o n s  have h i g h e r  average  NO; v a l u e s  b u t  c o e f f i c e n t s  
o f  v a r i a t i o n  < 1 . 0  (Table  23). Although ammonium was much more v a r i a b l e  a t  

> each s t a t i o n  ( c o e f f i c i e n t s  of v a r i a t i o n  - 1 . 0 ) ,  average v a l u e s  were r e l a -  
t i v e l y  low and s i m i l a r  f o r  a l l  s t a t i o n s  (Table 23).  The h i g h  v a r i a b i l i t y  of 
NO; and N H ~  a t  t h e  u n p o l l u t e d  n a t u r a l  s t r e a m  s t a t i o n s ,  Pa lmet to  and Creeping,  
may be a t t r i b u t e d  t o  t h e  i n c l u s i o n  of t h e  low v a l u e s  (0.005 - 0.046 mg 1 - I )  
of w i n t e r  and t h e  h igh  v a l u e s  (0.016 - 3.78 mg 1- I )  of low-flow and s t a g n a n t  
c o n d i t i o n s  of summer. The h i g h e r  v a l u e s  (0.020 - 47.0 mg 1 - l )  and p a r t  
of t h e  v a r i a b i l i t y  of ammonium a t  CP-10, CH-40, CH-20, CY-20 and CY-10 a r e  
a lmost  c e r t a i n l y  t h e  r e s u l t  of l i v e s t o c k  w a s t e s  e n t e r i n g  t h e s e  s t reams.  
S i m i l a r l y ,  t h e  h i g h e r  average c o n c e n t r a t i o n s  of N O 3  a t  CP-10, CH-40 CH-20, 
CY-20 and CY-10 a r e  p robab ly  t h e  p roduc t  of p a r t i a l  o x i d a t i o n  of ~d i n t r o -  
duced f a r t h e r  upstream. The on ly  s t ream w i t h  munic ipa l  sewage l o a d i n g ,  
appears  t o  have o x i d i z e d  most of i t s  n i t r o g e n o u s  l o a d  t o  NO? b e f o r e  r e a c h i n g  
GR-30. I n  c o n t r a s t  t o  t h e  v a r i a b i l i t y  of NO? and NJ?$ w i t h i n  and between 
s t reams ,  TON was r e l a t i v e l y  c o n s t a n t  s e a s o n a l l y .  Note t h a t  TON was under- 
e s t i m a t e d  by abou t  40% i n  t h e  automated K j e l d a h l  a n a l y s i s  and i t s  t r u e  
importance i s  t h e r e f o r e  g r e a t e r  than  i n d i c a t e d  by t h e  t a b l e s  and f i g u r e s .  

A t  s t a t i o n s  r e p r e s e n t a t i v e  of swamp s t r e a m s  wi thou t  impor tan t  immediate 
s o u r c e s  of N O 5  enr ichment  (CP-20, CP-14, PM-20 and PM-lo), n i t r a t e  concen- 
t r a t i o n s  averaged l e s s  than 0.15 mg 1-I on an annua l  b a s i s .  These average  
v a l u e s  a r e  c o n s i d e r a b l y  l e s s  than t h e  average c o n c e n t r a t i o n s  found i n  b u l k  



p r e c i p i t a t i o n  i n  t h e  same a r e a  (Table  33).  These lower  average  v a l u e s  i n  
s t ream w a t e r  coupled w i t h  t h e  annua l  removal o f  61% of  t h e  incoming w a t e r  by 
e v a p o t r a n s p i r a t i o n  (Winner and Simmons 1977) p o i n t  t o  an  e f f i c i e n t  r e t e n t i v e  
c a p a c i t y  f o r  NOT by t h e s e  watersheds .  Ammonium was s i m i l a r l y  conserved i n  
t h e s e  wa te r sheds ,  average  p r e c i p i t a t i o n  and average  s t ream w a t e r  concentra-  
t i o n s  be ing  0.25 mg 1-I and 0.15 mg 1-I o r  l e s s ,  r e s p e c t i v e l y .  I n  c o n t r a s t ,  
i n  G r i n d l e  Creek,  Conetoe Creek and Clayroo t  Swamp n i t r a t e  c o n c e n t r a t i o n s  
were 3-4 t imes  h i g h e r  than  average c o n c e n t r a t i o n s  found i n  p r e c i p i t a t i o n  , 
s u g g e s t i n g  an th ropogen ic  s o u r c e s  and l e s s  e f f i c i e n t  a s s i m i l a t i o n  by t h e s e  
channe l ized  s t reams .  Average n i t r a t e  v a l u e s  were somewhat lower i n  Tracey 
Swamp compared t o  t h e  o t h e r  channe l ized  s t r e a m s  b u t  t h e  v a l u e s  were s t i l l  
g r e a t e r  than average  p r e c i p i t a t i o n  c o n c e n t r a t i o n s .  

With r e s p e c t  t o  t r e n d s  w i t h i n  a  s i n g l e  s t r e a m ,  d e f i n i t e  i n c r e a s e s  i n  
n i t r a t e  o c c u r r e d  downstream i n  t h e  channe l ized  s t r e a m s ,  Tracey Swamp and 
Conetoe Creek,  b u t  i n c r e a s e s  i n  o t h e r  s t reams  were n o t  as e v i d e n t .  For 
example, n i t r a t e  c o n c e n t r a t i o n s  i n  G r i n d l e  Creek appeared t o  be  a t  s t e a d y  
s t a t e  on an a n n u a l  b a s i s ,  w i t h  i t s  t r i b u t a r i e s  d e l i v e r i n g  j u s t  a s  much NO? 
a s  was a s s i m i l a t e d  d u r i n g  i t s  course  such t h a t  N O 3  remained c o n s t a n t  down 
t h e  s t ream (Table 23). Ammonium and t o t a l  o r g a n i c  n i t r o g e n  dynamics w i t h i n  
s t reams  showed no g e n e r a l  t r e n d s .  

The h i g h e r  l e v e l s  o f  i n o r g a n i c  n i t r o g e n  i n  channe l ized  s t r e a m s ,  p a r t i c -  
u l a r l y  n i t r a t e ,  may be a t t r i b u t e d  t o  l o s s e s  o f  f e r t i l i z e r  from a g r i c u l t u r a l  
f i e l d s  i n  t h e  wa te r sheds ,  t o  sewage, and t o  l i v e s t o c k  w a s t e  i n p u t s .  Tracey + Swamp and Conetoe Creek, which have low NH4 l e v e l s  and t h u s  presumably no  
p o i n t  s o u r c e s  i n  t h e  form of sewage o r  l i v e s t o c k  w a s t e s ,  have r e l a t i v e l y  
l a r g e  amounts o f  n i t r a t e ,  t h e  l e v e l s  of which i n c r e a s e  downstream. N i t r a t e  
i n p u t s  t o  t h e s e  s t r e a m s  may be  l a r g e l y  t h e  r e s u l t  of l e a c h i n g  of a g r i c u l t u r a l  
f i e l d s .  Gambrell, et &. (1974) s t u d i e d  t h e  l o s s  of n i t r o g e n  from f i e l d s  o f  
t h i s  r e g i o n  ( ~ e n o i r  and Beaufor t  Count ies ,  N.C.). They found a  2-year 
average annua l  l o s s  o f  about  42% of t h e  a p p l i e d  f e r t i l i z e r  n i t r o g e n  from a 
moderate ly  we l l -d ra ined  s o i l  and about  53% l o s s  from a  p o o r l y  d r a i n e d  s o i l .  
About 15% o f  t h e s e  l o s s e s  o c c u r r e d  a s  s u r f a c e  runof f .  I n  t h e  we l l -d ra ined  
f i e l d  t h e  remainder was c a r r i e d  away by s u b s u r f a c e  runof f  o r  deep groundwater 
ou t f low,  whereas i n  t h e  poor ly-drained f i e l d  abou t  31% of t h e  a p p l i e d  f e r t i l -  
i z e r  n i t r o g e n  was probably  l o s t  by d e n i t r i f i c a t i o n  and t h e  remaining 54% was 
removed by s u b s u r f a c e  r u n o f f .  0 ' ~ e a r  (1975) and Wingate and Cowles (1976) 
a l s o  gave ev idence  t h a t  poor  farming p r a c t i c e s ,  e s p e c i a l l y  r u n o f f  from feed-  
l o t s ,  was degrading w a t e r  q u a l i t y  of N.C.  C o a s t a l  P l a i n  s t reams  by r a i s i n g  
t h e  c o n c e n t r a t i o n s  o f  n i t r o g e n ,  phosphorus,  and c o l i f o r m  b a c t e r i a .  High 
i n o r g a n i c  n i t r o g e n  c o n c e n t r a t i o n s  i n  channe l ized  streams may a l s o  b e  t h e  
r e s u l t  o f  d e s t r u c t i o n  of t h e  n a t u r a l  swamp f l o o d p l a i n  which could  s t r i p  most 
of t h i s  n i t r o g e n  from t h e  w a t e r  by d e n i t r i f i c a t i o n ,  by t r a n s f e r  t o  t h e  swamp 
v e g e t a t i o n ,  o r  by up take  by microorgamisms (Brinson 1977a) .  A marsh removed 
99% of N O 3  + N O 2  and 71% of  N H ~  from sewage w i t h i n  30 m of t h e  d i s c h a r g e  s i t e  
( T i l t o n ,  Kadlec,  and Linde 1977).  P a t r i c k ,  DeLaune, E n g l e r ,  and Gotoh (1976) 
measured d e n i t r i f i c a t i o n  r a t e s  of 3.5 kg N ha-I  d'l i n  s o i l  c o r e s  from a 
Louis iana  f r e s h w a t e r  swamp i n c u b a t e d  a t  30 C. Although t h i s  r a t e  would n o t  
be  main ta ined  a t  w i n t e r  t empera tu res ,  i t  i s  high compared t o  t h e  r a t e s  a t  
which N i s  brought  i n t o  o r  l o s t  from wate r sheds  ( c f .  Tab le  38 below). 
Fur thermore,  f i e l d  o b s e r v a t i o n s  g i v e  c l e a r  ev idence  t h a t  t i l l i n g  of former  
bot tomlands  h a s  become common s i n c e  c h a n n e l i z a t i o n  w a s  performed. No thorough 



s t u d y  h a s  been performed, but  f i e l d s  now ex tend  down t o  t h e  s p o i l  p i l e s  o r  
t o  t h e  v e r y  edge of t h e  c a n a l  i n  many p laces .  The l o s s  of a b u f f e r  s t r i p  
between plowed f i e l d  and s t r e a m  a l lows  i n c r e a s e d  l o a d s  of p a r t i c u l a t e s  and 
n u t r i e n t s  t o  e n t e r  t h e  s t ream.  

N a t u r a l  s t r e a m s ,  i n  c o n t r a s t ,  appear  t o  be dominated by o r g a n i c  forms of  
n i t r o g e n  when p o i n t  s o u r c e s  a r e  n o t  impor tan t  (Table  23). I n  a d d i t i o n ,  l e v e l s  
of t o t a l  n i t r o g e n  a r e  lower i n  n a t u r a l  s t r e a m s  than  i n  channe l ized  s t reams .  
Grea te r  o u t p u t s  o f  n i t r o g e n  from channe l ized  s t r e a m s  could  have u n f a v o r a b l e  
i m p l i c a t i o n s  f o r  t h e  e s t u a r i e s  downstream, which a r e  t y p i c a l l y  n i t r o g e n  l i m i t e d .  

Phosphorus tended t o  be s i g n i f i c a n t l y  more abundant i n  channe l ized  than  
i n  n a t u r a l  streams (Tables  23,  35). T o t a l  phosphorus and i t s  p a r t i c u l a t e  
f r a c t i o n  were  more abundant  i n  channe l ized  s t r e a m s  excep t  when t h e  no-flow 
d a t a  were i n c l u d e d  i n  1975, b u t  f i l t e r a b l e  reac t ive -P  was more abundant o n l y  
i n  1976 i n  channe l ized  s t reams  (Table  35). Omission o f  no-flow d a t a  from t h e  
s t a t i s t i c a l  c a l c u l a t i o n s  always improved t h e  l e v e l  of s i g n i f i c a n c e  because  of 
t h e  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  of phosphorus which developed i n  n a t u r a l  
s t r e a m s  d u r i n g  t h e s e  s t a g n a n t  p e r i o d s  (F igs .  17-20). 

A s  w i t h  n i t r o g e n ,  phosphorus c o n c e n t r a t i o n s  e x h i b i t e d  temporal  and s p a t i a l  
v a r i a t i o n s  i n  t h e s e  s t reams.  F i l t e r a b l e  reac t ive -P  i s  undoubtedly  t h e  most 
b i o l o g i c a l l y  and chemica l ly  r e a c t i v e  form of  P i n  t h e s e  w a t e r s .  Cons iderab le  
v a r i a b i l i t y  i n  FRP e x i s t e d  d u r i n g  t h e  y e a r  i n  each of t h e  n a t u r a l  s t r e a m s ,  a s  
evidenced by t h e  l a r g e  s t a n d a r d  d e v i a t i o n s  compared t o  t h e  means (Table  2 3 ) ,  
a l though  t h e  a b s o l u t e  magnitude o f  t h e s e  changes was n o t  g r e a t .  Wel l -def ined 
s e a s o n a l  changes were n o t  found. I n  n a t u r a l  s t r eams ,  l a r g e  amounts of s u r f a c e s  
f o r  chemical  and b i o l o g i c a l  a c t i v i t y  a r e  a v a i l a b l e  r e l a t i v e  t o  t h e  volume of  
w a t e r  which flows through p e r  u n i t  t ime. Fur thermore,  t h e r e  i s  copious  o r g a n i c  
m a t t e r  be ing  decomposed throughout  t h e  y e a r  i n  t h e  swamp s t r e a m s  , e x e r t i n g  
demands upon t h e  FRP of t h e  s t r e a m  (Brinson l977b) .  The growth of swamp t r e e s  
a l s o  c o n s t i t u t e s  a  s i n k  f o r  FRP. The r e l a t i v e l y  h i g h  m e t a b o l i c  r a t e  o f  t h e  
n a t u r a l  s t r eam f l o o d p l a i n  can t h e r e f o r e  s i g n i f i c a n t l y  a f f e c t  P c o n c e n t r a t i o n s  
i n  t h e  w a t e r  throughout  t h e  y e a r  (Ki tchens ,  e t  a l .  1975).  FRP was h i g h e r  and 
more v a r i a b l e  a t  CP-10 i n  1976 t h a n  i n  1975; ammonium was a l s o  h i g h e r  and more 
v a r i a b l e  s u g g e s t i n g  an i n c r e a s i n g  i n f l u e n c e  of l i v e s t o c k  wastes .  FRP was high-  
e r  b u t  r e l a t i v e l y  c o n s t a n t  i n  t h e  channe l ized  s t r e a m s ,  Tracey Swamp, Conetoe 
Creek and G r i n d l e  Creek, excep t  f o r  an anomalous h igh  v a l u e  in Tracey Swamp 
i n  May 1976 which c o r r e l a t e d  w i t h  ammonium, s u g g e s t i n g  a  p o i n t  s o u r c e  i n p u t ,  
and h igh  v a l u e s  i n  Conetoe Creek and G r i n d l e  Creek i n  J u l y  1975 d u r i n g  a  
p e r i o d  of h igh  flow. FRP was h i g h  and e r r a t i c  i n  Clayroo t  Swamp r e f l e c t i n g  
i t s  p o l l u t e d  n a t u r e .  The p a t t e r n  of v a r i a b i l i t y  about t h e  mean FUP concentra-  
t i o n s  was similar t o  t h a t  of FRP (Table  23).  P a r t i c u l a t e - P ,  however, v a r i e d  
much more throughout  t h e  y e a r ;  G r i n d l e  Creek was t h e  on ly  s t r e a m  on which a l l  
s t a t i o n s  had c o e f f i c i e n t  o f  v a r i a t i o n s  < 1.0 (Table 23). G r i n d l e  Creek was 
c o n s i s t e n t l y  among t h e  most c o n s t a n t  i n  i t s  N and P c o n c e n t r a t i o n s ,  w i t h  o n l y  
t h e  ammonium c o n c e n t r a t i o n  a t  s t a t i o n  GR-10 having a  c o e f f i c i e n t  of v a r i a t i o n  
> 1.0 (Table  23).  P a r t i c u l a t e - P  can e x h i b i t  wide ranges  i n  c o n c e n t r a t i o n  be- 
cause  of i t s  p r e s e n c e  i n  a l g a e  and b a c t e r i a ,  i n  s o i l s  and sed iments  which can 
be brought  i n t o  suspens ion  from l o c a l  f i e l d s ,  r o a d s i d e  d i t c h e s ,  o r  t h e  s t r e a m  
channel  i t s e l f  d u r i n g  s to rm e v e n t s ,  o r  from t h e  s t ream bottom d e p o s i t s  by 
macroorganism a c t i v i t y  d u r i n g  s t a g n a n t  p e r i o d s .  



The mean annua l  c o n c e n t r a t i o n s  o f  FRP were lowes t  (< 0.01 mg 1") i n  
Palmet to  Swamp and t h e  two unenr iched upst ream s t a t i o n s  on Creeping Swamp 
(Table 23). These l e v e l s  i n  n a t u r a l  swamp wate r  were f a r  below t h e  mean 
annual  FRP c o n c e n t r a t i o n s  i n  b u l k  p r e c i p i t a t i o n  i n  t h e  Creeping Swamp water-  
shed (Table 3 3 ) ,  i n d i c a t i n g  t h e  g r e a t  a f f i n i t y  o f  t h e  wa te r shed  f o r  phospho- 
rus .  The mean annua l  c o n c e n t r a t i o n s  o f  FUP and PP were s u b s t a n t i a l l y  h i g h e r  
than FRP i n  n a t u r a l  s t r eams  w i t h o u t  major p o i n t  s o u r c e s  of phosphorus.  
S t a t i o n s  on n a t u r a l  s t r eams  below s o u r c e s  o f  l i v e s t o c k  farm d r a i n a g e  (CP-10 
and CH-20) had h i g h e r  mean l e v e l s  of a l l  forms of P, b u t  e s p e c i a l l y  FRP. 
The channe l ized  s t reams  a s  a c l a s s  ranged from i n t e r m e d i a t e  mean a n n u a l  P 
c o n c e n t r a t i o n s  i n  Tracey Swamp t o  h i g h  c o n c e n t r a t i o n s  i n  Clayroo t  Swamp 
(Table  23). The i n t e r m e d i a t e  f i l t e r a b l e  P l e v e l s  and ammonium l e v e l s  of 
Conetoe Creek i n  c o n j u n c t i o n  w i t h  h i g h  n i t r a t e  l e v e l s  c o n t r a s t s  w i t h  s t a t i o n s  
such a s  CP-10 o r  CH-20 which have h i g h  f i l t e r a b l e - P  and ammonium concentra-  
t i o n s  and low n i t r a t e  (Table  23). Th i s  s u p p o r t s  t h e  c o n t e n t i o n  t h a t  t h e  
n i t r a t e  i n  Conetoe Creek comes predominate ly  from a g r i c u l t u r a l  f e r t i l i z e r ,  
n o t  l i v e s t o c k  o r  m u n i c i p a l  was tes .  Note t h a t  a l l  forms of P i n  G r i n d l e  Creek 
t end  t o  decrease  downstream whereas n i t r a t e  remained c o n s t a n t ;  t h e r e f o r e  P 
was e i t h e r  be ing  r a p i d l y  immobilized i n  G r i n d l e  Creek,  o r  t h e  t r i b u t a r i e s  
which c o n t r i b u t e d  w a t e r  t o  t h e  main s t ream were much lower  i n  phosphorus 
than Gr ind le  Creek i t s e l f .  

S i l i c o n  and metals ,  excep t  Fe and Mn, were s i g n i f i c a n t l y  more c o n c e n t r a t e d  
i n  channe l ized  s t reams  t h a n  i n  n a t u r a l  s t r e a m s  when t o t a l  c o n c e n t r a t i o n s  were 
measured i n  1975 (Table  35). I n  1976, when f i l t e r a b l e  and  p a r t i c u l a t e  s p e c i e s  
were d i s t i n g u i s h e d ,  ca lc ium was t h e  o n l y  f i l t e r a b l e  s p e c i e s  which was more 
abundant whereas p a r t i c u l a t e  Ca, Mg, K ,  A l ,  and S i  were more abundant i n  
channe l ized  s t reams  (Table  35). P a r t i c u l a t e  Fe was a l s o  more c o n c e n t r a t e d  
i n  channe l ized  s t reams  when t h e  no-flow p e r i o d s  of 1976 were n o t  cons idered .  
N e i t h e r  f i l t e r a b l e  n o r  p a r t i c u l a t e  Na d i f f e r e d  between t h e  two t y p e s  o f  
streams i n  1976, These r e s u l t s  a r e  s i m i l a r  t o  t h o s e  f o r  t u r b i d i t y  (Table  35). 

I r o n ,  aluminum, and s i l i c o n  tended t o  be c l o s e l y  a s s o c i a t e d  w i t h  sus-  
pended m a t t e r  i n  t h e s e  s t reams.  An average  o f  abou t  61-87% o f  t h e  i r o n ,  
38-83% of t h e  aluminum, and 21-63% o f  t h e  s i l i c o n  were i n  p a r t i c u l a t e  form 
o r  were a s s o c i a t e d  w i t h  suspended m a t t e r  (Table l 3 ) ,  b u t  d u r i n g  s p a t e s  t h e  
p a r t i c u l a t e  f r a c t i o n s  o f t e n  i n c r e a s e d  t o  > 90% (Tables  1 8 ,  20). P a r t i c u l a t e  
forms of t h e s e  e lements  had p o s i t i v e  c o r r e l a t i o n s  w i t h  t u r b i d i t y  ( r  2 0.84) 
when a l l  s t a t i o n s ,  a l l  d a t e s ,  and a l l  f lows were ana lyzed  t o g e t h e r  ( n o t  
shown). When samples from low f low p e r i o d s  were o m i t t e d ,  even h i g h e r  c o r r e l a -  
t i o n s  between p a r t i c u l a t e  Fe, A l ,  o r  S i  and t u r b i d i t y  were o b t a i n e d  ( r  - 
0.92 - 1.00; n o t  shown). The c o n c e n t r a t i o n s  o f  each o f  t h e s e  e lements  was 
h i g h l y  c o r r e l a t e d  t o  t h e  c o n c e n t r a t i o n s  o f  t h e  o t h e r  two, e s p e c i a l l y  i n  t h e  
channe l ized  s t reams .  

L i k e l y  s o u r c e s  of p a r t i c u l a t e  S i  and Al a r e  n o t  o n l y  t h e  s i l t s  and c l a y s  
o f  t h e  s t ream bed which can be suspended by t u r b u l e n t  s t r e a m  f low,  b u t  a l s o  
s o i l  from f i e l d s  and sediments  from graded r o a d s  of t h e  wa te r shed  which a r e  
washed i n t o  t h e  s t ream d u r i n g  s to rm p e r i o d s  (Wingate and Cowles 1976).  There  
were ,  however, o n l y  v e r y  weak c o r r e l a t i o n s  between s t ream d i s c h a r g e  and t h e  
q u a n t i t y  o f  suspended m a t t e r  r e g a r d l e s s  o f  whether  i t  was a s s e s s e d  a s  
t u r b i d i t y  o r  a s  e lements  i n  p a r t i c u l a t e  form (Tab les  8-11). Th i s  was unex- 
p e c t e d  i n  view of t h e  p o s i t i v e  r e l a t i o n s h i p  between suspended sediment  d i s -  



charge and w a t e r  d i s c h a r g e  a t  Creeping Swamp and Palmet to  Swamp r e p o r t e d  by 
Winner and Simmons (1977). Weak c o r r e l a t i o n s  a r e  t o  be expec ted ,  however, 
i f  suspended Fe,  S i ,  A l ,  and t u r b i d i t y  c o n s i s t e n t l y  r e a c h  peak c o n c e n t r a t i o n s  
one o r  more days b e f o r e  maximum s t r e a m  flow a s  o c c u r r e d  d u r i n g  t h e  s p a t e  
s t u d i e s  (Figs .  33, 34; Tab les  1 8 ,  20) .  Th i s  s u r g e  o f  t u r b i d i t y  and p a r t i c u -  
l a t e  element c o n c e n t r a t i o n s  p robab ly  r e s u l t s  from s to rm s u r f a c e  runof f  from 
exposed m i n e r a l  s o i l  i n  t h e  wa te r shed  which p a s s e s  our  sampling s t a t i o n s  
b e f o r e  t h e  peak i n  d i scharge .  Fur thermore,  mechanisms o t h e r  t h a n  s t r e a m  
t u r b u l e n c e  and s u r f a c e  runof f  may a l s o  be  l o c a l l y  impor tan t  i n  c a u s i n g  t u r -  
b i d i t y .  For example, h i g h  t u r b i d i t i e s  and r e l a t i v e l y  l a r g e  amounts o f  sus-  
pended i r o n  and phosphorus o c c u r r i n g  under  no-flow c o n d i t i o n s  a t  CP-10 were 
probably  a t t r i b u t a b l e  t o  r o i l i n g  of t h e  w a t e r  by f i s h e s  and o t h e r  macro- 
organisms under low oxygen s t r e s s .  

Color  tended t o  be h i g h e r  i n  n a t u r a l  s t r eams  than i n  channe l ized  s t r e a m s  
(Table 35). The d i f f e r e n c e  was s i g n i f i c a n t  i n  1975 when a l l  c a s e s  were 
cons idered ,  b u t  became l e s s  s i g n i f i c a n t  when p e r i o d s  o f  ze ro  d i s c h a r g e  were 
omi t t ed  and s t i l l  l e s s  s i g n i f i c a n t  i n  1976, The r e d u c t i o n  i n  s i g n i f i c a n c e  
as ze ro  d i s c h a r g e  d a t a  a r e  o m i t t e d  demons t ra tes  t h a t  i t  i s  t h e  low f low o r  
s t a g n a n t  p e r i o d s  which permi t  t h e  p roduc t ion  o r  accumulat ion o f  o r g a n i c  
c o l o r  i n  swamp w a t e r s ,  wi th  t h e  e x c e p t i o n  of t h e  f i r s t  f l o o d  f o l l o w i n g  l e a f -  
f a l l  i n  autumn when n a t u r a l  swamp w a t e r s  a r e  d a r k l y  c o l o r e d  by t h e  l a b i l e  
components of t h e  f r e s h - l e a f  l i t t e r  ( d a t a  n o t  shown), The amount o f  c o l o r  
(Figs.  9-12), t h e  t o t a l  o r g a n i c  carbon c o n c e n t r a t i o n  (Fig.  2 9 ) ,  and t h e  
biochemical  oxygen demand (Fig.  30) a l l  r e f l e c t  i n c r e a s e d  l e v e l s  o f  o r g a n i c  
m a t t e r  i n  n a t u r a l  s t r e a m s  when f low i s  low; t h i s  t ends  t o  be  v e r i f i e d  by 
n e g a t i v e  c o r r e l a t i o n s  w i t h  d i s c h a r g e  (Tab les  8 ,  9) .  Color  i n  n a t u r a l  streams 
appears  t o  be  p r i m a r i l y  humic s u b s t a n c e s  from lowland hardwood a r e a s  o r  
bottomlands,  Much of t h e  o r g a n i c  m a t t e r  may be  more r e f r a c t o r y  t o  a e r o b i c  
u t i l i z a t i o n  t h a n  i s  impl ied  by BOD measurements because  BOD i s  measured under 
oxygen c o n c e n t r a t i o n s  much h i g h e r  than e x i s t e d  i n  t h e  s t r e a m  o r  s t a g n a n t  p o o l  
from which t h e  sample was taken.  The u l t i m a t e  f a t e  of t h i s  o r g a n i c  m a t t e r  
i s  s t i l l  an open q u e s t i o n ,  I n  channe l ized  s t r e a m s ,  t h e  maximum c o l o r  l e v e l s  
were o f t e n  found dur ing  p e r i o d s  o f  h igh  d i s c h a r g e  ( p o s i t i v e  c o r r e l a t i o n s  ; 
Tables  10,  11) p o s s i b l y  from t h e  i n c r e a s e  i n  i n o r g a n i c  c o l l o i d a l  p a r t i c l e s .  
It i s  sometimes c l e a r l y  p rov ided  by pocos in  o r  lowland hardwood f o r e s t  
d ra inage  (Tracey Swamp) b u t  some of i t  might a r i s e  from o t h e r  s o u r c e s  such 
as sewage (Gr ind le  Creek) o r  l i v e s t o c k  was tes  (CP-10). Color showed nega- 
t i v e  c o r r e l a t i o n s  w i t h  d i s s o l v e d  oxygen and p o s i t i v e  c o r r e l a t i o n s  w i t h  
p a r t i c u l a t e - P  and w i t h  i r o n  i n  n a t u r a l  s t r eams  (Tables  8,  9).  Research i s  
p r e s e n t l y  under way t o  examine p o s s i b l e  c a u s a l  r e l a t i o n s h i p s  i n  t h e  P ,  Fe,  
and c o l o r  d i s t r i b u t i o n s  of swamp w a t e r s  of North C a r o l i n a  as have been 
sugges ted  f o r  o t h e r  systems (Koenings 1977; Koenings and Hooper 1976).  

T o t a l  i r o n  c o n c e n t r a t i o n s  i n  1975 and f i l t e r a b l e  i r o n  i n  1976 were 
s i g n i f i c a n t l y  more c o n c e n t r a t e d  i n  n a t u r a l  than i n  channe l ized  s t r e a m s  (Table  
35). F i l t e r a b l e  manganese c o n c e n t r a t i o n s  i n  1976 were a l s o  h i g h e r  i n  
n a t u r a l  s t r eams  whereas n e i t h e r  t h e  t o t a l  Mn i n  1975 n o r  t h e  p a r t i c u l a t e  Fe 
o r  Mn i n  1976 d i f f e r e d  s i g n i f i c a n t l y  i n  c o n c e n t r a t i o n s  between t h e  two t y p e s  
of s t reams '  Although t h e  term "so lub le"  h a s  been used synonomously w i t h  
" f i l t e r a b l e "  i n  r e g a r d  t o  m e t a l s ,  i t  i s  l i k e l y  t h a t  i r o n  and o t h e r  m e t a l s  
may be  p r e s e n t  predominant ly  a s  h i g h l y  d i s p e r s e d  c o l l o i d s  r a t h e r  t h a n  i n  
t r u e  s o l u t i o n  (Stumm and Morgan 1970) ; c o l l o i d s  may a l s o  dominate t h e  



f i l t e r a b l e  f r a c t i o n  o f  phosphorus and may account  f o r  much o f  t h e  n a t u r a l  
c o l o r  of t h e  water .  

The c o n c e n t r a t i o n s  of Fe i n c r e a s e d  i n  n a t u r a l  s t r e a m s  d u r i n g  s t a g n a n t  
p e r i o d s  (F igs .  25, 26).  Th i s  may be p a r t i a l l y  a t t r i b u t e d  t o  lower  redox  
p o t e n t i a l s  and r e s u l t i n g  s o l u t i o n  of sedimentary  i r o n  a s  f e r r o u s  i o n  
( P a t r i c k ,  et al.  1976; Stumm and Morgan l97O),  p a r t l y  t o  t h e  h i g h e r  Fe 
c o n c e n t r a t i o n r i n  groundwater which makes up t h e  major s t r e a m  s o u r c e  a t  t h i s  
t i m e  (Winner and Simmons 1977) ,  and p a r t l y  t o  complexation which t a k e s  p l a c e  
w i t h  c e r t a i n  o r g a n i c  molecules  i n  s t a g n a n t ,  oxygen-def ic ient  w a t e r s  (The i s  
and S i n g e r  1973, 1974). The s o l u b i l i t y  o f  Mn a l s o  i n c r e a s e s  under  reduc ing  
c o n d i t i o n s  and t h e  s i m i l a r i t i e s  between t h e  Mn and t h e  Fe p a t t e r n s  may be  
p a r t i a l l y  a t t r i b u t e d  t o  t h i s .  I r o n  c o n c e n t r a t i o n s  i n  groundwater a r e  h i g h ,  
3.5 - 4.6 mg 1-I i n  w a t e r  from t h e  C a s t l e  Hayne Limestone and 1 5  mg 1-I i n  
w a t e r  from t h e  Yorktown Formation (Winner and Simmons 1977) ,  and i n f l u x  o f  
t h i s  w a t e r  i s  t h e  most l i k e l y  s o u r c e  o f  i r o n  i n t o  s t r e a m s  of t h e  reg ion .  
Deep groundwaters o f  P i t t  Co. g e n e r a l l y  have Mn-concentrations less than  
0.03 mg 1-I (Sumsion 1970);  mean Mn-concentrations i n  s h a l l o w  w e l l s  i n  
Creeping Swamp were 0.05 mg 1-I and i n  t h e  w a t e r  a t  CP-20 and CP-14 t h e  mean 
Mn l e v e l s  were 0.05 and 0.15 mg 1-I, r e s p e c t i v e l y .  There fore  groundwater 
does  n o t  supp ly  l a r g e  amounts of Mn t o  t h e  s t ream wate r s .  

I n  summary, t h e r e  appear  t o  be  t h r e e  main p h y s i c a l  f a c t o r s  c h a r a c t e r i s -  
t i c  of c h a n n e l i z a t i o n $  which e f f e c t  w a t e r  q u a l i t y .  F i r s t ,  t h e  s t r a i g h t e n i n g  
and c l e a r i n g  of t h e  channe l  produces  h i g h e r  c u r r e n t  v e l o c i t i e s  which are a b l e  
t o  c a r r y  more p a r t i c u l a t e s  i n  suspens ion ,  e s p e c i a l l y  d u r i n g  s p a t e s .  Thus 
t u r b i d i t y ,  p a r t i c u l a t e  phosphorus,  and some p a r t i c u l a t e  m e t a l s  are h i g h e r  
i n  channe l ized  s t r e a m s  than  i n  n a t u r a l  swamps where low c u r r e n t  v e l o c i t i e s  
(0-25 cm/sec) do n o t  e n t r a i n  many p a r t i c u l a t e s  and a l l o w  t h o s e  i n t r o d u c e d  
by channe l ized  t r i b u t a r i e s  t o  s e t t l e  i n  t h e  f l o o d p l a i n .  Secondly,  chan- 
n e l i z e d  s t reams  p e n e t r a t e  more deeply  i n t o  t h e  s u b s t r a t a ,  t h u s  exposing t h e  
s t ream w a t e r  t o  t h e  i n o r g a n i c  s u b s o i l .  Th i s  exposure  and t h e  i n c r e a s e d  
d i r e c t  groundwater i n p u t s  t o  channe l ized  s t r e a m s  may e x p l a i n  t h e  i n c r e a s e d  
l e v e l s  of s o l u b l e  sodium, calc ium,  po tass ium,  c o n d u c t i v i t y  and pH o v e r  t h o s e  
observed i n  n a t u r a l  streams. This  i s  e s p e c i a l l y  e v i d e n t  d u r i n g  t h e  low-flow 
summer months when n a t u r a l  swamp s t reams  u s u a l l y  become i n t e r m i t t a n t  b u t  
channe l ized  s t reams  c o n t i n u e  t o  f low. T h i r d l y ,  c o n t i n u a l  f low throughout  
t h e  y e a r  may e x p l a i n  t h e  h i g h e r  d i s s o l v e d  oxygen l e v e l s  found i n  channe l ized  
s t reams.  These h i g h e r  D.O. l e v e l s  may p r e v e n t  t h e  bu i ldup  o f  Fe and Mn 
which o c c u r s  i n  s t a g n a n t  swamp p o o l s  and may c o n t r i b u t e  t o  t h e  h i g h e r  concen- 
t r a t i o n s  o f  n i t r a t e  found i n  channe l ized  s t reams.  However, i t  i s  a l s o  pos- 
s i b l e  t h a t  a p p l i c a t i o n  o f  n i t r o g e n  f e r t i l i z e r  i n  channe l ized  s t r e a m  wate r sheds  
i s  a  more impor tan t  s o u r c e  of n i t r a t e  than t h e  redox s t a t e  of t h e  s t ream.  

The m o d i f i c a t i o n  o f  s t ream f low by c h a n n e l i z a t i o n ,  however, i s  n o t  t h e  
on ly  f a c t o r  which w i l l  produce e f f e c t s  upon w a t e r  q u a l i t y .  The major  pur- 
pose o f  c h a n n e l i z a t i o n  is r e d u c t i o n  of f l o o d  damage t o  a g r i c u l t u r e .  S e v e r a l  
f a c t o r s  o p e r a t e  t o  i n c r e a s e  l o s s e s  of p l a n t  n u t r i e n t s  f o l l o w i n g  channe l iza -  
t i o n .  F i r s t ,  i t  encourages  c u l t i v a t i o n  of h i g h  v a l u e  c rops  on low-lying 
l ands .  These c rops  o r g i n a r i l y  r e c e i v e  more f e r t i l i z e r  p e r  a c r e  than lower  
v a l u e  c rops  and s i g n i f i c a n t l y  l a r g e r  amounts of f e r t i l i z e r  w i l l  t h u s  b e  p l a c e d  
i n  c l o s e  p rox imi ty  t o  t h e  s t ream.  S u r f a c e  and d i t c h  r u n o f f  from t h e s e  f i e l d s  
w i l l  i n c r e a s e  t u r b i d i t i e s  and c o n c e n t r a t i o n s  of p a r t i c u l a t e  phosphorus and 



p a r t i c u l a t e  S i ,  A 1  and Fe. Fur thermore,  convers ion from poor ly -dra ined  t o  
moderate ly  we l l -d ra ined  l a n d  r e d u c e s  t h e  amount o f  d e n i t r i f i c a t i o n ,  p e r m i t t i n g  
l a r g e r  amounts of n i t r a t e  t o  e n t e r  t h e  stream. S u c c e s s f u l  c ropp ing  of exist-  
i n g  f i e l d s  a t  a given e l e v a t i o n  w i l l  i n e v i t a b l y  encourage convers ion  of exist-  
i n g  bottomland f o r e s t  t o  a g r i c u l t u r a l  f i e l d s ,  i n c r e a s i n g  s t i l l  more t h e  amounts 
of s i l t  and n u t r i e n t s  i n  t h e  s t ream.  At t h e  same t i m e  t h e r e  w i l l  be  a n  e q u a l  
r e d u c t i o n  i n  t h e  area of bot tomland f o r e s t  ecosystem a v a i l a b l e  f o r  s i l t  
d e p o s i t i o n  and n u t r i e n t  removal. More f i e l d s  and more f i e l d  d i t c h e s  w i l l  pro- 
duce and t r a n s p o r t  i n c r e a s e d  l e v e l s  of suspended m a t t e r  t o  t h e  channel.  
Improved farm produc t ion  c a l l s  f o r  more graded roads  and more g r a d i n g  o f  
e x i s t i n g  roads ,  adding s t i l l  more s i l t  t o  t h e  water.  Thus t h e  s t i m u l a t i o n  o f  
a g r i c u l t u r e  by c h a n n e l i z a t i o n  w i l l  r e s u l t  i n  i n c r e a s e d  l e v e l s  o f  s i l t ,  N, and 
P i n  s t reams  u n l e s s  s p e c i f i c  measures a r e  t aken  t o  p r e v e n t  such  changes. 

Metabolism and Elemental  Cycl ing w i t h i n  N a t u r a l  Swamp Streams 

The marked s e a s o n a l  changes i n  p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  o f  
t h e  w a t e r  i n  small n a t u r a l  swamp s t r e a m s  a t  s t a t i o n s  above s o u r c e s  of p o l l u -  
t i o n  r e f l e c t  a h i g h  m e t a b o l i c  rate i n  t h e s e  bottomland stream systems.  The 
d a t a  pe rmi t  s u g g e s t i o n s  r e g a r d i n g  t h e  i n t e r a c t i o n s  between t h e  n a t u r e  of t h e  
s o u r c e  w a t e r ,  t h e  amount and t iming  o f  o r g a n i c  m a t t e r  i n p u t s ,  t h e  coup l ing  
of t h e  t e r r e s t r i a l  and t h e  a q u a t i c  phases ,  and t h e  r e l a t i o n s h i p s  between 
b i o l o g i c a l  a c t i v i t y  and water q u a l i t y .  The upstream s t a t i o n  on Creeping 
Swamp ((2-20) and t h e  downstream s t a t i o n  on Pa lmet to  Swamp (PM-10) d r a i n  
wa te r sheds  t h a t  a r e  mos t ly  wooded (Table  2 ) ;  bottomland swamps, mixed f o r e s t s ,  
and p i n e  p l a n t a t i o n s  i n  v a r i o u s  s t a g e s  of t h e  t imber  c u t t i n g  c y c l e ,  make up 
most of t h e  woodland. No l a r g e  p o i n t  s o u r c e s  o f  was tes  a r e  known above t h e s e  
s t a t i o n s  and t h e  wa te r  chemis t ry  i n d i c a t e s  l i t t l e  n u t r i e n t  i n p u t  from 
a g r i c u l t u r a l  l a n d s  o f  t h e s e  watersheds .  

'Jho p e r i o d s  o f  t h e  y e a r  can be d i s t i n g u i s h e d  i n  t h e  w a t e r  q u a l i t y  da ta .  
The f i r s t  i s  t h e  c o o l  season ,  high-flow p e r i o d  which l a s t s  from about  
November u n t i l  May. The s t ream s t a g e  i s  h igh  enough t o  i n u n d a t e  t h e  bottom- 
l a n d  f o r  much o f  t h i s  p e r i o d  e s p e c i a l l y  from l a te  December through e a r l y  
March. L e a f - f a l l  o c c u r s  a t  t h e  beg inn ing  o f  t h e  p e r i o d ,  adding a p u l s e  of 
o r g a n i c  m a t t e r  t o  t h e  swamp f l o o r .  A r e l a t i v e l y  l a r g e  i n i t i a l  p u l s e  o f  
s o l u b l e  o r g a n i c  m a t t e r  i s  l e a c h e d  o u t  (Kaushik and Hynes 1971; McDowell and 
F i s h e r  1976) ; t h i s  s o l u b l e  carbon may account  f o r  s l i g h t  peaks  i n  c o l o r  
(Figs .  9-11) and BOD (Fig.  3 1 ) ,  b u t  t h e  d a t a  on t o t a l  o r g a n i c  carbon (Fig.  
29) a r e  n o t  a d e q u a t e  i n  November t o  r e c o g n i z e  a p u l s e  of l e a c h e d  o r g a n i c  
mat te r .  Leaves f a l l i n g  d i r e c t l y  i n  t h e  inunda ted  f l o o d p l a i n  w i l l  r a p i d l y  
r e l e a s e  h i g h l y  l a b i l e  o r g a n i c s  which may be r e a d i l y  u t i l i z e d  by s t r e a m  
microorganisms (McDowell and F i s h e r  1976).  I n  a channe l ized  s t r e a m  f lood-  
p l a i n ,  t h e  l a b i l e  o r g a n i c  l e a c h a t e  from f a l l e n  l e a v e s  i s  u t i l i z e d  by s o i l  
microbes and t h e  d i s s o l v e d  o r g a n i c  m a t t e r  which e v e n t u a l l y  r e a c h e s  t h e  
stream channe l ,  v i a  runof f  o r  groundwater,  i s  more r e f r a c t o r y  (McDowell and 
F i s h e r  1976). There fore  a g r e a t e r  p r o p o r t i o n  of t h e  t e r r e s t r i a l  p r imary  
product ion is t r a n s f e r r e d  t o  t h e  a q u a t i c  food  web i n  a n a t u r a l  swamp t h a n  
i n  a channe l ized  s t ream.  Colon iza t ion  of t h e  f a l l e n  l e a v e s  by microbes  
(Kaushik and Hynes 1971; P e t e r s o n  and Cummins 1974)  and of t h e  f l o o d e d  swamp 
by f i s h e s  and b e n t h i c  macro- inver tebra tes  ( S n i f f e n ,  unpubl. d a t a )  undoubted- 
l y  i n c r e a s e s  t h e  biomass o f  decomposers and consumers, b u t  t h e  f a l l i n g  
t empera tu re  l i m i t s  m e t a b o l i c  r a t e s .  Reaera t ion  o f  t h e  s t ream is improved 
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lower t empera tu res  and t u r b u l e n c e  induced by h i g h e r  s t r e a m  f low,  r e s u l t i n g  
i n  d i s s o l v e d  oxygen l e v e l s  n e a r  s a t u r a t i o n  (Figs ,  9-11) i n  s p i t e  o f  t h e  
abundant o r g a n i c  m a t t e r  and decomposer popula t ions .  The p r o p o r t i o n s  of 
over land  runof f  t o  b a s e  f low change between f r o n t a l  r a i n s t o r m  e v e n t s ,  b u t  
t h e  b u l k  o f  t h e  s t ream f low appears  t o  be o v e r l a n d  runof f  a s  evidenced by 
t h e  lower c o n d u c t i v i t i e s  (Figs .  9-11) and c o n c e n t r a t i o n s  of s o l u b l e  
c o n s t i t u e n t s  (Figs .  25, 26).  It i s  a l s o  p o s s i b l e  t h a t  a  p o r t i o n  of t h e  
s t ream d i s c h a r g e  i s  s u b s u r f a c e  d r a i n a g e  w i t h o u t  t h e  h i g h  c o n c e n t r a t i o n s  o f  
s o l u t e s  t y p i c a l  o f  deeper  groundwater. The abundance o f  oxygen i n  t h e  w a t e r  
m a i n t a i n s  a e r o b i c  c o n d i t i o n s  i n  t h e  s u r f a c e  l a y e r s  of t h e  swamp s o i l  and 
stream sediment.  The high redox p o t e n t i a l  from autumn th rough  s p r i n g  t e n d s  
t o  keep i r o n  i n  i t s  l e s s  s o l u b l e  o x i d i z e d  form and t h e r e f o r e  a s s o c i a t e d  
p r i m a r i l y  wi th  t h e  sed iments ;  i t s  t o t a l  c o n c e n t r a t i o n  i n  t h e  w a t e r  i s  low 
excep t  when t u r b i d i t i e s  a r e  h igh  dur ing  s p a t e s  (Figs .  35, 36). I n o r g a n i c  
n i t r o g e n  l e v e l s  a r e  v e r y  low, t h e  N O T  and N H ~  i n  t h e  r a i n w a t e r  having been 
l a r g e l y  removed f o r  h e t e r o t r o p h i c  decomposit ion of t h e  l e a f  l i t t e r  (Brinson 
1977b;Kaushik and Hynes 1971 ; Howarth and F i s h e r  l 9 7 6 ) ,  by f  i larnentous  a l g a e  
i n  l a t e  w i n t e r ,  and perhaps  by t h e  abundant a d v e n t i t i o u s  t r e e  r o o t s .  How- 
e v e r  t h e  r a t i o  of NO; t o  NH? i s  h i g h  when compared t o  summer r a t i o s .  F i l t e r -  
a b l e  reac t ive -P  l e v e l s  a r e  a l s o  a t  t h e i r  l o w e s t  levels o f  t h e  y e a r  (F igs .  17- 
19)  f o r  t h e  same reasons  t h a t  i n o r g a n i c  N i s  low (Brinson 1977b, b u t  a l s o  
pe rhaps  because  of t h e  low s o l u b i l i t y  o f  i n o r g a n i c  phosphate  s a l t s  (Stumm 
and Morgan 1970). The o r g a n i c  forms of  N and P  a r e  a l s o  l e s s  c o n c e n t r a t e d  
than i n  summer, b u t ,  i n  v iew of t h e  h i g h e r  f low r a t e s  of w i n t e r ,  t h i s  i s  
c l e a r l y  a  p e r i o d  of s u b s t a n t i a l  p roduc t ion  and r e l e a s e  of o r g a n i c  N and P 
i n t o  t h e  swamp s t r e a m  i n  s p i t e  of t h e  low temperatures .  

The o t h e r  p e r i o d  of t h e  y e a r  which may b e  d i s t i n g u i s h e d  by c h a r a c t e r i s -  
t i c s  of w a t e r  q u a l i t y  i n  n a t u r a l  C o a s t a l  P l a i n  s t reams  i s  t h e  warm s e a s o n ,  
low-flow p e r i o d  from about  May u n t i l  November. Although t h e  stream s t a g e  
may r i s e ,  and f l o o d i n g  o f  t h e  bottomlands may o c c u r  f o l l o w i n g  heavy r a i n s  
dur ing  any month of t h e  summer-fall season ,  t h e  s t ream is  w i t h i n  i t s  channe l  
most of t h e  t ime (Fig. 2). A s  t h e  s t ream s t a g e  f a l l s  i n  s p r i n g ,  o r  a f t e r  a 
summer s p a t e ,  i t  l e a v e s  behind a  few sha l low,  s t a g n a n t ,  w a t e r - f i l l e d  depres-  
s i o n s  on t h e  f lood-p la in  which s lowly  d ry  down. Secondary s t ream channe l s  
become i n t e r m i t t e n t  a s  t h e  s t ream f i n a l l y  drops  i n t o  i t s  main channel.  The 
swamp f o r e s t  f l o o r  i s  d r a i n e d  of w a t e r  b u t  t h e  w a t e r  t a b l e  i s  n o t  f a r  below 
t h e  s u r f a c e .  During p e r i o d s  o f  d rought  t h e  s t r e a m  may cease  f lowing e n t i r e l y  
and become o n l y  a  s e r i e s  o f  s t a g n a n t  poo ls  i n  t h e  d e e p e s t  d e p r e s s i o n s  o f  t h e  
main channel.  Thus, f o r  most o f  t h e  summer t h e s e  headwater streams t r a n s p o r t  
l i t t l e  o r  no w a t e r  and t h e  low f lows p rov ide  a lmos t  no p h y s i c a l l y  d e r i v e d  
tu rbu lence .  Although much of  t h e  o r g a n i c  m a t t e r  from l e a f  f a l l  o f  t h e  pre-  
v i o u s  autumn has  been decomposed (Brinson 19776), t h e r e  a r e  s t i l l  abundant 
s u p p l i e s  of l e a f  l i t t e r  on t h e  swamp f l o o r  and i n  t h e  s t r e a m  channel.  
Because of t h e  low summertime s t ream d i s c h a r g e ,  s u f f i c i e n t  amounts of t h i s  
o r g a n i c  m a t t e r  e n t e r  t h e  s t ream now t o  r a i s e  t h e  c o n c e n t r a t i o n s  o f  t o t a l  
o r g a n i c  C ,  c o l o r ,  t o t a l  o r g a n i c  N ,  f i l t e r a b l e  r e a c t i v e - P ,  and p a r t i c u l a t e  P  
(Figs .  9-11, 29).  The f i s h e s ,  and perhaps  some of t h e  m a c r o - i n v e r t e b r a t e s ,  
now have a v a i l a b l e  a  much narrower  s t ream h a b i t a t  than d u r i n g  t h e  w i n t e r  and 
t h e i r  oxygen demand i s  the reby  c o n c e n t r a t e d  w i t h i n  a s m a l l e r  area; t h e i r  
e x c r e t a  is  a l s o  concen t ra ted .  R is ing  wate r  t empera tu re  i n c r e a s e s  t h e  s p e c i f i c  
m e t a b o l i c  r a t e s  of a l l  of t h e  b i o t a  c r e a t i n g  i n c r e a s e d  oxygen consumption a t  
a  t ime when oxygen s o l u b i l i t y  and t h e  r e a e r a t i o n  r a t e  have both  been lowered.  



Oxygen p r o d u c t i o n  by a q u a t i c  a l g a e  o r  macrophytes is  n e g l i g i b l e  most o f  t h e  
t ime because  of low l i g h t  under  t h e  swamp t r e e  canopy. Fi lamentous  a l g a e ,  
abundant dur ing  w i n t e r  and e a r l y  s p r i n g ,  d e c r e a s e  i n  abundance a f t e r  t h e  
l e a v e s  come o u t  on t h e  canopy t r e e s .  Brinson (1977a)has s u g g e s t e d  t h a t  N 
and P s t o r e d  d u r i n g  growth of f i l amentous  a l g a e  a r e  now r e l e a s e d  f o r  u t i l i z a -  
t i o n  e lsewhere  i n  t h e  ecosystem. The D.O. l e v e l s  i n  t h e  s t r e a m  may approach 
u n d e t e c t a b l e  l e v e l s  (Figs .  9-11) d u r i n g  p e r i o d s  of ze ro  s t r e a m  flow. During 
t h e  s u m e r  what f low e x i s t s  is main ta ined  p r i m a r i l y  by groundwater w i t h  i t s  
h i g h e r  c o n c e n t r a t i o n s  o f  s o l u t e s  b u t  lower D.O. than s u r f a c e  runof f  would 
have. The h i g h e r  c o n d u c t i v i t i e s  and s o l u b l e  m e t a l s  (F igs .  9-11, 25,  26) 
r e f l e c t  t h i s  l a r g e r  p r o p o r t i o n  o f  b a s e  f low,  b u t  i n c r e a s e s  i n  t h e  concentra-  
t i o n  of s a l t s  i n  t h e  groundwater and t h e  s t r e a m  by t r a n s p i r a t i o n  o f  t h e  
swamp t r e e s  may a l s o  c o n t r i b u t e .  The s c a r c i t y  o f  oxygen and t h e  lowered 
redox p o t e n t i a l  d u r i n g  summer and f a l l  c o n s t i t u t e  a  pr ime c o n t r o l l i n g  f a c t o r  
i n  t h e  f u n c t i o n i n g  o f  t h e  swamp s t ream.  It e x e r t s  a s t r e s s  on f i s h e s  i n  t h e  
s t ream;  t h e i r  r o l l i n g  a t  t h e  s u r f a c e  f o r  oxygen r o i l s  t h e  w a t e r  and may be  
a  major c o n t r i b u t o r  t o  h i g h  t u r b i d i t i e s ,  p a r t i c u l a t e  P ,  and o t h e r  p a r t i c u -  
l a t e s  dur ing  s t a g n a n t  pe r iods .  T h e i r  e x c r e t a  would a l s o  t end  t o  accumulate.  
F i s h  k i l l s ,  however, a r e  n o t  obvious and summer f i s h  p o p u l a t i o n s  a r e  g e n e r a l -  
l y  h i g h e r  i n  swamp s t r e a m s  than i n  channe l ized  s t reams  ( T a r p l e e ,  e t  a l .  1971).  
F i sh  and c r a y f i s h  t r a p p e d  i n  s h a l l o w  i s o l a t e d  p o o l s  a r e  h e a v i l y  p reyed  upon 
so  t h a t  t h e i r  p o p u l a t i o n s  a r e  v i r t u a l l y  e l i m i n a t e d  b e f o r e  t h e  p o o l s  become 
complete ly  a n a e r o b i c  o r  d r y  up. Concen t ra t ions  o f  i r o n  a r e  h i g h  d u r i n g  
summer. A l l  forms o f  n i t r o g e n  and phosphorus a r e  more abundant  t h a n  i n  
w i n t e r  (Figs.  17-19) i n  s p i t e  o f  t h e  expec ted  demands f o r  t h e s e  n u t r i e n t s  by 
t r e e s  dur ing  t h e  growing season  and t h e  more r a p i d  l e a c h i n g  o f  n i t r a t e  from 
s o i l s  i n  w i n t e r  (Gambrell,  e t  al .  1974).  Ammonium c o n c e n t r a t i o n s  t end  t o  b e  ..-- 
much h i g h e r  than  t h o s e  of n i t r a t e  a s  ammonium e x c r e t e d  by an imals  o r  r e l e a s e d  
by a n a e r o b i c  decomposit ion of o r g a n i c  m a t t e r  accumulates  f a s t e r  t h a n  i t  can 
be  u t i l i z e d  o r  o x i d i z e d  a t  t h e  low D.O. l e v e l s .  N i t r a t e  i s  n o t  r e t a i n e d  by 
s o i l s  a s  s t r o n g l y  a s  ammonium (Gambrell ,  ets. 1974) and movement of n i t r a t e  
i n t o  s t r e a m  channe l s  w i t h  groundwater may b e  impor tan t  d u r i n g  t h e  summer 
per iod .  Not o n l y  ammonium, b u t  a l s o  t h e  o r g a n i c  forms of N and P r e a c h  t h e i r  
h i g h e s t  l e v e l s  (F igs .  17-19) and r e f l e c t  t h e  h i g h e r  l e v e l s  o f  c o l o r  and t o t a l  
o r g a n i c  carbon i n  t h e  s t r e a m  water .  Whether t h e s e  o r g a n i c  compounds a r e  
a c t u a l l y  produced a t  h i g h e r  r a t e s  under  a n o x i c  summer c o n d i t i o n s  o r  whether  
they a r e  s imply n o t  used o r  f l u s h e d  away a s  r a p i d l y  by g r e a t e r  s t r e a m  d i s -  
charge has  n o t  been determined. 

Metabolism and Elementa l  Cycling i n  Channel ized Streams 

The r e s u l t s  of t h e  p r e s e n t  s t u d y  a l s o  b e a r  on some a s p e c t s  of t h e  
e c o l o g i c a l  f u n c t i o n i n g  o f  channe l ized  s t reams .  None of t h e  channe l ized  
s t r e a m s t u d i e d  h e r e  showed low d i s s o l v e d  oxygen l e v e l s  i n  summertime and 
t h e r e f o r e  redox p o t e n t i a l  i s  n o t  major v a r i a b l e  c o n t r o l l i n g  t h e  form and 
abundance o f  i r o n ,  manganese, n i t r o g e n ,  carbon,  o r  s u l f u r  i n  t h e  s t r e a m  it- 
s e l f .  Fur thermore,  t h e  s t r e a m  i s  conf ined  t o  t h e  excava ted  channe l  a lmost  
a l l  of  t h e  t ime (Fig.  2 ) .  For  a  g iven d i s c h a r g e  t h i s  i n c r e a s e s  i t s  mean 
dep th  and v e l o c i t y ,  d e c r e a s e s  i t s  s u r f a c e  a r e a ,  and l a r g e l y  e l i m i n a t e s  i t s  
c o n t a c t  w i t h  l e a f  l i t t e r  of a  f o r e s t  f l o o r  compared t o  a  n a t u r a l  s t r eam.  
The channe l ized  s t r e a m s  main ta ined  a  c e r t a i n  minimum f low a t  a l l  t imes  be- 
cause of t h e i r  g r e a t e r  dep th  r e l a t i v e  t o  t h e  w a t e r  t a b l e .  The r e s u l t a n t  
c o n s t a n t  t u r b u l e n c e ,  l e s s  a l loch thonous  o r g a n i c  m a t t e r  i n p u t  from t h e  


















































