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PREFACE 

T h i s  e s t u a r i n e  p r o f i l e  i s  one o f  a  
s e r  i e s  o f  pub1 i c a t i o n s  concern ing c u r r e n t  
i s s u e s  f a c i n g  t h e  N a t i o n ' s  e s t u a r i e s .  I t s  
p u r p o s e  i s  t o  s y n t h e s i z e  e x i s t i n g  in forma-  
t i o n  t o  d e s c r i b e  t h e  s t r u c t u r e  and func-  
t i o n  o f  t h e  P a m l i c o  R i v e r  Estuary ,  Nor th  
C a r o l i n a .  The Paml ico  R i v e r  Es tua ry  and 
i t s  a s s o c i a t e d  t r i b u t a r i e s  c o n s t i t u t e  t h e  
mos t impor tan t  t r i b u t a r y  t o  Paml i c o  Sound, 
w h i c h  i s  t h e  h e a r t  o f  N o r t h  C a r o l i n a ' s  
v a s t  c o a s t a l  system. Paml i c o  Sound y i e l d s  
t h e  m a j o r i t y  o f  t he  commercial and rec rea -  
t i  o n a l  f i s  h e r i e s  c a t c h  taken i n  t h e  S t a t e  
and serves as a  base f o r  a  l a r g e  and impor- 
t a n t  r e c r e a t i o n  and t o u r i s m  i n d u s t r y .  It 
i s  a l s o  o n e  o f  t he  most va luab le  c o a s t a l  
r e s o u r c e s  on t h e  eas t  coast  of t h e  Un i ted  
Sta tes .  

The p r o f i l e  i s  a  s t a t e - o f - t h e - a r t  
s y n t h e s i s ,  b r i n g i n g  t o g e t h e r  a v a i l a b l e  
i n f o r m a t  i o n  on t h e  Pamlico R i v e r  Estuary ,  
e s p e c i a l  l y  t h a t  c r i t i c a l  t o  managing t h e  
e s t u a r y .  i n  many instances,  c r i t i c a l  gaps 
e x i s t  i n  i n f o r m a t i o n  n e e d e d  t o  e f f e c t  
managemen t .  Where t h i s  o c c u r s  we have 
i d e n t i f i e d  the  gaps, suggested comparisons 
w i t h  s i m i l a r  e s t u a r i n e  systems i n  o t h e r  
s e c t i o n s  o f  t h e  c o u n t r y  o r  w o r l d ,  and 
d e s c r i b e d  ways t h a t  t h e  m iss ing  in forma-  
t i o n  may be accommodated. 

Because  t h e  e s t u a r y  i s  an i n t a c t  i n -  
t e g r a t e d  u n i t ,  we are approaching t h e  p ro -  
f i l e  f r o m  a  s y s t e m s  v i e w p o i n t .  No one 
f u n  c  t i o n  o r  any p a r t i c u l a r  component oper-  
a t e s  i n  i s o l a t i o n  f rom one another .  L i k e -  
wise, t he  i n t e g r a t e d  e s t u a r y  does n o t  func-  
t i o n  i n  i s o l a t i o n  f rom the  streams e n t e r -  
i n g  i t ,  t h e  l a n d  around i t, t h e  e s t u a r i e s  
a n d  s o u n d s  c o n n e c t e d  t o  i t ,  o r  t h e  ocean 
a d j a c e n t  t o  i t .  We have at tempted i n  t h i s  

p r o f i l e  t o  d e s c r i b e  the  geo log i ca l ,  b i o -  
1 o g  i c  a1 , chemical, and p h y s i c a l  c h a r a c t e r -  
i s t i c s  o f  t h e  P a m l i c o  R i v e r  Es tua ry  and 
t h e n  t o  s p a t i a l l y  a n d  t e m p o r a l l y  r e l a t e  
t h e  c o m p o n e n t s  t o  i l l u s t r a t e  t h e  i n t e -  
g r a t e d  e s t u a r i n e  s y s t e m .  F i n a l  ly, i n  
C h a p t e r  6 ,  we s u g g e s t  a  m u l t i - f a c e t e d  
m a n a g e m e n t  s t r a t e g y  t e m p e r e d  by s o c i o -  
e c o n o m i c  r e a l i t i e s  a n d  i n s t i t u t i o n a l  
c o n s t r a i n t s .  

T h e  Paml  i c o  R i v e r -  E s t u a r y  has r e -  
c e  i v e d  c o n s i d e r a b l e  a t t e n t i o n  d u r i n g  r e -  
c e n t  y e a r s .  D u r i n g  t h e  pas t  decade, t h e  
o v e r a l  1  f i s h e r i e s  c a t c h  has f l uc tua ted ,  
s h r i m p  c a t c h  has  d e c l i n e d ,  and nuisance 
a l g a l  b l o o m s  h a v e  caused f i s h  k i l l s  and 
h a v e  r e d u c e d  a e s t h e t i c  values, Changing 
1 a n d  uses, i n c r e a s i n g  i n d u s t r i a l  and r e s i -  
d e n t  i a1 development, and f reshwa te r  d i v e r -  
s i o n s  h a v e  b e e n  i m p l i c a t e d .  I n  response 
t o  some o f  t h e s e  c o n f l i c t s ,  t h e  Governor 
a p p o i n t e d  a  m u l t i - f a c e t e d  Task Force i n  
1 9 8 1  t o  examine water  management problems 
i n  t h e  a r e a  and  t o  make recommendations 
f o r  i m p r o v e m e n t  . These recommendations 
w e r e  presented t o  t h e  Governor i n  December 
1982 a n d  i m p l e m e n t a t i o n  has begun. Th is  
p r o f i l e  s h o u l d  b e  u s e f u l  i n  a s s i s t i n g  
t h e s e  i m p o r t a n t  S t a t e  e f f o r t s  as w e l l  as 
a s s i s t i n g  i n  t h e  n a t i o n a l  pe rspec t i ve .  

A n y  ques t i ons  o r  comments about and/ 
o r  r e q u e s t s  f o r  t h i s  p u b l i c a t i o n  shou ld  be 
d i r e c t e d  to :  

I n f o r m a t i o n  Transfer S p e c i a l i s t  
N a t i o n a l  Coastal  Ecosystems Team 
U.S. F i s h  and W i l d l i f e  Se rv i ce  
NASA - S l i d e l l  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  Lou is iana  70458 
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CHAPTER 1 

INTRODUCTION-THE SETTING 

1 - 1  . PAML I C  0 R I VEK ESTUMY BS A NATURAL 
29H IT 

One o f  t h e  m s t  impor tant  es tuar ine  
s y s t e m s  i n  R o r t h  C a r o l i n a ,  t h e  Pamlico 
R i v e r  E s t u a r y ,  i s  a  con t inua t ion  of the  
T a r  R i v e r  and  e x t e n d s  f r o m  Washington, 
Nor th  Carol ina, f o r  about 65 km t o  i t s  con- 
f l u e n c e  w i t h  Paml i c o  Sound (F igure I ) .  
The es tuary  i s  o r ien ted  approximately WNW- 
ESE and g r a d u a l l y  t ape rs  from less than 
0 . 5  km wide a t  i t s  western 1 i m i t s  eastward 
t o  o v e r  8 km w ide  a t  i t s  mouth, where i t  
grades i n t o  the  very broad and shal low Pam- 
l i c o  Sound ( l u k i n  and Mauqer 1983). The 
e s t u a r y  e x t e n d s  t o  w h e r e  the  shorel  ine 
tu rns  northward out i n  the sound. 

The Tar River  begins i n  the Piedmant 
and  meanders  a c r o s s  t h e  No r t h  Caro l ina 
C o a s t a l  P l a i n .  The coasta l  p l a i n  i s  gen- 
e r  a1 1 y a broad surf ace t h a t  slopes gen t l y  
seaward  and i s  nroderately d issected by the 
d r a i n a g e  pa t t e rns  of r i v e r  systems (Brown 
e t  a l .  1 9 7 2 ) .  The i n c i s e d  streams w i t h  
t h e i r  a s s o c i a t e d  F l o o d p l a i n s  and swamp 
f o r e s t s ,  i n  c o m b i n a t i o n  w i t h  the  upland 
ixrterstredm d'iv ides, rjroduce the major tap- 
o g r  aph ic  re1 ie f ;  the re1 i e f  decreases sea- 
w a r d  as t h e  c o a s t a l  p l a l n  approaches sea 
l e v e l .  The f a r  R i v e r  f l o w s  i n t o  and 
becomes t h e  Pam1 i c o  R r v e r  Estuary j u s t  
w e s t  o f  Washington, N.C. ZIhe oblong bas ln  
d r a i n s  a b o u t  14,000 km , f a l l s  approxi-  
m a t e l y  180 m from i t s  o r i g i n  t o  sea l eve l ,  
a n d  d e l  i v e r r  r e l a t i v e l y  large v01ums o f  
f r e s h  w a t e r .  L a r g e  l o a d s  o f  suspended 
c l a y  sed iments  are c a r r i e d  t o  the coasta l  
s y s t e m  v i a  t he  Tar River.  The upper ha l f  
o f  the Ta r  R i v e r  bas in  l i e s  i n  the h i l l y  
P i e d m o n t  w i t h  a  narrow f l oodp la j n ,  w h i l e  
t h e  l o w e r  h a l f  has d e v e l o p e d  a b r o a d  
F t o o d p l a i z f  as i t  f l o w s  across the low, 
F l a t  c o a s t a l  p l a i n .  The Pam i i coP i ve r  
E s t u a r y ,  which i s  qeneral i y  perpendicular 
t o  t h e  ocean  s h o r e l  f n e ,  i s  the  f looded 
p o r t i o n  o f  t h e  Tar  R i v e r  bas in  and i t s  
extens ive f loodp t a in.  

Numerous 1 a t e r a l  t r i b u t a r i e s  cirrtin 
o f f  t h e  l ow ,  f l a t ,  swampy coasta l  area 

i n t o  t h e  m a i n  P a m l i c o  R i v e r  E s t u a r y .  
These  s t r e a m s  h a v e  cons iderab ly  smal ler 
d r a i n a g e  bas ins w i t h  low r e l i e f  and smal l  
discharges of f a i r l y  ac id  blackwater.  Con- 
s e q u e n t l y ,  t h e  sed imen t  load i s  low and 
d o m i n a t e d  b y  o rgan i c  mat ter  der ived from 
t h e  b r o a d  f l o o d p l a i n  swamp f o res t s  and 
up1 and  pocos ins.  La te ra l  streams f towing 
d i r e c t l y  i n t o  t h e  westerniitost p o r t i o n  o f  
t h e  e s t u a r y  i r r c  1 ude Blounts, Tranters, 
and B r o a d  C reeks .  Far ther  downstream i n  
t h e  c e n t r a l  and  e a s t e r n  po r t i ons  o f  the 
Paml i co River  Estuary, t he  l a t e r a l  streams 
have  Been f l o o d e d  t o  form small l a t e r a l  
s u b - e s t u a r  i e s  such as Pungo River,  Nor th  
C reek ,  Ourham C r e e k ,  Goase Creek, South 
Creek, and Bath Creek. 

The P a m l i c o  R i v e r  Es tua r y  and the  
Neuse R i v e r  E s t u a r y  t o  the south are the 
m a j o r  f r e s h w a t e r  t r i b u t a r i e s  t o  Pamlico 
Sound, w h i c h  dominates the Nor th  Caro l ina  
c s a s  t a l  a r e a  (F igure  1).  Thus, the estu- 
a r y  i s  bounded  on  t h e  w e s t  b y  t he  Tar 
R i v e r ,  on t h e  n o r t h  b y  t h e  Albemarle- 
Paml i c o  pen insu la ,  on the  east  by P ~ m l i c o  
S o u n d ,  a n d  o n  t h e  s o u t h  b y  t h e  
Pamlico-Neuse peninsula. 

The P a m l i c a  R i v e r  E s t u a r y  Js not 
d i r e c t l y  connected t o  the  ocean, but I s  a  
t r i b u t a r y  La t h e  expansive PamlJco Sound 
( E i e s e  e t  a]. 1919) .  Consequecltly, the re  
$ 5  n o  d i r e c t  exchange w i t h  the  ocean and 
l u n a r  t i d a l  atrkplitude i s  very  low. There 
i s  a  l a r g e  f reshwate r  i n f l o w  r e l a t i v e  t o  
t i d a l  vo lume,  and b i o l o g i c a l  communities 
a r e  s u b j e c t  t o  d r a s t i c  hydrographic f l u e -  
t ua t i ons  dur ing  weather extremes, 

1.2. GEOLOGICAL OW I G f N  AND EVOLUTION 

Sedr'rnen t s  and  sedimentary rocks o f  
mar i r i e  o r  i g i n  under l i e  the  e n t i r e  Pamiico 
R i v e r  E s t u a r y  regSon (Brown e t  af.  45721. 
r h e s e  s e d i m e n t s  were deposited on t 3 p  o f  
t h e  same t y p e  o f  c r y s t a l l i n e  rocks t h a t  
o c c u r  i n  t h e  P i e d m a n h n d  were deposited 
when t h e  ocean  c o v e r e d  po r t i o r t s  aF the 





c o a s t a l  p l a i n .  As t h e  c o a s t a l  system 
m i  g r a t e d  back and f o r t h  across the  coas ta l  
p l  a i  n - c o n  t i n e n t a l  she l f  du r i ng  geo log ica l  
t i m e s  ( f o r  a t  l e a s t  the l a s t  100 m i l l i o n  
y e a r s )  s t r a t i f i e d  r o c k  l aye r s  were l a i d  
down (Brown e t  a1 . 1972). The marine sed i -  
m e n t s  r a n g e  from 600 m t h i c k  a t  Washing- 
t o n ,  N o r t h  Caro l ina,  t o  1500 m near Swan- 
q u a r t e r ,  t o  o v e r  3 km a t  Cape Hat teras 
(F igure  2) .  

Whi l e  e a c h  i n  t h e  se r i es  o f  forma- 
t i  ons  has  a  d i s t i n c t i v e  t e x t u r a l ,  minera- 
l o g i c a l  and f o s s i l  composit ion, and each 
was d e p o s i t e d  du r i ng  a  s p e c i f i c  pe r iod  o f  
g e o l o g i c a l  t i m e ,  t h e s e  f o rma t i ons  have 
1 i t t 1  e  d i r e c t  bea r i ng  on the present-day 
f u n c t i o n i n g  of t he  Pamlico R ive r  Estuary. 
We h a v e  p r e s e n t e d  t h e  names and ages o f  
t h e  fo rmat ions  i n  a  cut-away cross-sect ion 
o f  t h e  N o r t h  C a r o l i n a  Coastal  P l a i n  Con- 

F igure 2. Cross-sect ion o f  the s t r a t i g raphy  o f  NE North Carolina (Fa i r b r i dge  1960). 



t i n e n t a l  S h e l f  ( F i g u r e  21, t o  p lace the 
p r e s e n t - d a y  e s t u a r y  and i t s  sediments i n  
context .  The uppermost veneer o f  unconsol- 
i d a t e d  sediments does have a d i r e c t  bear- 
i n g  on  t h e  mode rn  es tuary .  These sedi -  
m e n t s  d i c t a t e  t he  general c h a r a c t e r i s t i c s  
o f  the es tuar ine  system, i nc l ud i ng  t he  gen- 
e r a l  g e o m e t r y  and character  of the estu-  
a r i n e  m a r g i n s  and bottoms, as w e l l  as the 
topography ,  s o i l  types, water drainage and 
use of the  adjacent land areas. 

The s e d i m e n t s  o f  i n t e r e s t  f o r  the  
r e c e n t  Paml i c o  R i v e r  Estuary range from 
t h e  Uppe r  M i o c e n e  t o  t he  Pl iocene (Table 
1). The s e d i m e n t s  depos i ted  dur ing  t h i s  
t i m e  o f  r a p i d l y  c h a n g i n g  s e q u e n c e  i n  
c o a s t a l  e n v i r o n m e n t s  ( 2 5  t o  1 m i l l i o n  

y e a r s  ago )  a r e  ext remely  va r i ed  and com- 
p l e x ,  and i n c l u d e  g r a v e l ,  sands, c lays, 
p e a t s ,  and  a l l  p o s s i b l e  c o m b i n a t i o n s  
( H a r t n e s s  1977).  Most of these u n i t s  are 
n o t  f o s s i  l i f e r o u s ,  or ,  if they  have been, 
t h e  f o s s i l s  are o f t e n  p a r t l y  o r  completely 
l e a c h e d  o u t  by the  ac i d  groundwaters mov- 
i n g  t h r o u g h  t h e  s u r f a c e  aqu i f e r s .  The 
M i o c e n e  sed imen t s ,  on the  o ther  hand, do 
c o n t a i n  seve ra l  f o s s i l  l ayers  and p rov ide  
the  sediments from which the  phosphate min- 
i n g  i n d u s t r i e s  along t h e  Paml i c o  R ive r  a re  
der ived. The Pl iocene and P le is tocene  sed- 
i m e n t s  r a n g e  i n  th ickness from a few me- 
t e r s  up t o  twenty o r  more meters through- 
o u t  t h e  i n n e r  and middle es tua r i ne  areas 
( T a b l e  l ) ,  i nc reas ing  t o  1 5  t o  25 m i n  t he  
Paml i c o  Sound area. 

R e c e n t  s e d  iments were formed dur ing  

( F i g u r e  3 ) .  D e v e l o p m e n t  o f  i c e  sheets 

beds; shelly 
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t h a t  c o v e r e d  vas t  areas of Europe, Asia, 
and  N o r t h  A m e r i c a  r e q u i r e d  tremendous 
v o l u m e s  o f  w a t e r .  C o n s e q u e n t l y ,  t h e  
p e r i o d s  o f  i c e  advance were accompanied by 
a w o r l d w i d e  l o w e r i n g  o f  sea l e v e l  by as 
much as 100 m (Fa i r b r i dge  1960). The l a s t  
m a j o r  g l a c i a l  i c e  advance  r e a c h e d  i t s  
maximum deve lopmen t  approximately 15,000 
t o  17,000 years BP (before present) .  The 
s h e l f  edge  a t  t h a t  t ime  was about 40 km 
e a s t  o f  Cape Hat te ras .  The land  sur face 
s l o p e d  g e n t l y  seaward, and was d issec ted  
b y  t h e  T a r  R i v e r  a n d  a s s o c i a t e d  
t r i b u t a r i e s  w i t h  moderately deep channels 
and  b r o a d  f l o o d p l a i n s .  The s u b a r c t i c  
c  1  i mate produced minimal vege ta t i ve  cover 
( W h i t e h e a d  1965 ,  1 9 8 1 ) -  r e s u l t i n g  i n  
m a x i m u m  s u r f a c e  w a t e r  d i s c h a r g e  a n d  
sediment eros ion.  

The p r o d u c t  o f  such an environment 
w o u l d  h a v e  b e e n  coarse, sediment-choked, 
b r  a  i ded-stream systems, f l ow ing  across t h e  
coas ta l  p l a i n  and d ischarg ing  onto the  con- 
t i n e n t a l  s h e l f .  The f a c t  t h a t  coarse 
s a n d s  and  g r a v e l s  were deposi ted on t he  
N o r t h  C a r o l i n a  C o a s t a l  P l a i n  as c u t  and 
f i 1 1 f l  u v i a l  channel sediments du r i ng  t h a t  
p e r i o d  o f  t i m e  suggests t h a t  t h e  c l ima te  
was very  wet. 

The p r e s e n t  r i s e  o f  sea l e v e l  began 
s o m e t i m e  a f t e r  17,000 years BP, when t h e  
c l i m a t e  began t o  warm again and g l a c i a l  
i c e  masses receded (Fa i r b r i dge  1960; White- 
h e a d  1 9 8 1  ) .  Thus, t h e  sed imenta ry  and 
p h y s i c a l  charac te r  o f  the  present  Pamlico 
R i v e r  E s t u a r y  system was def ined.  As t h e  
c l i m a t e  con t inued  t o  warm, t he  vege ta t ion  
s  1  o w l  y  e v o l v e d  i n t o  the  hardwood and p i ne  
f o r e s t s  w h i c h  c h a r a c t e r i z e  t h e  South- 
e a s t e r n  U n i t e d  S t a t e s  t oday .  And, t h e  
e s  t u a r  i n e  system impinged landward across 
t h e  c o n t i n e n t a l  s h e l f  t o  i t s  present  pos i -  
t i o n .  

A m a j o r  geomorphic fea tu re ,  known as 
t h e  S u f f o l k  Scarp, o r  the Arapahoe Ridge, 
t r e n d s  n o r t h  t o  south across t h e  western 
p o r t i o n  o f  t h e  Pam1 i c o  R i v e r  es tua r i ne  
s y s t e m  and  d i v i d e s  t h e  a r e a  i n t o  t w o  

d i s t i n c t  g e o m o r p h i c  p r o v i n c e s .  T h i s  
p r o m i n e n t  sand  r i d g e  r i s e s  t o  6- t o  9-m 
e l e v a t i o n s  and represents  an o l d  b a r r i e r  
i s  1  a n d  shore l ine,  formed by t h e  sea du r i ng  
a p r e v i o u s  Ple is tocene i n t e r g l a c i a l ,  when 
t h e  s e a  l e v e l  was h i g h e r  than i t  i s  a t  
p r e s e n t .  West o f  the Arapahoe Ridge, t h e  
t e r r a i n  g e n t l y  r i s e s  t o  the Piedmont. To 
t h e  e a s t  i s  t h e  P a m l i c o  Terrace, a  low, 
f 1 a t  s u r f  ace  s l o p i n g  f r o m  3 -  t o  5-m 
e l e v a t i o n s ,  a t  t h e  b a s e  o f  the  S u f f o l k  
S c a r p  g e n t l y  e a s t w a r d  t o  0.3- t o  0.6-m 
e l e v a t i o n s  a t  t h e  end  o f  t h e  l a n d  
p e n i n s u l a .  T h i s  g e o l o g i c  s e t t i n g  has 
r e s u l t e d  i n  low, poo r l y  dra ined land w i t h  
ex  t e n s  i ve swamps and pocos i n s  composed o f  
o r g a n i c  p e a t  s o i l s  t h a t  gene ra l l y  t h i c ken  
eastward. 

1.3. SETTLEMENT HISTORY 

E a r l y  set t lement  by c o l o n i s t s  i n  t he  
a r e a  a r o u n d  the Pamlico R ive r  Estuary  was 
s  1  owed because o f  the absence o f  adequate 
a c c e s s  t o  t h e  sea (Mauldin e t  a l .  1979). 
J u s t  as the  present  ecology i s  d i c t a t e d  by 
t h e  long-d is tance r e l a t i o n s h i p  t o  t h e  sea, 
t h e  w i d e ,  s h a l l o w  Pamlico Sound and bar-  
r i e r  i s l a n d s  i n f l u e n c e d  t he  r a t e  o f  t he  
a r e a ' s  human d e v e l o p m e n t  i n  t he  e a r l y  
d a y s .  The set t lement  o f  V i r g i n i a ,  begin- 
n i n g  w i t h  James town i n  1607 ,  was t h e  
n u c l e u s  f o r  t h e  c o l o n i z a t i o n  o f  Nor th  
C a r o l i n a ,  and  e a r l y  c o m m u n i t i e s  began 
n o r t h  o f  A1 b e m a r l e  Sound  ( S t i c k  1982). 
S o u t h e r n  m i g r a t i o n  continued, l ead ing  t o  
t h e  e s t a b l i s h m e n t  of Bath on the Pamlico 
s h o r e  i n  1704. Bath was an e a r l y  c a p i t a l  
o f  c o l o n i a l  N o r t h  C a r o l i n a ,  and i s  t he  
o l d e s t  i n c o r p o r a t e d  t o w n  i n  t he  State. 
The m a i n  a c t i v i t i e s  of t he  e a r l y  s e t t l e r s  
i n c l  uded  t i m b e r i n g ,  f i sh ing ,  and fa rming  
( M a u l d i n  e t  a l .  19791, which con t inue  t o  
be  prominent  today. The Pamlico R i ve r  was 
an i m p o r t a n t  c o l o n i a l  h i g h w a y  f o r  t h e  
t r anspo r t  o f  goods. 

The c u r r e n t  populat ion,  wh i l e  s t i l l  
r e l a t i v e l y  s p a r s e ,  i s  s l ow l y  inc reas ing  
w i t h  t h e  a d v e n t  o f  1 a r g e  a g r i c u l t u r a f  



o p e r a t i o n s  on the  Albemarle-Pamlico penin- 
s u l  a. Phosphate min ing has become a  major 
i n d u s t r y  on the  southern s ide  o f  the es tu -  
a r y ,  and  c o n t i n u e s  t o  a t t r a c t  add i t i ona l  
d e v e  1  opment. The I n t r acoas ta l  Waterway i s  
a  m o d e r n - d a y  r o u t e  f o r  the  t r anspo r t  o f  
products  from mines, fo res ts ,  and farms. 

1.4. BIOLOGICAL ZONES 
PAMLIWSOUND 

The Pamlico River  Estuary i s  charac- 
t e r i z e d  by low- t o  m i d - s a l i n i t y ,  h igh t u r -  
b i d i  t y ,  and shal low water. The deep, cen- 

II  - Rangla cuneata f \  

t r a l  p o r t i o n  o f  t h e  es tuary  has a  muddy Nere~s succinea 
b o t t o m ,  and d u r i n g  summer, i s  f r equen t l y  
w i t h o u t  o x y g e n  n e a r  t h e  bottom (Tenore 
1 9 7 0 ) .  The shal low nearshore has a  sandy % 
b o t t o m  and, occas ional ly ,  dense stands of 
w i d g e o n g r a s s  (Ruppia)  w i t h  at tached per-  
i p h y t  i c  algae and assoc ia ted animals, such 8 250 
as r o t i f e r s ,  nematodes,  arthropods, and 
g r a s s  s h r i m p .  S a l i n i t y ,  on t h e  average, 
i s  10 p a r t s  per thousand (pp t )  o r  l ess  i n  
t h e  e s t u a r y  west o f  the  entrance of South 
C r e e k ,  and between 10-20 pp t  i n  the  lower 
p o r t i o n  o f  t h e  e s t u a r y  ( G i e s e  e t  a l .  
1979). 

C D E F G H 
The b i o l o g i c a l  zones o f  the es tuary  

STATIONS 
a r e  c h a r a c t e r i z e d  by c e r t a i n  assemblages 
o f  b e n t h i c  a n i m a l s  (Tenore 1970), which F igure 4. B i o l og i ca l  zones o f  the Pamlico 
c l e a r l y  d e l i n e a t e  b i o l o g i c a l  zones  River  Estuary, based on macrobenthic as- 
( Sande r  s  1965  ) . The upstream sector,  or sembl ages (Tenore 1970). 
t h e  0 1  i g o h a l  i n e  (0.5-5 p p t )  regime (Sec- 
t i o n s  C and D i n  F igure 41, i s  dominated d e m a r c a t i o n s  i n  b i o l o g i c a l  communities 
b y  t h e  c l a m  !bE!A.@.. c u n e a t a ,  t h e  ~ 0 1 ~ -  become b l u r r e d  (Cope land  e t  a l .  1974b). 
c h a e t e  worm N e r e l s  sUCCl nea, and t h e i r  B e n t h i c  and  water-column communities are 
a t t e n d a n t  c o m m u n i t y ' ~ 1 9 7 0 ) .  The d e t a i l e d i n C h a p t e r 3 .  
m S d - s e c t o r ,  t h e  m e s o h a l  i n e  ( 5 - 1 8  p p t )  
r e g i m e  (Sec t i ons  E ,  F and G i n  F igure 41, 
i s d o m i n a t e d  b y  Macoma b a l  t h i c a  and 1.5. POTENTIAL CONFLICTS AND IMPACTS 
i t s  more s a l t - t o l e r a n t  community. A po ly -  
h a l i n e  zone  o f  18+ p p t  s a l i n i t y  f u r t h e r  S i n c e  t h e  e s t u a r y  i s  so completely 
d o w n s t r e a m  ( S e c t i o n  H i n  F igure 4 )  has d o m i n a t e d  b y  t h e  f l o w  o f  t h e  Tar River,  
g r e a t e r  d i v e r s i t y .  The c o m m u n i t y  i s  any  a c t i v i t y  on t h a t  r i v e r  system i s  going 
d o m i n a t e d  b y  t h e  s n a i  1  R e t u s a  cana l i -  t o  g r e a t l y  i n f l u e n c e  what happens i n  t he  
c u l a t a  and a l a r g e  v a r i e t y  o f  benth ic  e s t u a r y .  Land use pa t te rns  along the  Tar 
m s  ( T e n o r e  1970). These zones move R i v e r  b a s i n  and  m u n i c i p a l i t i e s  along t h e  
u p -  a n d  d o w n s t r 2 a m  w i t h  t h e  s e a s o n a l  r i v e r  p o t e n t i a l l y  c o n f l i c t  w i t h  o ther  
v a r i a t i o n  o f  f r e s h w a t e r  in f low,  and the a c t i v i t i e s  i n  t he  estuary  and may adverse- 
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1 y  i m p a c t  it. Major changes i n  t he  hydro- 
l o g i c  regime have r e s u l t e d  from channel iza-  
t i  on, f l o o d p l a i n  development, swamp d ra i n -  
age ,  and u rban iza t ion  along the Tar R ive r .  
I n c r e a s e d  n u t r i e n t s  i n  t h e  e s t u a r y  
( H o b b i e  1 9 7 4 )  may be a symptom o f  these 
c h a n g e s  ( s e e  S e c t i o n  3 . 3 ) .  E x o t i c  
m a t e r i a l s ,  s u c h  as p e s t i c i d e s ,  h e a v y  
m e t a l s ,  and o rgan i cs ,  may a lso en te r  t he  
es tuary  from upstream. 

Downs t ream a c t i v i t e s  a l s o  c rea te  
p o t e n t i a l  c o n f l i c t s  and impacts. The low- 
l y i n g  land  around t he  es tuary  and the h i gh  
w a t e r  t a b l e s  c o n t r i b u t e  t o  the p o t e n t i a l  
f o r  s e p t i c  tank e f f l u e n t  contaminat ion i n  
t h e  estuary.  Commercially va luable s h e l l -  
f i s h  beds i n  t he  lower es tuary  are t h rea t -  

ened  b y  b a c t e r i a l  and v i r a l  contaminat ion 
f r o m  t h e  deve lop ing  watershed adjacent t o  
t h e  e s t u a r y .  D r a i n a g e  o f  t h e  low- ly ing  
1 ands fo r  a g r i c u l t u r e  and f o r e s t r y  repres-  
e n t s  a  p o t e n t i a l  impact on t h e  environment 
o f  s h a l l o w ,  l o c a l i z e d  e s t u a r i n e  areas. 
D i s c u s s i o n  of t h e  impact o f  l o c a l i z e d  land 
d r a i n a g e  on  p r imary  nursery  areas w i l l  be 
t h e  sub jec t  o f  Sec t ion  6.5 of t h i s  r epo r t .  
E f f l u e n t  e n t e r s  t h e  e s t u a r y  from phos- 
p h a t e  m i n i n g  o p e r a t i o n s  on t he  southern 
s  h o r e  . Add i t i o n  a1 phosphate inpu ts  from 
r e c e n t  e f f l u e n t s  h a v e  n o t  had  ser ious  
i m p a c t s  (Hobbie 1974), bu t  a d d i t i o n a l  min- 
i n g  vo l umes  migh t  c rea te  a problem i n  t he  
f u t u r e .  S u g g e s t e d  management issues and 
p o s s i b l e  management schemes are o u t l i n e d  
i n  Chapter 6. 



CHAPTER 2 

DESCRlPTlON OF THE ENVIRONMENT 

2.1. ESTUM INE GEOLOGY s a l t  ma rshes  and  i n  t h e  adjacent embayed 
1 a t e r a l  estuar ies.  

Suspended  sed imen t s  c a r r i e d  by t he  
T a r  R i v e r  are mixed w i t h  organic  ma te r i a l s  The c e n t r a l  po r t i ons  o f  the  Pamlico 
d e r i v e d  f r o m  t h e  swamp f o r e s t s  and  R i v e r  E s t u a r y  a n d  t h e  a d j a c e n t  embayed 
marshes, and s e t t l e  o u t  t o  produce the dom- 1 a t e r a l  s  a r e  f 1 a t -bo t tomed w i t h  average 
i n a n t  bottom sediment o f  t h e  Paml i c o  R ive r  w a t e r  d e p t h s  o f  between 2 and 5 m. These 
E s t u a r y .  T h i s  b rown- to -b lack ,  organic-  a r e  g e n e r a l  l y  muddy bottoms t h a t  grade 
r i c h  mud, con ta in ing  up t o  15% organic  mat- l a t e r a l l y  i n t o  a  t h i n  apron o f  very  f i n e  
t e r  (Giese e t  a l .  1979), i s  deposited w i t h -  sand  i n  t h e  s h a l l o w  w a t e r s  a round  t he  
i n  t he  s tand ing  waters o f  t h e  embayed es tu -  e s t u a r i n e  per imeter  (Fo lger  1972; Giese e t  

n t s ,  as w e l l  as r e c y c l i n g  p re -  i s  f r o m  t h e  e r o s i o n  of the sediment bank 
ed imen t s ,  by e rod ing  the  estu-  s h o r e 1  i n e s ,  t h e  d i s t r i b u t i o n  o f  sand i s  
ines  and by scour ing and resus- d i r e c t l y  r e l a t e d  t o  t h e  s e d i m e n t  bank 

bottom muds. The muds become l o c a t  i o n ,  s i z e ,  compos i t i on  and r a t e  o f  
deposited i n  the extens ive e r o s i o n  ( B e l l i s  e t  a l .  1 9 7 5 ) .  The 

-- 
om types i n  t he  Paml i c o  R ive r  Estuary (Reid 1970). 



s e d i m e n t s  i n  f r o n t  o f  t h e  m a r s h e s  
g e n e r a l l y  h a v e  v e r y  l i t t l e  sand ,  b u t  
c o n t a i n  mo re  o r g a n i c  ma te r i a l s  i n c l u d i n g  
abundant pea t  blocks, logs, and stumps. 

2.2. SHORELINE CHARACTERISTICS 

The Pamlico R ive r  Estuary  i s  charac- 
t e r i z e d  b y  f i v e  d i f f e r e n t  types o f  shore- 
1  i n e s  ( B e l l i s  e t  a l .  1975). The e n t i r e  
B e a u f o r t  C o u n t y  shore l ine,  somewhat over 
h a l f  o f  t h e  Hyde County shore l ine,  and t h e  
n o r t h e r n  p o r t i o n  o f  the  Pamlico County 
s h o r e l i n e ,  from Goose Creek t o  Jones Bay, 
a r e  a1 1 c o n s i d e r e d  t o  be w i t h i n  t h e  Pam- 
l i c o  R ive r  Estuary.  The na tu re  and d i s t r i -  
b u t i o n  o f  t h e  f i v e  d i f f e r e n t  sho re l i ne  
t y p e s  f o r  t h o s e  c o u n t i e s  a r e  shown i n  
Table 2. 

Marshes 

Ma rshes  ( F i g u r e  6 )  c o n s t i t u t e  t h e  
m o s t  extens ive type o f  es tua r i ne  sho re l i ne  
( 6 2 % )  i n  the  Pam1 i c o  R ive r  Estuary  system, 
o c c u r r i n g  p r e d o m i n a n t l y  eas t  o f  t he  Suf- 
f o l k  S c a r p .  E x t e n s i v e  marshes are most 
p r e v a l e n t  i n  t h e  low- ly ing  ou te r  es tua r i ne  
a r e a s  o f  Hyde and Pamlico Counties, where 
t h e  s lope  o f  t h e  land i s  low and t h e  estu-  
a r i n e  w a t e r s  a r e  moderately sa l ine .  The 

Table 2. Composition and d i s t r i b u t i o n  
(m i les )  o f  shorel  i ne  types o f  the  Pam1 i c o  
River  Estuary ( B e l l i s  e t  a l .  1975). 

- 
Beaufor t  ~ y d e ~  Pain1 rcoa To ta l  

Type County coun ty  County ( % )  
-- - - -- - 

Marsh 81 111 38 230(62) 

Low bank 82 28 2 117(30) 

H igh  bank 19 0 0 19(5) 

B l u f f  5 0 0  5(1) 

Swamp f o r e s t  7 0  0  7 ( 2 )  
/ - - -- 

T o t a l  194 139 40 373 

aOnly t h e  p o r t i o n s  of t h e  county shoreline around t h e  Paml lco 
R i v e r  Es tuary  a re  inc luded .  

F igu re  6. Marsh shore l  ine.  

s  h o r e l  i n e s  of the  sub-estuar ies along the  
m i d d l e  o f  t h e  Pamlico R ive r  (e.g., Pungo 
R i v e r  , B a t h  Creek) con ta in  l e ss  extens ive 
marshes ,  bu t  narrow f r i n g i n g  marshes a long 
t h e  s h o r e .  The ex tens ive  marshes of the  
o u t e r  es tuary  gene ra l l y  have t he  f o l l o w i n g  
c h a r a c t e r i s t i c s :  

1. The m a r s h  g r a s s e s  are p r i m a r i l y  
b l a c k  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 )  w i t h  tesser 
amounts  o f  s e v e r a l  s p e c i e s  o f  
cordgrass (Spar t ina) ;  

2. The s h o r e l i n e s  a re  i r r e g u l a r  and 
c o n s i s t  o f  c o v e s  and headlands, 
r a n g i n g  f r o m  a f e w  m e t e r s  t o  
thousands o f  meters i n  width; 

3. M a r s h  p e a t s ,  t h i c k e s t  on t h e  
o u t e r  edge  and t h i n n e s t  on t he  
l a n d w a r d  edge,  l a p  o n t o  t h e  
upland f o res t s ;  

4. The o u t e r  per imeter  has v e r t i c a l  
s c a r p s  t h a t  d r o p  a b r u p t l y  i n t o  
0.3 t o  2 m o f  water; and 

5. S h o r e l i n e s  are subjected t o  l a rge  
e t c h e s  i n  t h e  o u t e r  e s t u a r i n e  
a r e a s ,  and  e r o s i o n  occurs a t  a  
r a t e  o f  as much as 1 m / y r ,  
d e p e n d i n g  upon  t h e  s p e c i f i c  
g e o g r a p h i c  l o c a t i o n  ( B e l l i s  e t  
a l .  1975). 





sho re l i ne  m i l es  (Table 2). High banks gen- 
e r a l  l y  o c c u r  o n l y  i n  Beaufor t  County, and 
r e c e d e  a t  a  r a t e  o f  about 0.5 mlyr,  due t o  
e r o s i o n  ( B e l l i s  e t  a l .  1975). T i gh t  c lays  
and  sands  cemented by i r o n  compounds usu- 
a l l y  compose t he  lower 1.5 t o  2.5 m o f  t h e  
bank ,  and  a r e  o v e r l a i n  by a bed o f  c lean 
q u a r t z  sand .  H i g h  banks  a r e  g e n e r a l l y  
e r o d e d  d u r i n g  severe storms, when onshore 
waves  o v e r t o p  t h e  s a n d  beach and break 
d i r e c t l y  on the  base o f  the  bank. As t he  
bank  becomes more undercut, the unstab le  
o v e r h a n g  e v e n t u a l  1  y  c o l  1 apses onto t h e  
b e a c h  . These f r e s h  sediments, reworked by  
waves ,  t e m p o r a r i l y  broaden and s t a b i l i z e  
t h e  b e a c h  w i t h  a  new l a y e r  o f  sand .  
F a l l e n  t r e e s  and  b r u s h  a c t  as na tu ra l  
g r o i n s  and  t empo ra r i l y  he lp  s t a b i l i z e  t he  
b e a c h .  I f  v e g e t a t i o n  o f  any  f o r m  can 
become estab l ished,  e i t h e r  on the beach o r  
on t h e  bank ,  i t  w i  1 1  absorb much o f  t h e  
wave e v e r g y  and  d e c r e a s e  t h e  r a t e  and 
e x t e n t  o f  s h o r e l i n e  recess ion ( B e l l i s  e t  
a l .  1975). 

B l u f f s  

c i  a t e d  w i t h  t h e  Suffolk Scarp, and along 
t h e  T a l b o t  T e r r a c e  w e s t  o f  t h e  scarp. 
B l u f f s  gene ra l l y  cons i s t  o f  t i g h t  c l a y  and 
m o d e r a t e l y  t o  t i g h t l y  cemented sandstone 
a t  t h e  base ,  w i t h  unconso l ida ted  water- 
b e a r i n g  sands  and  c l a y e y  sands on top. 
The b l u f f s  a r e  genera l l y  receding a t  the  
a v e r a g e  r a t e  o f  0.6 m/yr ( B e l l i s  e t  a l .  
1975). 

Swamp Forests  

Swamp f o r e s t s  (F igure  10) c o n s t i t u t e  
a b o u t  2 %  o f  t h e  shore l ines  o f  t h e  Pamlico 
R i v e r  e s  t u a r  i ne  system. The cypress-gum 
swamp f o r e s t s  o c c u r  p r i m a r i l y  along the  

B l u f f  s h o r e l i n e s  ( F i g u r e  9) a r e  
s e d i m e n t  banks, composed o f  sand and c lay ,  
t h a t  h a v e  a r e l i e f  g rea te r  than 6 m above 
mean water l e ve l .  These spectacular  shore- 
l i n e s  c o n s t i t u t e  about 1% o f  the  Pamlico 
R i v e r  E s t u a r y  shore and o n l y  occur along 
t h e  southwestern s ide  of t he  es tuary  asso- 

F igure 10. Swamp f o r e s t  shore l  ine. 

F igure 9. B l u f f  shore l  ine. 

r i v e r  s h o r e  w e s t  o f  W a s h i n g t o n ,  N. C. 
( w h e r e  t h e  swamp f o r e s t s  o f  t he  Tar R ive r  
f l o o d p l a i n  a r e  b e i n g  drowned out) ,  t he  
u p p e r  p o r t i o n s  o f  Chocowini ty Bay, and i n  
t h e  upper, f reshwater  reg ions o f  t he  l a t e r -  
a l  t r i b u t a r y  c r e e k s  i n  Beaufort County. 
These  o l d  f l oodp la i ns  are charac te r i zed  by 
an a s s e m b l a g e  o f  cypress, gum, and maple 
t r e e s .  The a v e r a g e  r a t e  o f  s h o r e l i n e  
r e c e s s i o n  i s  a l m o s t  impercept ib le ,  l e s s  
t h a n  2.5 cm/yr. As the gum and maple are 
d r o w n e d  o u t  b y  p e r m a n e n t  f looding,  the  
sho re l i ne  moves in land,  It i s  o f t e n  d i f f i -  
c u l t  t o  t e l l  w h e r e  t h e  ac tua l  sho re l i ne  
i s  , b e c a u s e  t he  t r e e  l i n e  does no t  neces- 



s a r i l y  f o l l o w  t h e  l a n d - w a t e r  i n t e r f a c e  f a rmed ,  b u t  a g r i c u l t u r a l  a c t i v i t i e s a r e  
( B e l l i s  e t  a l .  1975). now i n c r e a s i n g  i n  t h e  s h a l l o w  organic  

s o i l s  and  i n  some o f  t h e  deep organic  
so i  1s. 

2.3. WATERSHED CHARACTERISTICS 
Due t o  l o w  e l eva t i on  and h i g h  water 

Mos t  (almost two- th i rds )  o f  the  land t a b l e s ,  l a n d  i n  t h e  lower coasta l  p l a i n  
a r o u n d  t h e  Paml i c o  R i v e r  E s t u a r y  i s  m u s t  be d r a i n e d  for  e f f e c t i v e  c u l t i v a t i o n  
f o r e s t e d  ( T a b l e  3 ) .  The amount o f  land (Skaggs  e t  a l .  1980). With the increase 
t a k e n  up b y  u r b a n  areas and highways i s  i n  a g r i c u l t u r e ,  the re  i s  now a  network o f  
s m a l l ,  a m o u n t i n g  t o  about 5000 ha o f  t he  c a n a l s  c a r r y i n g  l a r g e  amounts o f  f resh 
t o t a l  316,000 ha.  A l l  o f  t he  c i t i e s  and w a t e r  t o  t h e  e s t u a r y  ( P a t e  and  Jones  
t owns  on t h e  P a m l i c o  R i v e r  Estuary, as 1 9 8 1 ) .  Drainage was f i r s t  i n i t i a t e d  i n  t he  
we1 1  as those a long the  upstream sect ions l a t e  1 7 0 O 8 s ,  b u t  t h e r e  a r e  many mo re  
o f  t h e  T a r  R i v e r ,  a r e  s m a l l  t o  medium c a n a l s  t o d a y  ( L i l l y  1 9 8 1 ) .  The l a t e s t  
s i z e ,  w i t h  a  t o t a l  p o p u l a t i o n  o f  about p e r i o d  o f  i n c r e a s e d  d r a i n a g e  a c t i v i t y  
56,000 people l i v i n g  i n  t he  t h ree  count ies began  i n  t h e  e a r l y  19701s, when severa l  
a d j a c e n t  t o  t h e  e s t u a r y  (1980 census). l a r g e  c o r p o r a t i o n s  became i n v o l v e d  i n  
Land  u s e  on  t h e  wa te r shedo f  t hePam l i co  c l e a r i n g a n d d e v e l o p i n g t h o u s a n d s o f  acres 
R i v e r  E s t u a r y  i s  r a p i d l y  changing (Heath o f  l a n d  i n  e a s t e r n  North Caro l ina  ( L i l l y  
1 9 7 5 ) .  A l t h o u g h  c u l t f v a t e d l a n d i n t h e  1981). 
S t a t e  as a  w h o l e  i s  decreasing i n  area, 
t h e  number  o f  acres under c u l t i v a t i o n  i n  A n o t h e r  i m p o r t a n t  l a n d  use i n  t h e  
t h e  l o w l a n d s  b e t w e e n  t h e  Pamlico R ive r  w a t e r s h e d  o f  t h e  Pamlico River  Estuary  i s  
E s t u a r y  and  Albemarle Sound i s  inc reas ing  m i n i n g  f o r  p h o s p h a t e  on t h e  s o u t h e r n  
( F i g u r e s  11 and 12). For example, severa l  s h o r e .  One l a r g e  company has been min ing 
t h o u s a n d  a c r e s  o f  f o r e s t e d  land  i n  Hyde phospha te  by s t r i p -m in i ng  operat ions s ince 
C a u n t y h a v e b e e n c o n v e r t e d t o a g r i c u l t u r a l  t h e  middle1960 's .Morerecent ly ,  another 
u s e s  i n  t h e  p a s t  t e n  y e a r s  ( Lynch  and company has  p l a n n e d  a d d i t i o n a l  mining. 
Peacock  1 9 8 2 ) .  Mas t  o f  t he  m inera l i zed  P h o s p h o r i t e  o r e s  a r e  e x t r a c t e d  f r o m  
$01  I s  ( F i g u r e  13) have t r a d i t i o n a l l y  been M i o c e n e  f o r m a t i o n s  about 20 m  i n  depth. 

Table 3, Land use a l l o c a t i o n  (acres) around the Paml l c o  R ive r  Estuary (U.S.  S o i l  Conser- 
v a t i o n  Service 1977), 

---- ---- 

% o f  Federa l  
County County T o t a l  non-crop Urban Cropland Pas tu re  Fo res t  Other 
---- - --,- - - 
Pan1 i c o  12 24,006 5 5  314 3,508 182 17,337 2,610 

Beaufor t  83 441,427 1,909 9,946 114,082 6,770 282,613 26,107 

Hyde 7 8 316,493 39,000 2,051 51,333 780 184,612 38,717 

To ta l  781,926 40,964 12,311 168,923 7,732 484,562 67,434 

% of t o t a l  5 2  22 1 62 9 
-- 
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F igure  11. Cul t i v a t e d  1 and on the A1 bemarl e-Pam1 i c o  peninsul a, 1956 (Heath 1975). 

O v e r b u r d e n  ( o v e r l y i n g  s e d i m e n t s )  i s  
r emoved  a n d  g r o u n d w a t e r  pumped from t h e  
u p p e r  a q u i f e r ,  so t h a t  t h e  o r e  can be 
" s t r i p p e d "  from the  format ion.  The pmped 
f r e s h  water i s  discharged as sur face water 
i n t o  t h e  e s t u a r y ,  adjacent t o  t h e  m in ing  
s  i t e  . As areas are mined, t h e  accumulated 
o v e r b u r d e n  i s  r e s t o r e d  i n t o  t h e  p i t s ,  
l e v e l e d  a n d  p l a n t e d  t o  g r a s s e s  f o r  
r e - s t a b i l i z a t i o n .  

Unconso  1 i dated sedimentary depos i t s  
( F i g u r e  141 ,  i n  w h i c h  t h e  ground water 
o c c u r s ,  r a n g e  i n  t h i c k n e s s  f r o m  a few 
m e t e r s  a l o n g  t he  f a l l  l i n e  t o  about 3,000 
m a t  Cape H a t t e r a s  ( H e a t h  1 9 8 0 ) .  The 
g r o u n d  w a t e r  a v a i l a b l e  i n  t h e  coas ta l  

p l  a i n  i s  ma in ly  f rom the  upper aqui fer  and 
t h e  l imes tone  aqu i f e r  (Wi lder  e t  a l .  1978; 
H e a t h  1980). The upper aqu i f e r  y i e l d s  t he  
m o s t  water (F igure  15). I t i s  a  source of 
i n p u t  t o  t h e  streams and the  es tuary  and 
i s  a1 so the  one most l i k e l y  t o  be contami- 
n a t e d  b y  l a n d  use  a c t i v i t i e s .  The water 
t a b l e  from t h i s  aqu i f e r  l i e s  ve ry  c lose  t o  
t h e  su r f ace  i n  many o f  t h e  low- ly ing  areas 
around the Pamlico R ive r  Estuary.  

2.4. CLIMATE 

The c l i m a t e  i n  the  Pamlico r eg i on  i s  
m o d e r a t e l y  m i l d  and moist ,  c r e a t i n g  a good 
e n v i r o n m e n t  f o r  ag r i cu l t u re ,  f o r e s t r y  and 
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1 eared 1 and on the  A1 bemarl e-Pam1 i c o  peninsula, 1973 (Heath 1975). 

The Pam1 i c o  R ive r  Estuary  l i e s  i n  a 
b e l t  whe re  t h e  meaa monthly temperature 

i z e d  by hot, humid days. P r e v a i l i n g  winds 
a r e  i n  t h e  S-SW quadrant, w i t h  an average 

nadoes  may o c c a s i o n a l l y  c rea te  cons ider-  
a b l e  w i n d s ,  howeve r .  The h ighes t  wind 
v e l o c i t i e s  (N-NW du r i ng  f r o n t a l  movements) 
g e n e r a l  l y  occur i n  w in te r ,  and t h e  lowest 
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Less than 5 feet deep More than 5 feet deep 

Figure 13. Generalized s o i l s  map f o r  the Albemarle-Pamlico peninsula (Heath 1975). 

w i n d  v e l o c i t i e s  occur dur ing  t h e  sumer .  2.5, HYDROLOGY 
H u r r i c a n e s  o c c u r  i n f r e q u e n t l y ,  bu t  when 
t h e y  do, most o f  the estuary  can be f i l l e d  The ma jo r  source o f  f r esh  water i n t o  
w i t h  ocean  w a t e r  due t o  wind t i des .  The t h e  P a m l i c o  R i v e r  E s t u a r y  i s  t h e  Ta r  
l a s t  m a j o r  hurr icanes occurred dur ing  t h e  R i v e r ,  w h i c h  a r i s e s  i n  the Piedmont and 
m i d - f i f t i e s  (e-g., Hazel i n  1954). f l o w s  s o u t h e a s t e r l y  across the  S ta te  t o  
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Cross-sect ion o f  sediments and aqu i f e r s  under l y ing  t he  N.C. coasta l  p l a i n  

he Tar R ive r  d ra ins  1,147 c f s  i n  O c t o b e r  and 4,433 c f s  i n  
7 7 % o f  t h e e n t i r e  F e b r u a r y  ( T a b l e 5 ) .  OurhamCreek,Pungo 
bas in  o f  t he  Tar- R i v e r  a n d  B a t h  Creek  a r e  s m a l l e r ,  b u t  

A s  measured  a t  i m p o r t a n t ,  t r i b u t a r i e s  t o  t h e  Pamlico 
a1 annua l  mean R i v e r  E s t u a r y .  T h e i r  i n f l o w s  f o l l o w  

T o t a l  a v e r a g e  o u t f l o w  f r o m  t h e  e n t i r e  
s y s t e m  i s  a b o u t  5400 c f s  annua l l y  (Giese 
e t  a l .  1979). 

S a l t  w a t e r  p e n e t r a t e s  t h e  l o w e r  
r e a c h e s  o f  t he  Tar R ive r  and o ther  t r i b u -  
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F i gu re  15. Estimated average amounts o f  
recharge t o  and s torage i n  t he  th ree  major  
aqu i f e r s  under l y ing  the Pam1 i c o  R i ve r  Estu- 
a r y  (Wi lder  e t  a1 . 1978). 

t a r i e s ,  a t  l e a s t  d u r i n g  pe r i ods  of low 
f r e s h w a t e r  f l ow.  On occasion, s a l t  water 
may p e n e t r a t e  upstream almost t o  t he  town 
o f  Grimesland, about 7.5 km from t h e  mouth 
o f  t h e  T a r  ( G i e s e  e t  a l .  1 9 7 9 ) .  The 
c h a n n e l s  o f  t h e  l o w e r  p o r t i o n s  o f  t h e  
t r i b u t a r i e s  a r e  overs ized f o r  t h e  amount 
o f  incoming f reshwater  they carry .  There- 
f o r e ,  cu r ren t  v e l o c i t i e s  due t o  freshwater 
i n f l o w  are low. 

The e s t u a r y  i s  s e p a r a t e d  from the  
o c e a n  b y  P a m l i c o  Sound and  t h e  O u t e r  
Banks .  T h e r e f o r e ,  the lunar  t i d e  i n f l u -  
e n c e  i n  t h e  e s t u a r y  i s  minimal (Giese e t  
a l .  1 9 7 9 ) .  The average t i d a l  f l u x  i n  t he  
e s t u a r y  i s  l e ss  than 15 cm. The bas in  i s  
s h a l l o w  and t he re  i s  o n l y  occasional ve r -  
t i c a l  s t r a t  i f  i c a t i o n .  Thus, c i r c u l a t i o n  
i n  t h e  e s t u a r y  i s  p r i m a r i l y  in f luenced  by 
winds and f reshwater  in f low.  

Wa te r  l e v e l s  i n  t h e  Pamlico R ive r  
E s t u a r y  a r e  very  s e n s i t i v e  t o  winds (F ig -  
u r e  1 8 ) .  The h ighes t  water l e v e l s  i n  t he  
P am1 i c o  R i v e r  Estuary  occur when the  wind 
b l o w s  d i r e c t l y  u p s t r e a m  ( i . e . ,  E-SE). 
Winds  f r o m  t h e  opposi te  d i r e c t i o n  (i.e., 
W-NW) have  an e f f e c t  o f  p r o d u c i n g  low 
water l e v e l s  (Giese e t  a l .  1979). 

The  s h a l l o w  e s t u a r y  averages o n l y  
a b o u t  3.3 m deep (Giese e t  a l .  19791, w i t h  
t h e  d e e p e s t  p o r t i o n  a t  about 7 m i n  the  
m a i n  c h a n n e l ,  near i t s  j unc tu re  w i t h  Pam- 
1 i c o  Sound. A d e p t h  p r o f i l e  along the  
m a i n  c h a n n e l  o f  t h e  es tuary  i s  t y p i c a l  of 



Tab1 e 4. Normal annual mean d ischarge 
( c f s )  o f  t h e  Tar River a t  Tarboro, N.C., 
1897-1978. (Data from U.S. Geol q i c a l  Sur- 

EVAPOTRANSPIRATIO vey, Raleigh, N.C.) 
-- 

Mean discharge Mean d ischarge  
Year ( c f s  Year ( c f s )  

.I_l..__X---___ .- . - 

1891 2,212 1953 2,193 
1898 1,639 1954 2,229 
1899 3,474 1955 1,952 
1900 2,284 1956 1,948 

Y 1901-1931 No record 1957 2,000 
3 1932 1,136 1958 3,647 
u 1933 1,728 1959 2,623 
E 1934 1,760 1960 4,057 

1935 2,532 1961 2,325 
1936 3,346 1962 2,347 
1937 3,521 1963 1,775 
1938 L ,236 1964 1,933 
1939 3,068 1965 2,689 
1940 ?,234 1966 1,478 
1941 1,492 1967 1,149 
194% 1,034 1968 1,394 
1943 2,277 1969 1,821 
1944 2,044 1970 1,755 
1945 3,403 1911 1,652 
1946 2,676 1972 2,566 
194/ 1,479 1973 3,332 
1948 2,721 1974 2,080 
1949 J.000 1975 3,117 
1950 1,470 1976 1,517 
1951 1,117 1977 1,519 
1952 2,252 1978 3,002 

F igu re  17. Mean monthly p r e c i p i t a t i o n  and 
evapo t ransp i ra t ion  a t  New Holland, N.C. 
(Heath 1975). 

2.6. AQUATIC ENVIRONMENT 

c o a s t a l  p l a i n  estuar ies.  The t o t a l  volume Wet 1 ands a r o u n d  t h e  Pamlico R ive r  

o f  t h e  P a m l i c o  R i v e r  Estuary, i n c l ud i ng  E s t u a r y  a r e  genera l l y  c l a s s i f i e d  as th ree  
t y p e s  : swamp fo res ts ,  pocosins, and i r r e -  

t he  segment the Pungo River, gularly f loaded marshes. Due m a i n l y  to 
i s  a b o u t  2 b i l l i o n  cubic meters (Giese e t  t h e  l a c k  o f  t i de ,  t he re  are few a1. 1979). a c r e s  o f  r e g u l a r l y  f l o o d e d  s a l t  marsh 

a r o u n d  t h e  Pam1 i co  R ive r  Estuary  (Wilson 
A n a v i g a t i o n  channel, 60 m wide and 1962 ;  B e l l  i s  e t  a l .  1 9 7 5 ) .  By f a r  t he  

3 .6  m deep,  i s  mainta ined i n  the estuary  r n a j o r i  t y  o f  w e t 1  and area i s  i n  pocosins 
b y  t h e  U, S .  Army Corps of Engineers, from ( T a b l e  61, about 75% o f  the t o t a l  wetlands 
t h e  m o u t h  o f  t h e  e s t u a r y  t o  Washington, i n  the  count ies adjacent t o  t he  estuary.  
N.C., a b o u t  65  km upstream. The I n t r a -  
c o a s t  a  1 Waterway crosses the estuary  from The wooded swamp i s  characerized by 
t h e  Puriga R i v e r  t o  Pamlico Point .  There a l o n g  p e r i o d  d u r i n g  which water stands, 
i s  a l s o  a f e r r y  t u r n i n g  bas in  j u s t  eas t  o f  a l t h o u g h  t h e  f l o o r  may b e  d ry  du r i ng  a 
B a t h ,  N.C, ,  on t h e  n o r t h  s i d e  and near p o r t  i o n  o f  the  growing season. The peaty  
H i c k o r y  P o i n t  on  t h e  s o u t h  s i d e .  The o r  mucky  s o i l  s u p p o r t s  c h a r a c t e r i s t i c  
f e r r y  channe l s  are maintained by the  N.G. ha rdwood  t r e e s .  The t h r e e  most common 
Department o f  Transpor ta t ion.  c a n o p y  t r e e s  a r e  b l a c k  gum, tupe lo  gum, 
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Table 5. Monthly mean d ischarge ( c f s )  o f  
t he  Tar River  a t  Tarboro, N.C. (Data from 
U.S. Geol og ica l  Survey, Ral eigh, N.C.) 

Month 
Mean discharge 

(c fs)  

a n d  b a l d  c y p r e s s ,  i n  s i n g l e  stands o r  i n  
c o m b i n a t i o n s .  N u t r i e n t  r e l e a s e  i n  the  
wooded swamp i s  s l o w  w i t h  m o s t  o f  the  
n u t r i e n t s  b e i n g  h e l d  i n  t h e  sediments 
(Woodwel l  19581, which ac t  as a  f i l t e r  f o r  
t h e  ne ighbor ing estuary.  

January 
February 
March 
Apr i 1 
May 
June 
July 
August 
September 
October 
November 
December 

I r r e g u l a r l y  f l o o d e d  s a l t  marshes 
b o r d e r  t h e  e s t u a r y  a l o n g  much o f  i t s  
s h o r e 1  i n e  ( T a b l e  2 ) .  B l a c k  needlerush 
( J u n c u s  r o e m e r i a n u s )  c h a r a c t e r i z e s  the  
l o w e r  e l e v a t i o n s .  Sa l t  meadow cord arass 
( S p a r t i n a  p a t e n s )  a n d  s a l t  gFass  
( D  i s  t i c h l  i s  s p i c a t a )  g row i n  h i g h e r  
e l e v a t i o n s .  The i r r e g u l a r l y  f looded s a l t  
m a r s h  i s  t h o u g h t  t o  c o n t r i b u t e  organic 
m a t t e r  t o  t h e  e s t u a r y  d u r i n g  t imes  o f  
f 1  ood  i n  g  (Wi lson 19621, a1 though there  i s  
c o n s i d e r a b l e  c o n t r o v e r s y  as t o  t h e  
magnitude of t h e  c o n t r i b u t i o n .  



Table 6. Approximate acres o f  wetlands b y  
county i n  the v i c i n i t y  o f  t he  Pamlico R i ve r  
Estuary  ( W i l  son 1962). 

-- 
Irregularly 

Wooded flooded 
County Area swamp Pocosins marshes 
-- 
Beaufort 532,000 21,850 119,700 4,500 

l o w  as O'C and as h i g h  as 30°c (Hobbie 
1970b). 

D u r i n g  l a t e  sumer,  water s t r a t i f i e s  
i n  t h e  d e e p e r  a r e a s ,  which lose most of 
t h e i r  d i sso lved  oxygen. The v e r t i c a l  s t r a -  
t i f i c a t i o n  i s  induced by low wind ve l oc i -  
t i e s ,  h igh sur face t u r b i d i t y ,  and h igh  sur- 
f ace w a t e r  temperatures dur ing  t h a t  time. 

nydea 203,000 17,300 108.350 16,650 s t r a t i f i c a t i o n  may a lso  begin when l o c a l  
Pam1 ICO 218,000 3,450 40,300 15,000 

1 a t e  -summer thundershowers r e s u l t  i n  sud- 
den f r e s h w a t e r  in f lows .  S ink inq  orqanic  

Totals 953,000 42,600 268,350 36,150 m a t t e r  i n  the  estuary  may then con t r i bu te  
---- .--- ---- --- t o  a  decrease i n  t he  d isso lved oxygen sup- 
'Only half o f  Hyde County i s  regarded as being wlthin the Pamlico ply near t he  bottom. l-he low oxygen condi-  
River Estuary watershed. 

t i o n s  d u r i n g  t h e  l a t e  summer r e s u l t  i n  
f i s h  k i l l s ,  sometimes o f  tremendous propor- 

The a q u a t i c  environment of the Pam- t i o n s  (N. C. D i v i s i o n  o f  Marine F isher ies  
1 i c 0  ~i~~~ ~~t~~~~ is typically o l igoha-  d a t a ) .  During o ther  seasons t h e  d isso lved  
l i n e / m e s o h a l i n e ,  i.e., b e l o w a b o u t 1 8 p p t  Oxygen seems t o  be a d e q u a t e t o s u ~ ~ o r t  
( H o b b i e  1970b, Heath 1975; Cowardin e t  a l .  f i ~ h  p o p u l a t i o n s  ( ~ o b b i e  1970b; ~ a v i s  e t  
1 9 7 9 ) .  The average sur face s a l i n i t y  o f  the  1978)- 
Paml  i c o  R i v e r  Estuary  i s  genera l l y  lowest 
d u r i n g  s p r i n g  and does no t  usua l l y  exceed 
a b o u t  30% ( 1 0 - 1 2  p p t )  seawater  (F igure  
1 9 ) .  S u r f  ace water s a l i n i t y  gets  as h i gh  
as 50% (16-18  p p t )  seawater or  more (F ig -  
u r e  201, d u r i n g  t h e  d r i e r  months o f  l a t e  
f a l l  a n d  e a r l y  w in te r .  S a l t  water pene- 
t r a t e s  on t h e  b o t t o m  of the es tuary  a l l  
t h e  way t o  t he  mouth o f  t he  Tar River  near 
W a s h i n g t o n ,  N.C., du r ing  most o f  the year 
( H o b b i e  197Ob) .  D u r i n g  t h e  d r i e r  f a l l  
m o n t h s ,  s a ?  i n i t y  c o n c e n t r a t i a n s  on the  
b o t t o m  o f  t h e  e s t u a r y  near t he  mouth o f  
t h e  T a r  R i v e r  may be as h i g h  as 10 pp t  
( H o b b i e  1970b). Due t o  the  shallowness o f  
t h e  e s t u a r y  and t h e  p r e v a i l i n g  winds, i n -  
t e n s e  s a l  i n i t y  s t r a t i f i c a t i o n  o n l y  occurs 
d u r i n g  t h e  calm, d r y  per iods o f  l a t e  sum- 
m e r  and  e a r l y  f a l l  (Dav is  e t  a l .  19781, 
a n d  d u r i n g  s h o r t  p e r i o d s  f o l l o w i n g  
in tense  freshwater r u n o f f  (Hobbie 1970b). 

SURFACE SALINITY (PP 

Mean m o n t h  l y wa te r  temperatures i n  
t h e  P a m i i c o  R i v e r  Es tua r y  range betwegn 
a b o u t  5 C d u r i n g  J a n u a r y  t o  about 27 C 
d u r i n g  Ju ly  and August (F igure  21). There 
a r e  f l u c t u a t i o n s  a b o u t  t hese  means, so F igure 19. Surface s a l i n i t y  i n  the Pamlico 
t h a t  t h e  e x t r e m e s  i n  t h e  es tuary  are as R ive r  Estuary dur ing sp r i ng  (Hobbie 1974). 
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Figure  20. Surface s a l i n i t y  i n  the  Pamlico 
River Estuary dur ing f a l l  (Hobbie 1974). 
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Figure  21. Average monthly temperature  of 
t h e  Pam1 ico  River Estuary a t  Washington, 
N.C. (Giese e t  a l .  1979). 



CHAPTER 3 

3.1. PRIMARY PRODUCERS 

P h y t o p l  ank ton  are an important b i o -  
l o g i c a l  component  o f  t h e  Pamlico R ive r  
E s t u a r y .  Changes i n  t h e  q u a l i t y  and 
quan t i t y  o f  phy top lank ton  are thought t o  
be  b a s i c  t o  t h e  hea l t h  and wel l -be ing of 
t h e  estuary .  As i s  c h a r a c t e r i s t i c  o f  most 
e s  t u a r  i es  , phytoplankton abundance i n  the 
Pam 1 i co River  Estuary  shows extreme patch- 
i n e s s  ( F i g u r e s  22 and 23). Over a  small 

CCB MAUCW MAY 

Figure 22. Algal  bioniass i n  South Creek, 
February-May, 1968 (Hobbi e  1971 ) . 

r a n g e  o f  space  and  t i m e ,  phytoplankton 
abundance  c a n  v a r y  over orders o f  magni- 
t u d e  ( H o b b i e  1971) .  Sampling on a d a i l y  
bas  i s  a t  one p lace i n  South Creek (F igure 
2 2 )  f o r  5 6  days  y i e l d e d  a l g a l  biomass 
r a n g i n g  f r o m  l e s s  t han  1 mg/l to  nea r l y  
1 0 0  mg/ l  . S i m i l a r l y ,  samples from several  
p l a c e s  i n  t h e  e s t u a r y  on t he  same date 
( F i g u r e  2 3 )  y i e l ded  mean biomass from less 
t h a n  1 n~g / l  t o  n e a r l y  50  m g / l .  This 
v a r i a b i l i t y  f rom day t o  day, f rom p lace t o  
p l a c e  and f r o m  d e p t h  t o  depth, makes i t  
d i f f i c u l t  t o  p lace conf idence i n  est imates 
o f  p h y t o p l a n k t o n  biomass based on a few 
samp 1 es and/or d i s c r e e t  sampling po i n t s  i n  
an estuary  (Hobbie 1971). 

2 2 

P h y t o p l  an k ton  abundance and biomass 
i n  t h e  Paml ico  R ive r  Estuary e x h i b i t s  two 
peaks  d u r i n g  t h e  year (Hobbie 1971), the  
f i r s t  d u r i n g  w in te r  and e a r l y  spr ing,  and 
t h e  s e c o n d  dur ing the sumner (F igure  24). 
The maximum abundance occurs i n  the middle 
and uDoer  reaches o f  t h e  estuary ,  where a 
d i n o f i d g e l  1 a t e  ( H e t e r o c a p s a  equ ipe r -  
i d i n i u m  t r i q u e t r a ,  f o r m e r l y  P e r i -  
d i n i  um t r i q u e t r u m ) ,  a t t a i n s  b l o o m  
l e v e l s  a t  t i m e s  dur ing  January t o  A p r i l .  
I n  t h e  upper  po r t i ons  o f  the estuary ,  t he  
l a t e  summer peak  i s  a l s o  dominated by 
d i n o f  l a g e l  l a t e s .  Far ther  down the  estu- 
a r y ,  w h e r e  s a l i n i t i e s  a r e  h i g h e r ,  t he  
d o m i n a n t  p h y t o p l a n k t o n  a r e  composed of 
d i a t o m s  c h a r a c t e r i s t i c  o f  more mesohaline 
e a s t  c o a s t  e s t u a r i e s  ( H o b b i e  1971 ;  
K u e n z l e r  e t  a1. 1 9 7 9 ) .  D e n s i t i e s  are 
e x t r e m e l y  v a r i a b l e ,  w i t h  ranges o f  1 t o  
300 m i l l i o n  c e l l s / l i t e r  du r ing  the  w in te r -  
s p r i n g  blooms and I t o  100 m i l l i o n  c e l l s /  
l i t e r  i n  t he  summer peak. 

mGymnodln~urn  nelson^^ 

Polykr~kos sp 

ULRGyrodtnlurn aureotum 
ElProrocentrum rnlnimurn 

l l lunarmored d~noflagellate 

m o t h e r s  

F igure 23. Biomass (mg/l i t e r )  of phyto- 
p lankton i n  the Pam1 i c o  R i v e r  Estuary  a t  
sur face ( S )  and bottom ( B )  s ta t ions ,  August 
1966 (Hobbie 1971). 



F i g u r e  24. Average a l g a l  biomass and num- 
bers i n  t h e  Paml i c o  R i v e r  Estuary,  1966-67 
(Hobbie 1971). 

T h e  p e r i o d s  o f  maximum a l g a l  num- 
b e r s ,  h o w e v e r ,  a re  somewhat o u t  o f  phase 
w i t h  t h e  p e r i o d s  o f  maximum a l g a l  biomass 
( F i g u r e  24  ). The dominant d i n o f l a g e l l a t e  
( H e t e r o c a p s a l  i n  t h e  w i n t e r - s p r i n g  bloom 
i s  o f  m e d i u m  s i z e  ( a b o u t  3,200 u ) ,  and 
c r e a t e s  a  l a r g e  b i o m a s s  peak w i t h  r e l a -  
t i v e l y  low numbers d u r i n g  t h e  w i n t e r .  The 
c e l  1  n u m b e r  p e a k  i n  A p r i l  i s  made up o f  
p r  i m a r  i 1 y s m a l l  b l  u e - g r e e n  algae, l e s s  
t h a n  1 0 ~ 1  i n  s i z e .  The sumner peak i s  
d i v e r s e ,  w i t h  a  l a r g e r  number of genera 
a t t a i n i n g  moderate t o  h i g h  numbers (e.g., 
~ ~ m n o d i n i u m ,  G y r o d i n i u m ,  P o l y k r i k o s ,  
and u n i d e n t i f i e d  f l a g e l l a t e s ) .  

C h l o r o p h y l  a  i s  a  g o o d  i n d i c a t o r  
o f  phy top lank ton -abundance .  C h l o r o p h y l l  
a  d i s t r i b u t i o n  p a t t e r n s  ( F i g u r e  2 5 )  - 
i n d i c a t e  s e a s o n a b l y  h i g h  biomass i n  t h e  
u p p e r  r e a c h e s  o f  t h e  e s t u a r y  a n d  l o w  
b i  omas s  i n  t h e  lower reaches (Kuenz ler  e t  
a1 . 1 9 7 9 ) .  On t h e  average, phytop lankton 
c o n c e n t r a t i o n s  are  ma in ta ined  between t h e  
u p p e r  t o  m i d d l e  s e c t i o n s  of t h e  e s t u a r y  
( H o b b i e  1 9 7 1 ;  K u e n z l e r  e t  a l .  1979). As 

F i g u r e  25. C h l o r o p h y l l  a d i s t r i b u t i o n  i n  s u r f a c e  waters  o f  t h e  Paml i c o  
R i v e r  Es tua ry  (Kuenz ler  e t  a1 . 1979). 



r i v e r  f l o w  f l u s h e s  t h e  e s t u a r y  e a c h  
s p r i n g ,  zones  o f  h i gh  biomass concentra- 
t i o n s  a r e  d i s p l a c e d  downs t ream.  F o r  
example,  Kuenzler e t  a l .  (1979) founf t h a t  
t h e  p h y t o p l a n k t o n  ~ o l u m e  o f  46 mm 11 a t  
t h e  u p s t r e a m  s t a t i o n  on 2Q February 1977 
h a d  d r o p p e d  t o  0.2 mm / I  when t h e y  
samp led  t h e r e  on 1 2  Ma rch  1977 .  The 
c o n c e n t r a t  i o n  a t  a  mid-estyary  l o ca t i on  
i n c r e a s e d  f r o m  1 t o  39 mm 11  on those 
two dates, respect ive1 y.  

The p h o t o s y n t h e t i c  r a t e  (us ing  t he  
c 1 4  t e c h n i q u e )  o f  p h y t o p l a n k t o n  i n  t he  
Paml i co River  Estuary r e f l e c t s  the  general 
p a t  t e r n  o f  c h l o r o p h y l l  d i s t r i b u t i o n .  The 
h i g h e s t  p r o d u c t i v i t y  o c c u r s  dur ing  t he  
s p r i n g  and  d u r i n a  l a t e  sumnerlear ly f a i l  
( F i g u r e  26 1. There i s  a  general decrease 

down t h e  e s t u a r y ,  w i t h  an average i n  the 
u p p e r  p o r t i o n  o f  the  estuary  o f  6  pg-at of 
c a r b o n / l i t e r / h o u r  compared t o  2.5 ug-at o f  
c a r b o n / l  i t e r / h o u r  a t  downstream s ta t i ons  
( K u e n z l e r  e t  a1 . 1 9 7 9 ) .  P r o d u c t i v i t y  
seems t o  f o l l o w  p h y t o p l a n k t o n  biomass 
d i s t r i b u t i o n .  

T h e r e  appears t o  have been l i t t l e  o r  
n o  change  i n  t h e  dominant species compo- 
s i t i o n  o f  p h y t o p l a n k t o n  i n  the  es tuary  
be  tween the 1966-68 study per iod  by Hobbie 
( 1 9 7 1 )  and t h e  1 9 7 5 - 7 7  s t u d y  per iod  by 
K u e n z l e r  e t  a l .  (1979). This i s  a lso t r u e  
o f  t h e  abundance o f  phytoplankton and the  
p h o t o s y n t h e t i c  p r o d u c t i v i t y .  Thus, the 
e s t u a r y ,  w h i l e  c a l l e d  eu t roph ic  by Hobbie 
( 19711 ,  seems t o  have  m a i n t a i n e d  i t s  
c h a r a c t e r i s t i c  phytoplankton i d e n t i t y  a t  
l e a s t  s ince 1966-68. 

PHOTOSYNTHESIS (ug-atoms c.l i tet l .  h- I  ) 

F igure 26. Seasonal pa t t e rns  o f  pr imary p r o d u c t i v i t y  i n  the  sur face 
waters o f  t he  Paml i c o  R ive r  Estuary (Kuenzler e t  a1 . 1979). 



A d e t a i l e d  s t u d y  o f  t h e  t o t a l  b i o -  
mass o f  r o o t e d  a q u a t i c  p l a n t s  i n  t h e  Pam- 
1  i c o  R i v e r  E s t u a r y  b y  Davis and B r inson  
( 1 9 7 6 )  i n c l u d e d  a  comp le te  survey a long 
t h e  6 0 - k m  l e n g t h  o f  t h e  e s t u a r y  ( F i g u r e  
2 7 ) .  The d o m i n a n t  a t t a c h e d  p l a n t  was 
V a l  1  i s n e r i a  sp . ,  w h i c h  c o n t r i b u t e d  t h e  
m o s t  b i o m a s s  i n  t h e  u p s t r e a m  3 0  km. 
P o t a m o g e t o n  s p .  a n d  N a j a s  s p .  w e r e  
a l s o  common t h r o u g h o u t  t h e  same area. 
S e v e r a l  d e n s e  b e d s  o f  R u p p i a  sp.  were 
o b s e r v e d ,  e s p e c i  a1 1  y  a long t h e  sou the rn  
s h o r e  n e a r  I n d i a n  I s l a n d .  The t o t a l  
e s t i m a t e d  biomass (Tab le  7) accounted f o r  
a l m o s t  2 0 0  t o n n e s  o r g a n i c  we ight  i n  t h e  
e s t u a r y  d u r i n g  August 1975. The h i g h e s t  
d e n s i t y  o f  a t t a c h e d  a q u a t i c  p l a n t s  
o c c u r r e d  i n  w a t e r  d e p t h s  o f  50 t o  90 cm 
( F i g u r e  27).  

The  a t t a c h e d  aqua t i c  p l a n t  communi- 
t i e s  s h o w e d  a  genera l  response over  v a r i -  
o u s  p h y s i c a l  g r a d i e n t s  (Dav is  and B r inson  
1 9 7 6 ) .  Many o f  t h e  p l a n t s  were s e n s i t i v e  
t o  s a l i n i t y  l e v e l s  and t h e  degree o f  l i g h t  
p e n e t r a t i o n  i n  t h e  wa te r .  V a l l i s n e r i a ,  
t h e  d o m i n a n t  p l a n t  i n  t h e  es tua ry ,  was 
e i t h e r  a b s e n t  o r  r e p 1  a c e d  by  Ruppia a t  
t h e  downs t ream sampl ing s i t e s ,  and d u r i n g  
t i m e s  when s a l  i n i t y  was s l i g h t l y  h ighe r  
upstream. 

T h e r e  was a  s t r o n g  seasonal p a t t e r n  
i n  t h e  a b u n d a n c e  a n d  b i o m a s s  o f  t h e  
a t t a c h e d  a q u a t i c  p l a n t s  ( F i g u r e  28). F o l -  
l o w i n g  t h e  summertime p r o d u c t i v i t y ,  peak 
s t a n d i n g  c r o p  biomass was achieved d u r i n g  
e a r l y  f a l l ,  b e f o r e  t h e  d e c l i n e  o f  day 
l e n g t h  a n d  t e m p e r a t u r e s  i n  l a t e  f a l l  
( D a v i s  a n d  B r i n s o n  1976). Ruppia d i d  n o t  
c h a n g e  a p p r e c i a b l y  ove r  t h e  annual c y c l e  
i n  t e r m s  o f  average biomass; bu t ,  i n  com- 
p a r i s o n  w i t h  V a l l i s n e r i a ,  i t  c o n t r i b u t e d  
m o r e  t o w a r d  t o t a l  biomass d u r i n g  t h e  win- 
t e r  a n d  s p r i n g .  Some f i l amen tous  algae 
a r e  p r e s e n t  i n  t h e  e s t u a r y  i n  sca t te red ,  
l o c a l i z e d  dense clumps (Dav is  and B r inson  
1 9 7 6 ) ,  p r  i m a r  i 1 y Compsopogon  a n d  En- 
t e r o m o r p h a .  T h e y  f o r m  d e n s e  s h o r e l i n e  

m a t s  t h a t  can d i s r u p t  f i s h i n g  b y  c l o g g i n g  
n e t s .  T h e y  g e n e r a t e  o b j e c t i o n a b l e  odors 
when  t h e y  decay. They do n o t ,  apparen t l y ,  
c o n t r i b u t e  much  t o  t h e  o v e r a l l  produc- 
t i v i t y  ( T a b l e  8 ) .  The n e t  p r i m a r y  p r o -  
d u c t i v i  t y  o f  t h e  m a c r o p h y t i c  p l a n t s  f o r  
t h e  whole e s t u a r y  amounts t o  about 1.7% of 
t h e  t o t a l  ( T a b l e  8 ) .  S ince t h e y  occupy 
l e s s  t h a n  1% o f  t h e  t o t a l  area (Dav is  and 
B r i n s o n  1 9 7 6 ) ,  t h e i r  p r o d u c t i v i t y  i s  
d i f f e r e n t i a l l y  h i g h e r  on an a r e a l  bas i s .  
C o m p a r e d  t o  p h y t o p l a n k t o n  ( 1 7 , 1 0 0  
t o n n e s l y e a r  v s .  3 0 1  t o n n e s l y e a r )  t h e i r  
t o t a l  c o n t r i b u t i o n  seems smal l ;  bu t ,  i n  
t h e  n e a r s  h o r e  s h a l  l o w  environment,  mac- 
r o p h y t e  p r o d u c t i o n  i s  impor tan t .  

3.2. DETRITUS AND ORGANIC CARBON 

D e t e r m i n i n g  t h e  sources and s tand ing  
c r o p  o f  o r g a n i c  m a t t e r  i s  fundamental t o  
u n d e r s t a n d i n g  t h e  f u n c t i o n a l  aspects o f  an 
e s t u a r y .  Many e s t u a r i e s  r e l y  on t h e  i n p u t  
o f  a l l o c h t h o n o u s  o rgan ic  m a t e r i a l s  t o  sup- 
p o r t  t h e i r  p r o d u c t i v i t y  (Tea l  1962; Odum 
a n d  de l a  Cruz 1967). I t  has been assumed 
t h a t ,  due t o  t h e  l a r g e  i n f l o w  f rom t h e  Tar 
R i v e r  a n d  o t h e r  c o n t r i b u t a r i e s ,  and many 
m i l e s  o f  f r i n g i n g  marsh s h o r e l i n e s ,  t h e  
P a m l  i c o  R i v e r  E s t u a r y  h a s  r e l i e d  on  
a1  l o c h t h o n o u s  o r g a n i c  carbon t o  suppor t  
i t s  s e c o n d a r y  p r o d u c t i v i t y  (Copeland e t  
a1 . 1 9 7 4 b ) .  Recent s t u d i e s  (Dav is  e t  a l .  
1 9 7 8 ;  Kuenz ler  e t  a l .  19791, however, have 
c o n  c  1  u d e d  t h a t  autochthonous o r g a n i c  c a r -  
b o n  i s  ex t reme ly  impor tan t ,  and perhaps i s  
t h e  sou rce  o f  t h e  b u l k  o f  t h e  o r g a n i c  c a r -  
bon c y c l e d  i n  t h e  es tua ry .  

S u r v e y s  o f  o r g a n i c  c a r b o n  i n  t h e  
Paml  i c o  R i v e r  Es tua ry  (S i ck  1977; Davis e t  
a l  . 1978)  show t h a t  t h e  h i g h e s t  concent ra-  
t i o n s  o c c u r  u p s t r e a m  and t h e  l owes t  con- 
c e n t r a t i o n s  downstream (Tab le  9  and F i g u r e  
291 ,  l e n d i n g  c r e d e n c e  t o  t h e  i dea  t h a t  
a1  l o c h t h o n o u s  c a r b o n  i n p u t s  a r e  l a rge .  
U n d o u b t e d l y ,  t h e  l a r g e  watershed ensures 
t h a t  o r g a n i c  c a r b o n  i n  t h e  e s t u a r y  has 
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Table 7. Estimated t o t a l  biomass of rooted aquat ic  macrophytes in the Pamlico River 
Estuary (tonnes organic weight) (Davis and Brinson 1976). 

North Shore k m  0-10 km 10-18 km 18-23 km 23-30 km 33-40 Total 

Ju ly  1974 --- 9.16 5.71 14.40 0.001 29.30 
August 1974 --- 17-70 10.20 2.30 0.003 30.20 
August 1975 17.30 12.20 26.70 10.60 0.000 66.80 

South Shore km 0-10 km 10-13 km 13-16 km 16-29 km 43-44 Total 

Ju ly  1974 --- 10.30 17.70 16.00 0.072 47.10 
August 1974 --- 17.40 18.90 32.20 0.009 73.40 
August 1975 12.30 24.80 17.00 72.40 0.000 131.00 

- -0- Temperature 

Figure 28. Seasonal t rends i n  biomass (ash f r e e  dry weight) f o r  the th r ee  
dominant rooted macrophytes, August 1973-74 (Davis and Brinson 1976). 

2 7 



Tab? e  8. Comparative annual est imates o f  n e t  p r imary  p r o d u c t i v i t y  and accumula t ion  o f  
n i t r o g e n  and phosphorus i n  r o o t &  a q u a t i c  macrophytes, f i lamentous a lgae and phytop lankton 
(Dav is  and B r inson  1976). 
----- -7 

Area covered 

P roduc t i on  2 g/m of P l a n t  Bed (rn2 x l o 6 )  To ta l  q u a n t i t y  f o r  e s t u a r y  ( tonnes)  
n r PF " "  -- ----.-- 
accumulat ion Rooted Algae Rooted Algae Kooted Algae Both p l  hnkton 

Organic 
carbon n e t  
p r o d u c t i o n  78.40 35.70 3.84 3.74 301.00 124.00 425.00 17,100 

N i t r o g e n  
accurnu i a t i o n  1.04 2.51 3.84 3.47 3.66 8.71 12.40 3,000 

Phosphorus 
accumulat ion 0.49 0.35 3.84 3.47 1.36 1.21 2.57  41 7  

t o  
4,520 

s i g n i f i c a n t  a1  l o c h t h o n o u s  o r i g i n s .  It.; 
i m p o r  l a n c e ,  h o w e v e r ,  c a n  be understood 
o n 1  y  when c o m p a r e d  t o  t h e  autochthonous 
standrrrg crop.  

Thc s u r v e y s  showed a  l d r g e  seasonal 
v ar i ab i 1 i t y  i n  t h e  dniount o f  water co 1 urnn 
o r g a n i c  c a r b o n  i n  t h e  e s t u a r i n e  water 
c n l u r n n  ( F i g t i r e  29).  The h ighes t  carrcen- 
Crtat f o n s  o c c u r r e d  d u r i n g  l a t e  s u m e r  and 
f a l 1 , wh i cij corresponded t o  the d ieo f f  of 
m a c r o p h y t e s  and p lankton,  and t o  increases 
i n  t -d rn fa l ' l .  Al though most o f  t h e  o rgan ic  
c a r b o n  i n  t h e  w a t e r  i s  i n  t h e  d i s s o l v e d  
f o r m  (Table  91, t he  percentage of p a r t i c u -  
1 ak,u c a r b o n  i n ~ r r a ~ ~ d  d u r i n g  t h e  summer/ 
f a l l  p ~ a k  ( D a v i s  e t  a l .  1 9 7 8 ) .  T h i s  
~ r t d i c a t e d  t h a t  p h y t o p l a n k t o n  and o t h e r  
p l a n t s  w e r e  a m a j o r  s o u r c e  o f  o rgan ic  
m a t t e r .  P a r t i c u l a t e  o rgan ic  ma t te r  and 
p i t y t o p 1  a n k t o r i  c o n c e n t r a t i o n s  were p o s i -  
t i v e l y  c o r r e l a t e d  ( F i g u r e  30). 

An a n n u a l  organ ic  carbon budget f o r  
t h e  Pam? i c o  R i v e r  E s t u a r y  (Uavfs e t a l .  
2 9 78 ) indicated t h a t  autochthonous sources 
o f  o r g a n i c  carbon were more impor tant  than 

a l l o c h t h o n o u s  c a r b o n  f o r  t h e  e s t u a r y  
( T a b l e  l o ) ,  a n d  accounted f o r  a lmost 65% 
o f  t h e  t o t a l .  The Tar R ive r  c o n t r i b u t e d  
a b o u t  h a l f  o f  t h e  a1 l o c h t h o n o u s  i n p u t ,  
w l r i  l e  a1 1 t h e  o t h e r  t r i b u t a r i e s  p rov ided  
m o s t  o f  t h e  r e m a i n d e r .  Much o f  t h e  
o r g a n i c  m a t t e r  t h a t  was generated w i t h i n  
t h e  e s t u a r y  ( a u t o c h t h o n o u s )  comes from 
p h y t o p l a n k t o n  p r o d u c t i o n .  Most o f  the  
o r g a n i c  ca rbon  i n  the  e s t u a r y  was used up 
b y  r e s p i r a t i o n  w i t h i n  t h e  system, w i t h  
a b o u t  20% b e i n g  e x p o r t e d  (Davis e t  a l .  
1 9 7 8 ) .  Data are n o t  a v a i l a b l e  t o  es t ima te  
t h e  amoun t  o f  c a r b o n  c o m i n g  i n t o  t h e  
s y s t e m  f r o m  n o n - p o i n t  sources, marshes, 
s e d  i m e n t  re lease,  and ground water .  L i ke -  
w i s e ,  we c a n  n o t  es t ima te  t h e  carbon use 
b y  s e d i m e n t  m i c r o b i a l  r e s p i r a t i o n  and the  
a m o u n t  s t o r e d  in t h e  sediments through the  
p r o c e s s  o f  s e d i m e n t a t i o n .  Autochthonous 
o r g a n i c  ca rbon  i s  important ,  however, and 
e c o s y s t e m  r e s p i r a t i o n  would r e q u i r e  more 
o rgan ic  carbon than i s  produced i n  s i t u .  

A  c a r b o n  f l o w  model f o r  t he  Paml ico 
R i v e r  E s t u a r y  ( F i g u r e  3 1 ) ,  u s i n g  data 
t a k e n  d u r i n g  t h e  s u m e r  o f  1977, has been 



d e v e l o p e d  b y  D a v i s  e t  a l .  (1978).  Large 
s t o r a g e s  o f  o r g a n i c  carbon i n d i c a t e  t h a t  
much o f  t h i s  pool  o f  carbon i s  r e f r a c t o r y .  
The m a j o r  f l o w  appears t o  be th rough  t h e  
p h y t o p l a n k t o n  component. A v a i l a b l e  e v i -  
d e n c e  (S ick  1977; Davis e t  a l .  1978) i n d i -  
c a t e s  t h a t  a  l a r g e  s o u r c e  o f  d i s s o l v e d  
o r g a n i c  carbon (DOC) i s  a l lochthonous,  b u t  
t h i s  s o u r c e  i s  n o t  a l l o w e d  f o r  i n  t h e  
model ( F i g u r e  31).  

D e t r i t a l  m e t a b o l i s m  i s  a  c r i t i c a l  
p r o c e s s  d u r i n g  t h e  warmer months o f  t h e  
y e a r  b e c a u s e  o f  i t s  c o n t r i b u t i o n  t o  low 
d i s s o l v e d  oxygen l e v e l s  i n  t h e  es tua ry .  

M e t a b o l i s m  o f  t h e  s t a n d i n g  s tock  o f  
d i s s o l v e d  a n d  p a r t i c u l a t e  o r g a n i c  carbon 
u s e d  d u r i n g  m i c r o b i a l  r e s p i r a t i o n  i n  t h e  
e s t u a r y  r e q u i r e s  d i s s o l v e d  oxygen (Dav is  
e t  a l .  1 9 7 8 ) .  D u r i n g  t i m e s  o f  l i t t l e  

Table 9. D i s t r i b u t i o n  of o rgan ic  carbon i n  t h e  Paml ico  R i v e r  Es tua ry  (means by s e c t o r  f o r  
August 1975 t o  J u l y  1976) (Dav is  e t  a l .  1978). 

Avg mean tonnes sec to r  f o r  10 months Avg m g / l i t e r / s e c t o r  f o r  10 months 

sec to ra  ~ m  ~ r n  DOC' P O C ~  T O C ~  DOC POC TOC 3  

1 

2 

3 

4 

5 

6 

7  

8 

9 

10 

11 

Tota l  

i i o c a t i o n  shown i n  F igu re  29. d ~ a r t i c u i a t e  o rgan ic  carbon. 
Standard e r r o r  o f  mean. e ~ o t a l  o rgan ic  carbon. 

C ~ i s s o l v e d  organ ic  carbon. 



m i x i n g  i n  t h e  e s t u a r y  ( F i g u r e  321, t h e  
b o t t o m  water runs o u t  o f  d i s s o l v e d  oxygen, 
d u e  t o  t h e  d e c o m p o s i t i o n  and r e s p i r a t i o n  
o f  d e c a y i n g  p l a n t  and d e t r i t a l  m a t e r i a l s  
( D av i s e t  a1 . 1978). For many years,  du r -  
i n g  t h i s  p e r i o d  o f  h i g h  oxygen demand, 
t h e r e  h a v e  b e e n  n u m e r o u s  f i s h  k i l l s  
( C o p e l a n d  e t  a l .  1 9 7 4 b ) ,  a n d  seasonal  
e l  i m i n a t i o n  o f  b e n t h i c  organisms (Tenore 
1 9  70 1. T h i  s  phenomenon apparen t l y  occurs  
i n  o t h e r  e s t u a r i e s  when water temperatures 
a r e  h i g h ,  w i n d s  a re  calm, and f reshwa te r  

i n f l o w  i s  low (May, 1973; T e r r y  Sho lar ,  N. 
C .  D i v i s i o n  o f  Mar ine F i s h e r i e s ,  Morehead 
City, pers.  comm.). 

3.3. NUTRIENT DYNAMICS 

N i t r o g e n  and phosphorus are elements 
f r e q u e n t 1  y c o n s i d e r e d  l i m i t i n g  t o  phyto-  
p l  ank t o n  p r o d u c t i v i t y  i n  n a t u r a l  waters,  
and  n i t r o g e n  i s  more commonly t h e  l i m i t i n g  
f a c t o r  i n  A t l a n t i c  C o a s t  e s t u a r i e s  

MONTii 

F i g u r e  29. Organic carbon i n  t h e  Pamlfco R i v e r  Estuary,  1975-76 (Davis e t  31. 1978). 
Shaded p o r t i o n s  i n d i c a t e  DOC+ 



Particulate Organic Carbon (POC)- mglliter 

Figure 30. Phytoplankton biomass as a  
function of pa r t i cu l a t e  organic carbon in  
the Paml ico  River Estuary, 1976-77 (Davis 
e t  a l .  1978). 

(Kuenz l e r  e t  a l .  1979). The Pamlico River 
E s t u a r y  h a s  t r a d i t i o n a l l y  been thought t o  
have  s u p p l  i e s  o f  both phosphorus and ni-  
t r o g e n  s u f f i c i e n t  ( a t  l e a s t  seasonal ly)  
f o r  a b u n d a n t  phytoplankton growth (Hobbie 
e t  a1 . 1972; Hobbie 1974). The key t o  how 
n u t r i e n t s  a r e  i n v o l v e d  i n  t h e  p h y t o -  
p l a n k t o n  c y c l e s ,  howeve r ,  l i e s  in the 
r e l a t i o n s h i p  of  n u t r i e n t  inputs t o  the 
e s t u a r y  and  the  seasonal requirements f o r  
phytoplankton growth. 

N u t r i e n t s  and t h e i r  f a t e s  have been 
r e l a t i v e l y  w e l l  s t u d i e d  i n  the Pamlico 
R i v e r  E s t u a r y  ( K u e n z l e r  e t  a l .  1979). 
I n p u t s  of  n i t r o g e n  and  phosphorus from 
f r e s h w a t e r  i n f l o w s  t o  the Pamlico River 
E s t u a r y  ( T a b l e s  1 1  and 1 2 )  have  been 
c a l c u l a t e d  by mult iplying concentrat ions 
t i m e s  f l o w  r a t e s .  A large portion of t he  

n u t r i e n t  i n p u t  i s  f rom P a m l i c o  Sound 
( K u e n z l e r  e t  a l .  1979). A l a rge  pa r t  of 
t h e  n i t r o g e n  i s  in the form of dissolved 
o r g a n i c  n i t r o g e n  ( T a b l e  11). Inputs of 
n i t r o g e n  a r e  n o t  enough t o  support the  
p r i m a r y  p roduc t iv i t y ,  p a r t i c u l a r l y  during 
l o w - f l o w  t i m e s  i n  summer and f a l l  
( K u e n z l e r  e t  a l .  1979). Since recycl ing 
i s  a p p a r e n t l y  t h e  m a j o r  means of sup- 
p o r t i n g  n i t r o g e n  demands by the phyto- 
p l a n k t o n ,  t h e  l a r g e  d i s s o l v e d  organic 

Table 10. Annual organic carbon budget f o r  
the Paml ico River Estuary (Davis e t  a l .  
1978). 

Budget compar tmerrt Input Percent 
(lonnes C )  of total 

A1 lochthonous -- 
Tar River 
Durham Creek 
All otheg tributaries 
Rainfall 
Orvfal l 
~rbund water and 

septic tank seepage 
Marsh input 
Sediment rrlease 

Autochthonous -- 
Phytoplankton production 
Phytoplankton secretien 
Macrophyte production 
Benthic production 
Periphyton productiond 
Chemosynthesis 

Total input 

Water column respiration 
Estuarine discharge 
Sediment respiration 
Sedimentation 

Total outout 

Balance (tonnes C i  

69,478 

108,124 

Output 
(Tonnes C) 

89,726 
21,916 

? 
7 

111,642 

-3,518 

64.3 

100.0 

Percent 
of total 

80.0 
20.0 

Extrapolated from Bririson et al. (1977). 
Oavls and Brinson (1976). 
Extrapolated from Stanley (1971 ). 
Extrapolated from Sherk (1969). 



Figure 31. Suggested model f o r  open water carbon f low i n  the  Pamlico R ive r  Estuary. 
Standing stock i n  mg C/m2 and f lowra tes  i n  mg C/m2/day (Davis e t  a l .  1978). 

n i t r o g e n  poo l  may be important i n  meeting 
t h e s e  needs. The g rea tes t  n i t r ogen  inpu ts  
t o  t h e  e s t u a r y  a r e  d u r i n g  t h e  w i n t e r  
( F i g u r e  3 3 ) .  A b o u t  7 5 %  o f  t h e  annual 
i n p u t  o f  n i t r o g e n  t o  t he  es tuary  entered 
d u r i n g  t h e  four-month pe r i od  o f  December 
t h r o u g h  March. Typ i ca l l y ,  the concentra- 
t i o n  o f  n i t r o g e n  forms i n  the es tuary  i s  
l o w  d u r i n g  t h e  summer and h igh  dur ing  the 
w i n t e r  ( H o b b i e  e t  a l .  1972; Kuenzler e t  
a? .  1979). 

A l t h o u g h  most o f  t he  n i t r ogen  i npu t  
t o  t h e  e s t u a r y  occurs du r i ng  t he  w in te r ,  
m o s t  o f  t h e  u p t a k e  o c c u r s  d u r i n g  t h e  
summer ( T a b l e  1 3 ) .  D isso lved  inorganic  
n i t r o g e n  f r o m  t h e  watershed accounts f o r  
o n l y  2 %  o f  t h e  t o t a l  i no rgan ic  n i t r ogen  
u p t a k e  (Kuenz le r  e t  a l .  1979). The major 
n i t r o g e n  form used by the  phytoplankton i s  
ammoni a  ( H a r r i s o n  and Hobbie 1974), which 
i s  g e n e r a l l y  present  i n  low concentrat ions 
( F i g u r e  33b). Recyc l ing o f  n i t r ogen  w i t h -  
i n  t h e  e s t u a r y ,  p a r t i c u l a r l y  regenerat ion 

o f  ammonia, i s  very  impor tant  f o r  support-  
i n g  t h e  observed pr imary p r o d u c t i v i t y ,  bu t  
u n f o r t u n a t e l y ,  few d i r e c t  measurements o f  
t h e  t r a n s f e r s  have been made (Kuenzler e t  
a l .  1979). 

The d i s t r i b u t i o n  o f  n i t r ogen  forms 
i n  t h e  e s t u a r y  fo l lows a  seasonal p a t t e r n  
( H o b b i e  19741, w i t h  the h ighest  concentra- 
t i o n s  o f  i n c r g a n  i c  n i t r o g e n  (i.e., n i -  
t r a t e ,  p r i m a r i l y )  du r ing  the  w in te r  (F ig -  
u r e  3 3 a ) .  Somet imes ,  when the  f a l l  i s  
w e t t e r  t h a n  normal, h igher  concentrat ions 
may be seen  e a r l  i e r  t h a n  usual (Hobbie 
1 9 7 4 ) .  Ammonia, genera l l y  i n  lower con- 
c e n t r a t  i o n s  t h a n  n i t r a t e  dur ing  w in te r ,  
was d i s  t r  i buted throughout t h e  year (F ig -  
u r e  3 3 b ) .  Perhaps  t he  sumer  concentra- 
t i o n s  r e f l e c t  t h e  t remendous  r e c y c l i n g  
documented by Kuenzler e t  a l .  (1979). 

The i n o r g a n i c  n i t r o g e n  was mo re  
c o n c e n t r a t e d  a t  t h e  u p p e r  e n d  and 
d e c r e a s e d  down t h e  e s t u a r y .  O r g a n i c  



n I t r oqen  was d r s t r ~ b u t e d  wldely throughout 
t h e  e r t u a r y  w i t h  mlno r  peaks  near the 
mid -c?s tua ry  ( i  l y u r e  33c and d l .  Thts 
r o r r e l  d t e s  w e l l  wrth the d i s t r i bu t ion  of 
c h l o r a p h y l  l concent ra t tans  (Hobble 1914; 
k u e n z l e r  e t  d l .  1 9 7 9 ) .  Also, seasonal 
d 1 s t r i t ) i f t l c ~ n s  were s imilar  rn pat tern to  
pr*lrnary proiluct l v  r t y ,  

C a  I cu ldted 1np~at.i  of phosphorus from 
t h e  wdtt.rst.ied (Table 12) showed seasirndl 
p d t t e r n r  s i n i i l a r  t o  t h o s e  fo r  nitrogen 
( T i g u r e  34 ). About 76% o i  the phosphorus 
e n t e r e d  t h e  e s t u a r y  d u r l n g  December 
t h rough  March, again ref lect ing the vdria- 
t ?  oris i n  r i v e r  and estuary d~scha rqe  dnd 
p h y t o p l a n k t o n  productivity. A l a r g e  
s o u r c e  o f  p h o s p h o r u s  t o  t he  estuary is  
T ~ x a s y u  I f ' s  phosphate ~ninrng operation, 
2 5  k m  down5cream on t he  south shore o f  the 
r n l d - e s t u a r y  (Wobble I911)a; iiobbie 1974; 
Kuerrz l r r  e t  d l .  1919) ,  wkt lch  contr ibutes  
plrosphor-us on a year-round bdsls.  Most, 
i f  no t  d l l ,  of t h e  p h n r p h o r u s  in t h e  
Texasgulf  e f t  luent 1s i n  the form of redc- 
t l v e  p h o s p h o r u s  ( 1  . e . ,  orttrophosphate), 
w h  r c h  1s ~ i n m ~ d ~ a t e l y  avai lable for  d ~ r e c t  
a l q d l  up t ake  (fcueritler e t  d l .  1979). The 
e f  f Jueri t s o u r c e s  a r e  s e t t l  inq ponds and 
wash frvrn the phosphor i c  acid re f inery ,  

A t l e sc r  x u t l v r  model has been con- 
Flgnre 32. Cdlm, .;a1 ty water leads to s t r u c  t r d  f o r  sonie crf t h ~  phcrsphctrus s t o r -  
s t r a t a f l c d t > ~ n .  ay t2 \  and Fluxes i n  thp water and plankton 

Tab1 e II .  Totdl arrr~udl ni  tr-oqerr inputs to t h e  Parni i c o  River Estuary ( tonnes Nlyr) (Kuenz- 
l e r  e t  a i .  1979). 

I l~ssolycd -- - - lnqryanic - - -  -- riltrojeri - _(PIN)  Ulrsalved Particulate 
Total Urqanic Or gdn i c 

'lource Amnonld N ~ t r r t e  N ~ t r a t r  D I N  Nltroqen Nitrogen Total 

Watershed 

Pain1 rco Sound 3 70 18 720 59 8 4,090 1,290 5,978 

Prec ip i ta t ion  6 7 76 143 85 228 
" -, .. .. -. .. ..~-" - . . . . . ... . .." .. .. , .-... " .- . -.. " .. -- -.... ".., "'.--+..A " 



Table  12. To ta l  annual phosphorus i n p u t s  t o  the Paml ico R i v e r  Es tua ry  
( tonnes P / y r )  (Kuenz ler  e t  a1. 1979). 

Source 
Reac t i ve  Unreact  i v e  P a r t i c u l a t e  

phosphorus phosphorus phosphorus T o t a l  

Watershed 84 5 7 190 331 

Pam1 i c o  Sound 184 103 190 477 

P r e c i p i t a t i o n  13 4 - 17 

Texasgu If, Inc .  84 3 - 843 

o f  t h e  Paml  i c o  R i v e r  Es tua ry  ( F i g u r e  35; 
K u e n z l e r  e t  a l .  1979).  The model compart- 
m e n t s  ( Q ' s )  a n d  t h e  p r i m a r y  phosphorus 
c o n c e n t r a t i o n s  (averaged over  a1 1  sampl ing 
t i m e s  and s t a t i o n s )  are  g i v e n  i n  Table 14. 
T w e n t y  d i f f e r e n t  pa thways  o f  phosphorus 
m o v e m e n t  ( J ' s )  among compar tments  were 
d i s t i n g u i s h e d  and are  t a b u l a t e d  i n  Tab le  
1 5 .  M e a s u r e m e n t s  w e r e  n o t  made o f  t h e  
z o o p l a n k t o n ,  n e k t o n ,  a n d  b e n t h o s  
p r o c e s s e s ,  and t h e y  are  exc luded from t h e  
m o d e l .  Two f o r c i n g  f u n c t i o n s ,  l i g h t  
i n t e n s i t y  ( I )  and temperature ( T I ,  impact 
t h e  r a t e s  ( X I  o f  uptake and t h e  l e v e l  o f  
b i o l o g i c a l  f u n c t i o n s ,  and a re  shown a t  t he  
a p p r a p r  i a t e  j u n c t i o n s  i n  t h e  model. The 
e x a c t  r a t e s  a n d  impacts on r a t e s  are n o t  
k n o w n ;  t h e r e f o r e ,  t h e s e  p a t h w a y s  a r e  
i n d i c a t e d  by dashed l i n e s  i n  F i g u r e  35. 

A c c o r d i n g  t o  t h e  model, t h e  l a r g e s t  
compar tmen ts  f o r  t h e  Paml i c o  R i v e r  Es tua ry  
w e r e  t h e  r e a c t i v e  p h o s p h o r u s  ( Q  1, t h e  
p h o s p h o r u s  t a k e n  up by t h e  phytop lankton 
( Q 5 ) 4 n d  t h e  u n r e a c t i v e  p h o s p h o r u s  
( Q g ) ;  w n e r e a s ,  p a r t i c u l a t e  phosphorus 
( Q 2 )  a n d  c o  1 'I o i d a 1 r e a c t i v e  phosphorus 
( Q  1 w e r e  t h e  two s m a l l e s t  compartments. 
~ h s  m a i n  r e a c t i o n  i n  t h e  e s t u a r y  i s  t h e  
r e m o v a l  o f  r e a c t i v e  phosphorus f rom the  
w a t e r  by  phy top lank ton  and b a c t e r i a  (Path-  
w a y s  J  5 a n d  J l S 4 ,  r e s p e c t i v e l y ,  i n  
Table 18)". 

The e f f l u x  o f  p h o s p h o r u s  f rom t h e  
p h y t o p l a n k t o n  ( Q  ) a n d  b a c t e r i a l  ( Q  ) 
c o m p a r t m e n t s  b a c 2  t o  i n o r g a n i c  r e a c t i j e  
p h o s p h o r u s  ( P a t h w a y s  J  a n d  J 4  
r e s p e c t i v e l y )  i s  a l s o  I?@$ (Tab le  154: 
P h o s p h o m o n o e s t e r a s e  a c t i v i t y  ( J  i s  
t h o u g h t  t o  be n e g l i g i b l e .  A11 othe9'bath- 
ways  a r e  s m a l  1 a n d  d i f f i c u l t  t o  measure 
( K u e n z l e r  e t  a l .  1979).  Thus, t h e  major  
a s p e c t s  o f  phosphorus c y c l i n g  i n  t h e  es tu-  
a r y  a r e  t h e  u p t a k e  and r e l e a s e  o f  reac-  
t i  v e  p h o s p h o r u s  b y  phy top lank ton  and bac- 
t e r i a .  T h i s  s u b s t a n t i a t e s  t h e o b s e r v a -  
t i o n  t h a t  t h e  m a j o r  source of phosphorus 
f o r  p r i m a r y  p r o d u c t i v i t y  i s  t h rough  recy-  
c l i n g  i n  t h e  e s t u a r y  r a t h e r  than i n p u t s  
f r o m  t h e  w a t e r s h e d .  No s u c h  model has 
b e e n  c o n s t r u c t e d  f o r  t h e  m o r e  complex 
n i t r o g e n  f l u x  i n  t h e  es tuary .  

Compar i s o n s  o f  t h e  annual  p r i m a r y  
p r o d u c t i v i t y  r a t e s  w i t h  t h e  u p t a k e  o f  
n i t r a t e ,  ammonia,  i n o r g a n i c  n i t r o g e n  and 
p h o s p h a t e  ( T a b l e  1 6 )  i n d i c a t e  t h a t  t h e  
h i g h e s t  p r o d u c t  i v i t y  values occur  i n  t h e  
m i d - s e c t i o n s  o f  t h e  e s t u a r y  ( S t a t i o n s  
E - G ) ,  w i t h  a  r a p i d  d e c r e a s e  downstream 
( K u e n z l  e r  e t  a1 . 1979).  The gross phos- 
p  h  a t e  u p t a k e  r a t e s  decreased t e n f o l d  down 
t h e  e s t u a r y  ( T a b l e  16).  The h i g h  phos- 
p h o r u s  i n p u t s  f rom Texasgul f ,  s i t u a t e d  a t  
m i d - e s t u a r y ,  a p p a r e n t l y  do n o t  i n f l u e n c e  
t h e  o v e r a l  1  phosphate  uptake r a t e s .  The 



e x c e p t i o n a l l y  high phosphorus uptake r a t e  
d t  S e c t i o n  C ( u p s t r e a m )  a p p e a r s  to  be 
a s s o c i a t e d  w i t h  t h e  w i n t e r t i m e  phyto- 
p 1 an k ton bloom. The nitrogen uptake r a t e s  
seem t o  f o l l o w  t h e  p r o d u c t i v i t y  r a t e s  
a l o n g  t h e  e s t u a r y .  The s l i g h t l y  higher 
ammonia u p t a k e  r a t e  a t  S t a t i o n  H may 
r e f l e c t  i n o r g a n i c  n i t r o g e n  inputs frorn 
Pam1 ico Sound. 

I n p u t s  o f  r e a c t i v e  phosphorus frorn 
l a n d  d r a i n a g e  amount t o  l e s s  than 1% of 

A NITRATE (PG-ATILITER) 77 7 1  

A S O N D J F M A M J J A  

C DISSOLVED ORGANIC NITROGEN (wG.ATILITERI 

t h e  c a  1 cu 1 ated gross annual phytoplankton 
r equ i r emen t s  (Kuenzler e t  a ? .  1979). Add- 
i n g  t h e  i npu t s  from Pamlico Sound, Texas- 
gu 1 f ,  and r a i n f a l l ,  only about 12% of the 
t o t  a 1  annual  requirement can be accounted 
f o r .  Thus, recycl ing of phosphorus i n  the 
e s t u a r y  a p p e a r s  necessary t o  provide the 
h i g h  l e v e l s  o f  p h y t o p l a n k t o n  growth. 
P h o s p h o r u s  recyc l ing ,  however, apparently 
d o e s  n o t  need t o  be q u i t e  a s  rap id  as 
n i t r o g e n  recycling t o  support t he  observed 
phytoplankton growth. 

!J PARTICULATE NITROGEN (UG-ATILITER) 7 7  71 

Figure 33. Distr ibut ion of nitrogen in the Pamlico River Estuary, 1972-73. A = n i t r a t e ,  
B = ammonia, C = dissolved organic ni t rogen,  and D = p a r t i c u l a t e  nitrogen (Hobbie 1974).  



T a b l e  13. B i o l  q i c a l  uptake o f  n i t r o g e n  
(tonnes/month) , 1976-77 (Kuenzl e r  e t  a1 . 
1979). 

Won t h  Amr!ori r a : i r t r d l ~ ~  Total 

J u l y  1976 
Adgust 1976 
Sep temlrer 19 76 
October 1976 
November 1976 
December 1976 
January 1971 
tebruary  l Y l /  
March 1017 
A p r l l  1911 
May 1977 
Jurw 1971 

A r e c e n t  s tudy  o f  t h e  sediment chem- 
i s  t r y  a n d  exchange w i t h  t h e  water (Matson 
e t  a l .  1 9 8 3 )  i n d i c a t e s  t h a t  t h e  sediment 
i s  a  s i g n i f i c a n t  s o u r c e  i n  t h e  n u t r i e n t  
c y c l e  o f  t h e  Paml ico R i v e r y  Estuary.  The 
f I u x  o f  ammon i a a n d  r e a c t i v e  phosphorus 
f r o m  t h e  sediments made up 6.3% and 1.9%, 
r e s p e c t i v e l y ,  o f  t h e  t o t a l  annual phyto-  
p l  a n k t o n  u p t a k e  requiretnents (Tab le  17 ) .  
T h e s e  v a l u e s  are  thought  t o  be t o o  low by 
a  f a c t o r  o f  2,  d u e  t o  t h e  n e c e s s i t y  o f  
t a k i n g  m e a s u r e m e n t s  under a  dome, where 
n o r m a  1  w a t e r  movemen t  i s  i m p o s s i b l e  
f M a t s o n  e t  a l .  1983). Even so, t h e  t r a n s -  
p o r t  o f  n u t r i e n t s  a c r o s s  the  sediment/  
w a t e r  i n t e r f a c e  s t i l l  does no t  account f o r  
t h e  d i f  F e r e n c e s  b e t w e e n  uptake r e q u i r e -  
ments and inpu t .  

3.4. MICROBIAL COMPQNENT 

E s t i m a t i o n s  o f  summer b a c t e r i a l  
b i o m a s s  h a v e  b e e n  made i n  t h e  Paml ico 
R i v e r  E s t u a r y  wa te r  column (Dav is  e t  a l .  
1 9 7 8 ) .  T h e r e  was a  g r a d i e n t  downstream, 
w i t h  i n d i v i d u a l  b i o m a s s  samples rang ing  
f r o m  0 , 3 7 4  t o  1 . 3 2 0  w e t  w e i g h l / m 3 .  
Bac t e r i  a1 carbon accounted f o r  about 3% o f  
t h e  t o t a l  pa r :  i c u l a t e  o rgan ic  carbon i n  
t h e  e s t u a r y .  'he s t a n d i n g  s tock  o f  bac- 

t e r i a  was e s t i m a t e d  a t  about 469 tonnes 
wet we ight  f o r  t h e  t o t a l  e s t u a r i n e  volume. 

A l t h o u g h  t h e  a c t u a l  biomass of bac- 
t e r i a  d u r i n g  t h e  w i n t e r  h a s  n o t  been 
m e a s u r e d  i n  t h e  es tua ry ,  measurements o f  
b a c t e r i a l  u p t a k e  r a t e s  have  been made. 
C r a w f o r d  e t  a l .  (1974) found t h a t  maximum 
h e t e r o t r o p h i c  up take  of  f r e e  amino ac ids  
o c c u r r e d  f rom J u l y  th rough September, w i t h  

A TOTAL UNFILTERED PO, (#G-ATILITER) 72.73 

s REACTIVE PO, (PG-ATILITER) 72-73 

F i g u r e  34. D i s t r i b u t i o n  o f  phosphorus i n  
the  Pamlico R ive r  Estuary, 1972-73. A = 
t o t a l  u n f i l t e r e d  phosphorus, and B = reac- 
t i v e  phosphorus (Hobbie 1974). 



minimum r a t e s  during the winter.  Phyto- 
p l a n k t o n  excre t ion  and the decay of algal 
c e l  1 s  a r e  t h o u g h t  t o  be t h e  p r i m a r y  
s o u r c e s  of the amino acids .  This a c t i v i t y  
was va r i ab l e  temporally and s p a t i a l l y  as a 
r e s u  1 t of  the patchiness  of raw mater ia l s  
( S e e  Section 3.1.) and var iab le  concentra- 
t i o n s  of  bac t e r i a .  Uptake s tud i e s  of the 
b a c t e r i a  i n  t h e  s e d i m e n t  i n d i c a t e d  a 
d i r e c t  r e l a t i o n s h i p  be tween  b a c t e r i a l  

c o n c e n t r a t i o n s  and t h e  s tanding crop of 
organic so lu tes  (Wood 1970). 

Some ev i  dence e x i s t s  f o r  year-round 
chemosynthet ic  production of carbon in the  
s e d i m e n t s  by b a c t e r i a  (Ma t son  e t  a l .  
1 9 8 3 ) .  They found chemosyn$hetic produc- 
t i o n  a t  a b o u t  1 2  mol C / m  / y r  i n  sed i -  
tlients froni the mid-estuary, which, i f  prorated 
o v e r  t h e  t o t a l  es tuary ,  amounts t o  about 

Figure 35. Descriptive model of phosphorus cycl ing. Major compartments a r e  1 i s ted  in 
Table 14 and the f lux  r a t e s  a r e  l i s t e d  in Table 15 (Kuenzler e t  a l .  1979). 



1 3 %  of  t h e  t o t a l  a n n u a l  organic carbon Table 14. Major phosphorus compartments in 
ava i lab le  in t he  es tuary .  Pamlico River Estuary water exclusive of 

l a rge r  zooplankton and nekton. Mean con- 
cen t ra t ions  a re  f o r  1976-77 (Kuenzler e t  
a l .  1979). 

- -- - 
3.5. SECONDARY PRODUCERS Mean P 

concentration 
Compartments ( g-at./liter) 

Zooplankton - -- ---- -- - . - 

Ql Dialyzable Reactive P (DiRV) 1.34 
u2 Few s t u d i e s  havebeenmade t o c h a r -  u3 Particulate Inorganic P 0.23 

Colloidal Reactive P (COUP) 0.24 
a c t e r i z e  z o o p l a n k t o n  populations in t he  04 Bacterial P included in 05 

P a m l i c o  R i v e r  E s t u a r y .  P e t e r s  (1968) $ "Algal" P (-46, 47, OR) 1.11 
Algal Inorganic Surplus P 0.35 

c o m p l e t e d  a survey o t  zooplankton a t  sev- a /  Algal Es~entldl P 0.34 

e r a 1  s t a t i o n s  d u r i n g  1965 through 1967, '* Algal Organic 3urplus P 0.42 
09 Dialyzable t Colloidal Unreactive P 

and Mi l le r  (1974) surveyed the ctenophores ,,, (DIUP + COUP) 0.14 
M~crozooplankton P Included in 05 

in the es tuary  during the  same time. 

Table 15. Pathways between compartments and r a t e s  of phosphorus f l ux  i n  Pamlico 
River Estuary water. Range o r  approximate mean r a t e  f o r  1976-77 (Kuenzl e r  e t  a1. 
1979)" 

Flux Rate Percent of 
path Process (ug-at / l  i t e r / h r )  a lgal  uptake 

J1 ,2 P rec ip i t a t i on  and sorpt ion 1-10% 
'1,3 Exchange with co l l o id s ,  Not detectable  

polymerization 
51 ,4 Bacter ial  uptake 13-62% 
'1,5 Algal uptake (gross  0.01-2.0 
J2,1 Oissol ution and desorption Not measured 
'3,i Exchange and d isso lu t ion  Not detectgble  
J4,1 Bacter ial  mineral izat ion ( Inc l .  in '5,1 
J4,9 Bacter ial  excret ion of organic P ( I n c l .  in 5,9)  
J4, 10 MJcrozooplankton grazing Not measured 
J5, 1 Algal e f f l ux  of reac t ive  P 37-90% 
J5, 6 Algal s torage as inorganic P 20% 
'5,9 Algal re lease  of organic P 0.1-0.6% 
'5,10 Microzooplankton grazing Not measured 
J6,7 Conversion of inorganic P 9 % 
'7,8 Storage of surplus organic P 2 % 
kJ 7 Conversion of surplus organic P Not measured 
'9,l Hydrolysis via  

phosphmonoesterase Negligible 
J9, 4 Bacter ial  ass imi la t ion  Not measurejd 
J 1 O , l  Microrooplankton mineral izat ion ( Incl . in 5 , l )  
J10,9 Microtooplankton re lease  of 

organic P ( f n c i .  in J5,9) 

38 



While  r e p r e s e n t a t i v e s  from several 
o h v l a  w e r e  c o l l e c t e d  ( T a b l e  1 8 ) .  a 
c a i a n o i d  copepod  ( A c a r t i a  t o n s a )  made 
u p  a l a rae  oercentase (70% t o  90%. depend- 
i n g  on (he' s ea son5  c.f the zooplankton in 
P e t e r s '  s a m p l e s .  T h i s  o b s e r v a t i o n  i s  
t y p i c a l  o f  e s tua r i e s  of t h i s  type (Herman 
e t  a l .  1 9 6 8 ) .  Harpacticoid copepods were 
common in  some n i g h t  s amp le s ,  but v i r -  
t u a l  l y  a b s e n t  f rom samples taken during 
day  1 i  g h t  hours,  This nocturnal abundance 
was pos i t i ve ly  cor re la ted  with wind speed, 
which  c o u l d  a c c o u n t  f o r  the  entrance of 
t h e s e  o r d i n a r i  l y  b e n t h i c  organisms in to  
the water column. 

T h e  s e a s o n a l  d i s t r i b u t i o n  o f  
c a l  a n o i d  copepods  (predominantly Acart ia  
t o n s a )  i n d i c a t e d  h i g h  c o n c e n t r a t i o n s  
d u r i n g  the  sumer  and fa1 1 and low concen- 
t r a t  i o n s  during winter and spring (Figure 

3 6 ) .  T h i s  d i s t r i b u t i o n  pa t te rn  paral-  
l e l e d  t h e  s e a s o n a l  d i s t r i b u t i o n  of the  
t o t a l  z o o p l a n k t o n  i n  t h e  Pamlico River 
E s t u a r y ,  e x c e p t  d u r i n g  t he  winter ,  when 
c l  a d o c e r a n s  were prominent in t he  samples 
( F i g u r e  37) .  Peters  (1968) concluded t h a t  
t h e  copepod abundance was r e l a t ed  t o  sev- 
e r a l  e n v i r o n m e n t a l  v a r i a b l e s .  For ex- 
a m p l e ,  i n  t h e  lower portion of the  es tu-  
a r y ,  h i g h e r  tempera tures  were associated 
w i t h higher concentrat  ions of zooplank ton. 
When dissolved oxygen was lower than satu-  
r a t i o n  i n  t h e  upstream sec t ion ,  the zoo- 
p1 ank ton tended t o  decrease. 

C t e n o p h o r e s  ( M n e m i o p s i s  l e i d y i )  
a r e  abundan t  and dominate the  zooplankton 
a t  t i m e s  ( M i l l e r  1 9 7 4 ) .  T h e s e  f r e e -  
f l o a t i n g  a n i m a l s  a r e  a b u n d a n t  i n  t h e  
s p r i n g  and f a l l  of each year .  In a study 
of  c t e n o p h o r e  feeding r a t e s  in t he  Patux- 

Tab1 e 16. Comparison of annual depth-i ntegrated primary product iv i ty  r a t e s  
with uptake of n i t r a t e ,  ammonia, total-dissolved inorganic nitrogen ( t o t a l  
DIN) and reac t ive  phosphate (Kuenzl e r  e t  a1 . 1979). 

Dissolved jnorganic nitrogen 
(9N/m /.year) Reactive 

phosphate Produft ivi  t y  
s t a t  iona Ni t ra te  Ammonia Total DIN gP/m /yr gC/m /yr 

H 
- 

Mean 

a ~ e e  Figure 4 f o r  s t a t i on  locat ion.  



e n t  R i v e r  Estuary, Maryland, Bishop (1967) Table 17. Tota l  annual f l u x  (m mol/m2/yr) 
e s t i m a t e d  t h a t  approximately 3 1 % o f  the  of ammoniaandreact ivephosphorus i n r e l a -  
s t  a n d  i n g  c r o p  o f  A c a r t i a  t o n s a  was t i o n  t o  phytoplankton uptake (m mol/m2/yr) 
consumed b y  t h e  c t e n o p h o r e s  each  day. i n  the Paml i c o  River  Estuary (Matson e t  a l .  
Thus ,  c t e n o p h o r e s  may be important con- 1983). 
s u m e r s o f  zooplankton i n t h e P a m l i c o R i v e r  ---- 
E s t u a r y ,  and may compete w i t h  p o s t l a r v a l  Amon I a Reac t i ve  phosphorus 

f i s h  fo r  the  zooplankton s tanding crop. s t a t i o n a  F ~ U X  uptakeb F ~ U X  uptake6 

Benthos 

The b e n t h o s  i s  d o m i n a t e d  by mol- 
l u s k s ,  w h i c h  c o m p r i s e  a b o u t  45% o f  the  
t o t a l  species o f  the Pamlico River  Estuary 
macrobenthos (Tenore 1970). This i s  t y p i  - 
c a l  o f  e s t u a r i n e  systems (Gunter 19611, 
s i n c e  m o l l u s k s ,  w i t h  t h e i r  heavy she l l s ,  
a r e  a d a p t e d  t o  w i t h s t a n d  t h e  s h i f t i n g  

Mean 369 5,830 
6.3% of t o t a l  

;see F igu re  4 f o r  s t a t i o n  l o c a t i o n .  
From Kuenzler  e t  a l .  (1979). 

38 1,950 
1.9% of t o t a l  

Table 18. Zooplankton prominent i n  the  Paml i c o  R ive r  Estuary, 1965-67 
(Peters 1968). 

Py l  urn Class Subclass Genus 



s e d i m e n t s ,  and a r e  a b l e  t o  temporarily 
i s o l  a t e  t h e m s e l v e s  from unfavorable con- 
d i t i o n s  by c l o s i n g  t h e i r  s h e l l s .  Also 
p r o m i n e n t  among t h e  m a c r o b e n t h o s  a r e  
p o l y c h a e t e  worms ( N e r e i s ) ,  pa r t i cu l a r l y  
during the spring and sumer .  

T e n o r e  (1970) conducted an extensive 
s u r v e y  of the macrobenthos in the  Pamlico 
R i v e r  E s t u a r y  (Figure 38). His t r ansec t s  
spanned  the es tuary  from i t s  f r e s h e s t  por- 
t i on  (Transect 4 )  near Washington, down t o  
i t s  mos t  s a l i n e  p o r t i o n  ( T r a n s e c t  11, 
whe re  t h e  e s t u a r y  j o i n s  Pamlico Sound. 
Each t r a n s e c t  was subdivided in to  s t r a t a  

1 1 1 1 1 1 1 1 1 1  
A S O N D J F M A M J  

Figure 36. Seasonal changes in abundance 
of cal anoid copepods and t o t a l  hol opl an kton 
in the  Pamlico River Estuary, 1966-67 
(Pe te rs  1968). 

b a s e d  on depth ( i . e . ,  sediment t ype ) ,  w i t h  
s h a l l o w  ( 0  t o  1 m )  and medium (1 t o  2 m) 
s t r a t a  on e a c h  s ide  of the  es tuary  and a 
d e e p  ( 2  + m )  stratum in the  middle. Three. 
s a m p l e s  we re  taken  a t  each of t h r ee  s t a -  
t i o n s ,  i n  each of t he  f i v e  s t r a t a ,  during 
O c t o b e r  ( f  a1 1 ) ,  J a n u a r y  (w in t e r ) ,  April 
( s p r i n g ) ,  and July (summer), 1968-69. The 
f o l  l o w i n g  c o n c l u s i o n s  about d i s t r i bu t i on  
and s e a s o n a l  d e n s i t i e s  a r e  based  on a 
t o t a l  o f  45 s a m p l e s  f o r  e a c h  t r a n s e c t  
during each season. 

Copepod Nauplii 

Polychaeta 1 
Figure 37. Seasonal changes i n  abundance 
of selected zooplankters i n  the  Pam1 i co  
River Estuary, 1966-67 (Peters  1968). 



Pamlico River 3 

Figure 38. Transects f o r  macrobenthic 
sampling i n  the  Pam1 i c o  River  Estuary 
[Tenore 1970). 

The d i v e r s i t y  and dens i t y  o f  macro- 
b e n t h o s  was r e l a t i v e l y  low (Tenore 1970). 
T h i s  was a t t r i b u t e d  t o  s h i f t i n g  sediments 
i n  1 a r g e  p o r t i o n s  o f  the estuary;  absence 
o f  t i d a l  f l a t s  due t o  the  low t i d a l  f l u x ;  
chang r ' ng  s a l i n i t y  regimes; and t he  annual 
o c c u r r e n c e  o f  cond i t i ons  lead ing  t o  anoxic 
s e d  imen t cond i t i ons .  The seasonal ranges 
o f  d i s t r i b u t i o n  and dens i t y  o f  the  domi- 
n a n  t m a c r o b e n t h i c  species i n  the shal low 
p o r t i o n s  o f  t h e  e s t u a r y  a r e  g i v e n  i n  
F i g u r e s  39, 40 ,  41, and 42. Animals do 
n o t  e x i s t  on a y e a r - r o u n d  bas is  i n  the  
s e d i m e n t s  o f  t h e  d e e p e r  w a t e r s  o f  t he  

F igure 39. D i s t r i b u t i o n  and dens i t y  o f  
donrinant macrobenthos i n  shal low sediments 
dur ing f a l l  (Tenore 1970). 

e s t u a r y ,  due  t o  t h e  a n o x i c  c o n d i t i o n s  
t h e r e  d u r i n g  t h e  sumner. Thus, the bu lk  
o f  t h e  benth ic  p r o d u c t i v i t y  i n  the  Pamlico 
R i v e r  E s t u a r y  i s  i n  sediments under water 
l e s s  t h a n  1 . 5  m deep .  Un fo r t una te l y ,  
d a t a  on actua l  product ion r a t es  are s t i l l  
l ack ing  f o r  t h i s  estuary.  

An a n a l y s i s  o f  t h e  m a c r o b e n t h i c  
samp les  i n d i c a t e d  t h a t  the  estuary  could 
be d i v i d e d  i n t o  t h r e e  c o m m u n i t y  types 
( T e n o r e  1 9 7 0 ) .  This ana lys is  was accom- 
p l  i s h e d  w i t h  the a i d  o f  a t r e l l i s  diagram 
(McFayden 19631 ,  whereby an index o f  a f -  
f i n i t y  ( S a n d e r s  1960) was ca lcu la ted  f o r  
t h e  f a u n a  from each depth sec t ion  o f  each 
s t r a t a  d u r i n g  each season (Tenore 1970). 
T h i s  i n d e x  o f  a f f i n i t y  was def ined as the  
p e r c e n t a g e  o f  f a u n a  common t o  a p a i r  of 
s a m p l e s .  The a n a l y s i s  was completed by 
c o m p a r i n g  t h e  i n d e x  o f  a f f i n i t y  f o r  a l l  
p o s s i b l e  combinations o f  sample pa i r s .  An 
i n d e x  v a l u e  was determined f o r  each p a i r  
b y  summing the smal ler  o f  two percentages 
o f  s p e c i e s  p r e s e n t  i n  any  t w o  samples 
( e . g . ,  when sample lM, which has 40% spe- 
c i e s  a, 20% s p e c i e s  b and 4 0 %  species 
c,  i s  compared  t o  Sample 15, which has - 

I 
4 ~ n ' a . , s  1 

Figure 40. D i s t r i b u t i o n  and dens i t y  o f  
dominant macrobenthos i n  sha l l  ow sediments 
dur ing w i n t e r  (Tenore 1370) . 



20% s p e c i e s  a ,  40% s p e c i e s  b , 
Marom. pheoor 

a n d  40% 
s p e c i e s ,  d t F e  index of a f f i n 3 v  i s  20 + 

Herecornorfur 
20 + 0 = TO). By rearranging a l i  samples 

~ , I , I O . ~ , ~  compared t o  br ing those with high values 
t o g e t h e r ,  one can group similar samples 

le N., .~S s.cc,.., t o g e t h e r .  A t r e l l  i s  diagram for the 12 

Crnthuro pollfo poss ib l e  combinations ( i .e . ,  4 transects x 
3 s t r a t a  a t  deep ( D l ,  medium ( M I ,  shal- 

O? low ( S )  l o c a t i o n s )  i n  the Pamlico River 
M O ' O ~ O  ~ Q I I ~ N .  Es tua ry  du r inq  the f a l l  of 1968 i s  shown 

leptorynap'o / I ~ ~ . ~ ~ ~ ~ ~  a r e  i n d i c a t e d  by darkened squares on the 
diagram. 

The upper estuarine area (Transect 4 
i n  F igure  38)  i s  a t rue oligohaline zone 

Ron980 runeeta with  s a l i n i t i e s  below 5 p p t  (Cowardin e t  
H.pl."ol.plo' 
I~"o, ! ,*  

a l .  1 9 7 9 ) .  The community association of 

Figure 41. Distribution and density of 
dominant macrobenthos in shallow sediments 
during spring (Tenore 1970). 

FALL 
i hrmr.ctl = 1 

Figure 43. Trel l is  diagram of index of 
similari ty of s t r a t a  during fa l l  sampling 

Figure 42. Distribution and density of of macrobenthos i n  the Pamlico River Estu- 
dominant macrobenthos i n  shallow sediments ary. Darkened ce l l s  indicate greater than 
during summer (Tenore 1970) . 40% index of similari ty (Tenore 1970). 



R a n g i  a  c u n e a t a - N e r e i s  s u c c i n e a  
c h a r a c t e r i z e s  t h e  u p p e r  p o r t i o n  o f  t h e  
e s t u a r y ,  w h i c h  i s  s u b j e c t  t o  aper iod ic  
h i g h  f l u c t u a t i o n s  o f  s a l i n i t y  due t o  
i r r e g u l a r  s u r g e s  o f  r i v e r  water dur ing  
p e r i o d s  o f  h i g h  s u r f a c e  r u n o f f .  Large 
amounts  o f  organic  mat te r  are a lso  present 
i n  t h e  s e d i m e n t s .  T h i s  o l i g o h a l  i n e  
a s s e m b l a g e  i s  much l i k e  t h e  b e n t h i c  
communi ty  found i n  Albemarle Sound f a r t h e r  
n o r t h  a l o n g  t h e  Nor th  Caro l ina  coast (see 
C o p e l a n d  e t  a l .  1983b). The second type 
o f  m a c r o b e n t h i c  community assoc ia t ion  i s  
i n  t h e  m i d - e s t u a r y  (Transects 2  and 3 i n  
F i g u r e  3 8 )  a n d  represents the mesohal i n e  
z o n e  w i t h  s a l  i n i  t i e s  g e n e r a l l y  rang ing  
f r o m  a b o u t  5  t o  1 8  p p t .  T h i s  area i s  
c h a r a c t e r i z e d  b y  t h e  Macoma b a l t h i c a -  
N e r e i s  s u c c i n e a  a s s o c i a t ~ o n  a n d  
r e p r e s e n t s  a  somewhat more s t ab l e  benth ic  
c o m m u n i t y .  The t h i r d  type, found a t  t he  
m o u t h  o f  the  es tuary  (Transect 1 i n  F igure 
381 ,  i s  a  po l yha l i ne  zone w i t h  s a l i n i t i e s  
a t  1 8  ~ o t  o r  above .  This area i s  char- 
a c t e r i i e d  b y  t h e  M a c o m a  p h e n a x -  
M u l i n i a  l a t e r a l i s - R e t u s a  
c a n a l  i c u l a t a  assoc ia t ion .  The community 
h a s  r e l a t i v e l y  h i g h  d i v e r s i t y  and t he  
dominant species i s  unclear.  

T h e r e  i s  an i n f l u x  o f  a  new s e t  
( i . e . ,  p lank ton i c  la rvae  reaching s e t t l i n g  
s t a g e )  du r i ng  t h e  w in te r  and sp r i ng  cover- 
i n g  l a r g e  a r e a s  o f  t h e  e s t u a r y  (Tenore 
1 9 7 0 ) .  During the  l a t e  f a l l  spawning per-  
i o d  and  t h e  w in te r  s e t t l i n g  per iod, l a rge  
n u m b e r s  o f  j u v e n i l e  Macoma p h e n a x ,  
M u l i n f a  l a t e r a l i s ,  L e p t o s y n a p t a  
i n h a e r e n s  - G T % $ E Z c o 1 o p l o s  f r a g i l i s  
p e n a t r a t e  f a r t F e r  up i n  t he  es tuary  than 
d u r i n g  o t h e r  s e a s o n s  and r e a c h  h igher  
c o n c e n t r a t i o n s .  The s p r i n g  s e t t l i n g  
p e r i o d  b r i n g s  i n  M u l i n i a  l a t e r a l i s ,  
L e p  t o s y n a p t a  i n h a e r e n s ,  M a c o m a  
b a l t h i c a  and  Macoma p h e n a x .  D u r i n g  
t h i s  per iod, these species a re  t ranspor ted  
t o  t h e  e s t u a r y  from more s a l i n e  spawning 
a r e a s ,  and t h e i r  d i s t r i b u t i o n  i s  regu la ted  
b y  how f a r  t h e  f r e s h  w a t e r  p e n e t r a t e s  
d o w n s t r e a m  d u r i n g  t h e  t i m e  f o l l o w i n g  
s e t t i n g .  R a n g i a  c u n e a t a  and  N e r e i s  

s u c c i n e a  spawn d u r i n g  t h e  l a t e  f a l l  and 
s p r i n g ,  and i n c r e a s e  i n  abundance du r i ng  
t h o s e  s e a s o n s .  They a r e  p r i m a r i l y  
b r a c k i s h  w a t e r  species and remain i n  the  
zones  f a r t h e r  u p s t r e a m  t h a n  do t h o s e  
s p e c i e s  f r o m  more  s a l  i n e  environments. 
N e w l y  s e t  o rgan isms are o f t e n  reduced o r  
e l i m i n a t e d  by environmental se lec t ion .  I n  
t h e  absence  o f  new set, and as t he  r e s u l t  
o f  e n v i r o n m e n t a l  s o r t i n g ,  t he  community 
a r e a s  i n  t h e  e s t u a r y  r e t u r n  t o  t h e i r  
segmenta t ion  dur ing  the  sumner. Thus, t he  
s p a t i a l  d e l i n e a t i o n  o f  community grouping 
i s  m o s t  o b v i o u s  d u r i n g  the  f a l l  (F igure  
39  1. I t  i s  ev ident  t h a t  any f u r t h e r  work 
m u s t  t a k e  i n t o  a c c o u n t  t h e s e  seasonal 
changes  o f  t h e  m a c r o b e n t h o s ,  and  a n y  
management c r i t e r i a  must be based on t h a t  
seasonal i ty .  

A s u r v e y  o f  the  meiobenthos was made 
i n  t h e  Paml i c o  R ive r  Estuary, s imultane- 
o u s l y  w i t h  t h e  mac roben th i c  study (Reid 
1 9 7 0 ) .  M a j o r  componen t s  o f  t h e  meio- 
b e n t h i c  c o m m u n i t y  i n  t h e  s a n d y  bottom 
( i .e., i n  l e s s  t h a n  1 .5  m water depth) 
w e r e  nematodes, ha rpac t i co i d  copepods, and 
t u r b e l  1 a r  i ans  i n  the  more b rack ish  areas 
( T r a n s e c t s  3  and 4 )  and nematodes, o l i g o -  
c h a e t e s ,  h a r p a c t  i c o i d  copepods, hydra- 
c a r  i n  i d s ,  t u rbe l l a r i ans ,  and g a s t r o t r i c h s  
i n  t h e  mo re  po lyha l ine  areas (Transects 1 
and  2 )  ( T a b l e  19 ) .  I n  mud bottoms, o n l y  

Table 19. Mean numbers o f  meiobenthos/100 
ml i n  the sand bottom areas o f  the  Paml i c o  
River  Estuary, 1968 (Reid 1970). 

-- -- - - -- 

Taxonomic 1ransecta 
group 4 3 2 1 

Nernatoda 449 516 800 7,425 
PolyChdeta 3.9 0 9.3 1.7 
01 iqochaeta 1.0 0.9 0.4  9.7 
Ostracoda 7.8 2.1 14.3 4.8 
t i a r y a c t i c o ~ d a  8.8 5.0 92 136 
Cyrlopoldd 0 0 0 0.5 
I.. n a u o l i i  0 0 0 1.8 
HydrdCarlna 
Turbe l l a r  1'3 
Gas trapodd 
Pe'ecypoda 
Gastrotr ic l ia  
Coelenterata 

Total 

%re F iqure  38 for t ransect  locat .~on.  



nematodes  we re  p r e s e n t  i n  s i g n i f i c a n t  
numbe rs .  T h e r e  was a g e n e r a l  t r e n d  of 
i n c r e a s i n g  dens i t y  downstream i n  t he  es tu -  
a r y  ( R e i d  1 9 7 0 ) .  B iomass  d i s t r i b u t i o n  
f o 1 1 owed the  same t rend  f Figure 44). Corn- 
p a r e d  t o  o t he r  es tuar ies ,  the dens i t y  and 
b i o m a s s  o f  the meiobenthos are r e l a t i v e l y  
l o w  ( P a r k e r  1966; Muus 1967;  T i e t j e n  
1 9 6 9 ) ,  most l i k e l y  due t o  the v a r i a t i o n  i n  
s a l i n i t y  and sediment anoxia. No s t ud i es  
have  y e t  been made o f  t he  meiobenthic pro-  
d u c t i v i t y  i n  the estuary.  

Nekton 

The d i v e r s i t y  of the nekton ic  popu- 
l a t i o n s  i n  t h e  P a m l i c o  R ive r  Es tuary  i s  
t y p i c a l l y  es tuar ine  (Spitsbergen and Wol f f  
1974; Purv is  19761, and i s  very  s i m i l a r  t o  
t h e  n e k  t o n  i c  populat ions o f  t h e  ne ighbor-  
i n g  Neuse R i v e r  E s t u a r y  t o  t h e  s o u t h  
( H e s t e r  and Copeland 1975). Many o f  the 

dom inan t  species t h a t  make up the nekton ic  
p o p u  1 a t  i on comprise a s i g n i f i c a n t  p o r t i o n  
s f  t h e  c o m m e r c i a l  f i s h e r y  for  the area 
(see Chapter 5). 

A c o m p i l a t i o n  o f  data from two t r aw l  
s u r v e y s  b y  N o r t h  C a r o l i n a  State Univer- 
s  i t y ,  f r o m  commerc i  a1 f i s h e r i e s  s t a t i s -  
t i c s ,  and from a surface t r aw l  survey con- 
duc  t e d  b y  t h e  N a t i o n a l  Marine F isher ies  
S e r v i c e  y i e l d e d  65 nekton ic  species from 
t h e  Paml i c o  R ive r  Estuary (Table 20). By 
compar  i n g  t he  extens ive bottom-trawl su r -  
v e y s  i n  t h e  e s t u a r y  over a  10-year per -  
i o d ,  i t  was shown t h a t  t h e  A t l a n t i c  
c r o a k e r ,  s p o t ,  b l u e  crab, and anchovies 
make up a b o u t  97% t o  98% o f  the  t o t a l  
n e k t o n i c  c a t c h  ( T a b l e  21). These per -  
c e n t a g e s  may n o t  be e n t i r e l y  representa- 
t i v e ,  due  t o  t h e  absence of more pe lag ic  
s p e c i e s  some o f  which were missed by us ing  
t h e  technique o f  bottom t raw l ing .  

A 1  a r g e  seasonal f l u c t u a t i o n  occurs 
i n  t h e  n e k t o n  popu la t ion  f o r  the Pamlico 
R i v e r  E s t u a r y  (Pu rv i s  1976). Peak abun- 
d a n c e  o c c u r s  d u r i n g  t h e  s p r i n g  and i s  
d o m i n a t e d  b y  m i g r a t o r y  spec ies  such as 

TURHELLARlANb s p o t ,  A t l a n t i c  croaker, shrimp, A t l a n t i c  
menhaden,  f l o u n d e r ,  and b lue  crabs. I n  
c o n t r a s t  t o  a  secondary peak dur ing  w in te r  
i n  A l b e m a r l e  Sound ( C o p e l a n d  e t  a l .  
1983b1 ,  w h i c h  i s  made up p r i m a r i l y  af 
f r e s h w a t e r  and  anadromous species, the re  
i s  a  d i s t i n c t  s c a r c i t y  o f  nekton i n  t h e  
Paml  i c o  R i v e r  Estuary  dur ing  winter .  B lue 
c r a b s  a r e  t h e  m a j o r  over-wlnter ing spe- 
c i e s .  D u r i n g  the spr ingt ime peak (F igure  
451 ,  p o p u l a t i o n  numbers f o r  s p o t  and  
A t 1  a n t i c  c r o a k e r ,  t h e  two most dominant 
s p e c i e s  i n  t he  estuary,  exceed 10,00O/ha, 
compa red  t o  l e s s  t h a n  1,0001ha for  a l l  
o t h e r s .  These observat ions emphasize t h e  
dominance o f  m ig ra to r y  f i s h  i n  the  Pamlico 
R i ve r  Estuary. 

Figure 44. Biomass (mg/lO an2) of the Waterfowl 
major meiobenthos i n  the  shal low sediments 
o f  the Pam1 i c o  R ive r  Estuary, 1968-69 (Reid The Pamlico R i ve r  Estuary i s  used by  
1978). Transect l o ca t i ons  a re  g i ven  i n  a t  l e a s t  19  s p e c i e s  o f  o v e r w i n t e r i n g  
Figure 38. w a t e r f o w l  (Table 22), based on yea r l y  mid- 



T a b l e  20. F ishes c o l l e c t e d  from the  Parnl ico R i v e r  Es tua ry  d u r i n g  v a r i o u s  yea rs  f rom 1955 
t o  1980 ( M i l l e r  and Pe te rs  1983). 

- -- - 
Col lec t i on  method 

Trawl Trawl commerci a1 Surf ace 
1965-66 1971-73 f i she ry  t r a w l  Other 

S c i e n t i f i c  name Common name 1966-80 
-- 

Sphyrna t i b u r o  Bonnethead 
Rh~nop te ra  bonasus Cownose ray  
Acipenser oxyrhynchus A t l a n t i c  sturgeon X 
Le isosteus osseus Longnose gar 
h s t r a t a  American ee l  X X X 

Conger oceanicus Conger eel 
Alosa a e s t i v a l i s  Blueback h e r r i n g  X X 
Alosa mediocr is  X - Hickory shad 
Alosa pseudoharengus Alewife X X -- 
Alosa sapidiss ima American shad X 
B revoo r t i  a tyrannus A t l a n t i c  menhaden X X X 
Oorosoma c e p e d i a n u ~  Gizzard shad X X 
Dorosoma etenense Threadf i n  shad 
s - S - a % a l k  Spanish sardine X 

S t r iped anchovy X 
Bay anchovy X 

7liiFfE sp. Anchovy X 
Esox n ige r  X - Chain p i cke re l  
$ynodus foetens Inshore 1 i z a r d f  i s h  X 

ypr inus  ca rp i0  Common carp X X 
Naternlgonus c r y s o l e u c a ~  Golden shiner 
I c t a l u r u s  catus White c a t f i s h  X X X 
Xctalurus nebulosus Brown b u l l  head X X 

Oyster toadf i s h  X X 
A t l a n t i c  need le f ish  X 

b t i n i c a  Rough s i l v e r s  ide 
Menidia bery I ! ina  In land s i l v e r s i d e  X 
Men menidla A t l a n t i c  s i l v e r s i d e  -- 
Syngnathus fuscus Northern p i p e f i s h  X 
Morone americana White perch X X 
Morane chrysops White bass X 

Morone s a x a t l l  i s  S t r i ped  bass X X 
Enneacanthus g lo r i osus  Bluespotted sunf ish X 

Lepomis gibbosus Pumpkinseed X 
Lepamir macrochirus B l u e g i l l  X 
L ~ p m o i s  sp, Sunf ish X 
Micropterus sairnoides Largemouth bass 
Perca f 1 avescens Yellow perch X X X 
m o m u s  s a l t a t r i x  B lue f i sh  X X X 
Caranx hippos Creval l e  Jack 
Lut janus g r i seus  Gray snapper X 
O r t h o p r i s t i s  chrysoptera P ig f  i s h  X X 
Archosargus probatocephalus Sheepshead X 
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Table 20. IConcluded) . 

- -  - - --- - *-- w - + m  -- 
Triw 1 rrawr- "--fis;n~nrrc?a! Surface 

1965-b6 1911-13 i. tchery trawl Other 
Screntrfac atarnc l arncoon n  m e  IOhh-MO 
--- ---- --- - - -- --- - - -- " - -  - - -  - ---- - "  - * -  * " 

Lawsdon r % F l d ~ ?  P i n f  ~srr x x X 
~,rU~j~rr~& _~k~$aur-$ Sliver perch X X X 

~ & $ p s c - ~ ~ j ~  ripe SAU!, Spotted seatrout Y X 
~Y~~~~~~ reqalir Weakflrh X X X 
~~~~a~~~ x3.S ~JUS- spot X Y X X 
~'IP&! lsjci kt: '5 0. Ktngf ~ s h  X X 
H!crapo-%an~ss_ u?_d.!~ !?Lu2. nt l a n t ~ r  ~ r o a k r r  x x x x P=g?? y-efis- Black drum X 
Sc iaenops ocei l dtus ---.-- - ---- -*- 

R E ? ~  drum X 
Cha~toi jg!$~q?s - --F fl&;r 9 t  l ant i c  spddef ish X 
?& 2 r~4 !h~c~"us  Strjped mullet x x x X G ~ ~ E ~ F ~  bo_s_c r Naked gaby X X 
t q f i 1 u 2  ~ r ~ ~ i d o t u l ;  Wdrvestflsh X X 
P e p r i x s  f r T 6 F z Y G s  Butterflsh X X 

~ ~ @ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ <  "-- Str-~ped searohin X 
C i  thar EhtQs a r c t  i f  rons Gulf Stream flaundt:r X 
TGii TYtTEz :iFgfXG< --- --- me"-  

Sumner Flounder X X 
P a r an c h  tb -2  FffiCZ kmj Southern FIuundrr X X 
Fa?2"T^ETEhL2 - - ---- ip:--- F locinder X X 
'frlnecees rnaeulatycj --. "--- Hogchoker X X mL1 u  r us w~~?j~ Dlackchark tonyuef i s h  X 
ncpnass~ 5 h  2 P r d u ~  Planekead f 11rf lsh x 

------- - - -  * - -- --- ---"- - "-- - - -" --*-- -- *- - - *---- -- 

w i n t e r  wa te r fow l  surveys dur ing  the over- The r u d d y  duck ,  canvasback ,  and  
w ~ n t e r i n g  season  b y  t h e  U.S. F i s h  and s c a u p  make up more than 75% o f  t he  t o t a l  
W i  l d l  i f e  Serv ice (Don Harke, USFWS, Wild- o v e r w i n t e r i n g  w a t e r f o w l  i n  the Pamlico 
l i f e  A s s i s t a r r c e , l i a l e i g h ,  pers. comm.). R i v e r  E s t u a r y .  T h i s  i s  i n  c o n t r a s t t o  
L i t t l e  u s e f u l  d a t a  e x i s t  from the  pub- 4 l b e m a r f e  Sound, whe re  geese and swans 
1 i s h e d  s t a t e w i d e  summaries From which t o  w e r e  t h e  d o m i n a n t  ove rw in te r i ng  species 
e v a l u a t e  popu la t ion  trends and hunt ing i n  (Copeland e t  a l .  1983b). 
t h e  a r e a .  A c c o r d i n g  t o  s u r v e y  f i e l d  
s h e e t s ,  t h e  o v e r w i n t e r i n g ,  m i g r a t o r y  
w a t e r f o w l  ( r a n g i n g  f rom8,20Qto53 ,500  3.6. L l F E H I S T O f f Y S l K A T E G X E S  
b i r d s  s u r v e y e d  d u r i n g  t h e  1978 t o  1982 
c e n s u s e s )  r e p r e s e n t  a b o u t  5 .8% af the A m a j o r i t y  o f  t h e  nekton ic  species 
o v e r w i n t e r i n g  w a t e r f o w l  i n  the State o f  o f  t h e  Pam? i c u  R i v e r  E s t u a r y  uses the 
N o r t h  C a r o l i n a .  I n  c o n t r a ~ t ~ w a t e r f o w l  e s t u a r y  d u r i n g  o n l y  a  p o r t i o n o f  t h e i r  
p o p u l a t i o n s  a v e r a g e d  a b o u t  3.6% o f  the l i f e  cyc le  (S t ree t  1879; M i l l e r  and Peters 
S t a t e  t o t a l  i n  Albemarle Sound and 219.5% 1 9 8 3 ) .  Consequently, the estuary  i s  used 
o f  t h e  S t a t e  t o t a l  i n  C u r r i t u c k  Sound b y  many s p e c i e s  as a n u r s e r y  g r o u n d .  
dur ing  the same period. T h r e e  1 i f e  h i s t o r y  s t r a t eg i es  are observed 
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Table 21. Relat ive abundance of dominant species  col lected in bottom trawl surveys of 
t h e  Paml ico River Estuary during various years  from 1965 t o  1973 (Mi l le r  and Pe te rs  
1983). 

1965-66 survey 1971-73 survey 

Species Number caught % of t o t a l  Number caught % of t o t a l  

Atant ic  croaker 
Micropogonias undul a tus  

Spot 
Leiostomus xanthurus 

Blue crab 
Cal l inec tes  s ap id i s  

Anchovy 
Anchoa sp. 

All other  spec ies  760 2.4 

Tab1 e 22. Migratory waterfowl species  pre- 
sen t  i n  Paml ico River Estuary, ranked in 
approximate order  of abundance. (Based on 
USFWS unpubl ished da t a ,  Midwinter Waterfowl 

10 Surveys, 1978-82). 

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

1 0 Ruddy duck Oxyura j a m a ~ c e n s i s  
Canvasback Aythya v a l i s i n e r i a  
Scaup Aythya spp. 
American coot  --- F u l ~ c a  amer~cana  

: 0 1  
Black s c o t e r  M e l a n i t t a  5gra 

L 
Buf f lehead  Bucephal a a l b e o l  a 
W h i s t l i n g  swan Cygnus columbianus 
Canada goose -- Branta  canadensis 
Snow goose Chen caerulescens 

0 01 American b lack duck Anas r u b r i p e s  
Ma1 l a r d  Anas p l  a ty rhynchor  
American wlgeon Anas americana 
Redhe ad Ay thyaamer ican  a 
Merganser Mergus spp., 

Cophodytes c u c u l l a t u s  0 mi 
Common goldeneye Bucephala c l a n g u l a  

1979 Ringed-neck duck Aythya c o l l a r l s  
Green-winged t e a l  Anas c recca  

Figure 45. Pat te rn  of ent ry  of juveni le  Gadwall -- 
Anas s t r e p e r a  

spo t  and croaker i n t o  a Pamlico River Es- Northerrr p i n t a l l  -- Anas acuta 

t ua ry  nursery area (Mi l le r  e t  a l ,  1982). 
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among t h e  nekton ic  populat ion:  m ig ra to ry ,  - t a )  . T h e  A m e r i c a n  e e l  s u p p o r t s  an 
anadromous ,andca tadromous .  I n a d d i t i o n  i m p o r t a n t  c o m m e r c i a l  f i s h e r y d u r i n g t h e  
t o  t h e s e  l i f e  h i s t o r y  s t r a t eg i es ,  the re  a d u l t  i n f l u x  t o  the es tuary  from t h e  tri- 
a r e  a  f e w  s p e c i e s  t h a t  are indigenous t o  b u t a r y  s t r e a m s  and when subadul ts  move 
t h e  e s t u a r y .  The m i g r a t o r y  s t r a t e g y  i s  d o w n s t r e a m  du r i ng  t h e  s p r i n g ' s  h i gh  r i v e r  
t h e  most dominant. f l o w .  P o s t l a r v a l  ee ls  ( e l v e r s )  are p re -  

s e n t  i n  t h e  e s t u a r y  du r i ng  e a r l y  sp r i ng  
I n  c o n t r a s t  t o  t he  more o l i g o h a l i n e  m i g r a t i o n s  f r o m  o f f sho re  spawning areas. 

A l b e m a r l e  S o u n d E s t u a r y t o t h e n o r t h , t h e  As t h e  w a t e r  warms d u r i n g  M a r c h , t h e y  
anadromous  f i s h  popu la t ion  i n  t h e  Pamlico r a p i d l y  make t h e i r  way upstream t o  t h e  
R i v e r  E s t u a r y  i s  r e l a t i v e l y  low (Copeland t r i b u t a r i e s ,  w h e r e  t h e y  metamorphose t o  
e t  a l .  1983b; Hawkins 1980). About 97% o f  j u v e n i l e s  and s u b a d u l t s .  A f t e r  7 t o  24 
t h e  anadromous  f i s h  p o p u l a t i o n  of the  y e a r s  i n  t h e  t r i b u t a r i e s ,  mature adu l t s  
P a m l i c o  R i v e r  E s t u a r y  i s m a d e u p o f  the move back  t h r o u g h t h e e s t u a r y t o o f f s h o r e  
b l  ue -back  h e r r i n g  ( A l o s a  a e s t  i v a l i s ) ,  waters t o  spawn (Fo r res t  1976). 
a l t h o u g h  t h e  r e m a i n d e r ,  represented by 
A m e r i c a n  shad, a lewi fe ,  h i c ko r y  shad, and The m a j o r i t y  o f  t he  nekton ic  popula- 
s t r i p e d  b a s s , w e r e m o r e p r o m i n e n t h i s t o r -  t i o n  i n  t h e  p a m l j c o  R i v e r  E s t u a r y  i s  
i c a l l y .  T h e s e f i s h s p e n d a l a r g e p o r t i o n  s c i a e n i d s ,  w h i c h r e p r e s e n t t h e m i g r a t o r y  
o f  t h e i r  l i f e  a t s e a a n d a s c e n d i n t o t h e  l i f e  h i s t o r y  s t r a t e g y  ( M i l l e r a n d P e t e r s  
T a r  R i v e r  as r i p e  adu l t s  t o  spawn (Ta lbo t  1 9 8 3 ) .  A t l a n t i c  c r o a k e r  (Micropogonias 
a n d S y k e s 1 9 5 8 ; W a l b u r g a n d N i c h o l s 1 9 6 7 ) .  u n d u l a t u s )  a n d  s p o t  ( L e i o s t o m u s  
The y o u n g  r e m a i n  i n  the r i v e r  u n t i l  l a t e  x a n t h u r u s )  a r e  t h e  m o s t  p r o m i n a n t  
s p r i n g  o r  e a r l y  summer, when they move s p e c i e s  i n  t h e  es tuary  (Table 21). B lue 
d o w n s t r e a m  i n t o  t he  Pamlico R ive r  Estuary  c r a b s  (Gal 1  i n e c t e s  s a p i d u s )  a r e  t h e  
( H a w k i n s  1 9 8 0 ) .  The j u v e n i l e s  remain i n  m o s t  p r o m i n e n t  she1  l f i s h .  O f  l e s s e r  
t h e  e s t u a r y  mos t  o f  t h e  summer before i m p o r t a n c e ,  n u m e r i c a l l y ,  a r e  t h e  grey 
m o v i n g  o u t  t o  t h e  ocean, where they  may t r o u t  ( o r  w e a k f i s h )  ( C y n o s c i o n  re- 
m i g r a t e  south dur ing  the  w in te r ,  remaining g a l  i s ) ,  A t 1  a n t i c  menhaden ( B r e v o o r t i a  
u n t i l  they reach ma tu r i t y .  t y r a n n u s ) ,  s o u t h e r n  f l o u n d e r  ( P a r a -  

1  i c h t h y s  l e t h o s t i g m a )  and  p e n a e i d  
s h r i m p  ( P e n a e u s  sp .  1. The l i f e  h i s t o r y  

A ' O d e r a t e  r i v e r  flowrate is re- s t r a t e g y  o f  t h e m i g r a t o r y s p e c i e s  begins q u i r e d  f o r  t h e  spawning success o f  many of w i t h  spawn ing  a t  sea (except  the  weakf ish t h e  an adromous species, espec i a l l y  b lue-  wh ich  probably spawns in the salty back  h e r r i n g  and s t r i p e d  bass (T ren t  and S o u n d )  A f t e r  h a t c h i n g ,  t h e  postlarvae H a s s l e r  1968 ;  P a t e  19721 ,  and  t h e  Tar make  their  w a y  th rough in lets  in the R i v e r  i s  t h e  o n l y  t r i b u t a r y  p r o v i d i n g  barr ier  i s lands  and up into the estuary, 
enough  f l o w .  High r i v e r  discharge can be t h e y  occupy 

if the  e g g s  and larvae are nu rse ry  areas (Ge r r y  1981; c a r r i e d  i n t o  r i v e r  swamps, where t h e i r  W o o d w a r d  1981; Miller andPeters 1983). is  low Or if the  larvae are T n i s  g e n e r a l l y  o c c u r s  d u r i n g  t h e  e a r l y  c a r r i e d  ou t  of the  r i v e r  system beyond the  spr ing  ( F igu re  45), and the young remain 
!jeneral nurse ry  a r e a  ( P a t e  1972). 'Ow i n  t h e  es tua r i ne  nurser ies  through most o f  r i v e r  f low i s  de t r imenta l  because t he  eggs the  Y o u n g - o f  - the-year  f i sh  n e e d  t o  be k e p t  i n  s u s p e n s i o n  order  t o  m i g r a t e  back  t o  t h e  ocean  t o  complete complete t h e i r  ha tch ing  cyc le .  t h e i r  l i f e  c y c l e .  The e s t u a r y  i s  an 

i m p o r t a n t  n u r s e r y  a r e a ,  where the  h i gh  
The one  i m p o r t a n t  species o f  cata-  p r o d u c t i o n  p r o v i d e s  f o o d  f o r  t h e  pos t -  

d romous  f i s h  i n  t he  Pamlico R ive r  Estuary  l a r v a e  t o  d e v e l o p  t h r o u g h  the  j u v e n i l e  
i s  t h e  A m e r i c a n  e e l  ( A n g u i l  l a  r o s t r a -  s t a g e .  These shal low h a b i t a t s  a lso  a l l ow  
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p r o t e c t i o n  f r o m  p r e d a t o r s  and p r o v i d e  
s u i t a b l e  temperatures and sa1 i n i  t i e s .  

Many o f  t h e  m i g r a t o r y  species have 
l o n g  s p a w n i n g  seasons (e.g., t he  A t l a n t i c  
c r o a k e r  spawns f rom October t o  March), and 
p o s t l a r v a e  m i g r a t e  t o  the  e s t u a r i n e  nu r -  
s e r y  g r o u n d s  p r i m a r i l y  d u r i n g  February t o  
A p r  i 1 ( M i l l e r  and Pe te rs  1983). T h i s  con- 
t i  n u o u s  r e c r u i t m e n t  tends t o  maximize t h e  
o p p o r t u n i t y  f o r  f i n d i n g  s u i t a b l e  h a b i t a t  
i n  w h a t  c a n  b e  a  h i g h l y  v a r i a b l e  eco- 
s y s t e m .  The t i m i n g  o f  t h e  ent rance i n t o  
t h e  e s t u a r y  c o r r e s p o n d s  t o  the  b u r s t  i n  
s p r  i n g t i m e  p r o d u c t i v i t y  o f  zooplankton and 
b e n t h o s  ( s e e  Sec t i on  3.5), which serve as 
p r i m a r y  f o o d  resources .  F u r t h e r  d iscus-  
s  i o n  o f  t h e  temporal  and s p a t i a l  i n t e r r e -  
l a t i o n s h i p s  i s  g iven i n  Sec t i on  4.3. 

Some s p e c i e s  a r e  indigenous t o  t h e  
Pam1 i c o  R i v e r  E s t u a r y  and occupy the  es- 

t u a r y  y e a r - r o u n d ,  a1 t h o u g h  t h e i r  t o t a l  
d e n s i t y  i s  s m a l l  c o m p a r e d  t o  t h e  g r e a t  
h o r d e s  o f  m i g r a t o r y  spec ies  p resen t  i n  t h e  
s p r i n g .  T h e i r  movemen t  s t r a t e g i e s  are  
r e s t r i c t e d  t o  s h o r t  d i s tances  i n  and o u t  
o f  t h e  t r i b u t a r y  s t r e a m s ,  and back and 
f o r t h  i n  t h e  es tua ry .  The most prominent 
i n d i g e n o u s  s p e c i e s  i s  t h e  b a y  anchovy 
( A n c h o a  m i t c h i l l i  1, w h i c h  c o n s t i t u t e s  
a  s i g n i f i c a n t  p o r t i o n  o f  t h e  fo rage  f i s h  
f o r  m i g r a t o r y  a n d  anadromous spec ies  i n  
t h e  e s t u a r y  ( T a b l e  21). Another spec ies  
o f  t h e  indigenous nekton, t h e  grass shr imp 
( P a l a e m o n e t e s  p u g i o ) ,  i s  an i m p o r t a n t  
f i s ' h  f o o d  i n  s h a l l o w  a r e a s ,  p r i m a r i l y  
a r o u n d  submerged a q u a t i c  vege ta t i on .  Some 
f r e s h w a t e r  s p e c i e s ,  such as w h i t e  perch,  
c a t f i s h ,  y e 1  l o w  perch,  and c e n t r a r c h i d s ,  
a r e  h i g h l y  s o u g h t  b y  r e c r e a t i o n a l  
f i s h e r m e n  d u r i n g  t h e  s p r i n g ,  when t h e  
s a l i n i t y  i s  low. 



CHAPTER 4 

ECOLOGICAL INTERRELATIONSHIPS 

4.1. TROPH I C  STRUCTURE 

The concept o f  the t r o p h i c  s t r u c t u r e  
i n  an e s t u a r i n e  e c o s y s t e m  i s  more o f  a  
f o o d  web t h a n  a  f o o d  chain (Odum 1959). 
I n  c o n t r a s t  t o  t h e  l o n g e r ,  more d i r e c t  
f o o d  c h a i n  r e l a t i o n s h i p s  observed i n  the 
ocean ,  t h e  f o o d  web t r o p h i c  s t r u c t u r e  
f o u n d  i n  the es tuary  i s  gene ra l l y  abbrev i -  
ated. 

A s i m p l i f i e d  diagrammatic representa- 
t i o n  o f  t h e  m a j o r  food web components o f  
t h e  P a m l i c o  R i ve r  Estuary  i s  presented i n  
F i g u r e  46.  Whi l e  the  i n t e r r e l a t i o n s h i p s  
a r e  i n t r i c a t e ,  t h e  d i r e c t  pathways i n  t h i s  
g e n e r a l i z e d  food web are r e l a t i v e l y  shor t .  

A change  a t  one t r o p h i c  l e v e l  can 
i m p a c t  o t h e r  po r t i ons  o f  t he  ecosystem by  
a l t e r i n g  t h e  d i r e c t i o n  o r  s i z e  o f  t h e  

ORGANICS & 

G W R U S  & 

SMALL LEIOSTOMUS 

F igure  46. Generalized food web f o r  the Pam1 i c o  R ive r  Estuary  (Copeland 
e t  a l .  1974b). 
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f l o w s .  Because  o f  t h e  l a r g e  number o f  d e t r i t u s  f o r m  t h e  bas is  f o r  t h e  menhaden 
i n t e r r e l a t i o n s h i p s ,  o r g a n  i s m s  may be t r o p h i c  r e 1  a t i o n s h i p  ( F i g u r e  47). The 
a f f e c t e d  b y  f a c t o r s  a c t i n g  on o t h e r  menhaden e x a m p l e  r e p r e s e n t s  those f i s h  
t r o p h i c  l e v e l s .  For example, even though t h a t  p r i m a r i l y  g r a z e  t h e  water column, 
an e n v i r o n m e n t a l  p e r t u r b a t i o n  does no t  w h e r e  p l a n k t o n  s e r v e s  as the major food 
d i r e c t l y  i m p a c t  a p a r t i c u l a r  species, s o u r c e .  P o s t l a r v a l  menhaden ea t  smal l  
t h a t  s p e c i e s  c o u l d  s t i l l  d e c l i n e  i f  z o o p l a n k t o n ,  s w i t c h i n g  t o  p r i m a r i l y  
s u r v i v a l  tolerance. o f  a key food organism p h y t o p l a n k t o n  as t hey  grow i n t o  j u v e n i l e  
w e r e  exceeded. S im i l a r l y ,  changes i n  the  s t a g e s .  T h i s  change i n  d i e t  couples t he  
p o p u l a t i o n  o f  a p r e d a t o r ,  pa ras i te ,  o r  menhaden componen t  more d i r e c t l y  t o  t he  
compe t  i t o r  could a f f e c t  the abundance o f  n u t r i e n t  cyc le  and t o  the  s tand ing  crop o f  
a species. o r g a n i c  m a t t e r  i n  t h e  e s t u a r y .  Young 

mu1 l e t ,  a n o t h e r  m a j o r  e s t u a r i n e  nekton 
The A t 1  a n t i c  menhaden (B revoo r t i a  component, f o l l o w  a s i m i l a r  hab i t .  

t y r a n n u s )  i s  an example o f  the  complexi- 
t i e s  o f  t he  t r oph i c  s t r u c t u r e  o f  t h e  estu-  Many o f  t he  species o f  f i s h  us ing  an 
d r y .  The A t l a n t i c  menhaden i s a p r o m i -  e s t u a r y  l i k e  t h e  P a m l i c o  R i v e r E s t u a r y  
n e n t  member o f  the f i n f i s h  species us ing  s h i f t  i n  t h e i r  f o o d  preferences as they  
t h e  P a m l i c o  R i v e r  E s t u a r y  as a nursery  g r o w  ( M i l l e r  and Dunn 1980; M i l l e r  and 
( P u r v  i s  1976) .  Phytoplankton product ion, C u r r  i n  1982  1. The A t l a n t i c  croaker,  f o r  
z o o p l a n k t o n  p r o d u c t i o n ,  and i n c o m i n g  e x a m p l e ,  s h i f t s  from a predominant ly zoo- 



p l a n k t o n  d i e t  du r ing  the  very young post -  
1  a r v a l  stage t o  a  more d i v e r s i f i e d  d i e t  of 
m a c r o b e n t h i c  a n i m a l s  a t  e a r l y  j u ven i l e  
s t a g e s  t o  o t h e r  f i s h  and macrobenthos as 
a d u l t s  (Woodward 1981; M i l l e r  and Cu r r i n  
1 9 8 2 ) .  A l t h o u g h  t h i s  s h i f t  seems t o  be 
t he  trend, it would be more proper t o  char-  
ac t e r  i z e  es tuar ine  f i s h  as omnivorous and/ 
o r  o p p o r t u n i s t i c  feeders.  For example, 
Woodward 's  (1981) benth ic  exc lus ion stud- 
i e s  i n  t h e  P a m l i c o  R i v e r  Estuary showed 
t h a t ,  when b e n t h i c  feeding was prevented 
b y  c o v e r i n g  t h e  b o t t o m  sed imen t s ,  the  
A t 1  a n t i c  c r o a k e r  s h i f t e d  t o  zooplankton 
e v e n  d u r i n g  t h e  l a t e  j u v e n i l e  stages. 
T h i s  w o u l d  seem t o  i n d i c a t e  t h a t  sc iae-  
n i d s  a t  v a r i o u s  l i f e  s t a g e s  could be a 
m a j o r  f o r c e  i n  c o u p l  i n g  benth ic  produc- 
t i v i t y  and t h e  w a t e r  co lumn.  Flounder 
a p p a r e n t l y  f o l l o w  a pa t t e rn  s i m i l a r  t o  the 
c r o a k e r  ( M i l  l e r  and  C u r r i n  1982). The 
c o u p l  i n g  o f  b e n t h i c  plankton and f i s h  i s  
f u r t h e r  i n t e g r a t e d  by pr imary carn ivores,  
s u c h  as grey t r o u t  and s t r i p e d  bass, which 
f e e d  e x t e n s i v e l y  on o t h e r  f i s h  (F igure 
46). 

4.2. NURSERY AREAS 

N u r s e r y  g r o u n d s  i n  e s t u a r i e s  are 
t y p  i c a  1 1  y  shal low nearshore areas (F igure  
4 8 )  t h a t  s u p p o r t  l a r g e  p o p u l a t i o n s  of 

F igure 48. A nearshore es tuar ine  nursery  
area. 

g r o w i n g  p o s t l a r v a l  and j u v e n i l e  f i s h e s  and 
s h e 1  l f i s h  dur ing  t h e i r  f i r s t  year o f  l i f e .  
N u r s e r y  g r o u n d  u t i l i z a t i o n  and i t s  r o l e  
i n  f i sher ies  product ion has long been sug- 
g e s t e d  t o  be one o f  t h e  more impor tant  
f u n c t i o n s  of es tuar ies  (McHugh 1966). I n  
t h e  Paml i c o  R i v e r  Estuary, nu rsery  areas 
g e n e r a l l y  have low s a l i n i t y  and mud and/or 
m u d - g r a s s  bo t t oms .  The dens i t y  o f  post -  
l a r v a e  and  j u v e n i l e s  i n  these areas i s  
r e l a t i v e l y  h i gh  (as much as 100 t imes the  
d e n s i t y  o f  t h e  adu l t s  o f  these species),  
and, i n  t h e  Pamlico, the nursery  u t i l i z e r  
s p e c i e s  are p r i m a r i l y  those w i t h  m ig ra to r y  
1  i f e  h i s t o r y  s t r a t e g i e s  (Pu rv i s  1976). 
The p r i m a r y  n u r s e r y  i s  i n  t he  upper-most 
s e c t i o n s  o f  t h e  e s t u a r y  and the popula- 
t i o n s  the re  are un i formly  very  e a r l y  juve- 
n i l e  stages (Purv is  1976). 

The a r e a  o f  nursery grounds u s u a l l y  
r e p r e s e n t s  o n l y  a  s m a l l  p o r t i o n  o f  t he  
t o t a l  e s t u a r i n e  sys tem (Copeland e t  a l .  
1 9 8 3 a ) .  For example, o f  the  approximately 
2.3 m i  1 1  i o n  a c r e s  o f  es tua r i es  i n  North 
C a r o l i n a ,  o n l y  a b o u t  75,000 acres have 
been  d e s i g n a t e d  p r i m a r y  nursery  grounds 
( d a t a  f r o m  N.C.  D i v i s i o n  o f  M a r i n e  
F i s h e r i e s ,  Morehead C i t y ) .  A r e l a t i v e l y  
l a r g e  p o r t i o n  o f  the pr imary nursery  areas 
i n  Paml ico Sound l i e s  i n  the  Pamlico R ive r  
E s t u a r y  and  a l o n g  t h e  nor thern  shore of 
t h e  sound,  here considered as p a r t  o f  t he  
m a i n  s t em  o f  t h e  P a m l i c o  R ive r  (F igure  
49). 

The Paml i c o  River  Es tuary ' s  pr imary 
n u r s e r y  g r o u n d s  a r e  used by e i g h t  major 
s p e c i e s  ( T a b l e  2 3 ) .  The most impor tant  
u s e r  i s  t h e  s p o t ,  which i s  ub iqu i tous  i n  
a1 1 t h e  shal low t r i b u t a r i e s  a long t h e  Pam- 
l i c o  River  Estuary  (Purv is  1976). Another 
i m p o r t a n t  nursery  user i s  the  croaker,  I n  
e s t u a r i e s  w i t h  low t i d a l  amplitudes, such 
a s  t h e  P a m l i c o  R i v e r  E s t u a r y ,  y o u n g  
c r o a k e r  a r e  g e n e r a l l y  m o s t  abundant i n  
s h a f  low marsh hab i t a t s  w i t h  a s o f t  organic  
s u b s t r a t e .  In con t ras t ,  i n  es tua r i es  w t t h  
h i g h e r  t i d a l  a m p l i t u d e s  (as i n  t h e  Cape 
F e a r  River  Estuary f a r t h e r  south)  croakers 
may be more common i n  deeper waters o f  t h e  



p o s t l a r v a e  p o p u l a t i o n s  t h a t  e n t e r  t he  
e s t u a r y  d u r i n g  t h a t  t ime t o  use the  nur -  
s e r y  grounds (Sect ion 4.2). 

One o f  t h e  c h a r a c t e r i s t i c  adapata- 
t i o n s  o f  o r g a n i s m s  t o  t h e  s e a s o n a l i t y  
e x i  s t i n g  i n  temperate es tuar ine  systems i s  
t h a t  o f  s e a s o n a l  m ig ra t i ons  (Copeland e t  
a1  . 1 9 7 4 a ) .  T h i s  adaptat ion permi ts  t h e  
r a p i d  p r o 1  i f e r a t i o n  and growth o f  animal 
p o p u l a t i o n s  d u r i n g  the opt imal  season o f  
f o o d  p r o d u c t  i o n  and energy a v a i l a b i l i t y .  
A t  Rose Bay, a  t r i b u t a r y  nursery  area o f f  
t h e  P a m l i c o  R i v e r  E s t u a r y ,  M i l l e r  and 
G u r r  i n  ( 1 9 8 2 )  found  t h a t  t he  consumption 
r a t e  o f  j u v e n i l e  s p o t  a n d  c r o a k e r  i n -  
c r e a s e d  d rama t i ca l l y  dur ing  l a t e  March and 

F igure 49. Map of Pamlico Sound, showing A p r i  1 ( F i g u r e  5 1  1, when t h e  biomass o f  
pr imary nursery  areas (Copeland e t  a l .  b e n t h o s  i n  t h a t  a r e a  peaked- M ig ra t i ng  
1983). s t o c k s  o f  animals become p a r t  o f  t he  estu-  

a r  i ne  energy cycle,  become i n t eg ra ted  i n t o  
t h e  f u n c t i o n i n g  ecosystem, and then emi- p r i m a r y  n u r s e r y  a r e a s  (We ins te i n  1979; g r a t e  t o  another  s y s t e m .  In this way 

Modson e t  a l .  1981). Un l i ke  the  croaker, e s t u a r i e s  l i ke  the River Estuary 
y o u n g  spot are In great ties in al o n g  t h e  coast are in terconnected through 
s h a l l o w  marsh areas i r r e s p e c t i v e  of t i d a l  t h e  m ig ra t i ng  ene rgy  and b iomass  cou- 
e f f e c t s  t h r o u g h o u t  t h e i r  range (Chao and p~ i rigs.   his p a t t e r n  of resource u t i l  i za -  
F l u s i c k  1977 ;  W e i n s t e i n  1979; M i l l e r  and t i on  among func t i ona l  groups of fishes 
Ounn 1980). max imizes  the eco log ica l  e f f i c i e n c y  o f  the  

estuary.  
4 3 SPATIAL-TEMPORAL RELATIONSHIPS 

The t i m i n g  o f  t h e  c o m b i n a t i o n  o f  
A combin a t  on o f  tributary inflows p h y s i c a l  and b i o l o g i c a l  a c t i v i t i e s  o f  t he  

a n d  w a t e r  - t e m p e r a t u r e  changes character -  
i z e  t h e  seasons i n  the  Pamlico River  Estu- 
ary (Kuenzler et al , 1979). ~ i ~ h ~ ~ t  tri bu- Tab1 e 23. Major users of t h e  Pam1 i c o  R i ve r  
t a r y  i n f l o w s  occur du r i ng  January through p r ima ry  nursery grounds 
A p r i  1 ( s e e  S e c t  i o n  2.5). Consequently, and 1974; Purvis 1976)* 
d u r i n g  t h e  l a t e  w in te r  and e a r l y  spr ing, -- 
when f r e s h w a t e r  r u n o f f  peaks, the  es tuary  % o f  t o t a l  
r e c e i v e s  n u t r i e n t s ,  d e t r i t u s ,  and o the r  Species - 
m a t e r i a l s  from upland drainage. These a re  1 9 7 4  --'Em- 
i m p o r t a n t  t o  t he  system. As the water be- 
g ins  t o  warm i n  t he  sp r i ng  and so l a r  r ad i a -  spot 42 .O% 47.0% 
t i  o n  i n  creases,  phytoplankton p roduc t i v -  Atlantic croaker 27.0% 19.0% 
i t y  i n c r e a s e s  (F igure  50). This increase Atlantic menhaden 20.0% 13.0% 
i n  p r i m a r y  p r o d u c t i v i t y  i s  q u i c k l y  f o l -  ~~'''e~~a~~rim~ 4.9% 12 .O% 

1.9% 3.6% 
lowed by an increase i n  zooplankton produc- Blueback he, r i n g  2.1% 0.1% 
t i o n .  H i g h  s p r i n g t i m e p r o d u c t i v i t y c o i n -  W e a k f ~ s h  0.6% 3.8% 
c i d e s  w i t h  t h e  rec ru i tment  o f  p o r t l a r v a l  Flounder 0.2% 1.1% 
f i s h e s  a n d  s h e l l f i s h  and s u p p o r t s t h e  - -  -- 



Figure 50. Annual cyc le  o f  phytop lankton 
p r o d u c t i v i t y  i n  t he  Paml i c o  R ive r  Estuary , 
1976-77. S ta t i on  l o c a t i o n s  range from 
upper es tuary  (1) t o  lower  es tuary  (6)  
(Davis e t  a l .  1978). 

w h o l e  e s t u a r i n e  con t i nuum i s  abso lu te ly  
c r i t i c a l  f o r  t h e  s u c c e s s  r e a l i z e d  b y  
a n i m a l s  i n  t h e  es tua r i ne  nursery  grounds 
( M i l l e r  e t  a l .  1982). 

M i g r a t i n g  p o s t l a r v a e  move from the  
ocean  spawn ing  grounds through the  i n l e t s  
i n t o  t h e  s h a l l o w  t r i b u t a r i e s ,  u s u a l l y  
d u r i n g  the w in te r  and e a r l y  sp r i ng  o f  each 
y e a r  ( F i g u r e  5 0 ) .  The phys ica l  condi -  
t i o n s  t h a t  enable t h i s  phenomenon t o  occur 
b e g i n  w i t h  t h e  w i n t e r  w i n d s  b l o w i n g  
d i r e c t l y  o f f s h o r e ,  w h i c h  s e t s  up  an 
i n f  l o w i n g ,  b e l o w - s u r f  ace  l aye r  o f  warm 
s a l t y  w a t e r  f l o w i n g  i n  from t h e  o f f sho re  
spawn i n g  grounds (F igure  52; M i l l e r  e t  a l .  
1 9 8 2 ) .  Thus ,  t h e  m a j o r  mechan i sm  t o  
t r a n s p o r t  l a r v a e  f r o m  o f f s h o r e  i s  t h a t  
t h i c k  i n t e r m e d i a t e  l aye r  o f  water moving 
t o w a r d  s h o r e  a t  r e l a t i v e l y  h i gh  speeds ( 3  
t o  8 c m / s )  . The onset o f  these phys ica l  
c o n d i t i o n s  i s  c o n c u r r e n t  w i t h  o f f sho re  
s p a w n i n g  a c t i v i t i e s .  I n  o n e  examp le  
( F i g u r e  5 2 ) ,  s p o t  and croaker la rvae  are 

F i gu re  51. Combined j u v e n i l e  spo t  and 
croaker consumption r a t e s  and benth ic  b io -  
mass i n  Rose Bay, N.C., 1979 ( M i l l e r  and 
Cu r r i n  1982). 

a d v a n c i n g  i n  age d u r i n g  t h i s  w a t e r  
movement ,  w i t h  the  f i r s t  observat ions a t  
a b o u t  1 5 - 1 8  d a y s  a f t e r  s p a w n i n g  and  
r a n g i n g  t o  a b o u t  45 -55  days o l d  a t  t h e  
i n l e t .  The o n s h o r e  movement  o f  water 
d u r i n g  t h e  w i n t e r  a l s o  e s t a b l i s h e s  a  
c o u n t e r - c l o c k w i  se c i r c u l a t i o n  p a t t e r n  i n  
Paml i c o  Sound.  This p a t t e r n  enables t h e  
l a r v a e  and pos t la rvae  t o  be c a r r i e d  t o  t h e  
n u r s e r i e s  a l o n g  the nor thern  and western 
s h o r e s  o f  P a m l i c o  Sound ( i -e . ,  t he  Pam- 
1  i c o  R i v e r  E s t u a r y ) .  The combinat ion o f  
p h y s i c a l  movement o f  water from o f f sho re  
i n t o  and a r o u n d  P a m l i c o  Sound, and t h e  
a v a i l a b i l i t y  o f  mu l t i tudes  o f  post larvae,  
he1  p  make the  nursery  grounds i n  t h e  lower 
Paml  i co  R i ver Estuary  among the  most pro-  
duc t i ve  on the  eas t  coast.  



Figure 52. Seasonal wind and onshore/offshore flow pat terns over the N . C .  cont inental  she1 f ,  
with age d i s t r i b u t i o n  of la rva l  spot  and croaker moving toward i n l e t s  (Mi l le r  e t  a l .  1982). 



CHAPTER 5 

5.1. COMMERCIAL FISHERIES 

F i s h  i ng has been an impor tan t  a c t i v -  
i t y  i n  t h e  Paml i c o  R i v e r  Es tua ry  ( F i g u r e  
5 3 )  s i n c e  c o l o n i a l  t imes  (Mauld in  e t  a l .  
1 9 7 9 ) .  The  e a r l y  s e t t l e r  depended upon 
t h e  e s t u a r y  f o r  food, and caught many of 
t h e  s p e c i e s  t h a t  are c u r r e n t l y  major  con- 
t r  i b u t o r s  t o  t h e  p r e s e n t - d a y  commercial 
f i s h e r y .  

The P a m l i c o  R i v e r  E s t u a r y  and t h e  
N e u s e  R i v e r  Es tua ry  are t h e  major  c o n t r i b -  
u t o r s  o f  f i s h  a n d  s h e 1  l f i s h  t o  Paml ico 
S o u n d ,  w h i c h ,  i n  t u r n ,  c o n s t i t u t e s  t h e  
mos t i m p o r t a n t  commercial f i s h e r y  area i n  
t h e  S t a t e  ( C o p e l a n d  e t  a l .  1 9 8 3 a ) .  A  
m a j o r i t y  o f  t h e  p r i m a r y  n u r s e r y  grounds i n  
t h e  S t a t e  a r e  i n  b o t h  t h e  Pamlico R i v e r  
Es t u  a r y  and a long t h e  cont iguous shore1 i n e  
a r o u n d  Paml  i c o  Sound  (see Sec t i on  4.2). 
T h u s ,  i t  i s  n o t  p o s s i b l e  t o  a c c u r a t e l y  
s e p a r a t e  t h a t  p o r t i o n  o f  Paml ico Sound's 
c o r n r n e r c i  a 1  c a t c h  w h i c h  i s  d i r e c t l y  

a t t r i b u t a b l e  t o  t h e  e s t u a r y  ( K a t i e  West, 
W.C. D i v i s i o n  o f  M a r i n e  F i s h e r i e s ,  
Morehead C i t y ,  pers .  comm.). 

Paml i c o  Sound (and i t s  t r i b u t a r i e s )  
i s  a  m a j o r  c o n t r i b u t o r  t o  t h e  commercial 
f i s h e r i e s  c a t c h  i n  Nor th  C a r o l i n a  (Tab le  
2 4 ) .  W i t h  5 6 %  o f  t h e  S t a t e ' s  t o t a l  
c o a s t  a  1  w a t e r s ,  t he  sound c o n t r i b u t e d  78% 
o f  t h e  t o t a l  i n s h o r e  c o m m e r c i a l  c a t c h  
( p o u n d a g e )  i n  1 9 8 0 .  I n  c o n t r a s t ,  Albe- 
m a r l e  Sound, which c o n s t i t u t e s  26% o f  t h e  
S t a t e  c o a s t a l  waters ,  c o n t r i b u t e d  14% of 
t h e  t o t a l  c o m m e r c i  a1 f i s h e r i e s  catch.  
L i k e w i s e ,  t h e  va lue  o f  t h e  ca tch  f rom t h e  
P a m l i c o  Sound  a rea  c o n s t i t u t e s  about 73% 
o f  t h e  t o t a l  i n s h o r e  c o m m e r c i a l  c a t c h  
va lue.  

As n o t e w o r t h y  as t h i s  d i s p r o p o r -  
t i o n a t e l y  h i g h  p r o d u c t i v i t y  i s ,  t h e  h i g h e r  
p r o p o r t i o n  a t t r i b u t e d  t o  Paml ico Sound 
m i g h t  be  e v e n  more s t a r t l i n g  i f  t h e  o f f -  
s h o r e  c a t c h  c o u l d  be  appor t ioned t o  t h e  

Tab le  24. D i s t r i b u t i o n  o f  1980 commercial 
f i s h e r i e s  ca tch  and value,  Albemar'ie and 
Paml i c o  Sounds, Nor th  Carol i n a  (N.C. D i v i -  
s i o n  o f  Mar ine F i s h e r i e s  Catch S t a t i s t i c s ,  
Morehead C i t y ) .  

-- - -- - - --- - - - - 

Albeinar le Oanl i c o  
Pardrneter  Sound 5ound 

-- 

940 2,000 

% S t a t e  t o t a l  76% 56% 

( a t c h  (1,OGC i b )  1 1,200 11,430 

% t o t a l  i n s h o r e  c a t c h  14% 7d% 

Value 1$1,d00) l , 9 a l  26, i t i t  

F i g u r e  53. Oys te r i ng  near Washington, % t ( 1 t a i  i n s h o r e  v a l u e  5% 73% 

N.C., 1884. - - - . . - - -- . -. - - 



s o u n d s .  The o f f s h o r e  catch exceeds the To underscore the  importance of Pam- 
i n s h o r e  t o t a l  i n  poundage because of the  1 i c o  Sound and the  t r i b u t a r y  es tuar ies  t o  
l a r g e  menhaden c o n t r i b u t i o n ,  and almost t h e  commerc ia l  f i s h e r i e s  o f  t h i s  area, we 
e q u a l s  t h e  v a l u e  o f  t h e  inshore  catch. c a l c u l a t e d  t h e  y i e l d  of commercial catch 
M u c h  o f  t h i s  o f f s h o r e  p r o d u c t i o n  i s  on a p e r  u n i t  a r e a  bas i s  f o r  cofrIparis0n 
t h o u g h t  t o  be a t t r i b u t a b l e  t o  Pamlico p u r p o s e s .  I f  we assume t h a t  about 70% of 
S o u n d  and  i t s  p r i m a r y  n u r s e r y  a r e a s  t h e  t o t a l  i n s h o r e  and  of fshore catch i n  
( S t r e e t  1981 1. N o r t h  Caro l ina  i s  a t t r i b u t a b l e  t o  t h e  p ro -  

d u c t i v i t y  o f  Pamlico Sound (S t r ee t  19811, 
The t o t a l  commercial f i s h e r i e s  land- t h e  y i e l d  i s  es t ima ted  t o  be 245 lb /ac re  

i n g s  r e p o r t e d  f o r  Pamlico Sound i n  recent  on  an annual bas is  us ing  1980 catch. This 
y e a r s  ( T a b l e  25) ranged between a h i g h  o f  compares  f a v o r a b l y  w i t h  t h e  170 lb /ac re  
a r o u n d  7 1  m i l l i o n  pounds i n  1980 t o  a low c a l c u l a t e d  f o r  Chesapeake Bay (Ro thch i l d  
o f  a b o u t  22  m i l l i o n  pounds i n  1971. The e t  a l .  19811, which i s c o n s i d e r e d  t o  b e a n  
v a l u e  o f  t h e s e  l a n d i n g s  ranged between i m p o r t a n t  c o a s t a l  system f o r  t he  produc- 
about; 3.6 m i l l i o n d o l l a r s  i n  1 9 7 0 t o o v e r  t i o n  o f  commerc i a l  f i s h e r i e s o n  t h e e a s t  
26 m i  11  i o n  do1 1 ars  i n  1980. I n  con t r as t  coast of t he  Uni ted States. 
t o  t h e  c a t c h  i n  Albemarle Sound (Copeland 
e t  a1 . 1983b1, which i s  dominated by on l y  I n  r e c e n t  y e a r s ,  w i t h  b e t t e r  means 
5 o r  6 species, t h e  ca tch  i n  Pamlico Sound o f  k e e p i n g  s t a t i s t i c s ,  the  N. C. D i v i s i o n  
i s  made up o f  20  o r  more species (S t r ee t  o f  M a r i n e  F i s h e r i e s  has  a t t e m p t e d  t o  
1 9 8 1 ) .  The l a r g e s t  con t r i bu to r s  t o  t h i s  s e p a r a t e  f i s h e r i e s '  catch f o r  each water 
c a t c h  are f lounders,  weakfish, b lue crabs, b o d y  and  county  i n  Nor th  Caro l ina  ( S t r e e t  
p e n a e i d  s h r i m p ,  A t 1  a n t i c  croaker, spot, 1 9 8 1  1. By a t t r i b u t i n g  catch t o  t he  county 
e e l s ,  and b a i t  f i shes .  A l l  these species i n  w h i c h  i t  was landed, i t  i s  poss ib le  t o  
a r e  m i g r a t o r y a n d u s e e s t u a r i n e n u r s e r i e s .  a r b i t r a r i l y  a l l o c a t e  c a t c h  t o  w a t e r  
T h e r e  a r e  2 1  o t h e r  species taken i n  t he  b o d i e s .  On t h i s  basis,  commercial f i s h e r -  
c o m m e r c i a l  ca tch  repor ted  f o r  the  Pamlico i e s  c a t c h  t o  t h e  Paml i c o  R ive r  Estuary 
Sound a r e a ,  b u t  none  o f  them c o n s t i t u t e  amounts  t o  about 10% o f  t he  t o t a l  Pamlico 
mare than about 5,000 l b / y r .  Sound c a t c h .  B l u e  crabs,  taken both by 

t r a w l s  a n d  crab pots  (F igures 54 and 55), 
a c c o u n t  f o r  a l a r g e  m a j o r i t y  o f  t h i s  
catch. 

Tab1 e 25, Tota l  commercial f i s h e r i e s  land- 
i n g s  f o r  Pamlico Sound complex, 1970-81 O f  t h e  m a j o r  spec ies  caught i n  t h e  
(N.C. D i v i s i o n  o f  Marine F isher ies  Catch w e s t e r n  Paml i c o  Sound area, t r a w l i n g  f o r  
S t a t i s t i c s ) .  f 1 o u n d e r ,  t r a w l  i n g  and p o t t i n g  f o r  b l ue  

c r a b s ,  long-haul se i n i ng  f o r  t r ou t ,  oys te r  
* - " - "  - "- - d r e d g i n g ,  and  t r a w l i n g  f o r  s h r i m p  are 

Yedr Tot a1 l a n d i n q \  To ta l  value I'ov-cerit 
(1,1100 ~ b )  ($l,ono) ~t ~ t ~ t ~  m a j o r  commercial en te rp r i ses .  The pr imary 

Iar~drrr~ ' .  a r e a  o f  t r a w l i n g  f o r  s o u t h e r n  f l ounder  
- -  - - 1 i e s  a t  t h e  1 ower  ends o f  the es tua r i es  

t 9 9 0  r i , ~ 5 t ,  3,609 60.9 and  i n  t h e  w e s t e r n  p o r t i o n  o f  Pamlico 
1971 ??,ON? , 4 , 8 J j  tJ .8  
191:' (2 ,715 4 , i t i  ',i.tc Sound ( F i g u r e  561. Themajor  seasons f o r  
1913 24,620 5,5113 62.4 

bi1. 3 
f l o u n d e r  t r a w l i n g  are du r i ng  f a l l  and win- 

19 74 32,328 6,465 
1975 3 3 . y ~ ~  6,b?l 70.4 t e r  ( W o l f f  1 9 7 7 ) .  The major commercial 
L9 I6 31.291 10,001 0 9 . 3  

J S . Y i 5  10,467 70.1 
f i s h i n g  f o r  b l  ere crabs occurs throughout 

1977 
19/8 42,100 9,913 68.9 t h e  Pam1 i c o  R ive r  Estuary  and Neuse R iver  
1979 53,732 15,ijUiJ 71.9 
1980 71,430 2b.182 74.6 

E s t u a r y ,  as w e l l  as i n  the  shallow, near- 
1951 56,504 1 ~ , 4 4 1  74 .1  s h o r e  a r e a s  a round  western Pamlico Sound 

-- - - ---- - -  - - - ---- ( F i g u r e  5 7 ) .  F i s h i n g  a c t i v i t y  f o r  b l ue  

5 8 



c r a b s ,  e i t h e r  t r a w l i n g  o r  po t t i ng ,  occurs a r y  and s i m i  1  a r  n u r s e r y  areas f o r  t h e i r  
y e a r - r o u n d  (Wo l f f  1978). Shrimping i s  an product ion.  
e x t r e m e l y  impor tant  commercial f i s h e r y  i n  
Paml i c o  Sound, occu r r i ng  p r i m a r i l y  dur ing  
summer and f a1 1  (McCoy 1 9 7 2 ) .  Shrimp 5.2. RECREATIONAL FISHERIES 
t r a w l e r s  f i s h  throughout Paml i c o  Sound i n  
q u e s t  f o r  t h e s e  h i g h  value crustaceans, 
w h i c h  depend upon the  Pamlico R ive r  Estu- 

- Total Catch 

Blue Crabs 

R e c r e a t i o n a l  f i s h i n g  (F igure 58) has 
been  a  t r a d i t i o n a l  a c t i v i t y  i n  t he  Pamlico 
R i v e r  E s t u a r y  s ince  c o l o n i a l  t imes (Maul- 
d i n  e t  a1 . 1979 ). One o f  t h e  g rea t  needs 
i n  t h e  managemen t  o f  f i s h e r i e s  i n  Nor th  
C a r o l i n a  c o a s t a l  waters i s  in fo rmat ion  on 
t h e  c a t c h - p e r - u n i  t e f f o r t  o f  r ec rea t i ona l  
f ishermen ( S t r e e t  1979, 1981 1. 

A m a j o r  s t u d y  i s  c u r r e n t l y  underway 
b y  t h e  U n i v e r s i t y  o f  Nor th  Caro l ina  Sea 
G r a n t  C o l l e g e  P r o g r a m  t o  determine t h e  
s o c  i a1 and economic s ta tus  o f  r ec rea t i ona l  
f i s h i n g  i n  t h e  P a m l i c o  R i v e r  E s t u a r y  
( F r i c k e  e t  a l .  1983). Surveys conducted 
i n  t h e  P a m l i c o  and Albemarle Sound areas 
d u r i n g  1 9 8 1  and  1 9 8 2  i n d i c a t e  t h a t  t he  
a r e a  o f  h i g h e s t  r ec rea t i ona l  usage i s  t he  
Paml i c o  R i ve r  Es tua r y  and cont iguous shore- 
1  i n e s  a r o u n d  t h e  sound (F igure 59). Th is  
f i n d  i n g  i n c l u d e s  a1 1  r ec rea t i ona l  boa t ing  
a c t i v i t i e s  w i t h o u t  d i f f e r e n t i a t i n g  between 
f i s h i n g  and  o t h e r  wa te r - r e l a t ed  recrea-  

F igure 54. Commerci a1 f i s h e r i e s  ca tch  re- 
por ted f o r  the  Paml i c o  River  Estuary, 
1970-80 (N.C. D i v i s i o n  o f  Marine F isher ies  
Catch S t a t i s t i c s ) .  

F igure 55. Crab-pott ing i n  the Pamlico 
River  Estuary . 

7 7 ; ~  7 6 ; ~  

F i  gure 56. Areas o f  western Pam1 i c o  Sound 
f lounder  t r a w l  f i s h e r y  (Wo l f f  1977). 



t i o n a l  a c t i v i t i e s .  The season of t h i s  i n -  
t e n s e  usage  i s  p r i m a r i l y  May t o  November 
o f  e a c h  y e a r  ( D r .  L e o n  Abbas,  UNC Sea 
Grant, Raleigh, pers.  comm. 1. 

The m a j o r  species sought by recrea-  
t i o n a l  a n g l e r s  i n c l u d e  t h e  A t l a n t i c  
c r o a k e r ,  g rey  t r o u t  ( o r  weakf ish),  speck- 
l e d  t r o u t ,  and largemouth bass (Table 26). 
I t  s h o u l d  be  n o t e d  t h a t  36% o f  the  r e -  
treat i o n a l  a n g l e r s  acknowledge t h a t  they 
seek  any  f i s h  t h e y  can catch (see nota- 
t i o n  o f  " a n y t h i n g "  i n  T a b l e  2 6 ) .  The 
f r e q u e n c y  o f  c a t c h  i s  s l i g h t l y  d i f f e r e n t  
t h a n  t h e  f r e q u e n c y  o f  ta rge ted  species, 
i n d i c a t i n g  t h a t  t h e  f i s h e r m e n  do n o t  
a l w a y s  c a t c h  w h a t  t h e y  seek ,  and a r e  
w i l l  i n g  t o  take whatever i s  a c t i v e  a t  the 
t i m e  t h e y  a r e  f i s h i n g .  I n  t he  frequency 
o f  c a t c h ,  t h e  A t l a n t i c  croaker i s  taken 
m o s t  o f t e n  i n  t h e  Paml ico River  Estuary 
(Table 26). 

F igure 57. Areas o f  western Pam1 i c o  Sound 
b l ue  crab f i s h e r y  (Wol f f  1978). 

F igure  58, Rounder-g igg ing i n  t he  Pam1 i c o  R i ve r  Estuary. 



Figure 59. Map o f  Pam1 i c o  Sound, showing 
the  area o f  in tense rec rea t iona l  a c t i v i t y  
(Dr, Leon Abbas, UNC Sea Grdnt Fragrast, 
Rale igh,  pers, c o r n . ) .  

Tab1 e 26. Mean percent Frequency o f  ca tch  
and t a rge t&  species toy rec rea t iona l  f i s h -  
errnen i n  the Panil i c o  R ive r  Estuary, 1981-82 
(F r i cke  e t  a l ,  1983). 

Frequency o f  
C B C L ~ I  

(2% of Total 1 

A t l a r i t i c  C C O I ~ P C  3 1 . 3  11'. 6 
Grey t r o u t  13.7 . I%,  t i  
a l u e f i ~ h  12.6 
F l nunder  3 .3  
>peck l ed  t r " ~ i d t  2.7 4.2 

3.3 4) " 
spot . . .i 
S e a  nid l l e t  3 . 3  --.- 
Striped basi - - - -  i.1 
~ . l h i t e  perch 1.6 I .  I 

YeilOw perch 1.6 
;argem(itith ba<,? 1.1 6 .1  
Suc~f i s h  3.3 7.5 

0.5 " - - -  Crappie 
No ca tc t i  21.4 
Anything 

The r e c r e a t i o n a l  catch-per-un i t  e f -  
f o r t  ( C P U E )  i n  the Pamlico River  Estuary  
d u r i n g  t h e  m a j o r  season o f  r ec rea t i ona l  
f i s h i n g  ( i . e . ,  May t h r o u g h  Novembe r )  
r a n g e s  b e t w e e n  l e s s  t h a n  0.5 f i s h  per 
f i s h e r m a n  p e r  h o u r  t o  over 2.5 f i s h  per  
f i s h e r m a n  p e r  h o u r  [ F j g u r e  60 ) .  The 
h i g h e s t  CPUE occur red  du r i ng  May through 
A u g u s t ,  w i t h  a  dec l i n i ng  ca tch  du r i ng  t h e  
f a 1  1. The CPUE repor ted f o r  the  Pamlico 
R i v e r  E s t u a r y  i s  r e 1  a t i v e l y  h i gh  du r i ng  
t h e  sumer ,  compared t o  o ther  areas i n  t h e  
r e g i o n  (Dr. J e f f r e y  Johnson, East Caro l ina  
U n i v e r s i t y ,  Greer iv i l le ,  pers, comm.1. 

F igure  60. Recreat ional catch per u n i t  
e f f o r t  (CPUEJ i n  the  Pam1 i c o  River  Estuary, 
1985-82 (Dr, J e f f r e y  Johnson, East Caro l ina  
University, Greenv i l l e ,  pers. conan*), 



5.3. FISHERIES TRENDS 

The d o c k s i d e  v a l u e  o f  Nor th  Caro- 
l i n a ' s  commercial  f i s h e r i e s  has increased 
f r o m  a b o u t  9  m i l l i o n  d o l l a r s  i n  1965 t o  
a b o u t  70 m i  l 1 i o n  do1 l a r s  i n  1980 (S t r ee t  
1 9 8 1  f . Some o f  t h i s  increase i n  value has 
been  c a u s e d  b y  i n f l a t i o n ,  but  the re  has 
a1 s o  been a  l a rge  increase i n  the poundage 
' landed ( F i g u r e  61). While these general 
s t a t i s t i c s  a r e  f o r  s ta tew ide  commercial 
f i s h e r i e s  l a n d i n g s ,  the  t r end  i n  Pamlico 
Sound,  as w e l l  as i n  nearby Chesapeake Bay 
( R o t h c h i l d  e t  a l .  1981), has been s i m i l a r .  
T h i s  r e c e n t  i n c r e a s e  has  f o l l o w e d  a  
d e c l  i n e  t h a t  r e a c h e d  a  low p o i n t  i n  t he  
e a r l y  1970's. 

T r a d i t i o n a l l y ,  much of t h e  value o f  
N o r t h  C a r o l  i n a i s  commercial  f i s h e r y  has 
come f r o m  s h r i m p ,  c r a b s ,  and menhaden, 
w h i c h  are s h o r t - l i v e d  species r e l y i n g  upon 
es tuar ine  nursery  grounds f o r  t h e i r  produc- 
t i o n .  The Pamlico R ive r  Estuary i s  a  s i g -  
n i f  i c a n t  c o n t r i b u t o r  t o  t h i s  product ion.  
E d i b l e  f i n f i s h ,  however, are usua l l y  made 
up o f  l o n g e r - l i v e d  species t h a t  a lso  r e l y  
on  e s t u a r i n e  n u r s e r y  g r o u n d s ,  bu t  are 
f a c e d  w i t h  environmental  v a r i a b i l i t y  over 
a  l o n g e r  p e r i o d .  As l a t e  as 1970, e d i b l e  
f i n f i s h  ( p r i m a r i  l y  c r o a k e r ,  f l ounde r ,  
w e a k f i s h ,  and  s p o t )  accoun ted  f o r  on ly  
a b o u t  28% o f  t h e  t o t a l  v a l u e  o f  Nor th  
C a r o l i n a ' s  f i s h e r i e s ,  b u t  b y  1980 had 
i n c r e a s e d  t o  about 45% o f  the t o t a l  value 
( S t r e e t  1 9 8 1 ) .  The poundage increased 
f r o m  a b o u t  30 m i  11  i o n  pounds i n  1970 t o  
a b o u t  82 m i l l i o n  pounds i n  1979 f o r  e d i b l e  
f i n f  i sh. A  l a r g e  percentage o f  the e d i b l e  
f i n f i s h  poundage  was harvested from Pam- 
1  i c o  Sound a n d  i t s  t r i b u t a r i e s  (S t r ee t  
1981). 



CHAPTER 6 

MANAGEMENT lMPLlCATlONS 

6.1. MANAGEMENT ISSUES 

A number o f  complex issues must be 
add ressed  i n  whatever management scheme, 
o r  schemes, may be devised f o r  the Pamlico 
R i v e r  E s t u a r y .  The f o l l o w i n g  l i s t  i n -  
c 1 udes management considerat ions important 
t o  t h e  e s t u a r y  and t h e  users o f  i t s  r e -  
sources : 

Control and f a t e  o f  n u t r i e n t  loading. 
Since inputs make up on ly  a small percent- 
age o f  the nu t r i en ts  taken up dur ing 
primary product iv i ty ,  the i n t e r r e l a t i o n -  
ships o f  n u t r i e n t  forms and t iming are o f  
prime importance. 

treatment f a c i l i t i e s  along the r i v e r  w i l l  
need t o  be upgraded and enlarged t o  handle 
the increasing waste loads. 

r t h e  adjacent watershed i s  exoected t o  
continue. - Potent ia l  f o r  s t r ip-mining peat 
may b r i n g  a d d i t i o n a l  ac res  o u t  o f  t h e i r  
natura l  s ta te  o f  fo res ts  and pocosins. 
Drainage o f  water from these cleared lands 
can have l a r g e  impacts on the  es tua ry ,  
unless a care fu l  management p lan i s  devised 
t o  minimize the problem. 

Population enhancement o f  commercial 
and recreat iona 1s e r ~ e s .  os i ng Control and f a t e  o f  exo t i c  substances nursery areas lo ftrahwli,g to :iotect such as pesticides, herbicides, heavy 

metals and organic compounds. H i  t h  the Tar benthic production and imposing net-size 

River f lowing through areas intensive1 y regulat ions t o  avoid premature harvests are 

used f o r  agr icu l tu re ,  and w i t h  cont inuing examples o f  management plans i n  place. 
Addi t ional  schemes, t o  l i m i t  such th ings as conversion o f  the adjacent watershed f o r  catch and numbers of fishermen (limited add i t iona l  agr icu l tu re ,  there i s  a need t o  

provide a management program t o  minimize ent ry  f i she ry ) ,  are opt ions t o  be consid- 

inputs o f  exot ic  mater ia ls .  ered. 

Impact  o f  phosphate min ing .  As t h e  
minzng and processing o f  phosphate 
increase, so do the oppor tun i t ies  f o r  
phosphorus t o  enter the middle o f  the 
estuary on a year-round basis. The use o f  
s e t t l i n g  ponds t o  handle p l a n t  e f f l uen ts  
has been e f f e c t i v e  i n  sthe past. 

Impacts o f  urbanizat ion. Even though 
land use on the watershed i s  l a r g e l y  
ag ra r i an ,  t h e r e  has been an i nc rease  i n  
urban populat ions t h a t  i s  expected t o  
continue i n  the foreseeable future.  Sewage 

juven i les  are the usual management act ions, 
Ju r i sd i c t i ona l  conf l  i c  t s  between several 
S t a t e  and Federa l  agencies t h r e a t e n  the  
ef fect iveness o f  some plans (e.g., one 
agency a l lowing t rawl ing  i n  an estuarine 
area, wh i le  another places hatchery-raised 
juven i les  upstream). 

Min imiz ing c o n f l i c t s  o f  in?x?rests. 
A1 l ocat ion o f  resource uses are often 
s e t t l e d  on economic and p o l i t f c a l  terms, 



whi le  the needs t o  p ro tec t  c e r t a i n  
resources are n o t  always considered. An 
e f f e c t i v e  management p lan w i l l  consider and 
resolve a l l  l eg i t ima te  uses o f  the 
resources. 

Impact o f  commercial and recreat ional  
f ish ing.  What are the impacts o f  harvest- 
Ing  one species on the production of 
another? Certa in kinds o f  f i s h i n g  
a c t i v i t i e s  damage the hab i ta t  o f  other 
species, Commercial and recreat ional  
f i s h i n g  a lone  o r  i n  combinat ion can be 
detr imental t o  some populations, especial1 y 
i f  these populat ions are being impacted i n  
other ways. Management plans must address 
the increasing con f l  i c t s  between commercial 
and recreat ional  fishermen. 

co l l eges ,  as w e l l  as by the  management 
agencies. 

Addit ional research needs. The estuary 
i s  extreme1 v complex and the i n t e r r e l a t i o n -  
ships invofved requ i re  special understand- 
ing. I n  sp i t e  o f  the extensive research 
completed fa r  the Pamlico River Estuary, 
c r i t i c a l  gaps s t i l l  e x i s t  t h a t  1 i m i t  man- 
agemen t . 

There  a r e  s e v e r a l  s p e c i a l  management 
c a v e a t s  and c o m p l e x i  t i e s  t h a t  requ i re  
spec i a1 emphasis. The fo l l ow ing  sect ions 
w i l l  cover the most re levant  ones. 

6.2. MULTI-SPECIES MANAGEMENT 

Meshing loca l ,  State and Federal 
u r f  sd ic t ions .  The Coastal Area Managenent The genepa l  f i s h e r i e s  management 

-coordinated a l l  j u r i s d i c t i o n s  te "enny  is t o  a program 
i n  many cases, a1 though "blanket" regula- m a x i m i z e  t h e  p r o d u c t i o n  o f  a s i n g l e  
% ions  f o r  a who le  country, for s p e c i e s  (Anderson 1982)- Single-species 
~ m e t i m e ~  Can n o t  be e f fec t i ve l y  appl ied a t  management i s  probably a exercise, 

the l oca l  leve l .  e s p e c i a l  l y  i n  an estuary l i k e  the Pamlico 
R i v e r  E s t u a r y  (Richkus e t  a l .  1980). The 

about and inf luence regulat ions,  they fa1 1 
shor t  o f  developing the cooperation needed 
t a  ensure the maximwn bene f i t s  envisioned 
by %he regulators.  An e f  fect ivc? managemen t 
p lan  would have user-group advisory com- 
m l  t t ees  b u l l  t i n  t o  the regulatory process. 
Such processes are  i n  place f o r  the State's 
programs o f  coastal management, marine 
f i she r ies  devef opment, and environmental 

An informed 
Pub e f f e c t i v e l y  
involved i n  a management program, This can 
be done through the pub1 i c  schools. 
extension programs, and comuni  ty /  technical  

f i s h e r y  there- i s  p r i m a r i l y  based on stocks 
t h a t  move i n t o  the estuarine system from 
o u t s i d e  spawning areas and use the  estuary 
as a n u r s e r y  ground. Therefore, a m u l t i -  
s p e c i e s  f i s h e r y  depends on the balance of 
f l o w s  o f  m a t e r i a l s  and p r o d u c t i v i t y  
o c c u r r i n g  there. Mult i -species management 
i s  a b s o l u t e l y  e s s e n t i a l  t o  t h e  
perpetuation o f  such a productive system. 

The N . C .  D i v i s i on  o f  Marine Fisher- 
i e s  has t h e  s t a t u t o r y  r e s p o n s i b i l i t y  t o  
manage t h e  S t a t e ' s  coastal f i she r ies  and 
w e t l a n d  r e s o u r c e s  t o  a c h i e v e  opt imum 
b e n e f i t s  f o r  a l l  ( S t r e e t  1 9 7 9 ) .  This 
r e s p o n s i b i l i t y  i s  c u r r e n t l y  be ing  met 
t h r o u g h  m u l t i - s p e c i e s  programs w h i c h  
manage t h e  e n t i r e  f i s h e r y ,  gather popu- 
1 a t  i o n  dynamics and l i f e  h i s t o r y  informa- 
t i  on on f i s h e s ,  and i d e n t i f y  hab i ta t  re -  
q u i r e m e n t s  f o r  f ishes.  The major goal i s  
t o  o p t i m i z e  t h e  cont ro l  o f  environmental 



p e r t u r b a t i o n s  t o  p rov ide  a s u i t a b l e  habi-  
t a t  f o r  maximum produc t ion  o f  a  v a r i e t y  o f  
s p e c i e s .  An example o f  the  ef fect iveness 
o f  a  mu 1 t i -species management program has 
been  t h e  M a r i n e  F i s h e r i e s  Commission's 
c l o s i n g  o f  t r i b u t a r y  n u r s e r y  areas t o  
t r a w l i n g ,  s o  t h a t  t h e  j u v e n i l e s  o f  a l l  
s p e c  i es concerned can have maximum pro tec -  
t i o n  ( T e r r y  S h o l a r ,  N.C. D i v i s i o n  o f  
M a r i n e  F i s h e r i e s ,  Mo rehead  C i ty ,  pers. 
comm. 1. 

Mu1 t i  - s p e c i e s  management i s  impor- 
t a n t  t o  augment annual incomes o f  f i s h -  
ermen and t o  p r o v i d e  y e a r - r o u n d  f i s h  
s t o c k s .  A mu l t i - spec ies  management scheme 
i s  even  f u r t h e r  supported by t h e  f a c t  t h a t  
a b o u t  30 s p e c i e s  o f  f i s h  and s h e l l f i s h  
make u p  t h e  commercial  catch i n  t he  Pam- 
1 i c o  R i v e r  E s t u a r y  and  wes te rn  Pamlico 
Sound ( s e e  S e c t i o n  5.1). Nursery ground 
s u r v e y s  conducted by t h e  N.C. D i v i s i o n  o f  
M a r i n e  F i s h e r i e s  (Sp i t sbe rgen  and Wol f f  
1974;  Purv is  1976) i n d i c a t e  n a t u r a l  va r i a -  
t i o n s  i n  abundances  o f  the j u v e n i l e s  of 
i m p o r t a n t  s p e c i e s  i n  t h e  Pamlico nursery  
a r e a s .  The d e c l  i n e  i n  s h r i m p  harvests  
d u r i n g  1978, 1979, and 1381 was p a r t i a l l y  
c o m p e n s a t e d  f o r  b y  increases i n  f i n f i s h  
and  b l u e  c r a b  harvests dur ing  those years 
( S t r e e t  1 9 8 1 ) .  Thus, when the normal, 
a n n u a l  f l u c t u a t i o n s  occur i n  the a v a i l -  
a b i  1  i t y  o f  stock, t he  commercial f ishermen 
may t u r n  t o  a n o t h e r  species t ha t  may be 
r e l a t i v e l y  more  a b u n d a n t  d u r i n g  t h a t  
p a r t i c u l a r  t i m e .  W i t hou tmu l t i - spec i es  
management  f i s h e r m e n  may n o t  have t h i s  
f l e x i b i l i t y .  

6.3. ECONOMIC PARAMETERS 

Econom ic  p a r a m e t e r s  are impor tant  
c o n s i d e r a t i o n s  and are usua l l y  t he  base of 
u s e r  c o n f  1  i c t s .  Thei r  importance depends 
t o  a  l a r g e  ex ten t  on t h e  l e v e l  o f  manage- 
men t  be i n  g  considered. One group o f  par- 
a m e t e r s  i s  r e q u i r e d  f o r  s ing le -spec ies  
f i s h e r i e s  management, and a l a r g e r  group 
f o r  m u f t i  - s p e c i e s  mapagement. An even 
l a r g e r  g r o u p  o f  p a r a m e t e r s  w i l l  be i n -  

v o l v e d  i n  m a n a g i n g  an e n t i r e  estuary ,  
s i n c e  o t h e r  s e c t o r s  o f  t h e  economy, i n  
a d d i t i o n  t o  t he  f i she r y ,  are more d i r e c t l y  
involved. 

S e v e r  a1 economic t o o l s  are a v a i l a b l e  
t o  t h e  management  agency f o r  op t im i z i ng  
t h e  c a t c h  i n  a  p a r t i c u l a r  e c o s y s t e m .  
These  i n c l u d e  t a x i n g  t h e  catch, t a x i n g  
v e s s e l s ,  r e d u c i n g  t h e  number o f  l i censes  
i s s u e d ,  o r  ass ign ing quotas t o  the  f i s h e r -  
men. A l l  o f  these are designed t o  improve 
t h e  c a t c h - p e r - u n i t - e f f o r t  (CPUE) r a t i o  
( M a i o l o  and  O r b a c h  1982).  For example, 
C 1  a r k  (1979) has shown t h a t  t he  management 
t o o l  o f  assigned quotas i s  as economical ly 
e f f i c i e n t  as imposing a t ax  on t he  catch. 
I t  i s  g e n e r a l  l y regarded t h a t  t a x i n g  t h e  
c a t c h  i s  p o l i t i c a l l y  imprac t i ca l ;  thus, i t  
m i g h t  be mo re  e f f e c t i v e  t o  assign ca tch  
quotas. 

Mu1 t i - s p e c i e s  management would i n -  
v o l v e  s e v e r a l  a d d i t i o n a l  parameters. The 
management  a g e n c y  mus t  become concerned 
w i t h  a l l  f i s h  s t o c k s  and t h e i r  harvests  
s  i mu 1 taneously.  I f  one group o f  f ishermen 
t a r g e t s  h a r v e s t i n g  toward a s i n g l e  spe- 
c i e s ,  a n o t h e r  s p e c i e s  may be adverse ly  
a f f e c t e d ,  r e s u l t i n g  i n  b i o l o g i c a l  and 
economic problems. For example, shr impers 
i n Pam1 i c o  Sound ca tch  l a r g e  brown shrimp 
du r i ng  t h e  summer, and i n c i d e n t a l l y  ca t ch  
smal l e r  (and hence cheaper) wh i t e  shrimp. 
Th is ,  i n  t u rn ,  may reduce t h e  t o t a l  va lue 
o f  wh i t e  shrimp l a t e r  i n  t h e  year  (Waters 
e t  a l .  1980). 

The r o l e  o f  economic parameters i n  
t h e  management o f  t h e  Pamlico R i ve r  Estu- 
a r y  takes  on g rea te r  s i g n i f i c a n c e  when one 
c o n s  i ders t h a t  ag r i cu l t u re ,  r ec rea t i on  and 
t o u r i s m ,  and t h e  commerc ia l  f i s h e r y  a71 
y i e l d  d i f f e r e n t  values. A g r i c u l t u r e  has 
p l a y e d  a m a j o r  r o l e  i n  t h e  watershed of 
t h e  e s t u a r y  f o r  several  decades, bu t  has 
i n t e n s i f i e d  d u r i n g  t h e  p a s t  t e n  years 
( P h i l l i p s  1 9 8 2 ) -  Recreat ion and tour i sm 
h a v e  i n c r e a s e d  i n  v a l u e  d u r i n g  recen t  
y e a r s  (N  .C. D e p a r t m e n t  o f  Commerce, 
R a l e i g h ,  s t a t i s t i c s ) .  The dockside va lue  



o f  t h e  c o m m e r c i a l  f i s h e r i e s  (see Sect ion 
5 . 1 )  i s  g e n e r a l l y  l e ss  than the values o f  
a g r i c u l t u r e  o r  tour ism. Since t h e  values 
o f  t h e s e  e c o n o m i c  s e c t o r s  are no t  p re -  
c i s e l  y known,  and t he  " t echn i ca l  produc- 
t i o n  c o e f f i c i e n t s "  a r e  unknown,  i t  i s  
i m p o s s i b l e  t o  compare the  r e l a t i o n s h i p  of 
e a c h  o f  t h e s e  t o  t he  t o t a l  economy o f  t he  
a r e a .  The re fo re ,  any management goal and 
t h e  t o o l s  devised t o  achieve t h a t  goal are 
s u r r o u n d e d  w i t h  tremendous unce r t a i n t y  and 
b u i l t - i n  c o n f l i c t s .  

6 -4. SOCIOLOGICAL IMPLICATIONS 

D i f f e r e n t  uses o f  t h e  Paml i c o  R i ve r  
Estuary  c o n f l i c t  w i t h  one another,  due t o  
t h e  many economic fo rces  focused on t h e  
estuary .  T r a d i t i o n a l  f i s h e r i e s  techniques, 
used i n  smal l -sca le  commercial f i s h e r i e s  
s i m i l a r  t o  those o f  most southeastern U.S. 
f i s h i n g  communities, a re  gene ra l l y  employed 

(Maiol o and Orbach 1982). T r a d i t i o n a l  
f i s h e r i e s  values (F igures 62 and 63) serve 
as cons t r a i n t s ,  and management programs 
designed t o  change t h e  use o f  t h e  es tuary  
w i l l  be i n  jeopardy. Th is  s t r o n g l y  imp l i es  
t h a t  p u b l i c  educat ion i s  needed t o  enable 
any management scheme t o  succeed. 

A g r i c u l t u r a l  p roduc t i on  i s  a domi- 
n a t i n g  e c o n o m i c  f o r c e  i n  the  watershed, 
and some h a v e  a t t r i b u t e d  dec l ines i n  the 
qua1  i t y  o f  t he  Paml i c o  nursery  grounds t o  
f a r m i n g  opera t ions ,  p a r t i c u l a r l y  drainage 
a c t i v i t i e s  needed  f o r  f a r m i n g  the  low- 
l y i n g  s o i l s .  Due t o  t he  smal l  community 
s t r u c t u r e  i n  t h e  a r e a  s u r r o u n d i n g  the  
e s t u a r y ,  f a r m e r s  and f ishermen l i v e  and 
w o r k  c l o s e l y  together .  Management schemes 
d e s i g n e d  t o  m i n i m i z e  c o n f l i c t s  between 
f a r m e r s  and f ishermen stand a much g rea te r  
chance o f  success. 



F igure  63. A Paml i c o  Sound shrimp t raw le r .  

Soc i a1 c o n f  1 i c t s  a r e  p a r t i c u l a r l y  
i m p o r t a n t  when managing w i t h i n  f i s h e r i e s  
i n t e r e s t s .  A1 t h o u g h  t h e  same env i ron-  
m e n t a l  c r i t e r i a  a r e  i m p o r t a n t  f o r  the  
b i o l o g i c a l  management  o f  commercial and 
r e c r e a t i o n a l  f i s h e r i e s ,  ser ious c o n f l i c t s  
i n  economic and s o c i a l  goals e x i s t  between 
t h e  t w o  (Ma io l o  and Orbach 1982). Often, 
m a n y  o f  t h e  s p e c i e s  s o u g h t  b y  b o t h  
i n t e r e s t s  a r e  t h e  same. R e c r e a t i o n a l  
f i s h e r m e n  b l a m e  commercial fishermen f o r  
d e c r e a s i n g  s t o c k s  and c a t c h - p e r - u n i t  
e f f o r t ,  w h i l e  commercial f ishermen accuse 
r e c r e a t i o n a l  f ishermen o f  such th ings  as 
g e t t i n g  new r e s t r i c t i o n s  e n a c t e d  t o  
d e c r e a s e  t h e i r  f i s h i n g  r i g h t s .  Soc ia l  
c o n f l i c t s  a l s o  e x i s t  w i t h i n  t h e  same 
f i s h e r i e s  g r o u p ,  s u c h  as l a r g e r  boats 
v e r s u s  s m a l l e r  b o a t s ,  and c rab  p o t t i n g  
v e r s u s  t r a w l i n g  f o r  crabs. Any management 
scheme d e v e l o p e d  f o r  t h e  Pamlico R ive r  
E s t u a r y  m u s t  c o n s i d e r  these problems i f  
t h e  p l a n  i s  t o  h a v e  much c h a n c e  f o r  
success. 

6.5. EXAMPLES OF MANAGEMENT COMPLEXITY 

From t h e  v i e w p o i n t  o f  managing a 
s u i t a b l e  environment f o r  the maxi~num pro- 
d u c t  i o n  o f  f i s h e r i e s  i n  the estuary,  i n -  
c r e a s e s  i n  o r g a n i c  l oad ing  and n u t r i e n t  
l o a d i n g  should cause concern (Davis e t  a l .  
1 9 7 8  1 .  Contro l  o f  i no rgan ic  n u t r i e n t s  may 

be m o r e  i m p o r t a n t  i n  c o n t r o l l i n g  t h e  i n -  
c r e a s e s  i n  o r g a n i c  load ing  than attempts 
t o  c o n t r o l  t h e  i n p u t  o f  a l lochthonous o r -  
g a n i c  m a t t e r  (N.C. D i v i s i o n  o f  Environ- 
mental Management 1982). 

The i m p a c t s  o f  n u t r i e n t  l oad ing  on 
t h e  P a m l i c o  R i v e r  Estuary  were discussed 
b y  H o b b i e  ( 1 9 7 4 )  and by Kuenzler e t  a l .  
( 1 9 7 9 )  and were an impor tant  f a c t o r  i n  t he  
p r o d u c t i o n  of phytop lankton biomass, which 
l e a d s  t o  i n c r e a s e s  i n  organic  mat te r  i n  
t h e  e s t u a r y .  R e c y c l i n g  o f  n u t r i e n t s  
( K u e n z l e r  e t  a l .  1 9 7 9 )  and r e c y c l i n g  o f  
o r g a n i c  m a t e r i a l s  ( M a t s o n  e t  a l .  1983) 
w i t h i n  t h e  e s t u a r y  a r e  apparent ly  major 
f a c t o r s  a f f e c t i n q  p r o d u c t i v i t y  ( s e e  - .  
S e c t i o n  3.3). A general scheme o f  manage- 
m e n t  c o n s i d e r a t i o n s  f o r  t h e  c o n t r o l  o f  
n u t r i e n t s  and o r g a n i c  c a r b o n  i n  t h e  
P a m l i c o  R i v e r  E s t u a r y  was suggested b y  
D a v i s  e t  a l .  (1978), f o l l o w i n g  t h e i r  s tudy 
o f  t h e  Paml i c o  R i ve r  Es tu i l r y  deoxygenation 
p a t t e r n s .  T h i s  scheme ( F i g u r e  64) em- 
p h a s i z e d  t h e  i n t r i c a t e  c o m p l e x i t y  o f  
man agemen t o f  an open-ended system l i k e  
t h e  Pamlico R i ve r  Estuary, p a r t i c u l a r l y  as 
i t  r e l a t e d  t o  ma in ta i n i ng  a mul t i -spec ies,  
f u n c t i o n i n g  ecosystem. 

L a r g e  a r e a s  o f  t h e  Pamlico R ive r  
E s t u a r y  exper ience  sumnertime deoxygena- 
t i o n  i n  b o t t o m  w a t e r s  du r i ng  per iods o f  
1 ow f 1 ow (Dav i s  e t  a1 . 1978; Kuenzler e t  
a l .  1 9 7 9 ) .  E s t u a r i n e  waters become warm 
and  ca lm,  and s a l t y  water penetrates up- 
s t r e a m  c r e a t i n g  s t r a t i f i c a t i o n  (F igure  
6 5 ) .  L a r g e  amoun t s  o f  o r g a n i c  mat te r  
s e t t l e  t o  the  bottom (Davis e t  a i .  19781, 
r e q u i r i n g  d i s s o l v e d  o x y g e n  t o  o x i d i z e  
them, and t h u s  d e p l e t i n g  t he  d isso lved  
o x y g e n  c o n c e n t r a t i o n  i n  t he  water (F igure  
6 6  D u r i n g  t h e s e  p e r i o d s  of anoxia, 
l a r g e  numbers  o f  s m a l l  f i s h e s  and b l ue  
c r a b s  move t o  t h e  shal low sho re l i ne  areas 
i n  an a t t e m p t  t o  avo id t h e  oxygen deple- 
t i  on .  F i s h  and other  organisms d i e  as t h e  
o x y g e n  decreases, f u r t h e r  campounding t h e  
d i s s o l v e d  oxygen problem, due t o  t h e  h i g h  
r e s p i r a t i o n  r a t e s  of t h e  b a c t e r i a  assoc i -  
a t e d  w i t h  d e c g m p o s i t i o n .  W h i l e  t h i s  



phenomenon i s  apparently natura l ,  and has 
b e e n  o c c u r r i n g  i n  t h e  P a m l i c o  R i v e r  
E s t u a r y  f o r  years (Hobbie 1970b1, man may 
e ~ a c e r b a t e  t h e  p r o c e s s  w i t h  add i t iona l  
organic loading. 

The b a l a n c e  o f  f r eshwa te r  in f lows 
and s a l t w a t e r  c i r c u l a t i o n  f r o m  nearby 
Pam1 i c o  Sound d i c ta tes  s a l i n i t y  pat terns 
i n  t h e  es tuary ,  which, i n  turn, are c r i t -  
i c a l  t o  t h e  ma in tenance  o f  a  productive 
h a b i t  at. Rapid f luc tua t ions  o f  freshwater 
i n f l o w s  r e s u l t  i n  l a r g e  v a r i a t i o n s  i n  
s a l  i n i  t y ;  whereas, low freshwater in f low 
a1 l o w s  s a l t  w a t e r  t o  penetrate i n t o  the 
e s t u a r y  which s t r a t i f i e s  as a  r e s u l t .  I n  
e i t h e r  case,  s a l i n i t y  changes lead t o  
changes i n  b io log i ca l  components which i n  
t u r n  l e a d  t o  p e r t u r b a t i o n s  i n  produc- 
t i  v  i t y  and decomposition. Increased ra tes  

o f  freshwater i n f l ow  from land drainage i n  
1 o c a l  i zed areas impact some of the  primary 
n u r s e r y  a reas  o f  t h e  r e g i o n  (Pate and 
Jones 1981). Drainage ditches (Figure 67), 
w h i c h  remove s u r f a c e  w a t e r  f r o m  t h e  
c u l t i v a t e d  f i e l d s  (Heath 19751, a l t e r  o r  
bypass  t h e  a b i l i t y  o f  i n l a n d  areas and 
a s s o c i a t e d  vegetat ion t o  act as a  na tura l  
b u f f e r  f o r  surface run-of f .  The r e s u l t i n g  
peak r u n o f f  ra tes  are e a r l i e r  and several 
t i m e s  h i g h e r  on developed lands than on 
s  i m i  1 a r  , undeveloped lands (Skaggs e t  a1 . 
1 9 8 0 ) .  S a l i n i t i e s  i n  t h e  r e c e i v i n g  
w a t e r s  respond qu ick ly  and dramat ical ly  t o  
t h e s e  r a p i d  pulses o f  f resh water, due t o  
t h e  small  volume o f  many t r i b u t a r y  nursery 
a reas  (Pate and Jones 1981). The increase 
i n  s a l  i n i  t y  f l u c t u a t i o n s ,  r e s u l t i n g  from 
t h e  s u r g e s  o f  f r e s h w a t e r  f low i n t o  the 
n u r s e r y  a r e a s ,  c a u s e s  changes i n  

Srn~thsonian Instllu\!on (1977) 
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Figure 64. General ized management considerat ions f o r  contro l  o f  deoxygenation i n  the Pam- 
1 ico River Estuary (Davis e t  a l .  1978). 
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b i o l o g i c a l  components, changes l i k e l y  t o  
d e c r e a s e  t h e  n u r s e r y  v a l u e  o f  t h e  area 
(Gerry 1981 1. 

P a t e  and  Jones  (1981) sampled some 
tr i b u t  a r y  es tua r i es  w i t h  una l te red  d ra in -  
age bas  i n s  and some t h a t  had been a l t e r e d  
b y  d r a i n i n g  c u l t i v a t e d  f i e l d s .  I n  the 
a l t e r e d  a r e a s ,  a  2 - i n c h  r a i n f a l l  i n  24 
h o u r s  r e s u l t e d  i n  s a l i n i t y  f l u c t u a t i o n s  o f  
3 t o  5 pp t  immediately a f t e r  t h e  r a i n .  I n  
t h e  u n a l t e r e d  areas, w i t h  t h e  same r a i n -  
f a1  1, t h e  s a l i n i t y  o f  t he  r e c e i v i n g  water 
d e c r e a s e d  a b o u t  1 p p t ,  and  r e t u r n e d  

i I l l l l l l l l l l l j  
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F igure 65. Di ssol ved oxygen, sa l  i n i  ty, and 
water temperature dur ing  a t ime  ( 5  Ju l y  
1976) o f  s t r a t i f i c a t i o n  (Davis e t  a l .  
1978). 

q u i c k l y  t o  t h e  o r i g i n a l  s a l i n i t y  l e v e l s  
w i t h i n  a  2 4 - h o u r  p e r i o d .  S u b s e q u e n t  
samp l  i n g  o f  t h e  j u v e n i l e  organisms i n  t h e  
e s t u a r y  showed t h a t  s p o t ,  menhaden,  
c r o a k e r ,  and brown shrimp concentrat ions 
d e c l i n e d  i n  t h o s e  areas exper ienc ing t h e  
r a p i d  s a l  i n i t y  f l u c t u a t i o n s ,  but  remained 
a t  t h e  same p o p u l a t i o n  l e v e l  i n  t he  more 
s t a b l e  a r e a s  ( F i g u r e  68). W h i l e  t h i s  
i n f o r m a t i o n  i n d i c a t e s  t h a t  tremendous 
i m p a c t s  c a n  be  e x p e r i e n c e d  by t h e  es tu -  
a r i n e  n u r s e r y  a r e a  f r o m  l a n d - d r a i n a g e  
a c t i v i t i e s ,  c u r r e n t  r e s e a r c h  i nd i ca tes  
t h a t  b u i  1 d i n g  sha l lower  drainage d i t ches  
and  r e d u c i n g  t i l l a g e  may serve t o  m i n i -  
m i  z e  these impacts (Dr. Wayne Skaggs, N.C. 
S t a t e  U n i v e r s i t y ,  Raleigh, pers. corn.). 

The c o m p l e x  i n t e r r e l a t i o n s h i p s  i n -  
h e r e n t  i n  n u t r i e n t  and organic  loading,  
p r i m a r y  p r o d u c t i v i t y ,  ma te r i a l s  r ecyc l i ng ,  
s a l t  b a l a n c e ,  b e n t h i c  p r o d u c t i v i t y ,  and 
f i s h e r i e s  p r o d u c t i o n  a r e  d i f f i c u l t  t o  
u n d e r s t a n d  a n d  e v e n  mo re  d i f f i c u l t  t o  
manage. These f a c t o r s  and t h e i r  temporal-  
s p a t i a l  balance are ext remely  s e n s i t i v e  t o  
o u t s  i de in f luences.  Therefore, changes on 
t h e  w a t e r s h e d  can  r e n d e r  t h e  c o m p l e x  
management  q u e s t  i o n s  beyond  reasonable 
comprehension. 

6.6. RESEARCH NEEDS 

The Pam1 i c o  R i v e r  Es tua r y  i s  rea -  
s o n a b l y  w e l l - s t u d i e d  and l a rge  da ta  se t s  
e x i s t  f o r  many f u n c t i o n a l  aspects. I n  
s p i t e  o f  t h i s  e x t e n s i v e  coverage, t he re  
a r e  s e v e r a l  se r i ous  gaps i n  in format ion.  
The f o l l o w i n g  l i s t  g i ves  those i n f o rma t i on  
needs c r i t i c a l  f o r  e f f e c t i v e  management: 

a. Actual  exchange r a t e s  o f  n u t r i e n t s  and 
o r g a n i c  m a t t e r  among t r o p h i c  compo- 
n e n t s  o f  t h e  e s t u a r y  a r e  needed t o  
eva lua te  changes i n  inputs.  

b. B e n t h i c  p r o d u c t i v i t y  r a t e s  a re  needed 
t o  e v a l u a t e  t h e  a p p a r e n t  c r i t i c a l  
componen t  o f  f o o d  s u p p o r t  f o r  many 
f i shes .  



c. We need t o  know more about the coup1 i ng  
o f  f i s h e r i e s  product ion,  pr imary pro- 
d u c t i v i  t y ,  and n u t r i e n t  and organic  
cyc l i ng ,  so t h a t  the  management o f  
bas i c  components can be used to  enhance 
o r  p r o t e c t  commercial f i s h e r y  y i e l d s .  

d. The r e l a t i o n s h i p  between freshwater 
r u n o f f  and land-use a c t i v i t i e s  needs t o  
be q u a n t i f i e d  so t h a t  es tuar ine  impacts 
can be minimized by r egu la t i ng  a c t i v i -  
t i e s  on the watershed. 

e. B a c t e r i a l  d e n s i t i e s  and decomposit ion 
r a t e s  need t o  be q u a n t i f i e d  f o r  a l l  
seasons, t o  eva luate the recyc l  i n g  o f  
ma te r i a l  s  and n u t r i e n t  regenerat ion.  

f .  The r o l e  o f  n u r s e r y  a reas  and t h e i r  
ca r r y i ng  capaci ty  needs t o  be quant i -  
f i e d  t o  i d e n t i f y  cause and e f f e c t  
r e l a t i onsh ips .  

g  . B e t t e r  est imates o f  f i s h e r i e s  standing 
crops are needed. We espec ia l l y  need 
t o  know the amount o f  take by commer- 
c i a l  and r ec rea t i ona l  harvests, so t h a t  
we can more accura te ly  assess popula- 
t i ons  and make p red i c t i ons  o f  p o t e n t i a l  
harvests.  

h. Economic values o f  the es tua r y ' s  
resources need t o  be assessed, and 
techn ica l  product ion c o e f f i c i e n t s  

mlgratlon of some 
phytoplankton photosynthesis spectes out of HIGH OXYGEN LEVELS 

$. deoxygcnated areas 
OXYGEN 

PRODUCTION --.,".,---------- 
detritus - decornposrtlon 

LOW OXYGEN LEVELS 

F igure  6 6 ,  Sty7 ized diagram o f  t he  deoxygenation process i n  the Pam1 i c o  
R iver  Estuary (Dav is  e t  a1 . 1978). 
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F igure 67. Weekly s a l i n i t i e s  and catch per 
t raw l  o f  j u ven i l e  brown shrimp a t  two a l -  
te red  ( A - l ,  A-2) and two unal tered ( U - l ,  
U-2) drainages i n t o  Rose Bay (Pate and 
Jones 1981). 

F igure 68. A d i t c h  d ra i n i ng  a g r i c u l t u r a l  f j e l d s .  



CHAPTER 7 

COMPARISON TO OTHER ESTUARIES 

The Paml i c o  R i v e r  Es tua r y  (F igure 
6 9 )  i s  t y p i c a l  o f  many o f  t h e  coasta l  
p 1 a i n es tuar ies  o f  the southeastern coast 
o f  t h e  U n i t e d  S t a t e s  (Odum and Copeland 
1 9 7 2 ) .  The e s t u a r y  ranges from brack ish 
n e a r  Washington, t o  mid-estuary cond i t i ons  
as i t  j o i n s  Paml ico  Sound ( B e l l i s  1974). 
Thus,  many o f  t h e  c h a r a c t e r i s t i c s  known 
a b o u t  t h e  Paml i c o  R ive r  Estuary, as we l l  
as t h o s e  known a b o u t  hundreds o f  o ther  
e s t u a r i e s .  comDose a b o d y  o f  knowledge 
t h a t  may enable' t he  development of e f fec -  
t i v e  model management systems. 

While t he  general phys ica l  character -  
i s t i c s  o f  es tua r i es  l i k e  the Pamlico River  
E s t u a r y  a r e  s im i l a r ,  s i m i l a r  systems t ha t  
a r e  g e o g r a p h i c a l l y  separated present very  
d i f f e r e n t  assemblages of species ( B e l l i s  
19741. For example, h e r r i n g  i s  the  p r i n c i -  
p a l  p l a n k t o n  feeder i n  t he  cooler ,  deeper 
e s t u a r i e s  o f  Maine, wh i l e  menhaden i s  the 
d o m i n a n t  p l a n k t i v o r e  o f  t h e  s h a l l o w ,  
warmer es tuar ies  o f  the mid t o  south At lan-  
t i c .  C o m p a r a b l e  l e v e l s  o f  a genera l ized 
f o o d  web a r e  occupied by f u n c t i o n a l l y  and 
o f t e n  m o r p h o l o g i c a l l y  s i m i l a r  forms. The 
a c t u a l  s p e c i e s  p r e s e n t  i n  any o f  these 
e s t u a r i e s  depends upon environmental fac-  
t o r s  a f f e c t i n g  t h e i r  d i s t r i b u t i o n ,  and 
upon  t h e  b r o a d  parameters o f  c l ima te  and 
geography . 

P l a n k t o n  s t u d i e s  conducted i n  many 
o f  t h e s e  e s t u a r i e s  o f  s i m i l a r  type i n d i -  
c a t e  t h a t  t h e  f o o d  web g e n e r a l l y  r e s t s  
on  a t y p i c a l  phytop?ankton/copepod base 
( B e 1  1 i s  1 9 7 4 ) .  M o s t  of the  pr imary pro- 
d u c e r s  t h a t  d o m i n a t e  t h e  Pamlico R ive r  
E s t u a r y  a r e  t h e  same throughout t h e  east 
c o a s t  o f  t h e  Un i ted  States. The zooplank- 
t o n  p o p u l a t i o n ,  which serves as a pr imary 
f o o d - s u p p o r t i n g  p o p u l a t i o n  f o r  s m a l l  
f i s h e s ,  i s  d o m i n a t e d  b y  t h e  copepods  
A c a r t i  a a n d  P s e u d o c a l  anus (Graham and 

Venno 1968; Sherman and Honey 1968; Peters 
1968 ;  Christmas 1973). The impor tant  nek- 
t o n i c  components o f  t h i s  system vary  from 
t h e  l o b s t e r - h e r r i n g  communi ty  i n  Maine 
(Sherman and Lewis 1967; Scattergood 1960) 
t o  a l e w i v e s  and f lounders i n  southern New 
Eng 1 and ( S a i l a  1961). I n  t h e  m id -A t l an t i c  
e s t u a r i e s ,  nekton ic  populat ions are domi- 
n a t e d  by spot, croaker,  weakfish, and b l u e  
c r a b s ,  w i t h  s h r i m p  and menhaden becoming 
m o r e  i m p o r t a n t  i n  t h e  south A t l a n t i c  and 

F igure  69, A scene from t he  Paml i c o  R i v e r  
Estuary. 



G u l f  o f  Mexico coas t  es tua r i es  (Christmas 
1 9 7 3 ) .  The benth ic  community i s  dominated 
b y  c l a m s ,  b y  Mya f a r t h e r  nor th ,  and by 
M a c o m a  and R a n g i a  f a r t h e r  s o u t h ,  as 
t y p i f i e d  b y  t h e  Pam1 i c o  R i v e r  Estuary 
community (Tenore 1970). 

The P a m l i c o  R i v e r  Es tua r y  and the 
a d j a c e n t  P a m l i c o  Sound c o n s t i t u t e  one o f  
t h e  most extens ive es tua r i ne  systems along 
t h e  A t l a n t i c  c o a s t  o f  thf Uni ted States. 
T h i s  c o m p l e x  ( 2 , 0 0 0  m i  a r e a )  i s  e x -  
c e e d e d  i n  s i z e  o n l y  by t h e  Chesapeake Bay 
c o m p l e x  i n  V i r g i n i a  and Maryland. These 
e s  t u a r  i es  are plankton-based systems t h a t  
e n a b l e  them t o  f u n c t i o n  as nurser ies  or  
t e m p o r a r y  homes f o r  m i g r a t i n g  nekton o f  
commerc i  a1 i m p o r t a n c e .  The Pamlico r e -  
g i o n ' s  l a r g e  s i z e ,  i s o l a t i o n ,  and sparse 
human populat ions a re  such t h a t  i t  remains 
among t h e  l e a s t  p o l l u t e d  and p o t e n t i a l l y  
m o s t  v a l u a b l e  e s t u a r i e s  a long  t he  east 
c o a s t  ( B e l l i s  1 9 7 4 ) .  T h i s  a r e a o f  t he  
e a s t  c o a s t  i s  one o f  t he  few places where 
t h e  c o m m e r c i a l  y i e l d  has been inc reas ing  
i n  r e c e n t  y e a r s  (see Sect ion 5.1; S t r ee t  
1981 1. 

The l a c k  o f  u n d e r s t a n d i n g  o f  the 
r e l a t i o n s h i p  between l and  use and estua- 
r i n e  p r o d u c t i v i t y  c o n s t i t u t e s  a  t h r e a t  t o  
t h e  we 11 - b e i n g  o f  t h i s  ex tens ive  and pro- 
d u c t i v e  e c o s y s  tern. Cont inu ing pressures 
and pub l i c  demand f o r  a g r i c u l t u r a l ,  recrea-  
t i ona1 , and i n d u s t r i a l  development suggest 
t h a t  t h e  N o r t h  Ca ro l i na  es tuar ies  may be 
i n  f o r  a  r e a l  t e s t  o f  t h e i r  capac i t y  t o  
a b s o r b  i m p a c t s  w i t h o u t  i r r e v e r s i b l e  
changes  t h a t  a l t e r  the  p r o d u c t i v i t y .  It 
w i 1 1  become i n c r e a s i n g l y  more impor tant  

fo r  t he  managers o f  the Pamlico R ive r  Estu- 
a r y  t o  c o n s u l t  t h e  c h a r a c t e r i s t i c s  of t h e  
numerous  e s t u a r i e s  s c a t t e r e d  along t h e  
e a s t  c o a s t  o f  t h e  Uni ted S ta tes  t o  devel-  
op a  g e n e r a l i z e d  capac i t y  f o r  p r e d i c t i n g  
impacts. 

The o t h e r  major es tuar ine  t r i b u t a r y  
t o  Paml ico Sound, the  Neuse R iver  Estuary, 
i s  n o t  as w e l l  s t u d i e d  as t h e  Pamlico 
R i v e r  E s t u a r y .  F u n c t i o n a l  and s p a t i a l  
c h a r a c t e r i s t i c s  a p p e a r  t o  be s i m i l a r ,  
a l t h o u g h  apparen t l y  i t  i s  l e ss  p roduc t i ve  
t h a n  the Pamlico i n  terms o f  nursery  y i e l d  
( P u r v i s  1 9 7 6 ) .  De ta i l ed  s tud ies  are now 
i n  p r o g r e s s  i n  t h e  Neuse,  p r i m a r i l y  i n  
r e s p o n s e  t o  t h e  recen t  bu i ld-up o f  blue- 
g r e e n  a l g a l  blooms i n  the upper estuary .  
Neuse  R i v e r  watershed a c t i v i t i e s  are d i f -  
f e r e n t  because l a rge  m u n i c i p a l i t i e s  (such 
as R a l e i g h ,  N.C.) d ischarge sewage e f f l u -  
e n t s  i n t o  t h e  r i v e r ,  w h i c h  r e s u l t s  i n  
h i g h e r  n u t r i e n t  and organic  loadings than 
on t h e  Tar R ive r .  Much less  land drainage 
o c c u r s  a round  t h e  shore o f  t he  Neuse than 
does around the Pamlico. 

Another major es tua r i ne  system Albe- 2 m a r l e  Sound, w h i c h  covers 900m i  n o r t h  
o f  Paml ico Sound, i s  much f resher ,  r ece i v -  
i n g  a  l a rge r  amount o f  f r esh  water i n  r e l a -  
t i o n  t o  i t s  v o l u m e  ( C o p e l a r l d  e t  a l .  
1 9 8 3 b ) .  The l o w - s a l  i n i t y  env i r onmen t  
c r e a t e s  a  d i s t i n c t l y  d i f f e r e n t  eco log ica l  
s y s  tern.  The f i s h e r i e s  y i e l d  i n  t h e  
A l b e m a r l e ,  f o r  example,  i s  dominated by 
a n  a d r o m o u  s  and  i n d i g e n o u s  s p e c i e s ,  
whe reas ,  i n  t h e  P a m l i c o ,  t h e  y i e l d  i s  
d o m i n a t e d  b y  m i g r a t o r y  species and by a 
l a r g e r  v a r i e t y  o f  species. 



CHAPTER 8 

SUMMARY AND CONCLUSIONS 

1. The Paml i c o  R i v e r  E s t u a r y  i s  a  con- 
t i n u a t i o n  o f  t h e  Tar R ive r  and extends 
f r o m  Washington, N.C., f o r  about 65 km 
t o  i t s  c o n f l u e n c e  w i t h  Paml ico Sound. 
The  e s t u a r y  i s  a  m a j o r  t r i b u t a r y  t o  
Paml  i c o  Sound on t h e  c e n t r a l  coast  o f  
N o r t h  Caro l i na .  

2. The e s t u a r y  l i e s  w i t h i n  t h e  ou te r  po r -  
t i o n  o f  t h e  A t 1  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 ,  an emergent p o r t i o n  o f  t h e  
c o n t i n e n t a l  sh f l f .  The dra inage bas in  
i s  14 ,000  km i n  area.  The low, f l a t  
p l a i n  i s  u n d e r l a i n  b y  f o s s i l i f e r o u s  
s a n d y  c 1  a y s  d e p o s i t e d  d u r i n g  mar ine 
i n c u r s i o n s .  Th i s  geolog'l'c s e t t i n g  has 
r e s u l t e d  i n  a  low, p o o r l y  d ra ined  l and  
a r e a ,  c h a r a c t e r i z e d  by  ex tens i ve  
swamps a n d  pocosins w i t h  o rgan ic  peat 
s o  i 1s t h a t  g e n e r a l l y  t h i c k e n  eastward. 

3. F i v e  d i f f e r e n t  s h o r e l i n e  types cha r -  
a c t e r  i z e  t h e  e s t u a r i n e  system. About 
6 2 %  o f  t h e  s h o r e l i n e  i s  c l a s s i f i e d  as 
m a r s h ,  3 0 %  as  l o w  banks,  5% as h i g h  
b a n k s ,  1% as b l u f f s  and 2% as swamp 
f o r e s t .  

4, The  a r e a  su r round ing  the  Pamlico R i v e r  
E s t u a r y  i s  s p a r s e l y  popu la ted.  Whi le 
t h e  p o p u l a t i o n  i s  expected t o  increase 
a b o u t  2 0 %  o v e r  t h e  nex t  50 years,  t h e  
a r e a  i s  p r o j e c t e d  t o  remain m a i n l y  r u -  
r a l .  Almost t w o - t h i r d s  o f  t he  l a n d  i s  
f o r e s t e a  , b u t  t h e  area devoted t o  ag- 
r i c u l t u r e  i s  i n c r e a s i n g  diie t o  c l e a r -  
i n g  o f  f o r e s t e d  lands.  The changing 
l a n d  u s e  r e s u l t s  i n  i n c r e a s e d  land  
d r a i n a g e  t h r o u g h  a  network o f  cana ls .  

5. The  w a t e r  t a b l e  f rom t h e  s u r f a c e  aqu i -  
f e  r 1 i e s  ve ry  c l o s e  t o  t h e  ground sur -  
f a c e  i n  much  o f  t h e  area around t h e  
e s t u a r y .  R e c h a r g e  comes p r i m a r i l y  
f r o m  r a i n f  a1 1, and t h e  dominant move- 
ment o f  water i s  l a t e r a l .  

6. A v e r a g e  a n n u a l  r a i n f a l l  i s  about 125 
cm; t h e  h i g h e s t  p r e c i p i t a t i o n  occurs 
d u r i n g  t h e  s u m e r .  The h i g h e s t  r u n o f f  
o c c u r s  d u r i n g  t h e  w i n t e r .  The c l i m a t e  
i s  modera teow i th  an average w i n t e r  low 
o f  a b o u t  7 C agd  a  summertime aver-  
a g e  h i g h  o f  32 C .  W i n d s  a r e  p r e -  
d o m i n a n t l y  S t o  SW and average about 
15  km/h. 

The m a j o r  s o u r c e  o f  f reshwa te r  i n t o  
t h e  e s t u a r y  i s  t h e  T a r  R i v e r .  The 
t o t a l  annual mean f reshwa te r  d i scha rge  
t o  t h e  e s t u a r y  i s  a b o u t  5 4 0 0  c f s .  
C i r c u l a t i o n  i s  m o s t l y  i n f l u e n c e d  by  
w i n d s .  S a l i n i t i e s  range f rom o l i g o -  
h a 1  i n e  ( l e s s  than 5 p p t )  i n  t h e  upper 
r e a c h e s  t o  m e s o h a l i n e  ( 5  t o  18 p p t )  
o v e r  m o s t  o f  t h e  e s t u a r y  t o  p o l y -  
h a  1 i n e  ( g r e a t e r  t han  18 p p t  1 where t h e  
e s t u a r y  meets Paml ico Sound. 

8. W e t l a n d s  a r o u n d  t h e  Paml  i c o  R i v e r  
E s t u a r y  a r e  c l a s s i f i e d  as swamp f o r -  
e s t s ,  p o c o s i n s ,  and f r i n g i n g ,  i r r e g u -  
l a r l y  f l o o d e d  marshes. The m a j o r i t y  
( a l m o s t  65%) o f  wet lands are  pocosins.  

9. The a q u a t i c  env i ronmen t  i s  t y p i c a l l y  
0 1  i g o h a l  i n e / m e s o h a l i n e ,  t h e  average 
s a l i n i t y  n o t  exceed ing  20 pp t .  Mean 
m o n t h l y  t a t e r  t empera tu re  ranBes be- 
t w e e n  5 C i n  w i n t e r  and  2 7  G i n  
s u m r .  

10. P h y t o p l a n k t o n  d i s t r i b u t i o n  i s  t y p i -  
c a l  1 y  p a t c h y ,  and c o n c e n t r a t i o n s  
t h r o u g h  t 1me a n d  space can var.y over  
o r d e r s  o f  magnitude. E a r l y  s p r i n g  and 
f a l l  p e a k s  a r e  c h a r a c t e r i s t i c ,  and a  
d i n o f  1 a g e 1  l a t e  bloom t y p i c a l l y  occurs 
d u r i n g  J a n u a r y  th rough  March. Dino- 
f l a g e l l a t e s  d o m i n a t e  i n  t h e  upper  
e s t u a r y  a n d  d i a t o m s  dominate i n  t h e  
m o r e  s a l i n e  r e g i o n s .  C h l o r o p h y l l  - a 



c o n c e n t r a t i o n s  sometimes reach leve ls  
c h a r a c t e r i s t i c  o f  eu t roph ic  waters.  
Of t h e  t o t a l  c a r b o n  b u d g e t ,  phyto- 
p l a n k t o n  p r o d u c t i o n  a c c o u n t s  f o r  a 
g r e a t e r  i n p u t  than from allochthonous 
sources. 

11. A t t a c h e d  aqua t ic  p lan ts  a r e  important 
c o n t r i b u t o r s  t o  t h e  primary produc- 
t i v i t y ,  e s p e c i a l l y  in shallow water. 
Submerged a q u a t i c  vege ta t ion  covers 
l e s s  t h a n  1% o f  the  bottom area,  and 
i t s  cont r ibu t ion  t o  t o t a l  p roduct iv i ty  
amounts t o  over 1.7% of the t o t a l .  

12.  T h e r e  i s  a l a rge  seasonal v a r i a b i l i t y  
in  t h e  amount of organic carbon in the 
e s t u a r i n e  water column, with the high- 
e s t  c o n c e n t r a t i o n  in l a t e  sumer  and 
f a 1  1 .  Major  s o u r c e s  of t h i s  organic 
l o a d i n g  inc lude  phytoplankton produc- 
t i o n ,  submerged  a q u a t i c  vegetat ion,  
and drainage from the  watershed. 

13. A m a j o r  phenomenon in  t h e  Pamlico 
R i v e r  E s t u a r y  i s  p e r i o d s  of wide- 
s p r e a d  deoxygenation, occurring in the 
bo t t om w a t e r s  during sumner. Micro- 
b i a 1 r e sp i r a t i on  of the  standing stock 
o f  o r g a n i c  m a t t e r  d u r i n g  quiescent 
c o n d i t i o n s  i s  thought t o  be the major 
cause of oxygen deplet ion.  

14. N u t r i e n t  concentrat ions a r e  high, and 
t h e i r  d i s t r i b u t i o n  i s  patchy. Major 
s o u r c e s  of phosphorus a re  the water- 
s h e d ,  r e c y c l  i n g  f rom Paml ico Sound, 
and p h o s p h a t e  processing a c t i v i t i e s .  
The m a j o r  sources of nitrogen a r e  the 
w a t e r s h e d  and recycling. Peak n i t ro -  
gen and phosphorus inputs occur during 
w i n t e r ,  a1 though phosphorus i s  ava i l -  
able  year-round. 

t i v i t y  o c c u r s  unde r  water l e s s  than 
1 . 5  m d e e p .  Three  macrobenthic com- 
rnuni t i e s  have  been d e s c r i b e d :  Ran- 
gia / N e r e i s  c h a r a c t e r i z e s  t h e  
u p p e r ,  01 i g o h a l  i n e  po r t i on ;  Macomaf 
N e r e i s  r e D r e s e n t s  t h e  mesohal ine 
z o n e ;  and M a c o m a / M u l i n i a / R e t u s a  
i s  t y p i c a l  o f  t h e  lower,  polyhaline 
zone. 

The n e k t o n i c  p o p u l a t i o n  f l u c t u a t e s  
s e a s o n a l l y ,  w i t h  t h e  peak d u r i n g  
s p r i n g ,  due  t o  g r e a t  i n f l u x e s  of 
p o s t 1  a r v a e .  The t o t a l  population i s  
d o m i n a t e d  by t h e  juveni les  of migra- 
t i n g  f i n f i s h ,  shrimp, and blue crabs. 
M i g r a t o r y  n e k t o n i c  p o p u l a t i o n s  a r e  
c h a r a c t e r i s t i c a l l y  s p a r s e  i n  t h e  
e s t u a r y  d u r i n g  w i n t e r ,  when the mi- 
g r a t i n g  j u v e n i l e s  have moved t o  Pam- 
l i c o  Sound and/or offshore.  

18. The Paml i c o  R ive r  Estuary i s  used by 
a t  l e a s t  1 9  s p e c i e s  of overwintering 
w a t e r f o w l .  About 5.8% of the S t a t e ' s  
o v e r w i n t e r i n g  wa te r fowl  population, 
dominated by ruddy ducks, canvasbacks, 
and s c a u p s ,  was estimated t o  use t he  
es tuary .  

19. The dominant  l i f e - h i s t o r y  s t r a t egy  in 
t h e  e s t u a r y  i s  one  of  migra t ion  of 
o c e a n  -spawned post larvae t o  t he  es tu-  
a r  i  n e  n u r s e r y  grounds during spring,  
and s u b s e q u e n t  g r o w t h  of juveni les  
d u r i n g  e a r l y  summer, w i t h  juveni les  
r e t u r n i n g  t o  the ocean as temperatures 
d r o p  i n  t h e  f a l l .  B e c a u s e  t h e s e  
s p e c i e s  a r e  commerc i a l l y  important, 
t h e  e s t u a r y  s e r v e s  a s  an important 
n u r s e r y  a r e a  f o r  a v a s t  f i s h i n g  
r e s o u r c e  i n  P a m l i c o  Sound and o f f -  
shore. 

15. A m a j o r  component of t he  zooplankton 20. The t r o p h i c  s t r u c t u r e  of the Pamlico 
p o p u l a t i o n  i s  t h e  c o p e p o d ,  Acartia R i v e r  E s t u a r y  ecosystem i s  a complex 
t o n s  a .  I t s  highest  abundance occurs f o o d  web c o n t a i n i n g  many shor t  food 
auFing spring and f a l l .  c h a i n s .  The b a s i c  t rop i i ic  'level i s  

phytoplankton production, supplemented 
16. E x t e n s  i  ve  surveys of macrobenthos re -  by d e t r i t u s .  F i s h e s  occupying  t he  

v e a l  t h a t  t he  bulk of benthic produc- u p p e r  l e v e l s  of t he  t rophic s t r u c t u r e  



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

The  Paml i c o  R i v e r  Es tua ry  has a  l a r g e  
p r o p o r t i o n  o f  t h e  t o t a l  area o f  p r i -  
m a r y  n u r s e r y  grounds i n  Paml i c o  Sound. 
O n l y  a  s m a l l  f r a c t i o n  o f  t he  t o t a l  
w a t e r  a r e a  ( a b o u t  4%) o f  t h e  Paml ico 
S o u n d  c o m p l e x  i s  regarded as p r imary  
n u r s e r y .  T h e s e  a r e a s  are  t y p i c a l l y  
s h a l l o w ,  n e a r s n o r e  areas (e-g., Rose 
B a y  1. E i g h t  s p e c i e s  ( spo t ,  c roaker ,  
f 1  o u n d e r  , shr imp, menhaden, weakf ish,  
b l u e  c r a b s ,  and h e r r i n g )  a r e  the  p r i -  
m a r y  u s e r s  of t h e  Paml ico R i v e r  Estu- 
a r y  nu rse ry  grounds. 

22, The b i o  l o g i c a l  seasons i n  t h e  Paml ico 
R i v e r  E s t u a r y  a r e  d i c t a t e d  by a  com- 
b i n a t  i o n  o f  t r i b u t a r y  i n f l o w s ,  water 
t e m p e r a t u r e s ,  and water c i r c u l a t i o n  on 
t h e  C o n t i n e n t a l  S h e l f .  S p r i n g t i m e  
w a r m i n g  o f  t h e  water i n i t i a t e s  p r imary  
p r o d u c t i o n  (wh ich i s  f e d  by w i n t e r t i m e  
runo f f  and subsequent r e c y c l i n g ) .  

23. L a r g e - s c a l e  dra inage a c t i v i t i e s  on t h e  
e s t u a r y ' s  watershed have changed l o c a l  
f r e s h w a t e r  i n f l o w s .  F l u c t u a t i o n s  i n  
t h e  s a t  i n i t y  o f  n u r s e r y  grounds r e -  
c e i v i n g  some o f  t h i s  new dra inage may 
a f f e c t  t h e i r  use by j u v e n i l e  f i s h  and 
s h e l l f i s h .  R e s e a r c h  i s  n e e d e d  t o  
a s c e r t a i n  t h e  l i n k a g e s  i n v o l v e d  t o  
e f f e c t i v e l y  manage these  systems t o  
s u s t a i n  p r o d u c t i v i t y .  

24. F i s h i n g  h a s  l o n g  b e e n  an impor tant  
a c t  i v  i ty  i n  t h e  Paml i c o  R i v e r  Estuary .  
O v e r  70% o f  t h e  f i s h  and s h e l l f i s h  
t a k e n  by Nor th  C a r o l i n a  f ishermen come 
f r o m  Paml  i c o  Sound and i t s  t r i b u t a r -  

i e s .  While t h e  o v e r a l l  ca tch  has i n -  
c r e a s e d  i n  r e c e n t  y e a r s ,  t h e r e  have 
b e e n  d e c l i n e s  i n  t h e  s h r i m p  catch.  
S  h r  imp  , b  1  ue crabs,  and f l ounder  con- 
s t  i t u t e  t h e  most v a l u a b l e  o f  t h e  more 
t h a n  30 s p e c i e s  t a k e n  by  commercial 
f ishermen. 

25. R e c r e a t i o n a l  f i s h i n g  has t r a d i t i o n a l l y  
f o c u s e d  on t r o u t ,  c roaker ,  and f l o u n -  
d e r .  A major  s tudy  i s  underway t o  de- 
t e r m i  n e  t h e  s o c  io-economic impact o f  
r e c r e a t i o n a l  f i s h i n g  i n  t h e  area. 

26. To be e f f e c t i v e ,  a  m u l t i - s p e c i e s  man- 
a g e m e n t  program f o r  t h e  Paml i c o  R i v e r  
E s t u a r y  m u s t  be  c o n c e r n e d  w i t h  t h e  
c o n t r o l  of n u t r i e n t  l oad ing ,  w i t h  l e v -  
e l s  o f  o r g a n i c  m a t t e r ,  and w i t h  ba- 
1  a n c e d  w a t e r  management f o r  t h e  nu r -  
s e r y  g r o u n d s .  Land-use p l a n n i n g  and 
i n n o v a t i v e  dra inage techn iques a r e  r e -  
q u  i r e d  t o  p r o t e c t  t h e  s e n s i t i v e ,  near-  
shore  p r i m a r y  n u r s e r i e s .  

27. S o c i o - e c o n o m i  c  v a l  u e s  are  impor tan t  
m a n a g e m e n t  g o a l s  a n d  c o n s t r a i n t s .  
I n s  t i t u  t i o n a l  arrangements are  needed 
t o  m o r e  a d e q u a t e l y  p r o v i d e  assessment 
t o o l s  and es t ima tes  o f  c o e f f i c i e n t s  t o  
1  i n k  p r o d u c t i o n  and values.  

28. Managemen t  o f  t he  Paml i c o  R i v e r  Estu- 
a r y  i s  e s p e c i a l l y  d i f f i c u l t  due t o  i t s  
open-endedness,  and because the  soc io -  
e c o n o m i c  g o a l s  o f  va r ious  segments o f  
t h e  u s e r  p o p u l a t i o n s  c o n t r a s t .  Knowl- 
e d g e  g a i n e d  f r o m  s i m i  1  a r  e s t u a r i e s  
a 1  o n g  t h e  eas te rn  coast  o f  t he  Un i ted  
S t a t e s  s h o u l d  be cons idered when p re -  
d i c t i n g  f u r t h e r  responses o f  c u r r e n t  
a n d  p l a n n e d  a c t i v i t i e s  a r o u n d  and 
w i t h i n  t h e  es tua ry .  
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