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ABSTRACT 

L a r g e  a r e a s  of  i r r e g u l a r l y  f l o o d e d  N o r t h  C a r o l i n a  s a l t  marsh dominated  by 

n e e d l e r u s h  ( Juncus  r o e m e r i a n u s )  h a v e  been  d i t c h e d  i n  a n  a t t e m p t  t o  c o n t r o l  

mosqu i to  b r e e d i n g .  A c o m p a r a t i v e  s t u d y  o f  d i t c h e d  and  u n d i t c h e d  marshes  a t  

t h r e e  l o c a t i o n s  i n  C a r t e r e t  Co.,  N .  C . ,  was c a r r i e d  o u t  t o  d e t e r m i n e  t h e  e x t e n t  

of e c o l o g i c a l  c h a n g e s .  

The d i t c h e s  i n c r e a s e  t h e  a r e a  of a q u a t i c  h a b i t a t  i n  t h e  marshes  by a  f a c t o r  

of a b o u t  5 .  They a r e  i n h a b i t e d  by l a r g e  numbers of  j u v e n i l e  f i s h e s ,  c r a b s ,  and 

s h r i m p ,  e s p e c i a l l y  d u r i n g  l a t e  w i n t e r ,  s p r i n g ,  and e a r l y  summer. They t h e r e b y  

i n c r e a s e  t h e  amount of n u r s e r y  ground f o r  f i s h  and c r u s t a c e a n s ,  i n c l u d i n g  some 

of commercia l  and s p o r t s  i n t e r e s t .  Animal v a r i e t y  i n  d i t c h e s  was low, p e r h a p s  

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

grow w e l l ;  many d i d  n o t  s u r v i v e  b e c a u s e  of s i l t i n g .  I t  i s  u n l i k e l y  t h a t  o y s t e r s  

o r  sh r imp  cou ld  b e  c u l t u r e d  s u c c e s s f u l l y  on a  commercia l  b a s i s  i n  t h e  d i t c h e s .  

Record ing  t i d e  guage  d a t a  c o l l e c t e d  f o r  20 months showed t h a t  marshes  a r e  

f l o o d e d  10-28% of  t h e  t i m e .  F i d d l e r  c r a b s  were  p r e s e n t  on a l l  mar shes .  Dur ing  

f l o o d  t i d e s  f i s h e s  o c c u r  on b o t h  d i t c h e d  and u n d i t c h e d  marshes ,  o c c a s i o n a l l y  i n  

l a r g e  numbers.  Excep t  f o r  t h e  d i r e c t  e f f e c t s  of t h e  s p o i l  which was p i l e d  on 

t o p  of  t h e  marsh d u r i n g  d i t c h i n g ,  t h e r e  were  n o t  l a r g e  changes  e v i d e n t  i n  t h e  

d e n s i t y  and  growth  of  J u n c u s .  Brushy v e g e t a t i o n ,  e s p e c i a l l y  B a c c h a r i s  and 5, 

h a s  invaded  many of t h e  s p o i l  p i l e s  and i n  some c a s e s  grown up a l o n g  t h e  d i t c h e s .  

T h i s  i n v a s i o n  by b rushy  s p e c i e s  h a s  c o n t i n u e d  d u r i n g  t h e  two y e a r  s t u d y .  F a i l u r e  

of v e g e t a t i o n  t o  s i g n i f i c a n t l y  c o v e r  many s p o i l  p i l e s  even  a f t e r  e i g h t  y e a r s ,  and 

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

i s  c a u s e  f o r  c o n c e r n .  
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SUMMARY AND CONCLUSIONS 

I r r e g u l a r l y  f l o o d e d  c o a s t a l  mar shes  of  Nor th  C a r o l i n a  u s u a l l y  a r e  dominated  

by J u n c u s  r o e m e r i a n u s .  These  marshes  a r e  d r a i n e d  by s m a l l  t i d a l  c r e e k s ,  and i n  

many p l a c e s  by man-made m o s q u i t o - c o n t r o l  d i t c h e s  which c o n t a i n  w a t e r  and a q u a t i c  

o rgan i sms  even  a t  low t i d e .  Mosqui to  c o n t r o l  d i t c h e s  i n  l a r g e  f l a t  expanses  of 

J u n c u s  marsh occup ied  a b o u t  6 %  of t h e  marshes  s t u d i e d  and t h e  s p o i l  p i l e s  occup ied  

a b o u t  11%. 

D i t c h e s  i n c r e a s e d  t h e  a r e a  of a q u a t i c  h a b i t a t  of t h e  marsh by a b o u t  500%. The 

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

m u l l e t ,  b l u e  c r a b s ,  and brown sh r imp  were  t h e  most  abundan t  f i s h e s  and c r u s t a c e a n s  

of commercia l  i n t e r e s t .  Mummichogs, bay a n c h o v i e s ,  s i l v e r s i d e s ,  p i n f i s h ,  and g r a s s  

sh r imp  were  a l s o  abundan t  i n  t h e  d i t c h e s ;  t h e s e  non-commercial  s p e c i e s  p r o v i d e  

food  f o r  l a r g e r  a n i m a l s .  D i t c h e s  had more s p o t  and brown sh r imp  t h a n  d i d  c r e e k s  

i n  summer, b u t  t h e  c r e e k s  had more mummichogs, m u l l e t ,  and g r a s s  sh r imp  d u r i n g  

December - F e b r u a r y .  D i t c h e s  have  v e r t i c a l  s i d e s  and no i n t e r t i d a l  S p a r t i n a  

a l t e r n i f l o r a  o r  J u n c u s  s u c h  a s  o c c u r s  a l o n g  n a t u r a l  c r e e k s .  Thus f i s h e s  and 

c r u s t a c e a n s  may n o t  have  a s  much food  and p r o t e c t i o n  i n  t h e  d i t c h e s  a s  i n  t h e  

c r e e k s  d u r i n g  w i n t e r .  S a l i n i t i e s  i n  t h e  d i t c h e s ,  c r e e k s ,  and e s t u a r i e s  f l u c t u a t e  

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

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

c u l t u r e  b e c a u s e  of  a d v e r s e  s a l i n i t y  and s i l t  r eg imes ,  and b e c a u s e  t h e  l i m i t e d  t i d a l  

f l u x e s  of summer may n o t  p r o v i d e  enough food  o r  oxygen. 

Da ta  f rom r e c o r d i n g  t i d e  guages  m a i n t a i n e d  f o r  20 months a t  t h e  two s t u d y  

s i t e s  showed t h a t  J u n c u s  marshes  a t  Nor th  R i v e r  were  f l o o d e d  363 t i m e s  d u r i n g  

t h e  p e r i o d  and 9 . 2 %  of t h e  t ime ;  marshes  a t  W i l l i s t o n  were  f l o o d e d  532 t i m e s  and 

28% of t h e  t i m e .  T h e s e  marsh f l o o d i n g s  a f f o r d  ample  o p p o r t u n i t y  f o r  n u t r i e n t  

exchanges  t o  o c c u r  be tween t h e  marsh and e s t u a r y .  About 30% of t h e  p a r t i c u l a t e  



p h o s p h a t e  p r e s e n t  i n  w a t e r  pumped o n t o  a J u n c u s  marsh was removed b e f o r e  t h e  

w a t e r  r e e n t e r e d  t h e  d i t c h ,  p e r h a p s  b e c a u s e  of p h y s i c a l  en t r apmen t  on t h e  

marsh s u r f a c e  o r  on J u n c u s  l e a v e s .  

J u n c u s  was t h e  dominant  p l a n t  i n  t h e  s t u d y  a r e a  and a e r i a l  s u r v e y s  i n -  

d i c a t e d  t h a t  i t  dominated  most  d i t c h e d  marshes  i n  Nor th  C a r o l i n a .  D i t c h e s  h a v e  

had l i t t l e  a p p a r e n t  e f f e c t  on t h e  e x t e n s i v e  s t a n d s  of J u n c u s  be tween t h e  rows 

of s p o i l  p i l e s .  D i t c h s i d e  l i v e  J u n c u s  o f t e n  had a  h i g h e r  s t a n d i n g  c r o p  t h a n  

d i t c h e d  o r  u n d i t c h e d  marsh ,  b u t  t h e  s t a n d i n g  c r o p  of d y i n g  and dead  d i t c h s i d e  

J u n c u s  was u s u a l l y  l e s s .  S i g n i f i c a n t  amounts of  D i s t i c h l i s  were  p r e s e n t  i n  t h e  

d i t c h s i d e  marsh a t  Nor th  R i v e r  and q u a n t i t i e s  of B o r r i c h i a  grew i n  d i t c h s i d e  

marshes  a t  W i l l i s t o n .  

Juncus  marshes  were  l i t t l e  a f f e c t e d  by t r o p i c a l  s t o r m s  and m i l d  h u r r i c a n e s ;  

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

i n l a n d  a r e a s .  Approximate ly  270 g/m2 of J u n c u s  were  removed f rom t h e  marsh a t  

Nor th  R i v e r - E a s t  by one t r o p i c a l  s t o r m ,  b u t  a second s t o r m  w i t h  h u r r i c a n e  f o r c e  

winds  had  no d i s c e r n i b l e  e f f e c t .  I n n u n d a t i o n s  by l u n a r  t i d e s ,  wind t i d e s ,  s t o r m s  

o r  c o m b i n a t i o n s  o f  t h e s e  c a u s e s  p r o b a b l y  remove l a r g e r  amounts  of small d e t r i t u s  

p a r t i c l e s ,  f i l a m e n t o u s  a l g a e ,  and s o l u b l e  s u b s t a n c e s  t h a n  of l a r g e  J u n c u s  f r a g -  

men t s .  

V e g e t a t i o n  c o v e r e d  62% and 64% of s p o i l  p i l e  s u r f a c e s  a t  Nor th  R i v e r  and 

W i l l i s t o n ,  r e s p e c t i v e l y ,  w i t h  a  r a n g e  of 5-1002 c o v e r a g e  on i n d i v i d u a l  p i l e s .  

I n  s p i t e  of t h e  v e g e t a t i o n ,  s p o i l  p i l e s  a t  Nor th  R i v e r  and W i l l i s t o n  e r o d e d  t o  

p roduce  a  l e v e e  t h a t  r e t a i n e d  w a t e r  a f t e r  r a i n  f a l l  o r  e b b i n g  t i d e s .  The long-  

term e f f e c t  of t h i s  w a t e r  r e t e n t i o n  on J u n c u s  i s  n o t  c l e a r ,  b u t  some J u n c u s  

d i e b a c k  seemed t o  b e  o c c u r r i n g  i n  s e v e r a l  a r e a s .  O the r  s m a l l  a r e a s  of  dead  J u n c u s  

were  found b e h i n d  s p o i l  p i l e s .  T h i s  dead  J u n c u s  may p r o v i d e  c o n d i t i o n s  f o r  

development o f  s h a l l o w  d e p r e s s i o n s  i n  t h e  d i t c h e d  marshes  t h a t  w i  11 h o l d  enough 

w a t e r  t o  p e r m i t  mosqu i to  b r e e d i n g .  I n v a s i o n  of marsh p e r i m e t e r s  by b rushy  



s p e c i e s ,  e s p e c i a l l y  B a c c h a r i s  and +, i s  o c c u r r i n g  i n  some marshes ,  b u t  

d e t e r m i n a t i o n  of t h e  r a t e  of i n v a s i o n  would r e q u i r e  long- term r e s e a r c h .  

J u n c u s  marshes  a r e  u t i l i z e d  by numbers of m a r i n e  a n i m a l s .  F i s h e s  and 

f i d d l e r  c r a b s  were p r e s e n t  i n  b o t h  d i t c h e d  and u n d i t c h e d  marshes ,  and on one 

o c c a s i o n  tremendous s c h o o l s  of  mumrnichogs were  p r e s e n t  i n  t h e  W i l l i s t o n  

m a r s h e s .  

Marshlands  a r e  moving i n l a n d  a s  s e a  l e v e l  c o n t i n u e s  t o  r i se  a n d ,  as a  

r e s u l t ,  any b e n e f i c i a l  e n t o m o l o g i c a l  e f f e c t s  of d i t c h e s  may b e  n e g a t e d .  D i t c h e s  

i n  s i l t y  s o i l  a t  Newport R i v e r  show d i t c h e s  d e t e r i o r a t e  r a p i d l y  i n  l e s s  t h a n  

10 y e a r s .  B o a t i n g  i n  mosqu i to  c o n t r o l  d i t c h e s  s t i r s  up s i l t ,  c o n t r i b u t e s  t o  

bank e r o s i o n ,  l i b e r a t e s  t o x i c  hydrogen s u l f i d e ,  and may lower  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. A m o r i t o r i u m  on d i t c h i n g  of a l l  Nor th  C a r o l i n a  s a l t  mar shes  s h o u l d  b e  

e s t a b l i s h e d .  T h i s  m o r i t o r i u m  s h o u l d  r ema in  i n  e f f e c t  u n t i l  ( a )  d i t c h i n g  

f o r  mosqu i to  aba temen t  i s  c l e a r l y  d e m o n s t r a t e d  t o  b e  e f f e c t i v e  and 

economica l ly  wor th -wh i l e ,  and (b )  t h e r e  i s  s a t i s f a c t o r y  d e m o n s t r a t i o n  t h a t  

e s t u a r i n e  f i s h  and s h e l l f i s h  p o p u l a t i o n s  a r e  n o t  harmed by lowered  s a l i n -  

i t i e s  and i n c r e a s e d  s i l t  r e s u l t i n g  f rom more r a p i d  run-off  of w a t e r  f rom 

marshes  and h i g h e r  ground.  The bu rden  o f  proof  of t h e  v a l u e  of d i t c h e s  

f o r  mosqu i to  c o n t r o l  and t h e  l a c k  of any s i g n i f i c a n t  a d v e r s e  e c o l o g i c a l  

e f f e c t s  s h o u l d  f a l l  upon t h e  a g e n c i e s  which w i l l  s u p p o r t  o r  pe r fo rm t h e  

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

11. I f  s u b s t a n t i a l  s c i e n t i f i c  i n v e s t i g a t i o n s  show t h a t  d i t c h i n g  g e n e r a l l y  

p r o v i d e s  r e a l  r e d u c t i o n  of  mosqu i to  p o p u l a t i o n s  a t  r e a s o n a b l e  c o s t ,  t h e  

f o l l o w i n g  recommendat ions  s h o u l d  b e  implemented:  

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

p r o j e c t .  T h i s  impac t  s t a t e m e n t  s h o u l d  b e  b a s e d  upon p r i o r  e c o l o g i c a l ,  

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

T r a c t s  of J u n c u s  marsh d i f f e r  markedly  i n  many ways, even  w i t h i n  t h e  

same c o u n t y ,  and c a s u a l  o b s e r v a t i o n s  o r  s t u d i e s  c a r r i e d  o u t  on a n  

i r r e g u l a r  b a s i s  may b e  g r o s s l y  m i s l e a d i n g .  T h i s  recommendation i s  

s p e c i f i c a l l y  aimed a t  d e n i a l  of s t a t e - w i d e  o r  county-wide  b l a n k e t  

a p p r o v a l  of  d i t c h i n g  programs.  

B. P r i o r  a p p r o v a l  f rom s t a t e  and f e d e r a l  a g e n c i e s  s h o u l d  b e  o b t a i n e d  f o r  

e a c h  p r o j e c t .  They s h o u l d  r e c e i v e  c o p i e s  of t h e  e n v i r o n m e n t a l  impac t  

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

e a c h  t r a c t .  Approval  s h o u l d  b e  s o u g h t  from: S t a t e  Depar tment  of 

C o n s e r v a t i o n  and Development,  S t a t e  Board of H e a l t h ,  S t a t e  Depar tment  o f  



Water and A i r  Resources ,  S t a t e  W i l d l i E c  Resources  Commission, 

N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e ,  Bureau o f  S p o r t s  F i s h e r i e s  

and  W i l d l i f e ,  Env i ronmen ta l  P r o t e c t i o n  Agency, Army Corps of 

E n g i n e e r s ,  and t h e  S o i l  C o n s e r v a t i o n  S e r v i c e .  The l a r g e  number 

of a g e n c i e s  t o  b e  c o n t a c t e d  r e f l e c t s  t h e  complex it^ of t h e  

e c o l o g i c a l  q u e s t i o n s  i n v o l v e d .  

111. I f  a p p r o v a l  i s  g i v e n  t o  d i t c h i n g  of a  c e r t a i n  t r a c t  of  mar sh land ,  t h e  

f o l l o w i n g  recommendations a r e  made: 

A. D i t c h i n g  s h o u l d  be  c o n s i d e r e d  t o  b e  e x p e r i m e n t a l  f o r  che n e x t  f i v e  

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

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

which r e s u l t .  

B .  D i t c h i n g  s h o u l d  be conduc ted  s o  as t o  c o v e r  t h e  minimum a r e a  n e c e s s a r y  

t o  r e d u c e  mosqu1.to b r e e d i n g .  P a r a l l e l  d i t c h i n g  of huge t r a c t s  migh t  

be  r e p l a c e d  by a  s i n g l e  p e r i m e t e r  d i t c h  w i t h  l a t e r a l s  e x t e n d i n g  

o n l y  t o  low a r e a s  known t o  c o n t a i n  s t a g n a n t  w a t e r .  

C .  D i t c h e s  s h o u l d  b e  na r row,  no more t h a n  5 f e e t  wide .  Sa r row d i t c h e s  

w i l l  r e s u l t  i n  s m a l l e r  amounts of s p o i l  and t h e r e b y  t e n d  t o  a v o i d  

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

e f f e c t s .  P l acemen t  of  s p o i l  s h o u l d  b e  c a r e f u l l y  done  t o  a v o i d  fo rming  

s u c h  l e v e e s .  Narrow d i t c h e s  w i l l  a l s o  d i s c o u r a g e  motor b o a t s  f rom 

e n t e r i n g .  B o a t s  s h o u l d  b e  e x c l u d e d  f rom d i t c h e s  b e c a u s e  t h e y  s t i r  up 

s e d j m e n t s  f rom t h e  bo t tom and t h e r e b y  i n c r e a s e  t h e  amount of  s i l t i n g  

of o y s t e r  b e d s .  Sediment  d i s t u r b a n c e  a l s o  r e l e a s e s  t o x i c  hydrogen  

s u l f i d e  which may i n j u r e  a n i m a l s  i n  t h e  c r e e k s  and d i t c h e s .  F i n a l l y ,  

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

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



IV. 

D .  Where p o s s i b l e ,  d i t c h e s  s h o u l d  d r a i n  i n t o  s m a l l  t i d a l  c r e e k s  n e a r  

t h e i r  mouths r a t h e r  t h a n  t h e i r  h e a d w a t e r s .  T h i s  would h e l p  r e d u c e  

t h e  e f f e c t  of f r e s h w a t e r  d r a i n a g e  and s i l t  on f i s h ,  sh r imp ,  and 

o y s t e r s  i n  t h e  c r e e k s ,  p e r m i t t i n g  them a  r e f u g e  i n  t h e  uppe r  r e a c h e s  

of t h e  c r e e k s .  

E. Mosquito c o n t r o l  d i t c h e s  s h o u l d  n o t  b e  connec ted  t o  r o a d s i d e  d i t c h e s ,  

f a rm d r a i n a g e  d i t c h e s ,  o r  swampland d r a i n a g e  d i t c h e s .  Mosqui to  con- 

t r o l  d i t c h e s  s h o u l d  n o t  b e  j u s t i f i e d  on t h e  b a s i s  o f  up land  d r a i n a g e .  

E c o l o g i c a l  s t u d i e s  s h o u l d  be  r e p e a t e d  f i v e  y e a r s  from now i n  t h e  same 

marsh areas i n v e s t i g a t e d  f o r  t h i s  r e p o r t .  Such s t u d i e s  would p e r m i t  a  

d e t a i l e d  e v a l u a t i o n  of  t h e  r a t e  of change  i n  v e g e t a t i o n  and i n  t h e  

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



INTRODUCTION 

Thz e s t u a r i e s  o f  Nor th  C a r o l i n a  and many o t h e r  c o a s t a l  s t a t e s  have  l a r g e ,  

f l a t  e x p e n s e s  of  w e t l a n d s  dominated  by g r a s s e s  o r  r u s h e s .  The marshes  n e a r  mean 

s e a  l e v e l  a r e  r e g u l a r l y  f l o o d e d  by s e a w a t e r  o r  b r a c k i s h  w a t e r ;  t h e y  p roduce  l u s h  

g rowths  of  t h e  smooth c o r d g r a s s ,  S p a r t i n a  a l t e r n i f l o r a  ( s e e  T a b l e s  1 and 2 f o r  

n o m e n c l a t u r e  of p l a n t s  and a n i m a l s ) .  The s l i g h t l y  h i g h e r  m r s h e s ,  j u s t  above  

mean l u n a r  h i g h  t i d e ,  a r e  f l o o d e d  by s p r i n g  l u n a r  t i d e s  and wind t i d e s .  They 

c o n s i s t  of a n  a l m o s t  unbroken s t a n d  of n e e d l e r u s h ,  j u n c u s  r o e m e r i a n u s .  Nor th  

C a r o l i n a  h a s  a b o u t  58 ,400  a c r e s  (23 ,600  h a . )  of r e g u l a r l y  f l o o d e d ,  and a b o u t  

100,450 a c r e s  (40 ,700  h a . )  of i r r e g u l a r l y  f l o o d e d  ( J u n c u s )  s a l t  mar shes  (Wilson ,  

1 9 6 2 ) .  These  two k i n d s  o f  s a l t  marshes  a r e  c r e d i t e d  w i t h  p r o d u c t i o n  of a  l a r g e  

amount of f o o d  f o r  e s t u a r i n e  a n i m a l s ,  i n c l u d i n g  many s p e c i e s  of f i s h e s  and s h e l l -  

f i s h e s  of commercia l -  and s p o r t s -  f i s h i n g  i n t e r e s t  (Odum, 1 9 6 1 ) .  These  marshes  

p r o v i d e  h a b i t a t  f o r  a  v a r i e t y  o f  i m p o r t a n t  w i l d  b i r d s  and mammals. They con- 

s t i t u t e  b e a u t i f u l  panoramic  v i s t a s .  They a r e  a n  i n t e g r a l  p a r t  of t h e  e n t i r e  

p h y s i c a l ,  c h e m i c a l ,  g e o l o g i c a l ,  and b i o l o g i c a l  s y s t e m  which  c o n s t i t u t e s  our 

e s t u a r i n e  complex.  D i r e c t  u s a g e  by man h a s  g e n e r a l l y  been  s m a l l  b e c a u s e  of 

p e r i o d i c  i n u n d a t i o n  by s a l t  w a t e r .  

These  marsh l a n d s  p r o v i d e  h a b i t a t s  f o r  l a r v a l  m o s q u i t o s  when temporary  p o o l s  

remain  a f t e r  r a i n  o r  t i d a l  f l o o d i n g .  The Nor th  C a r o l i n a  S t a t e  Board of  H e a l t h  h a s  

been  s u p p o r t i n g  programs i n  c o a s t a l  c o u n t i e s  t o  d i t c h  J u n c u s  marshes  and t h e r e b y  

p r o v i d e  d i r e c t  and  s u b - s u r f a c e  d r a i n l g e  of w a t e r  a f t e r  i n u n d a t i o n  and p r e v e n t  

mosqu i to  l a r v a e  f rom d e v e l o p i n g .  About 23 ,000 a c r e s  were  d i t c h e d  be tween 1954 

and 1967 ( B u r d i c k ,  1967) and l a r g e  a r e a s  were  d i t c h e d  b e f o r e  1954 and s i n c e  1967.  

O t h e r  e c o l o g i c a l  e f f e c t s  of  d i t c h i n g  a r e  n o t  u n d e r s t o o d  and many q u e s t i o n s  h a v e  

been  r a i s e d  c o n c e r n i n g  t h e  r o l e  of t h e s e  d i t c h e s  i n  t h e  e s t u a r i n e  ecosys t em.  

U n f o r t u n a t e l y  i n  worth C a r o l i n a  no s u b s t a n t i a l  r e s e a r c h  e f f o r t s  have  been  p u b l i s h e d  



T a b l e  1. P l a n t s  of i r r e g u l a r l y - f l o o d e d  marshes .  S c i e n t i f i c  names a f t e r  
Radf o r d ,  A h l e s ,  and B e l l  (1968) . 

1. Dominant 

J u n c u s  roemer i anus  S c h e e l e  

2 .  Common 

D i s t i c h l i s  s p i c a t a  (L . )  Greene 

S p a r t i n a  p a t e n s  (Ai ton )  Muhl. 

3. O t h e r s  

P i n u s  t a e d a  L .  -- 

S p a r t i n a  a l t e r n i f l o r a  L o i s e l  

S p a r t i n a  c y n o s u r o i d e s  (L . )  Roth .  

Andropogon v i r g i n i c u s  L. 

E l e o c h a r i s  s p .  

S a l i c o r n i a  s p .  

I v a  f r u t e s c e n s  L. - 

Needle  Rush 

S a l t  Gras s  

Saltmeadow C o r d g r a s s  

L o b l o l l y  P i n e  

Smooth Cordgras s  

Broom Sedge  

Sp ike  Rush 

Glasswor t 

Marsh E l d e r  

Eupa to r ium s e r o t i n u m  Michaux 

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

S o l i d a g o  s t r i c t a  A i t o n  Goldenrod 

S o l i d a g o  t e n u i f o l i a  P u r s h .  Goldenrod 

B o r r i c h i a  f r u t e s c e n s  ( L . )  DC.  Sea Ox-eye 

- 



Table  2 .  Animals of d i t c h e s ,  c r e e k s ,  and t i d a l  r i v e r .  S c i e n t i f i c  names 
of f i s h e s  a f t e r  American F i s h e r i e s  S o c i e t y ,  S p e c i a l  P u b l i c a t i o n  
No. 6 (3rd  e d . )  1970. 

S c i e n t i f i c  name Common name 

Elops s a u r u s  (Linnaeus)  Ladyf i s h  

A n g u i l l a  r o s t r a t a  (Lesueur)  

Brevoor t i a  ty rannus  (La t robe)  

Anchoa m i t c h i l l i  (Valenciennes)  

Urophycis r e g i u s  (Walbaum) 

I 
Cyprinodon v a r i e g a t u s  Lacepede 

Synodus f o e t a n s  (Linnaeus)  

Opsanus - t a u  (Linnaeus)  

S t r o n g y l u r a  marina (Walbaum) 

Fundulus h e t e r o c l i t u s  (Linnaeus)  

Fundulus l u c i a e  (Ba i rd )  

Fundulus m a j a l i s  (Walbaum) 

Lucania  p a r v a  (Ba i rd )  

Gambusia a f f i n i s  (Baird  and G i r a r d )  

Menidia spp .  - 

Syngna t h u s  spp . 
Pomatomus s a l t a t r i x  (Linnaeus)  

Caranx l a t u s  (Agass iz)  

S e l e n e  vomer (Linnaeus)  

Lu t j anus  a n a l i s  (Cuvier)  

L u t j a n u s  g r i s e u s  (Linnaeus)  

Eucinos tomus spp.  

American e e l  

A t l a n t i c  menhaden 

Bay anchovy 

S p o t t e d  hake 

Sheepshead minnow 

Inshore  l i z a r d f i s h  

O y s t e r  t o a d f i s h  

A t l a n t i c  n e e d l e f i s h  

Yummichog 

S p o t f i n  k i l l i f i s h  

S t r i p e d  k i l l i f i s h  

Rainwater k i l l i f i s h  

Mosqu i to f i sh  

S i l v e r s i d e s  

P i p e f  i s h  

B l u e f i s h  

Horse-eye j a c k  

Lookdown 

Mutton snapper  

Gray snapper  

Mojarra  

O r t h o p r i s t i s  c h r y s o p t e r a  (Linnaeus)  - P i g f  i s h  



T a b l e  2. ( C o n t . )  

Archosa rgus  p r o b a t o c e p h a l u s  (Walbaum) 

Lagodon rhomboides  (L innaeus )  

B a i r d i e l l a  c h r y s u r a  ( ~ a c g ~ z d e )  - 

Cynoscion n e b u l o s u s  ( C u v i e r )  

Cynosc ion  r e g a l i s  (Bloch  and S c h n e i d e r )  

0 5 
Leios tomus  x a n t h u r u s  Lacepede 

Micropogon u n d u l a t u s  (L innaeus )  

Chae tod ip  t e r u s  f a b e r  ( ~ r o u s s o n e t )  

Mugil  s p p .  

B l e n n i i d a e  

G o b i i d a e  

T r i c h i u r u s  l e p t u r u s  L innaeus  

C i t h a r i c h t h y s  macrops D r e s e l  

P a r a l i c h t h y s  s p p .  

Symphurus p  l a g i u s a  (L innaeus )  

C a l l i n e c t e s  s a p i d u s  Rathbun 

Penaeus  duorarum Burkenroad 

P .  a z t e c u s  I v e s  - 

P.  s e t i f e r u s  (Linnaeus)  - 

Pa laemone te s  p u g i o  H o l t h u i s  

L i b i n i a  s p .  

A lphe idae  

I l l y a n a s s a  o b s o l e t a  (Say) 

Melampus b i d e n t a t u s  Say 

Modiolus demissus  D i l l W n  

Sheep s h e a d  

P i n f  i s h  

S i l v e r  p e r c h  

S p o t t e d  s e a t r o u t  

Weakfish 

Spo t  

A t l a n t i c  c r o a k e r  

A t l a n t i c  s p a d e f i s h  

M u l l e t s  

B l e n n i e s  

Gobies  

A t l a n t i c  c u t l a s s f i s h  

S p o t t e d  w h i f f  

F l o u n d e r s  

Blackcheek t o n g u e f i s h  

B lue  c r a b  

P i n k  sh r imp  

Brown sh r imp  

Whi te  sh r imp  

G r a s s  sh r imp  

S p i d e r  c r a b  

Snapping  sh r imp  

Mud s n a i l  

C o f f e e  bean  s n a i l  

Ribbed m u s s e l  



on t h e  e f f e c t i v e n e s s  of d i t c h e s  f o r  mosqu i to  aba temen t  n o r  of  t h e  e c o l o g i c a l  

consequences  i n  Nor th  C a r o l i n a .  

J u n c u s  marshes  o c c u r  f rom Maryland t o  Texas  (Gleason  and C r o n q u i s t  1 9 6 3 ) ,  

b u t  i n  s p i t e  of t h e  l a r g e  a r e a s  which t h e y  c o v e r ,  h a v e  been  s t u d i e d  less t h a n  

S p a r t i n a  a l t e r n i f l o r a  s a l t  marshes .  Bourn and  Cottam (1950) c o n s i d e r e d  some 

of t h e  b i o l o g i c a l  e f f e c t s  of  d i t c h i n g  S p a r t i n a  marshes .  They found much p l a n t  

s u c c e s s i o n  and r educed  a n i m a l  p o p u l a t i o n s  a s  a  r e s u l t  of d i t c h i n g .  Reimold 

( l 9 6 9 ) ,  working  i n  Spa r  t i n a  a l t e r n i f  l o r a  marshes  i n  Delaware ,  found l e s s  d i s -  

s o l v e d  phosphorus  i n  mosqu i to  c o n t r o l  d i t c h e s  t h a n  i n  n a t u r a l  c r e e k s .  E i s  

d a t a  s u g g e s t e d  t h a t  d i t c h e s  a l t e r  no rma l  s e a s o n a l  v a r i a t i o n s  i n  c o n c e n t r a t i o n  

of d i s s o l v e d  phosphorus .  S t a l t e r  (1968) used  a  r e c o r d i n g  t i d e  guage  r e f e r r e d  

t o  marsh  v e g e t a t i o n  t o  p r e d i c t  t h a t  J u n c u s  marshes  a t  h i s  s t u d y  s i t e  i n  South  

C a r o l i n a  would b e  f l o o d e d  a n  a v e r a g e  of one  hour  p e r  d a y .  The l e n g t h  of  t i m e  

t h e  t i d e  guage  o p e r a t e d  and t h e  t i m e  of y e a r  was n o t  g i v e n .  W a i t s  (1967) found 

t h e  a v e r a g e  h i g h  t i d e  f o r  one y e a r  a t  Bodie  I s l a n d ,  Nor th  C a r o l i n a  was 1 . 2 0  f t .  

above  mean s e a  l e v e l  whereas  t h e  r e l a t i v e l y  p u r e  s t a n d s  of J u n c u s  i n  t h a t  a r e a  

were  1 . 6 2  f t .  above  mean s e a  l e v e l .  U n f o r t u n a t e l y  a v e r a g i n g  maximum d a i l y  t i d a l  

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

a m p l i t u d e  and p r o v i d e s  no d a t a  on d u r a t i o n  of i n n u n d a t i o n .  K u r t z  and Wagner 

(1957) s t u d i e d  J u n c u s  and S p a r t i n a  s a l t  marshes  i n  F l o r i d a  and Sou th  C a r o l i n a  

and found t h a t  a  r i s e  i n  s e a  l e v e l  i s  c a u s i n g  each  c o a s t a l  p l a n t  community t o  

move l andward .  From t h e i r  t r a n s e c t  d a t a  and  s t u d i e s  of t i d e  t a b l e s  t h e y  p r e -  

d i c t e d  t h a t  t h e  f l a t  expenses  of  J u n c u s  marsh would b e  f l o o d e d  a p p r o x i m a t e l y  8 1  

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

a g g r a d i n g  as f a s t  a s  t h e  s e a  l e v e l  i s  r i s i n g .  More r e c e n t  d a t a  (Mead and Emory, 

1971) shows t h a t  s e a  l e v e l  a l o n g  t h e  e n t i r e  A t l a n t i c  C o a s t  c o n t i n u e s  t o  r i s e  and 

t h a t  f o r  t h e  area between Cape Cod and Cape H a t t e r a s ,  t h i s  r i s e  f o r  t h e  l a s t  40 



y e a r s  h a s  a v e r a g e d  a b o u t  0 . 3 5  m p e r  hundred  y e a r s .  Dav i s  and Gray (1956) 

d e s c r i b e d  J u n c u s  marshes  and t h e  v a r i e d  i n s e c t  p o p u l a t i o n s  a l o n g  t h e  b r a c k i s h  

w a t e r  e s t u a r i e s  of Nor th  C a r o l i n a .  Adams (1963) d i s c u s s e d  f a c t o r s  a f f e c t i n g  

t h e  d i s t r i b u t i o n  of  marsh communi t ies  i n  Nor th  C a r o l i n a .  Juncus  marshes  a r e  

h i g h l y  p r o d u c t i v e .  The v a l u e s  of l e a f  p r o d u c t i o n  i n  Nor th  C a r o l i n a  r a n g e  f rom 

560 - 1 3 6 1  g / m 2 / y r  ( 2 . 5  - 6 . 0  t o n s / a c r e / y r )  ( F o s t e r ,  1968; S t r o u d  and Cooper ,  

1968; W a i t s ,  1967;  W i l l i a m s  and Murdoch, 1972) .  Al though t h e s e  v a l u e s  a r e  less 

t h a n  p r o d u c t i o n  rates  of S p a r t i n a  a l t e r n i f l o r a  marshes  i n  Georg ia  ( T e a l ,  1962) ,  

t h e  amounts of ene rgy  f i x e d  a r e  h i g h e r  t h a n  many o t h e r  t e r r e s t r i a l  s y s t e m s .  

W i l l i a m s  and Murdoch (1968) obse rved  t h a t  most  of  t h e  dead  J u n c u s  a t  B e a u f o r t ,  

N .  C .  a p p e a r e d  t o  b e  decayed i n  s i t u  by f u n g i  o r  s t o r e d  as p e a t y  m a t e r i a l  and 

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

t h e  n u t r i t i o n  of e s t u a r i n e  o rgan i sms .  A p p a r e n t l y  n e i t h e r  W a i t s  n o r  any p r e v i o u s  

i n v e s t i g a t o r  c o l l e c t e d  c o n c l u s i v e  d a t a  r e g a r d i n g  n u t r i e n t  exchange  be tween 

j u n c u s  marsh and t h e  e s t u a r y ,  a l t h o u g h  Wai t s  d i d  s u g g e s t  t h a t  t h e  most s i g n i f i c a n t  

n u t r i e n t  exchange  would occu r  when t h e  J u n c u s  i s  f l o o d e d  by s p r i n g  t i d e s  o r  wind 

t i d e s .  Byron (1968) s t u d i e d  n u t r i e n t  l e v e l s  d u r i n g  t h e  ebb and f l o o d  t i d e s  a t  a  

t i d a l  c r e e k  which d r a i n s  a  J u n c u s  marsh a t  B e a u f o r t ,  N .  C .  and conc luded  t h a t  

41% of t h e  n i t r o g e n  e n t e r i n g  t h e  J u n c u s  marsh,  v h  t h e  t i d a l  c r e e k ,  was n o t  r e -  

t u r n e d  t o  t h e  e s t u a r y .  Byron,  however,  sampled t h e  e b b t i d e  f low of t h e  c r e e k  

and f o l l o w i n g  f l o o d t i d e  and c o u l d  n o t  be  s u r e  t h a t  t h e  obse rved  changes  i n  n u t r i e n t  

c o n c e n t r a t i o n  r e s u l t e d  f rom i n t e r a c t i o n  w i t h  J u n c u s  marsh.  H e  a l s o  p r o v i d e d  no 

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

t o  h i s  e b b t i d e  sampl ing  p e r i o d s .  

P r e v i o u s  s t u d i e s  of f i s h  and i n v e r t e b r a t e  p o p u l a t i o n s  i n  d i t c h e s  of J u n c u s  

marshes  h a v e  n o t ,  t o  o u r  knowledge,  been  p u b l i s h e d ,  a l t h o u g h  t h e r e  i s  a n  abundan t  

l i t e r a t u r e  r e g a r d i n g  f i s h e s  and i n v e r t e b r a t e s  i n  e s t u a r i n e  env i ronmen t s .  Among 



t h e  more u s e f u l  i c h t h y o l o g i c a l  p a p e r s  a r e  t h o s e  by Anderson (1957) ,  Anderson 

( 1 9 6 2 ) ,  B a y l i f f  (1950) ,  De S y l v a ,  K a l b e r ,  and S c h u s t e r  (1962) ,  Gun te r  and 

H a l l  ( l 9 6 5 ) ,  H a r r i n g t o n  and H a r r i n g t o n  ( l 9 6 l ) ,  K i lby  (1955) , Lewis ,  e t  a l .  -- 
( l 9 7 l ) ,  Reid (1954) , Smith  ( l 9 7 l ) ,  T a g a t z  and Dudley ( l g b l ) ,  and Z i l b e r b e r g  

(1966) .  

The main o b j e c t i v e s  of o u r  s t u d y  were  t o  e v a l u a t e  changes  i n  t h e  marsh 

ecosys t ems  of c o a s t a l  Nor th  C a r o l i n a ,  e s p e c i a l l y  C a r t e r e t  County,  as a r e s u l t  

of d i t c h i n g .  The s p e c i f i c  o b j e c t i v e s  were :  

1. To d e t e r m i n e  t h e  inc remen t  by which d i t c h e s  i n c r e a s e  t h e  t o t a l  c r e e k  

t y p e  ( a q u a t i c )  h a b i t a t  of  a n  e s t u a r y  and t o  measure  t h e  amount of  marsh a l t e r e d  

by d i t c h e s  and s p o i l  p i l e s .  

2 .  To d e s c r i b e  t h e  p o p u l a t i o n s  occupy ing  t h e  d i t c h e s  and t o  d e t e r m i n e  i f  

t h e  d i t c h e s  a r e  u sed  by s i g n i f i c a n t  q u a n t i t i e s  of commerc ia l ly  v a l u a b l e  s p e c i e s .  

3 .  To a s s e s s  t h e  a c q u a c u l t u r a l  p o t e n t i a l s  of d i t c h e s .  

4 .  To measu re  changes  i n  t h e  p l a n t  community s t r u c t u r e  caused  by d i t c h e s ;  

p r imary  emphas is  was p l a c e d  on a l m o s t  p u r e  s t a n d s  of J u n c u s .  

5 .  To d e t e r m i n e  t h e  magn i tude  and d i r e c t i o n  of n u t r i e n t  f l u x  be tween 

J u n c u s  marsh and t h e  nea rby  e s t u a r y  d u r i n g  p e r i o d s  of  i n u n d a t i o n .  



METHODS 

Study a reas  

Three a reas  of Juncus marsh were s tud ied .  The f i r s t ,  North River-West, 

on the  western sho re  of North River between Crabbing Creek and North Creek 

cons i s t ed  of a  151 a c r e  a r ea  d i tched  i n  1968, and a  smal le r  t r a c t  of unditched 

marsh (Figs.  1, 2 ) .  Twenty- t h ree  p a r a l l e l  d i t ches  about 50 m a p a r t  extended 

from a perimeter d i t c h  near t h e  wooded high ground t o  t h e  r i v e r .  The d i t ches  

were numbered from No. 1 on t h e  south t o  No. 23 which i n t e r s e c t e d  North Creek. 

The a reas  between d i t ches  were designated as  numbered s e c t i o n s ,  Sec t ion  1 being 

t h e  a rea  between Ditches No. 1 and 2. 

The second a rea ,  North River-East ,  on t h e  e a s t  s i d e  of North River and 

3200 meters upstream (N)  of North River-West was comprised of contiguous d i t ched  

(1969) and unditched marshes (Fig.  3 ) .  This i s  the  southernmost d i t c h  of a  

s e r i e s  t h a t  extend up North River .  This d i t c h  was terminated before  reaching  the  

r i v e r ,  consequent ly t o  v i s i t  t h i s  s i t e  by boat one must t r a v e l  v i a  t h e  second 

d i t c h  and t h e  perimeter  d i t c h .  These d i t ches  a r e  approximately 3 meters wide 

and t h e r e f o r e  r e a d i l y  a c c e s s i b l e  by smal l  boa ts .  

The t h i r d  s tudy  area was a  1 7 3  a c r e  t r a c t  of d i tched  (1965) marsh between 

t h e  v i l l a g e  of W i l l i s t o n  and Smyrna Creek on t h e  no r th  shore  of J a r r e t t  Bay 

(Fig.  4 ) .  m e n t y - s i x  p a r a l l e l  d i t ches  extended south  from an old causeway d i t c h  

t h a t  t r ansec t ed  t h e  marsh. The d i t ches  were numbered from No. 1 on the  e a s t ' a  

No. 26 on t h e  west which terminated i n  t he  perimeter  d i t c h  t h a t  bordered t h e  west 

end of t he  t r a c t .  

Areas of d i t c h e s  and s p o i l  p i l e s  

A t  t h e  North River-West t r a c t ,  widths of t h e  d i tches  and the  diameters 

of t h e  p i l e s  of e a r t h  ( s p o i l  p i l e s )  depos i ted  by the  d rag l ine  a longs ide  the  

d i t ches  were measured. One d i t c h  was picked a t  random from each of t h e  f i r s t  





F i g .  2 .  A e r i a l  photograph of d i t c h e d  and und i t ched  marsh a t  Nor th  River-West. 
The l i g h t  c o l o r e d  a r e a  of t h e  t o p  r i g h t  was p r i m a r i l y  S p a r t i n a  A l t e r -  
n i f l o r a ,  w i t h  some D i s t i c h l i s .  The t i d e  guage i s  15  s p o i l  p i l e s  from 
bot tom of f i g u r e .  Also v i s i b l e  a r e  t h e  c r e e k  s t a t i o n ,  v e h i c l e  t r a c k s ,  
and cyc lo ida l - shaped  dead s p o t s .  







f i v e  d i t c h e s ,  t h e  middle  5  d i t c h e s  and t h e  l a s t  5 d i t c h e s .  Thus, d i t c h e s  4 ,  

11, and 21  were s e l e c t e d .  Beginning a t  t h e  i n s i d e  ends of t h e  d i t c h e s  and a t  t h e  

2nd s p o i l  p i l e  from t h e  c o r n e r  on t h e  s o u t h  s i d e  o f  t h e  d i t c h ,  every 1 0 t h  s p o i l  

p i l e  was s e l e c t e d .  Concur ren t ly  t h e  n e a r e s t  s p o i l  p i l e  on t h e  n o r t h  s i d e  o f  t h e  

d i t c h  was measured.  On each o f  39 s p o i l  p i l e s  t h e  r a d i u s  was measured a t  4 

p o i n t s  90' a p a r t .  A t  t h e s e  l o c a t i o n s  where p a i r s  o f  s p o i l  p i l e s  were  measured, 

t h e  d i t c h  widths  and dep ths  were  measured and t h e  amount o f  s i l t  i n  t h e  bottom 

of  t h e  d i t c h  was determined.  At t h e  W i l l i s t o n  t r a c t , d i t c h e s  6 ,  17 and 23 were 

s e l e c t e d  and surveys  began a t  J a r r e t t ' s  Bay. 

The d i t c h  l e n g t h s ,  t h e  t o t a l  number o f  s p o i l  p i l e s  a l o n g  t h e  d i t c h e s ,  and 

t h e  t o t a l  a r e a  o f  marsh i n  t h e  d i t c h e d  a r e a  were determined from 1971 s c a l e  

accuracy  a e r i a l  photographs o b t a i n e d  from t h e  A g r i c u l t u r a l  S o i l  Conservat ion 

S e r v i c e .  A compensating p o l a r  p lan imete r  was used t o  de te rmine  t h e  t o t a l  a r e a  

of t h e  d i t c h e d  marsh. The t o t a l  d i t c h e d  a r e a  o f  t h e  North River-West marsh 

s i t e  was bounded on t h e  s o u t h  by a  l i n e  a l o n g  t h e  s o u t h  s i d e  of t h e  s p o i l  p i l e s  

of   itch one,  t h e  l i n e  ex tend ing  from t h e  j u n c t i o n  o f  t h e  p e r i m e t e r  d i t c h  t o  t h e  

r i v e r  (F ig .  1 ) .  The n o r t h  boundary was t h e  n o r t h  s h o r e l i n e  o f  North Creek. The 

p o r t i o n s  o f  d i t c h e s  1, 2,  8 ,  and 14 o u t s i d e  t h e  boundary o f  t h e  p e r i m e t e r  d i t c h  

and e n t e r i n g  t h e  woods o r  h i g h  ground were  omi t t ed  from c o n s i d e r a t i o n .  L a t e r a l  

d i t c h e s  ex tend ing  northward from  itch 3 ,  northward from Di tch  23>and d i t c h  

sys tems ex tend ing  southward from North Creek were i n c l u d e d .  North Creek was 

c o n s i d e r e d  t o  be t h e  p r e - e x i s t i n g  n a t u r a l  d r a i n a g e  (water  a r e a )  f o r  t h e  d i t c h e d  

marsh . 

Tide  r e c o r d s  

Recording t i d e  gauges were  i n s t a l l e d  a t  D i t c h  1 a t  t h e  North River-West s i t e  

and a t  D i t c h  3 a t  W i l l i s t o n  (Fig.  1, 4 ,  5 ) .  P i l i n g s  (18' x 6") were j e t t e d  

t o  8  f e e t  below t h e  l e v e l  o f  t h e  d i t c h  bottom. The s t i l l i n g  chambers, c o n s t r u c t e d  



pile. 



of  1" x  12" x  1 0 '  p lanks ,  had a  c l o s e d  bottom and r e s t e d  on t h e  d i t c h  bottom. 

T i d e  s t a f f s  were  a t t a c h e d  t o  t h e  s t i l l i n g  chambers. Temporary bench marks of ga l -  

van ized  p i p e  were d r i v e n  2  m i n t o  t h e  marsh. Marsh l e v e l  was cons idered  t o  be t h e  

average  s o i l  e l e v a t i o n  a t  p o i n t s  approximately  15 mete r s  on each s i d e  of t h e  d i t c h .  

A Gurley-Nikon au tomat ic  l e v e l ,  model BP, and a l e v e l  rod  were used t o  r e f e r  

t h e  t i d e  s t a f f  t o  bo th  t h e  bench mark and t h e  s o i l  l e v e l s  i n  t h e  marsh. The t i d e  

s t a f f  was used t o  check t h e  accuracy of t h e  l e v e l  r e c o r d e r  a t  t h e  beginning and 

end o f  each r e c o r d .  P e r i o d i c a l l y  t h e  l e v e l  of t h e  t i d e  s t a t i o n  was r e - r e f e r e n c e d  

t o  t h e  bench mark. No d e t e c t a b l e  v e r t i c a l  movement o c c u r r e d .  Observat ions  were 

a l s o  made i n  t h e  marshes t o  v e r i f y  t h a t  t h e  marsh was a c t u a l l y  being f l o o d e d .  

D i t c h  one a t  North River  was o c c a s i o n l l y  d r y  on extremely low t i d e s ,  however 

D i t c h  3 a t  W i l l i s t o n  was deep enough t o  p r o v i d e  low t i d e  d a t a .  

North River-Wes t e l e v a t i o n  methods 

A t  t h e  North River-West s i t e ,  5  l e v e l  l i n e  t r a n s e c t s  ex tend ing  from D i t c h  7  

t o  Di tch  1 and 61 mete r s  i n t o  t h e  und i tched  marsh were e s t a b l i s h e d .  These l e v e l  

l i n e s  were a l i g n e d  w i t h  t r a n s e c t  l i n e s  and e l e v a t i o n s  were taken a t  a l l  v e g e t a t i o n  

sample s i t e s .  I n  a d d i t i o n , e l e v a t i o n s  were  measured on t h e  t r a n s e c t  l i n e s  a t  t h e  

c e n t e r  and 2  mete r s  t o  each s i d e  of t h e  c e n t e r  o f  s e c t i o n s  2 ,  3 , 4 ,  and 5 .  I n  

a l l ,  129 e l e v a t i o n s  were  t aken .  

Macrofauna of d i t c h e s  and n a t u r a l  c r e e k s  

Sampling f o r  macrofauna was c a r r i e d  o u t  f o r  13 months (March 1971 - March 

1972) a t  both  t h e  North River  and W i l l i s t o n  s i t e s .  S i x  s e i n i n g  s t a t i o n s  30 m 

(98 f t )  long were e s t a b l i s h e d  i n  t h e  d i t c h e d  marshes and one i n  a  n a t u r a l  c r e e k  

i n  t h e  und i tched  marsh.  At  t h e  North R i v e r  site (F ig .  l ) ,  d i t c h e s  5 ,  13, and 20 

were s e l e c t e d  from a e r i a l  photographs ,  and one s e i n e  s t a t i o n  was e s t a b l i s h e d  a t  

each end of t h e s e  d i t c h e s .  The n a t u r a l  c r e e k  s e l e c t e d  f o r  sampl ing was a  s m a l l  

s t r e a m  2.4  m wide on t h e  n o r t h  s i d e  o f  Crabbing Creek; i t  t e rmina ted  i n  t h e  un- 



d i t c h e d  marsh. A t h i n ,  0 . 5  meter  wide, f r i n g e  o f  S p a r t i n a  a l t e r n i f l o r a  l i n e d  

t h e  c r e e k  a t  t h i s  s t a t i o n .  The bottom of t h e  c r e e k  was mud approximately  l m  

deep.  A few mete r s  f u r t h e r  upst ream t h e  c r e e k  t e rmina ted  i n  a  Juncus marsh. At  

t h e  W i l l i s t o n  s i t e s  (Fig .  4)  d i t c h e s  5 ,  17,  and 24 were s e l e c t e d  f o r  marsh s e i n e  

s t a t i o n s .  The n a t u r a l  c r e e k  s e l e c t e d  f o r  sampl ing was a  s m a l l  5  m wide s t r e a m  

on t h e  nor th -wes t  s i d e  o f  J a r r e t t ' s  Bay. A t h i n  0 . 5  meter wide f r i n g e  o f  S p a r t i n a  

a l t e r n i f l o r a  l i n e d  p a r t  of t h e  creek,however t h e  dominant v e g e t a t i o n  a l o n g  t h e  

c r e e k  a t  s e i n e  s t a t i o n  was Juncus romerianus .  The bottom of t h e  c r e e k  was mud 

approximately  6  cm deep.  The c r e e k  t e rmina ted  i n  a  Juncus marsh. 

The b lock ing  n e t s  used t o  t r a p  f i s h  i n  t h e  d i t c h e s  were  c o n s t r u c t e d  o f  1 rnm 

mesh p lank ton  n e t t i n g .  They were 4.9 m long and 1.8 m deep,  h e a v i l y  weighted 

a l o n g  t h e  bottom w i t h  28 g. l eads  on 75 mm c e n t e r s  and suppor ted  a long  t h e  top  by 

f l o a t s  on 200 mm c e n t e r s .  These n e t s  were  a t t a c h e d  t o  s e i n e  s t a f f s  which ex- 

tended 0 . 3  m below t h e  bottom of t h e  n e t s .  Thus, t h e  s t a f f s  cou ld  be pushed 

i n t o  t h e  bottom of  t h e  d i t c h ,  s o  a s  t o  hold  t h e  n e t  i n  p o s i t i o n .  The s e i n e  

( S t e r l i n g  Marine Products  , Montc la i r  , New J e r s e y ) ,  c o n s t r u c t e d  o f  Ace n e t t i n g  

(3.0 x 4 . 5  mm open ing) ,  was 6 . 1  m long w i t h  a 1 . 2  m2 bag i n  t h e  c e n t e r  o f  t h e  

n e t .  

At t h e  s e i n e  s t a t i o n s ,  t h e  30 meter  s e c t i o n  o f  d i t c h  was blocked a t  each 

end w i t h  t h e  b l o c k i n g  n e t s .  The a r e a  i n s i d e  t h e  b lock ing  n e t s  was s e i n e d  3  t imes  

(Fig .  6 ) .  The macroscopic swimming and bottom d w e l l i n g  organisms were  p r e s e r v e d  

i n  f o r m a l i n  and r e t u r n e d  t o  t h e  l a b o r a t o r y  f o r  i d e n t i f i c a t i o n  and measurements. 

Water samples were  c o l l e c t e d  a t  t h e  s u r f a c e  a t  each s t a t i o n .  Temperatures were  

measured w i t h  a  mercury thermometer,  s a l i n i t i e s  were measured w i t h  a  r e f r a c t o m e t e r  

(Behrens,  1965) and oxygen was determined i n  t h e  l a b o r a t o r y  by t h e  Winkler  pro- 

c e d u r e  ( S t r i c k l a n d  and Parsons ,  1968).  

The t r a w l  s t a t i o n  i n  t h e  North  R i v e r  e s t u a r y  extended from a  p o i n t  s l i g h t l y  

n o r t h  o f  t h e  Highway 70 b r i d g e  t o  a  p o i n t  approximately  1,000 m upst ream and 





d i r e c t l y  o p p o s i t e  Crabbing Creek.  The t r a w l  s t a t i o n  i n  t h e  J a r r e t t ' s  Bay 

e s t u a r y  extended from a  p o i n t  i n  t h e  middle  o f  J a r r e t t ' s  Bay s l i g h t l y  west  of 

Broad Creek t o  a  p o i n t  approximately  1 ,000 mete r s  nor thwes t .  

The t r a w l  used i n  1971 was a  f l a t  (2  seam) t r a w l  5 .2  m wide,  w i t h  37 nun 

s t r e t c h  mesh body and 12 mm s t r e t c h  mesh t a i l  bag. The t r a w l  used i n  1972 was 

a  4 . 0  m wide f l a t  t r a w l  w i t h  a  12 mm s t r e t c h  mesh body and Ace (3 .0  x 4.5 mm 

opening)  t a i l  bag.  I n  both  n e t s  a  t i c k l e r  c h a i n  was i n c o r p o r a t e d  i n  t h e  l e a d  

l i n e .  A  4  m long  Boston Whaler and 20 hp ou tboard  motor were  used f o r  t r a w l i n g .  

A l l  s t a t i o n s  were sampled monthly.  C o l l e c t i n g  was i n i t i a t e d  a t  a l l  d i t c h  

s t a t i o n s  i n  March 1971 and i n  t h e  n a t u r a l  c r e e k s  and e s t u a r y  i n  A p r i l  1971. 

C o l l e c t i n g  was t e r m i n a t e d  a t  t h e  i n s i d e  d i t c h  s t a t i o n s  (1 ,3 ,5 )  a f t e r  t h e  October 

1971 sample.  A l l  o t h e r  s t a t i o n s  were con t inued  through March 1972. T y p i c a l l y ,  

t h e  i n s i d e  s t a t i o n s  were  completed one day and t h e  o u t s i d e  s t a t i o n s ,  i n c l u d i n g  

t h e  c r e e k ,  were sampled t h e  n e x t  day.  S e i n i n g  a t  each s t a t i o n  took from 1-2 

h o u r s ,  t h e r e f o r e  t i d e  l e v e l s  were d i f f e r e n t  a t  each s t a t i o n .  

I n  t h e  l a b o r a t o r y ,  s t a n d a r d  l e n g t h s  of f i s h  were measured. Shrimp were 

measured from t h e  t i p  of t h e  ros t rum t o  t h e  t i p  of t h e  t e l s o n .  Crabs were 

measured from t i p  of l a t e r a l  s p i n e  t o  t i p  of l a t e r a l  sp ine .  The s p e c i e s  from 

each s t a t i o n  were weighed a s  a  group on a  t r i p l e  beam ba lance .  Specimens were 

s l i g h t l y  damp when weighed. I f  t h e  number of specimens of one s p e c i e s  was 

e x c e s s i v e  (more t h a n  80) subsamples were t aken  f o r  l e n g t h  d e t e r m i n a t i o n .  The 

subsamples con ta ined  30 o r  more i n d i v i d u a l s  ( u s u a l l y  40-60). The weight  of 

t h e  subsamples and t h e  number of i n d i v i d u a l s  i n  t h e  subsample was used t o  d e r i v e  

t h e  t o t a l  number of specimens caught .  

Aquacul ture  p o t e n t i a l  

Oyster  c u l t u r e  p r o j e c t s  were c a r r i e d  o u t  a t  b o t h  W i l l i s t o n  and North River  

t o  o b t a i n  s p a t  and growth d a t a .  On 29 June 1971,approximately 1 m3 of o y s t e r  

s h e l l  c u l t c h  was p l a c e d  a t  North  River-West abou t  30 m from t h e  mouth of 



d i t c h  7.  Some s h e l l s  were s c a t t e r e d  a long  t h e  bottom of t h e  d i t c h ,  o t h e r s  were 

3 p l a n t e d  i n  p i l e s  c o n t a i n i n g  about  0 .1  m of  s h e l l s .  Other s h e l l s  were  s c a t t e r e d  

a long  t h e  bottom edges of t h e  d i t c h e s  where t h e  e l e v a t i o n s  were s l i g h t l y  h i g h e r  

and t h e  s i l t  was n o t  a s  deep,  At t h i s  l o c a t i o n ,  s h e l l s  were a l s o  i n s e r t e d  i n t o  

t h e  v e r t i c a l  bank of t h e  d i t c h  w i t h  t h e  concave ( p e a r l y )  s i d e  of t h e  s h e l l  down, 

s o  a s  n o t  t o  t r a p  s i l t .  The Juncus p e a t  he ld  t h e  s h e l l s  f i r m l y  when approximately  

2/3  o f  t h e  s h e l l  was f o r c e d  i n t o  t h e  bank. The s h e l l s  were p o s i t i o n e d  from t h e  mean 

h i g h  t i d e  mark ( j u s t  below Juncus l e v e l )  t o  j u s t  above t h e  bottom of t h e  d i t c h .  

S h e l l s  were a l s o  s c a t t e r e d  and p l a n t e d  i n  p i l e s  a long  t h e  mid-bottom and bottom 

edges a t  t h e  i n s i d e  end of d i t c h  30 m from t h e  p e r i m e t e r  d i t c h .  

Oyster  s h e l l  c u l t c h  s t r u n g  on 6 mm diamete r  polypropylene r o p e  w i t h  100 mm 

polypropy lene  s p a c e r s  was suspended i n  t h e  d i t c h  n e a r  t h e  o u t s i d e  end of D i t c h  7 

( a t  t h e  s h e l l  p l a n t i n g  s i t e )  and approximately  60 m from t h e  o u t s i d e  end of 

D i t c h  7. These t h r e e  dimensional  c u l t c h  assembl ies  were  suspended a t  each s i t e  

on t h e  same day t h e  s h e l l s  were p lan ted .  The upper s h e l l  of  each c u l t c h  assembly 

was p o s i t i o n e d  a t  t h e  mean h i g h  t i d e  mark and t h e  lower s h e l l  was p o s i t i o n e d  

s l i g h t l y  above t h e  bottom. 

S i m i l a r  experiments were conducted a t  W i l l i s t o n  D i t c h  4 about  60 m  from 

t h e  i n t e r s e c t i o n  of t h i s  d i t c h  w i t h  t h e  o l d  causeway d i t c h  and a t  D i t c h  6 approx i -  

m a t e l y  20 m from t h e  J a r r e t t ' s  Bay end. About 1.5 m3 of s h e l l s  were p l a n t e d  a t  

each s i t e .  S h e l l  s t r i n g  c u l t c h  assembl ies  were p laced  a t  t h e  Di tch  4 s i t e  and 

i n  t h e  ~ a r r e t t ' s  Bay e s t u a r y .  

P l a n t  community s t r u c t u r e  

P l a n t  community s t r u c t u r e  was examined d u r i n g  t h e  p e r i o d  May - November 1971. 

The f i r s t  s e t  of t r a n s e c t s  was l a i d  o u t  a c r o s s  North River-West S e c t i o n  6 ,  each 

t r a n s e c t  b e i n g  a t  r i g h t  a n g l e s  t o  t h e  d i t c h e s  and 100 m from t h e  o t h e r s ,  T r a n s e c t  

1 was 1 0  m  from t h e  p e r i m e t e r  d i t c h  and T r a n s e c t  5 was about  50 m from t h e  North 



River ,  w e l l  i n s i d e  of t h e  l e v e e .  S t a t i o n s  were e s t a b l i s h e d  a t  1, 13,  and 2 1  m 

from D i t c h e s  6 and 7 on each t r a n s e c t  (Fig. 7 ) .  T r a n s e c t s  were l a i d  o u t  a c r o s s  

t h e  n o r t h  h a l f  of S e c t i o n  1 a s  a t  S e c t i o n  6  and i n  a l ignment  w i t h  t h o s e  p r i o r  

t r a n s e c t s .  They were t h e n  extended 6 1  m s o u t h  from Di tch  1 i n t o  t h e  und i tched  

p a r t  of North River-West. S t a t i o n s  were e s t a b l i s h e d  on t h e s e  t r a n s e c t s  a t  13,  

21,  41 ,  and 6 1  m from D i t c h  1. Vege ta t ion  i n  t h e  s o u t h  h a l f  of S e c t i o n  1 was 

d i s t u r b e d  by v e h i c l e s  used t o  h a u l  crews and s u p p l i e s  t o  d r a g l i n e s  (Fig.  2 ) ,  

and was n o t  sampled.- D i t c h - s i d e  marsh i n  t h e  und i tched  marsh was n o t  sampled 

because  i t  was a  p a t h  f o r  marsh access .  T r a n s e c t s  were l a i d  o u t  s i m i l a r l y  i n  

o t h e r  marshes ,  except  t h a t  t h e y  were 25 m a p a r t  i n  North River-East  and 10 m 

a p a r t  a t  W i l l i s t o n .  There were f i v e  t r a n s e c t s  a t  North River-East  and e i g h t  a t  

W i l l i s t o n .  The W i l l i s t o n  and North River-East  s i t e s  were s e l e c t e d  by ground 

survey  i n  an a t t e m p t  t o  p l a c e  t h e  s e r i e s  of t r a n s e c t s  i n  a  p u r e  s t a n d  of Juncus. 

To avoid  t rampl ing  t h e  sample s i t e s ,  sample p l o t s  were 1 m away from 

s t a t i o n s  on t h e  t r a n s e c t .  Each sample c o n s i s t e d  of a l l  v e g e t a t i o n  w i t h i n  a  0 .1  m2 

c i r c u l a r  a r e a .  Vege ta t ion  was c u t  w i t h i n  12.0 mm of t h e  marsh s u r f a c e .  A l l  l o o s e  

v e g e t a t i o n  upon t h e  marsh s u r f a c e  and w i t h i n  t h e  c i r c u l a r  a r e a  was a l s o  c o l l e c t e d .  

I n  t h e  l a b o r a t o r y ,  t h e  marsh p l a n t s  from each sample were s e p a r a t e d  by s p e c i e s .  

The predominant marsh p l a n t  was Juncus roemerianus.  Juncus l e a v e s  f r o m  each sample 

were  d i v i d e d  i n t o  l i v e ,  dy ing ,  and dead c a t e g o r i e s  ( F o s t e r ,  1968).  L i v e  l e a v e s  

had t h e  t i p  of t h e  p l a n t  i n t a c t  and had l e s s  than  50 mm of dead m a t e r i a l  a t  t h e  

t i p .  Dying l e a v e s  had more than  50 mm of dead m a t e r i a l  a t  t h e  t i p  o r  had a  t i p  

broken so  a s  t o  sugges t  t h a t  i f  t h e  t i p  were i n t a c t  t h e r e  would b e  more t h a n  50 mm 

of dead m a t e r i a l .  Dead l e a v e s  were dead from b a s e  t o  t i p .  A l l  samples were d r i e d  

a t  l O O O C  t o  a  c o n s t a n t  weight  and promptly weighed t o  t h e  n e a r e s t  0 .1  gram on a  

t o p  load ing  ba lance .  

N u t r i e n t  f l u x  between marsh and e s t u a r y  

I n  two exper iments  i n  Juncus marshes a t  W i l l i s t o n ,  N. C . ,  s m a l l  g a s o l i n e  



TRANSECT 1 

PERIMETER DITCH 

Fig. 7. Diagrammatic sketch of marsh vegetation sampling sites at Section 6, 
North River-West, May 1971. 



d r i v e n  pumps were used t o  f l o o d  Juncus marshes w i t h  wa te r  from mosquito c o n t r o l  

d i t c h e s .  Th i s  was a  s i m u l a t i o n  of n a t u r a l  inunda t ion .  The wate r  was pumped 

15 m i n t o  t h e  marsh and t h i s  pumped wate r  fo l lowed an i r r e g u l a r  c o u r s e  of 20-30 m 

back t o  t h e  d i t c h .  It r e q u i r e d  approximately  45 minutes  of pumping a t  60 gpm 

b e f o r e  t h e  f i r s t  w a t e r  began t o  r u n  o f f  t h e  marsh i n t o  t h e  d i t c h .  At r e g u l a r  

t ime  i n t e r v a l s ,  w a t e r  samples were taken from t h e  d i t c h ,  pump d i s c h a r g e  and from 

t h e  wate r  runn ing  o f f  t h e  marsh i n t o  t h e  d i t c h .  Water samples were analyzed i n  

t h e  l a b o r a t o r y  f o r  i n o r g a n i c ,  o r g a n i c  and p a r t i c u l a t e  phosphate.  



RESULTS 

P h y s i c a l  d e s c r i p t i o n  of d i t c h e s  and s p o i l  p i l e s  

Mosqui to -con t ro l  d i t c h e s  a r e  p r e s e n t  i n  p a r a l l e l  l i n e s  about  50 m a p a r t  

a c r o s s  t h e  marshes (F ig ,  1-6).  The d i t c h e s  averaged 2.3 and 2.5 m wide,  and 

0.98 and 0.74 m deep,  i n  t h e  North River  and W i l l i s t o n  marshes ,  r e s p e c t i v e l y  

(Table  3 ) .  They have e s s e n t i a l l y  v e r t i c a l  s i d e s  and f l a t  bottoms and c o n t a i n  

w a t e r  excep t  on r a r e ,  ext remely low t i d e s .  Almost 3 1  k i l o m e t e r s  (19 m i l e s )  of 

d i t c h e s  were dug on t h e  two s t u d y  a r e a s  which t o t a l  on ly  131 h a  (324 a ) ,  They 

now cover  5.6- 5.9% of t h e  t o t a l  marsh a r e a  and have inc reased  t h e  a q u a t i c  t y p e  

h a b i t a t  of t h e  marsh by 520-560% (Table 3 ) .  The s p o i l  p i l e s  now occupy from 

5.5 t o  12.9% of t h e  marsh a r e a .  Di tches  and s p o i l  p i l e s  t o g e t h e r  account  f o r  16- 

18% of t h e  s u r f a c e  of t h e  marsh (Table 3 ) .  

F lood ing  of t h e  marsh 

The i r r e g u l a r  n a t u r e  of Juncus marsh f l o o d i n g  i s  e v i d e n t  from t i d e  r e c o r d s  a t  

North River .  During t h e  p e r i o d  January - August t h e  marsh i s  u s u a l l y  f looded  l e s s  

than  f i v e  t imes  p e r  week (Fig.  8 A ) ;  t h e  marsh may b e  uncovered f o r  p e r i o d s  a s  long  

a s  two weeks. Inunda t ions  d u r i n g  t h i s  p e r i o d  seldom t o t a l  more t h a n  8% of a week 

(Fig.  8B). During t h e  p e r i o d  September - November, however, t h e r e  a r e  u s u a l l y  more 

t h a n  f i v e  f l o o d s  over  t h e  marsh each week and t h e  marsh may b e  f looded  30-40% of t h e  

t ime  (F ig  8A, B) . 
Juncus marshes a r e  e s s e n t i a l l y  f l a t .  The h i g h e s t  e l e v a t i o n  of North River-West 

marsh was $0.20 f t  above t h e  assumed marsh datum plane*, and t h e  lowest  was - 0.26 f t  

below. The assumed datum was above 119 s t a t i o n s  and below 10. E igh t  of t h e  t e n  l e v e l  

s t a t i o n s  h i g h e r  than  datum were on t h e  t r a n s e c t  c l o s e s t  t o  t h e  p e r i m e t e r  d i t c h .  

The W i l l i s t o n  marsh was f looded  more o f t e n  t h a n  t h e  North River-West marsh and 

f o r  a g r e a t e r  p e r c e n t a g e  of t ime  (Fig .  8C,D). J a r r e t t ' s  Bay i s  f u r t h e r  away from 

t h e  t i d a l  i n f l u e n c e  of a major  i n l e t  t h a n  i s  North River  and Juncus marshes a long  

*See Appendix 
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T a b l e  3. Area of d i t c h e d  marshes ,  d i t c h e s ,  c r e e k s ,  and s p o i l  p i l e s .  

Worth ~ i v e r  Marsh W i l l i s t o n  Marsh 
Engl i sh  M e t r i c  Engl i sh  M e t r i c  

T o t a l  a r e a  of marsh ( i n c l .  c r e e k )  151 a 61.0 h a  173 a 70 h a  

T o t a l  l e n g t h  of d i t c h e s  48,600 f t  14,800 m 52,700 f t  . 16,070 m 

Average wid th  of d i t c h e s  7.6 f t  2.3 m 8.3 f t  2.5 m 

T o t a l  a r e a  of d i t c h e s  8.5 a 3.4 ha  10.1 a 4.07 ha  

% of marsh occupied by d i t c h e s  5.6% 5.6% 5.8% 5.8% 

Area of c r e e k  2.1 a 0.85 ha  1.8 a 0.73 ha 

\: 
% i n c r e a s e  of w a t e r  a r e a  520% 520% 560% 560% 

Average d e p t h  of d i t c h e s  3.2 f t  0.98 m 2 . 4 f t  0 .74m 

Average a r e a  of s p o i l  p i l e s  271 f t 2  25.4 m2 242 f t 2  22.6 m2 

T o t a l  no. of s p o i l  p i l e s  3,370 3 ,370 2,935 2,935 

T o t a l  a r e a  of s p o i l  p i l e s  1 9 . 4 a  7 . 8 5 h a  16.4 a 6 ,63  h a  

% of marsh occupied by s p o i l  p i l e s  12.9% 12.9% 9.5 % 9.5% 

% of marsh i n  s p o i l  p i l e s  & 
ditches 18.5% 18.5% 







t h i s  e s t u a r y  a r e  o f t e n  f looded  by n o r t h  and n o r t h e a s t  winds.  These same winds 

a r e  f r e q u e n t  a long  t h e  North C a r o l i n a  c o a s t  d u r i n g  t h e  f a l l  and w i n t e r  (Marsha l l ,  

1951).  Wate r - l eve l  f l u c t a t i o n s  i n  many North C a r o l i n a  sounds and e s t u a r i e s  a r e  

s t r o n g l y  i n f l u e n c e d  by v a l o c i t y , d u r a t i o n , a n d  d i r e c t i o n  of t h e  wind (Roelofs  and 

Bumpus, 1953).  

Hydrographic d a t a  

Water t empera tu re  i n  t h e  d i t c h e s  and e s t u a r i e s  fol lowed t h e  expected s e a s o n a l  

p a t t e r n  (Table  4) .  There  were o f t e n  3-6 OC d i f f e r e n c e s  between t h e  t empera tu res  of 

d i t c h e s  i n  t h e  same marsh on t h e  same day,  t h e s e  d i f f e r e n c e s  be ing  a t t r i b u t a b l e  t o  

t h e  t ime  of  day and t h e  d i r e c t i o n  of wa te r  movement. Temperatures on d i f f e r e n t  

days were o f t e n  much more v a r i a b l e  even w i t h i n  t h e  same month. The s a l i n i t i e s  

(Table  5 ) w e r e m o r e  e r r a t i c  than  t h e  t empera tu res  because  of t h e i r  s e n s i t i v i t y  t o  

l o c a l  r a i n s t o r m s .  Di tch  o r  c r e e k  wate r  n o t  i n f r e q u e n t l y  went below 1 p p t  s a l i n i t y  

and even t h e  North River  e s t u a r y  went a s  low a s  2 pp t  i n  February 1972 (Table 5 ) .  

During and f o l l o w i n g  thunders to rms ,  l a r g e  volumes of r a i n w a t e r  f low o f f  t h e  marsh,  

and i n  some p l a c e s  from sur rounding  h i g h  ground and r u r a l  r e s i d e n t i a l  a r e a s ,  i n t o  t h e  

d i t c h e s  and c r e e k s .  These thermal  and s a l i n i t y  shocks undoubtedly  have a  s e v e r e  

e f f e c t  on t h e  b i o t a  and probably  r e s t r i c t  t h e  k inds  of organisms t o  t h o s e  t h a t  can 

a d a p t  o r  m i g r a t e  q u i c k l y  o u t  o f  t h e  a r e a .  Th is  may account  f o r  t h e  low numbers of 

s p e c i e s  i n  t h e  d i t c h e s  and c r e e k s ,  

As t h e  w a t e r  t empera tu res  i n c r e a s e d  d u r i n g  t h e  summer, t h e  d i s s o l v e d  oxygen 

c o n c e n t r a t i o n  of t h e  d i t c h e s  and c r e e k s  decreased  d r a s t i c a l l y  (Fig .  9) .  A l l  oxygen 

samples were t aken  d u r i n g  t h e  day and g e n e r a l l y  t h e  p h o t o s y n t h e t i c  a c t i v i t y  of 

phytoplankton c a u s e s  t h e  h i g h e r  d i s s o l v e d  oxygen c o n c e n t r a t i o n s  t o  occur  d u r i n g  t h e  

d a y l i g h t  hours .  The oxygen i n  t h e  d i t c h e s  and c r e e k s  d u r i n g  August ,  September and 

October ,  was p robab ly  v e r y  low d u r i n g  most of t h e  hours  of darkness .  Low oxygen 

c o n c e n t r a t i o n s  may b e  harmful  t o  some s p e c i e s  of f i s h  (Saksena and Joseph,  1972) 

b u t  no f i s h  k i l l s  were s e e n  d u r i n g  t h i s  s tudy .  



Table 4. Water temperature (OC) ranges i n  (A) d i t c h e s  and creeks and (B) 
open e s tua ry  a t  North River and Wi l l i s ton  marshes. Measurements 
were no t  always made on the  same day. 

-- -- 

North River Wi l l i s ton  

A B A B 

March 1971 14-16 - 13-14 - 
Apri l  16-21 20 17-25 22 

May 22-25 2 2 20-23 26 

June 27-30 2 7 24-30 2 8 

J u l y  25-30 2 9 26-30 2 9 

August 24-34 32 27-34 - 
September 24-29 2 7 26 -30 25 

October 19-23 2 5 19-26 24 

November 7 -8 8 12-13 8 

December 18-22 19 16-18 18 

January 1972 15-17 15 9-13 15 

February 10-13 12 10-15 11 

March 14-22 14 15-21 14 

Macrofauna of d i t c h e s  and creeks 

The d i t c h e s  a r e  used not  only by commercially important f i s h e s  and inve r t eb ra t e s ,  

bu t  a l s o  by forage  f i s h e s  ( f i s h  ea t en  by o ther  f i s h )  (Tables 6 ,7 ;  s e e  Appendix f o r  

complete d a t a  on marsh d i t c h  macrofauna). The d i t c h e s  a r e  inhabi ted by t h e  l a r g e s t  

number of i nd iv idua l s  dur ing  the  win te r ,  sp r ing  and e a r l y  summer. Most of t h e  f i s h e s  

and i n v e r t e b r a t e s  occurr ing  i n  t h e  d i t c h  a r e  j uven i l e s ,  a l though the  a d u l t s  of a 

few spec i e s  occur occas iona l ly .  The l a r g e s t  f i s h  caught i n  d i t c h e s  were mul l e t s  

approximately 200 mm (8") long. 

Spot ,  t h e  most abundant f i s h  i n  t h e  d i t c h e s ,  begin appearing i n  North Carol ina 

e s t u a r i e s  around mid-December (Tagatz and Dudley, 1961). Large numbers were present  



Table  5. S a l i n i t y  ranges  ( p p t )  i n  (A) d i t c h e s  and c r e e k s  and (B) open 
e s t u a r y  a t  North River  and W i l l i s t o n  marshes.  Measurements were 
n o t  always made on t h e  same day. 

North  River  W i l l i s t o n  

March 1971 14-18 - 22-27 - 
A p r i l  16 -24 24 17-27 2  3  

June 2  1-25 27 26-30 28 

J u l y  7-25 17 13-26 1 9  

August 0-20 2  3  14-25 25 

September 8-19 16 11- i7  1 3  

October 0-3 12 10-12 12 

N ov emb e r  13 16 14-15 13 

December 12-14 13 13-14 13 

January 1972 15-18 19 17-19 18 

February 

March 

d u r i n g  t h e  f i r s t  sampling p e r i o d  i n  March (Table  6 , 7 ) .  During t h e  s p r i n g  and 

e a r l y  summer, s p o t  were caught  a t  all d i t c h  s t a t i o n s  r e g a r d l e s s  of t h e  s t a g e  of 

t h e  t i d e ,  t h e  t empera tu re ,  o r  t h e  s a l i n i t y .  The number of specimens caught  d e c l i n e d  

each month and t h e  average  s i z e  i n c r e a s e d  (Fig.  LO). I n  g e n e r a l ,  a  few s m a l l  

i n d i v i d u a l s  occur red  i n  one sampling p e r i o d ,  fo l lowed by numbers of s l i g h t l y  l a r g e r  

i n d i v i d u a l s ,  fo l lowed by d e c r e a s i n g  numbers of s t i l l  l a r g e r  i n d i v i d u a l s .  

The n a t u r a l  c r e e k s  con ta ined  p o p u l a t i o n s  somewhat s i m i l a r  t o  t h e  d i t c h e s  

(Tables  8 ,  9) .  During t h e  warm months m u l l e t  were more abundant i n  n a t u r a l  c r e e k s  

whereas commercial shrimp ( p r i m a r i l y  brown shrimp) were more abundant i n  t h e  

d i t c h e s  (Tables 6 , 7 ) .  Mummichogs, m u l l e t s ,  and g r a s s  shrimp were more abundant 
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Fig .  9 .  Disso lved  oxygen c o n c e n t r a t i o n s  i n  d i t c h e s  and c r e e k s  a t  North- 
River-West and North River  e s t u a r y .  Di tch  s t a t i o n s  1,3, and 5 
a r e  " ins ide" ;  2 , 4 ,  and 6 a r e  "ou t s ide" .  The t r a w l  s t a t i o n  i s  
i n  t h e  e s t u a r y  . 



2 Table 6. Mean number of ind iv idua ls  i n  North River d i t c h  s t a t i o n s  1-6. (Mean No./69m ). P=present ,  
bu t  average was t l / s t a t i o n .  The va lues fo r  March inc lude  co l l ec t ions f rom 1971 and 1972. 
See Appendix f o r  complete fauna a t  each s t a t i o n .  

Species  Apr May Jun ~ u l  Aug Sep Oct Nov Dec Jan Feb Mar 

A t l a n t i c  menhaden 

Bay anchovy 

Mummicho g  

P i n f i s h  

S i l v e r  perch 

Spot 

Mullet: 

Flounder 

Blue c rab  

Brown shrimp 

Grass shrimp 



Tab l e  7. Mean number of animals i n  Wi l l i s ton  d i t c h  s t a t i o n s  1-6. (Mean i?o./75m2). P = p r e s e n t ,  
bu t  a v e r a g e t l / s t a t i o n .  The va lues  f o r  March inc lude  c o l l e c t i o n s  from 1971 and 1972. 
See Appendix f o r  complete fauna a t  each s t a t i o n .  

Species  A P ~  May Jun Jul  Aug Sep Oct Nov Dec Jan Feb Mar 
-- 

A t l a n t i c  menhaden 

S i l v e r s  i des  

Pinf i s h  

Spot 

Mullet  

Flounder 

Blue c rab  

Brown shrimp 

Grass shrimp 



l S F ~ ~ ~ s ~  N C  NM=IP =19 

10 3 STATIONS 

M A Y  N M =  109 
N C = 2 3 6  
3 STATIONS 

2 0  APRIL N M = 1 0 9  

15 
N C =513 
3 STATIONS 

10 

5 

15 M A R C H  N M =  140 

10 
N C 698 
2STATIONS 

5 

2 0  4 0  60 
STANDARD LENGTH (MILLIMETERS) 

F i g .  1 0 .  Frequency d i s t r i b u t i o n  of s t a n d a r d  l e n g t h  of s p o t  (Leios tomus  - 
x a n t h u r u s )  from March th rough  August a t  S t a t i o n s  2 , 4 ,  and 6 ,  
Nor th  River-West ,  1971.  



Table 8 .  Number of i nd iv idua l s  caught each month i n  t h e  n a t u r a l  c r eek  a t  North River marsh. (No.171 m2) 

Common name Apr May Jun J u l  Aug Sep Oct Nov Dec Jan Feb Mar 

Ladyf i s h  
American e e l  
A t l a n t i c  menhaden 
Bay anchovy 
Sheepshead minnow 
Murmnichog 
Mosquitof ish 
Rainwater k i l l i f i s h  
S i l v e r s i d e s  
Mutton snapper 
Mo j a r r a  
P i n f i s h  
S i l v e r  perch 
Spot 
Mul le t  
Goby 
F 1 ound e r  
Blackcheek tonguef i sh  

Blue c rab  
Brown shrimp 
White shrimp 
Grass shrimp 

Mud s n a i l  0 0 0 0 0 4 0 65 5 7 68 1 21 



Table 9 .  Number of ind iv idua ls  caught each month i n  n a t u r a l  c r eek  a t  W i l l i s t o n  marsh. (No./150 m2) 

Common name Apr May Jun J u l  Aug Sep Oct Nov Dec Jan Feb Mar 

A t l a n t i c  n e e d l e f i s h  
Sheepshead minnow 
Murmnichog 
S t r i p e d  k i l l i f i s h  
Rainwater k i l l i f i s h  
Mosquitof ish 
S i l v e r s i d e s  
Grey snapper 
Mo j a r r a  
P i n f i s h  
Spot 
Mul le t  
Gobys 
F 1 ound e r  
Blackcheek tonguefish 

Blue Crab 
Pink shrimp 
Brown shrimp 
Grass shrimp 



i n  t h e  n a t u r a l  creeks during December-February than i n  d i tches .  

The v a r i e t y  of f i s h e s  caught i n  t he  e s tua ry  was g r e a t e r  (Tables 10, 11).  

Munnnichogs were absent  from the  t rawl  samples, perhaps because the  t rawl  d id  not  

sample t h e  su r f ace  of t h e  water where these  f i s h  a r e  most abundant. The mesh s i z e  

of t h e  t r awl  employed i n  1971 was l a r g e r  than t h a t  of the  s e i n e  and few very small  

specimens were r e t a ined .  Trawling produces only a  crude approximation of s tanding  

crop because t h e  volume of water sampled and t h e  escapement a r e  not  known; t he  

r e s u l t s  obtained a r e  no t  comparable wi th  the  semi-quant i ta t ive  d a t a  obtained from 

se in ing  i n  blocked of f  a r eas  of d i t c h e s  and creeks.  

Examination of s e i n e  d a t a  c o l l e c t e d  along e s t u a r i n e  sho re l ines  i n  C a r t e r e t  

County by t h e  North Carol ina Divis ion of Commercial & Sport  F i s h e r i e s  (personal  

communication) and t h e  National  Marine F i s h e r i e s  Serv ice  (personal  communication) 

i n d i c a t e s  t h a t  many of t h e  same spec ies  of f i s h e s  i n  d i t ches  and small creeks 

occur a l s o  i n  t h e  open es tuary .  The main except ion,  a s  noted previous ly ,  i s  t he  

smal le r  quan t i t y  of p reda to r s  i n  t he  d i t ches  and smal l  creeks and the  apparenc 

shor tage  of mummichogs i n  t h e  es tuary .  

Aquacul tural  p o t e n t i a l s  

P e r i o d i c a l l y  during the  summer of 1971, oys t e r  s h e l l s  from t h e  p l an t ings  

were recovered. The s h e l l s  on t h e  bottom, along t h e  edge of t h e  bank, and i n s e r t e d  

i n t o  the  bank, had received an e x c e l l e n t  s p a t  s e t .  Unfortunately many spa t  were 

k i l l e d  dur ing  l a t e  summer and e a r l y  f a l l ,  apparent ly  by low s a l i n i t i e s  fal lowing 

heavy r a i n f a l l  and runoff from two hurr icanes .  

During November, 1971, a  d e t a i l e d  assessment of t he  oys t e r  c u l t u r e  experiments 

was made. Excessive s i l t  appears t o  be  a  l i m i t i n g  f a c t o r  f o r  most oys t e r  growth on 

t h e  bottom of d i t ches .  Only a  small  percentage of t h e  s h e l l s  s c a t t e r e d  along t h e  

bottom of t h e  d i t c h e s  could be recovered and t h e  s p a t  dens i ty  on these  s h e l l s  was 

low (Table 12) .  Most of t he  s h e l l s  were covered by a  l a y e r  of anaerobic s i l t ,  and 






















































































