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ABSTRACT 

A project was initiated in 1966 to measure the effects of phosphorus 

on the ecology of the Pamlico River Estuary, N. C. Field surveys were 

conducted to determine hydrography, phosphorus concentrations in the water 

and sediment, and phytoplankton speciation and biomass in relation to 

inputs from the Tar River Basin and phosphorus mining activities, Laboratory 

and experimental studies were designed to determine phytoplankton response 

to phosphorus additions, phosphorus exchange with sediment, phosphorus 

utiliiatfcin, by Rangia clams, and phosphorus uptake by phytoplankton, 

The Pamlico River Estuary is typicallyoligo- to mesohaline; tidal 

influence is minimal and the estuary occasionally stratifies. This stratifi- 

cation is easily destroyed by winds. During summer stratification, anaerobic 

conditions develop near the bottom muds, The estuary is already rich in 

phoephorus, and concentrations are increasing via land runoff and mining 

wastes. Much d f  the incoming phosphorus is aceunulated in the bottom sediments. 

The dinoflagellate, Peridinium triquetrum, dominates a large phytoplankton 

bloom that develops during the winter, apparently in response to nitrogen buildups. 

The annual cycle of phyropiankton numbers and biomass in the PamPico River 

Estuary is similar to that found in other similar east-coast estuaries. 

Experimentation revealed that mud would remove significant afnounts sf dissolved 

reactive phosphorus from the water column. There was a release of phosphorus from 

the mud under low oxygen conditions, High concentrationst of phosphorus in clay-silt 

sediments increased the unfavorableness of that substrate for growth and survival 

of Rangia clams. The clams utilized organic matter and phosphorus from the sediments. 

Limiting nutrient experiments revealed that phosphorus additions did not cause 

increased carbon uptake; whereas, nitrogen additions resulted in significant 

increases. Nitrogen, therefore, is the limiting major nutrient in the Pamlico 

River Estuary. Although no direct effects of slime pond wastes on the estuary could 

be detected, luxury uptake of phosphorus by phytoplankton and changes in phytophankton 

speciation (increased blue-green algae? were experimentally observed. 

i i i 
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I. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

I. A, Summary and Conclusions 

1. The project was designed to measure the effects of phosphorus on the ecology 

of: the Pamlico River, Estuary, to predict future effects, and to suggest 

alleviation methods. Field surveys were conducted to determine hydrography, 

phosphorus concentrations in the water and sediment, and phytoplankton speciation 

and biomass. Laboratory and experimental studies were designed to determine 

phytoplankton response to phosphorus additions, phosphorus exchange with sediment, 

phosphorus utilization by Ramgia clams, and phosphorus uptake by phytoplankton. 

S-sme of the work was do91 for graduate student theses, 

2. The estuary is protected from the ocean by the outer banks and the tidal 

influence is very small (about 0.5 feet). Water temperatures ranged between near 

freezing during the winter and 34 C (93 F) during the warmest part of the summer. 

Salinities are normally low (ranging between 0.5 and 15 to 20 ppt), being mainly 

influenced by streamflow. Stratification exists sporadically, set up by 

inflowing freshwater and destroyed by strong winds. During stratification in 

the summer, anaerobic conditions develop in the middle section of the estuary. 

3. The Pamlico River Estuary is naturally rich in p~ssphorus, with increasing 

concentrations entering the estuary via the Tar River. These concentrations 

exceed the 2.8 ug-at ~ / 1  suggested as an upper limit for unpolluted coastal 

waters. The phosphorus added by Texas Gulf Sulphur Co. mining operations are 

entering an estuary already rich in phosphorus. If nitrogen increases in the 

e estuary, eutrophication problems are likely to develop, 

4. The annual cycle of phytoplankton numbers and biomass in the Pamlico River 

Estuary is similar to that gound in other similar estuaries on the east coaet. 



A l a rge  bloom of a dinoflageLlate (Per id in ium-t r ique t rum)  develops dur ing  t h e  

win ter t ime,  bu t  appa ren t ly  not  i n  response t o  phosphorus. Overa l l ,  phytoplankton 

d a t a  i n d i c a t e  t h a t  t h e  Pamlico River  Estuary i s  a r i c h  environment, bu t  i s  i s  no t  

be l i eved  t h a t  t h e  e s t u a r y  should be considered po l lu t ed .  

5. S i g n i f i c a n t  mass t r a n s p o r t s  of phosphorus were obtained f o r  mud, wHich 

removed d isso lved  r e a c t i v e  phosphorus from t h e  water  column. There was, a l s o ,  

a r e l e a s e  of phosphorus from t h e  mud t o  t he  water  under low oxygen cond i t i ons .  

Sediment samples o f f  Texas Gulf Sulphur Co. mining ope ra t ions  revea led  a n  

accumulation of phosphorus i n  t h a t  a r e a ,  i n d i c a t i n g  t h a t  the  sediments s e rve  a s  

a s i n k  f o r  incoming phosphorus, I f  low oxygen cond i t i ons  should develop on a 

widespread b a s i s ,  s i g n i f i c a n t  r e l e a s e  t o  phosphorus from t h i s  accumulation could 

t a k e  p l ace ,  

6.  C l a y - s i l t  sediments were found t o  be more unfaborable  f o r  t h e  s u r v i v a l  of 

RangFa clams then  sand sediments.  This  was a t t r i b u t e d  t o  t h e  physicochemical 

environment a s soc i a t ed  wi th  c l a y - s i l t  sediments.  High concen t r a t ions  of phosphorus 

i n  t hese  sediments f u r t h e r  increased  the adverse e f f e c t ,  High phosphorus concen- 

t r a t i o n s  i n  sand sediments had a favorable  a f f e c t  on t h e  growth of t h e  clams. The 

clams u t i l i z e d  organic  ma t t e r  and phosphorus from t h e  sediments.  

7 .  No d i r e c t  e f f e c t s  of TGS s l ime pond-wastes on t h e  phytoplankton biomass o r  

primary p roduc t iv i ty  i n  t h e  Pamlico River  Estuary were de t ec t ed  i n  our  experiments.  

The growth of blue-green a l g a e ,  however, was d i r e c t l y  s t imula ted  by a d d i t i o n  of 

s l ime pond waste.  When sewage was combined wi th  s l ime pond was te ,  t h e r e  were 

increased  a l g a l  biomass and primary p roduc t iv i ty .  

8 .  Limit ing n u t r i e n t  i n v e s t i g a t i o n s  revea led  t h a t  phosphorus a d d i t i o n s  d id  no t  

cause increased  carbotr uptake.  When n i t r o g e n  was added, however, s i g n i f i c a n t l y  

h ighe r  carbon uptake was observed. Thus, it  was concluded t h a t  ni t rogenrwas t h e  

l i m i t i n g  n u t r i e n t  i n  t h e  Pamlico River  Estuary.  



9, Luxury uptake of phosphorus was observed i n  experiments r ece iv ing  s l ime pond 

waste.  This  was increased  by adding sewage. Thus, i f  n i t r o g e n  becomes a v a i l a b l e  

t h e  luxury uptake could lead  t o  undes i r ab le  condi t ions .  

1. I n  view of t h e  low f l u s h i n g  r a t e  a l r e a d y  p re sen t  i n  the  e s tua ry  and t h e  

low oxygen c h a r a s t e r i s t i s s  dur ing  summer s t r a t i f i c a t i o n  cond i t i ons ,  i t  i s  

recornended t h a t  cons t ruc t ion  of d ikes  o r  causesways (which may decrease  t h e  f l u s h i n g  

e a p a c t i y  o r  i n t e r r u p t  t he  nnorml wind-driven mixing processes)  be discouraged.  

2 .  The phosphorus concen t r a t ions  corning downstream from t h e  Tar  River  Basin have 

s i g n i f i c a n t l y  increased ,  If  t h i s  t rend i s  not  reversed ,  coupled wi th  TGS a d d i t i o n s  

eu t roph ic  condi t ions  saould develop over t h e  next  few yea r s .  Thus, phosphorus 

a d d i t i o n s  (both from upstream and mining was tes )  should be con t ro l l ed .  

3 ,  Since p h s s p h ~ r u s  i s  accumulated i n  t h e  sediments and can be r e l ea sed  t o  t h e  

water  column under low oxygen cond i t i ons ,  f t  i s  reeomqended t h a t  enrichment of 

t h e  e s t u a r y  he  c o n t r o l l e d  t o  prevent development of anaerobic cond i t i ons  which 

could lead to r e l e a s e s  of s i g n i f i c a n t  n u t r i e n t s  from t h e  sediment t o  t h e  e s t u a r i n e  

waters .  

4, Apparent ly,  n i t rogen  is t h e  l i m i t i n g  n u t r i e n t  i n  t h e  Pamlico River  Estuary.  

Thus, l i m i t a t i o n s o f t b e  input  of t h i s  n u t r i e n t  can c o n t r o l  eu t roph ica t ion ,  

5 ,  Addi t iona l  s t u d i e s  are needed t o  understand more completely t h e  ecology of 

t h e  Pamlico River  Es tuary ,  i t s  n u t r i e n t  cyc l ing ,  i t s  annual cyc l e  s f  p l a n t s  and 

an imals ,  and i t s  fu tu re :  

a )  Control led experiments t o  determine t h e  n u t r i e n t  requirements of Peridinfum 

t r ique t rum under warisus temperature and s a l i n i t y  regimes; 

b )  Concentrat ions of n i t rogen  i n  r e l a t i o n  t o  phytoplankton spec i e s  and biomass 

i n  t h e  e s t u a r y ;  



c )  Comparison of n u t r i e n t  concent ra t ions  and phytoplankton popula t ions  i n  t he  

Pamlico River  Estuary wi th  those  i n  t h e  Neuse and Albemarle E s t u a r i e s ;  

d )  I n v e s t i g a t i o n  s f  t h e  r e l a t i o n s h i p  between t h e  a l g a l  bloom and concen t r a t ions  

of t r a c e  me ta l s ,  v i tamins ,  and o t h e r  organic  compounds; 

e) Bpmparison of t h e  a l g a l  bloom wi th  primary p roduc t iv i ty  and d i v e r s i t y  of o t h e r s  

organisms i n  t h e  Pamlico River  Estuary;  

f )  Determinat ion of seasonal  d i f f e r e n c e s  i n  t h e  t r a n s p o r t  and f a t e  of n i t r o g e n  

compounds through t h e  Pamlico River  Estuary;  

a c t e r i z a t i o n  of t h e  Phys io logica l  ope ra t ions  of Peridinium t r ique t rum 

t o  d e t e r n i n e  t h e  changes t o  t h e  e s t u a r y  regime- t h a t  would c r e a t e  an  a l g a l  

bloom dur ing  summer; and,  

h )  Descr ip t ion  of t h e  succiessional c h a r a c t e r i s t i c s  of t h e  phytoplankton popula t ion  

i n  t h e  Pamlico River  Es tuary  to -de t e rmine  t h e  r e l a t i o n s h i p  of - P. t r ique t rum t o  

o the r  s p e c i e s ,  pigment concen t r a t ions  and r a t i o  t o  organic  biomass, and n u t r i e n t  

r a  t i o s  . 



11. INTRODUCTION 

11. A. Objec t ives  

The o b j e c t i v e  of t h i s  p r o j e c t  was t o  measure t h e  e f f e c t s  of phosphorus r e s u l t i n g  

from a phosphate mining ope ra t ion  on t h e  ecology of Pamlico River  Es tuary ,  t o  p r e d i c t  

f u t u r e  e f f e c t s  and t o  suggest  a l l e v i a t i o n  methods, The p r d j e c t  was d e s i g n e d ~ t o  

s tudy t h e  d i s t r i b u t i o n  and concent ra t ion  of phosphorus compounds i n  t h e  e s tua ry  and 

e f f e c t s  on t h e  plankton and bottom organisms. 

11. B ,  Background 

The study was i n i t i a t e d  i n  1966, supported by funds from the  Of f i ce  of Water 

Resources Research Matching Grants  Program and Texas Gulf Su l fu r  Company, t o  s tudy 

t h e  e f f e c t s  of phosphorus i n  t he  Pamlico River  Estuary.  The p r o j e c t  was d i r e c t e d  

by D r .  Donald B. Horton, P r i n c i p l e  I n v e s t i g a t o r .  Addi t iona l  funds were obtained 

from t h e  Federa l  Water P o l l u t i o n  Control  Adminis t ra t ion  t o  support  r e l a t e d  s t u d i e s .  

I n  1964, phosphate mining opera t ions  were i n i t i a t e d  on t h e  edge of t h e  

Pamlico River Estuary by t h e  Texas Gulf Su l fu r  Company. It was f ea red  t h a t  t h e  

phosphate mining a c t i v i t i e s  would r e s u l t  i n  phosphorus a d d i t i o n s  t o  t he  e s t u a r y  

and subsequent eu t roph ica t ion .  Slime waste from t h e  phosphate processing p l a n t  

was piped t o  a  holding bas in  where the  water  was allowed t o  decant  o f f  i n t o  t h e  

e s t u a r y  (Figure 1 ) .  

It was f i r s t  assumed t h a t  t h e  e f f l u e n t  from t h e  s l ime p i t  of t h e  mining 

ope ra t ion  would be adding l a r g e  amounts of phosphorus t o  t h e  e s t u a r y ,  so 6 sampling 

s t a t i o n s  were s e t  up s t a r t i n g  upstream from t h e  e f f l u e n t  and extending about '-8 

- mi les  downstream (Figure 2 ) .  The f i r s t  p a r t  of t h e  s tudy was a  survey,  run every 

two weeks, of t h e  temperature,  s a l i n i t y ,  oxygen, phosphate (3  k i n d s ) ,  phytoplankton, 
b 

and phytoplankton p roduc t iv i ty  (with carbon-14). P a r t s  of t h i s  e a r l y  s tudy ,  f o r  

example a n  e s t ima te  of t h e  phytoplankton primary p roduc t iv i ty  a t  6 s t a t i o n s  f o r  one 

complete y e a r ,  have been publ ished by Copeland and Horton (1).  

5 
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F i g u r e  1: L o c a t i o n  of phosphate  mining o p e r a t i o n s  and l o c a t i o n  i n  r e l a t i o n  t o  

N. C .  c o a s t a l  zone.  
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F i g u r e  2 :  Pamlico R i v e r  E s t u a r y ,  showing s e r i e s  of s t a t i o n s  f o r  e a r l y  s t u d i e s  of 
phosphorus e f f e c t s  ( l e t t e r )  and hydrograph ic  samples (numbers). 
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It was soon e v i d e n t  t h a t  t h e r e  was a g r e a t  d e a l  of v a r i a t i o n  w i t h i n  t h e  r i v e r ,  

and a l s o  t h a t  t h e  e f f l u e n t  from t h e  s l i m e  p i t  of  t h e  phosphate  mine was n o t  add ing  

a p p r e c i a b l e  amounts of phosphates  t o  t h e  r i v e r .  I n  f a c t ,  it was i m p o s s i b l e  t o  

measure h i g h e r  t h a n  normal phosphate  l e v e l s  more t h a n  a  few hundred meters away 

from t h e  e f f l u e n t  c a n a l .  Some p r e l i m i n a r y  sampling n e a r  t h e  p l a n t  d i d  i n d i c a t e  

t h a t  p l a n t  d i s c h a r g e  i n t o  Lee Creek (which r u n s  th rough  t h e  mining a r e a )  was 

add ing  l a r g e  amounts of phosphorus.  The sampling program was t h e r e f o r e  expanded 

t o  40 s t a t i o n s  ( s u r f a c e  samples on ly)  in-some 8 t r a n s e c t s  a c r o s s  t h e  r i v e r  b o t h  

ups t ream and downstream from t h e  p l a n t  ( F i g u r e s  3 and 4 ) .  Most of t h e  same 

measurements were  made e x c e p t  t h a t  t h e  40 p r o d ~ c t i v i t y  samples  were r u n  under  

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

From t h e  expanded sampling,  t h e  i r r e g u l a r  d i s c h a r g e  o f  l a r g e  amounts o f  phosphorus 

from t h e  p l a n t  could  be s e e n  and t h e  l a r g e  p a t c h  of h i g h  phosphate  w a t e r  could  b e  

fo l lowed  a s  it moved downstream f o r  n e a r l y  6 weeks. There  was, however, no 

c o r r e l a t i o n  between t h e  h i g h  PO and a l g a l  biomass o r  pr imary p r o d u c t i v i t y .  It 
4 

appeared a s  i f  t h e  PO4 was a  c o n s e r v a t i v e  f a c t o r  t h a t  was n o t  b e i n g  l o s t  t o  t h e  

organisms o r  sediments  v e r y  r a p i d l y .  For  t l i i s  r e a s o n ,  it  was a good t r a c e r  t o  u s e  

f o r  w a t e r  movement s t u d i e s ,  It should be n o t e d ,  t h a t  t h e  c o n c e n t r a t i o n s  of PO 4 

found were o n l y  r e l a t i v e l y  h i g h  a s  t h e  maximum reached was o n l y  1 mg PO p e r  l i t e r .  4 

Some of t h e  t r a n s e c t  d a t a  f o r  PO4 c o n c e n t r a t i o n s ,  phy top lank ton  biomass ,  and 

r e l a t i v e  pr imary p r o d u c t i v i t y  h a s  been pub l i shed  by Hobbie (2 ) .  

S e v e r a l  g r a d u a t e  s t u d e n t s  have conducted t h e s i s  p r o j e c t s  i n  t h e  Pamlico 

R i v e r  E s t u a r y  i n  r e l a t i o n  t o  t h e  e f f e c t s  of p h o s p h o r u ~ ~ a d d i t i o n s .  One s t u d y  involved 

t h e  amount of o r g a n i c  m a t t e r  and phosphorus i n  t h e  sed iments  which were  d i r e c t l y  

c o r r e l a t e d  w i t h  t h e  growth of t h e  c lam,  Rangia c u n e a t a .  Through t h e  u s e  of Zn 6 5 

t r a c e r  t e c h n i q u e s  i t  was shown t h a t  t h e  clams cou ld  t a k e  up o r g a n i c  m a t e r i a l  . 
d i r e c t l y  from t h e  sediment .  I f  t o o  much o r g a n i c  m a t t e r  and phosphate  were p r e s e n t  

t h e n  t h e  growth o f :c lams  was i n h i b i t e d  (31,  A s  t h e  c o n t i n u a t i o n  of t h i s  b e n t h i c  
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Figure  3:  Diagram of e s t u a r y ,  showing s t a t i o n s  f o r  Mar 1967-Feb 1968. 
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Figure  4: Diagram of e s t u a r y ,  showing s t a t i o n s  f o r  June 1968-July 1969. 



work, s e a s o n a l  sampl ings  were  made of t h e  whole r i v e r  and t h e  d i s t r i b u t i o n  and 

community s t r u c t u r e  were  c a l c u l a t e d .  Most of t h e  b e n t h i c  an imals  were c o n c e n t r a t e d  

a l o n g  t h e  s h o r e s  w h i l e  t h e  c e n t e r  s f  t h e  e s t u a r y  was a lmos t  b a r r e n ,  which may b e  

r e l a t e d  t o  s e a s o n a l  a n a e r o b i c  bot tom w a t e r  (4 ) .  Another  s t u d y  inc luded  c a l c u l a t i o n s  

of n e t  t r a n s p o r t s  of t h e  removal of d i s s o l v e d  r e a c t i v e  phosphorus from t h e  w a t e r  

by mud (5 ) .  

A phy top lank ton  survey  was conducted (6) which inc luded  f o l l o w i n g  a  phy top lank ton  

bloom w i t h  d a i l y  samples f o r  two and h a l f  months and h o u r l y  samples f o r  24 hour  

p e r i o d s .  The d i n o f l a g e l l a t e ,  Pe r id in ium t r i q u e t r u m ,  dominated t h i s  bloom and a t  

s e v e r a l  m i l l i o n  p e r  l i t e r .  Exper iments  wepe conducted t o  de te rmine  t h e  r e l a t i o n s h i p  

of t h e  phy top lank ton  c e l l  numbers and pr imary p r o d u c t i v i t y  t o  a d d i t i o n s  of phosphorus 

t o  e s t u a r i n e  w a t e r s a ( 7 ,  8 ) .  

T h i s  r e p o r t  f o l l o w s  a  s e r i e s  of t h r e e  r e p o r t s  on t h e  phosphorus c o n c e n t r a t i o n s  

(91,  hydrography ( l o ) ,  and phy top lank ton  s p e c i e s  and p o p u l a t i o n s  (6).  A number 

of pe rsons  have he lped  i n  the  p l a n n i n g  and d a t a  c o l l e c t i o n  of t h i s  p r o j e c t .  

D r .  Donald B.  H o r t s n  set up t h e  l a b o r a t o r y  and was t h e  p r i n c i p l e  i n v e s t i g a t o r  f o r  

t h i s  p r o j e c t .  Kenneth Tenore ,  H. Lee Davis ,  David P e t e r s ,  Edward J. C a r p e n t e r ,  

and A l b e r t  Sherk a s s i s t e d  i n  c o l l e c t i o n  o f  d a t a  i n  r e l a t i o n  t o  t h e i r  t h e s i s  

p r o j e c t s .  James B e r r y ,  Henry D a n i e l s ,  David G o s s e t t ,  Johnny Pye, Lindsay Wood 

and Ni ta  Scobie  he lped  c o l l e c t  and reduce  t h e  d a t a .  

11. C. The PamEico R i v e r  Es tuary  

The Tar  R i v e r  f lows  th rough  n o r t h e a s t e r n  North C a r o l i n a  and becomes a n  

e s t u a r y  a t  Washington,  N. C.; a t  t h i s  p o i n t  i t  becomes t h e  Pamlico R i v e r .  It 

t h e n  f lows e a s t  f o r  some 35 miles t o  e n t e r  Pamlico Sound d i r e c t l y  w e s t  of Cape 

H a t t e r a s .  The maximum w i d t h  i s  about  8 m i l e s  and t h e  a v e r a g e  d e p t h  abou t  1 0  f e e t .  

Most impor tan t  f o r  t h e  c u r r e n t  and t h e  s a l i n i t y  regimes i s  t h e  damping e f f e c t  t h e  

o u t e r  banks have on t h e  l u n a r  t i d e .  A s  a  r e s u l t ,  t h i s  t i d e  is  about  6  i n c h e s  and 

i s  g r e a t l y  overshadowed by wind t i d e s  of up t o  3 f e e t .  Because of t h e  sha l lowness ,  



t h e  water  i s  w e l l  s t i r r e d  and t h e r e  is  l i t t l e  o r  no s t r a t i f i c a t i o n  i n  l a rge  p a r t s  

s f  t h e  e s tua ry .  The s t i r r i n g  a l s o  keeps l a rge  amounts of p a r t i c u l a t e  m a t t e r  i n  

suspension wi th  t h e  r e s u l t  t h a t  the es tua ry  i s  q u i t e  t u r b i d  most of t h e  time. 

The s a l i n i t y  range i n  t h i s  e s t u a r y ,  from 0 to 15 p p t ,  i s  very d i f f i c u l t  f o r  

organisms t o  adapt  t o ;  a s  a  r e s u l t ,  t h e  number of d i f f e r e n t  k inds  of animals is  

smal l  compared wi th  the f r e shwa te r s ,  ocean o r  even Pamlico Sound ( s a l i n i t y  around 

20 pp t ) .  The phytoplankton i s  dominated by an ex tens ive  a l g a l  bloom t h a t  occurs  

i n  January t o  March of every year .  The dominant organisms i n  t h i s  bloom, t h e  

dinof l a g e l l a t e  -, a t t a i n s  "red t i d e "  numbers. The dominant 

zooplankter  is t h e  cspepod, Aca r t i a  tonsa ,  which i s  fed  upon by l a r v a l  f i s h  and 

by t h e  ctenophore (comb- je l lyf i sh) ,  Mnemiopsis l e y d i i  (11).  The f i s h  a r e  most ly 

s a l t w a t e r  forms, a l though f r e s h ~ . ~ p a k ~ r  forms do scour  near Washington, N. 6.  The 

permanent r e s i d e n t  f i s h  inc lude  mumichog, t h e  ra inwater  k i l l i f i s h ,  t h e  naked 

goby, whi te  perch,  t h e  s t r i p e d  anchbvy, American e e l ,  and t h e  hogchoker. Another 

group of f i s h  i s  p re sen t  year-round except  dur ing  win te r .  These inc lude  t h e  t i dewa te r  

s i l v e r s i d e ,  t h e  rough s i l v e r s i d e ,  the cornon s i l v e r s i d e ,  s p o t ,  a t l a n t i c  c roake r ,  

p i n f i s h ,  a t l a n t i c  menhaden, sunmer f lounder ,  and the no r the rn  p i p e f i s h .  Other f i s h  

are  found only  dur ing  t h e i r  migra t ions  through t h e  e s tua ry .  These inc lude  hickory 

shad, t he  a l e w i f e ,  g l u t  h e r r i n g ,  American shad, g izzard  shad, s t r i p e d  b a s s ,  and 

the  c o m s n  sturgeon.  

The ben th i c  animals (bottom dwell ing)  a r e  dominated i n  t h e  f r e s h e r  p a r t s  of 

t h e  e s t u a r y  by t h e  clam, Rangfa cunea ta ,  and i n  t h e  s a l t i e r  p a r t s  by t h e  b iva lve ,  

Macoma b a l t h i c a ,  I n  c o n t r a s t  t o  many e s t u a r i e s ,  t h e r e  i s  a  pronounced seasonal  

change i n  ben th i c  animal spec i e s  i n  t h e  PamPico River  Estuary (4) .  Th i s  i s  

probably due t o  changes i n  oxygen i n  t h e  deeper wa te r s ,  

The b lue  c rab ,  shrimp, clam and o y s t e r  a r e  c o m e r c i a l l y  harves ted  from t h e  

e s tua ry  i n  s i z e a b l e  q u a n t i t i e s .  I n  a d d i t i o n ,  the young of many s a l t w a t e r  commercial 

f i s h  may spend p a r t  of t h e i r  l i v e s  i n  t h i s  e s tua ry .  



Although t h e r e  a r e  s a l t  marshes i n  s e v e r a l  p laces  a long  the  e s t u a r y ,  t hese  

a r e  high marsh (Juncus s p , )  a r e a s  and do not  c o n t r i b u t e  organic  m a t e r i a l  t o  t h e  

e s tua ry .  Th i s  c o n t r a s t s  w i th  o the r  a r e a s  of North Caro l ina  coas t  where the  

g r e a t e r  t i d a l  range a l lows  &- marshes t o  grow (low s a l t  marsh).  However, 

t h i s  missing organic  ma t t e r  i s  compensated f o r  i n  t he  Pamlico River  by dense beds 

of widgeon g r a s s ,  R u ~ ~ i a  mari t ima,  and P o t a m o a e x  (rooted aqua t i c  p l a n t s ) .  These 

a r e  e a t e n  d i r e c t l y  by win te r ing  geese and ducks and a l s o  f u r n i s h  g r e a t  q u a n t i t i e s  

of n u t r i t i o u s  p a r t i c u l a t e  ma t t e r  when they break up and decay i n  the  f a l l .  

One of the reasons f o r  t h e  es tab l i shment  of t h e  Aurora labora tory  was t o  

s tudy the  expected changes caused by the  Texas Gulf Su l fu r  Company phosphate 

mine and f e r t i l i z e r  p l a n t .  The d a t a  on phosphorus concent ra t ions  i n  t he  e s t u a r y  

a r e  given i n  d e t a i l  by Hobbie ( 9 ) ,  B r i e f l y ,  while  phosphorus does e n t e r  t h e  

e s t u a r y ,  i t  appears  t o  have l i t t l e  e f f e c t  on the  expected t a r g e t  s i t e ,  t h e  

photosynthes is  and growth of t h e  a lgae .  This  i s  undoubtedly caused by t h e  low 

l e v e l s  of n i t rogen  found i n  t h e  e s t u a r y ,  I n  f a c t ,  t h e  n i t rogen  i s  probably l i m i t i n g  

photosynthes is  and a l g a e  a r e  not  a b l e  t o  u t i l i z e  a l l  t h e  phosphorus. Another 

conclus ion  of t h e  s tudy was t h a t  the concen t r a t ion  of phosphorus e n t e r i n g  t h e  

e s t u a r y  from upstream (above t h e  TGS s i t e )  i s  i nc reas ing  r a p i d l y .  

111. S W R Y  OF WORK 

We a r e  summarizing i n  t h i s  s e c t i o n  the  major f i nd ings  and conclus ions  from 

s e v e r a l  po r t ions  of t h e  s tudy,  Basic  hydrographic information has been given by 

Hobbie ( l o ) ,  maps of phosphorus concen t r a t ion  by Hobbie (91 and t h e  spec i e s  and 

popula t ion  of phytoplankton were repor ted  by Hobbie (6); Various t h e s e s ,  c i t e d  

e a r l i e r ,  con ta in  t h e  experimental  f i nd ings  of s e v e r a l  s t u d i e s  r e l a t e d  t o  t h i s  

p r o j e c t .  

A t  l e a s t  four  d i f f e r e n t  s e r i e s  of s t a t i o n s  have been used during t h e  study 

Maps showing t h e  S t a t i o n  numbers p r i o r  t o  March 1967 inc luding  the  l e t t e r  s e r i e s  

and t h e  number s e r i e s  down t h e  e s tua ry  a r e  shown i n  F igure  2 .  Maps f o r  t h e  



Station numbers for March 1967 through February 1967 and for June 1968 through 

July 1969 are given as Figures 3 and 4. 

111. A. Hydrography 

Hydrography of an estuary (lee., the temperature, salinity, dissolved oxygen 
and river flow rates) are basic to the understanding of the ecology. Along with 

phosphorus, phytoplankton and productivity measurements in the Pamlico River 

Estuary, routine measurements were made of the temperature, salinity and dissolved 

oxygen at all sampling stations during all sampling times. 

111. A. 1. Procedures 

During the sampling period reported here, hydrographic samples were usually 

taken at two-week intervals. A conductivity bridge with built-in thermistor 

(Beckman RS5-3 Induction Salinometer) was used to measure salinity and temperature 

in situ (except for a few times when hydrometers were used to determine salinity). -- 
Water samples for dissolved oxygen were taken with a kemmerer sampler, fixed 

in the field and titrated in the laboratory (12). In order to calculate the 

saturation value for the oxygen in the waters of various salinities, the equation 

developed by Truesdale and Gameson (13) was used. This formula, as modified by 

Neal E. Armstrong (personal communication), is: 

where CS is the saturation value for oxygen (mg/liter) at the given temperature 

and salinity, S is salinity (ppt), and T is tenperature (C). The mg 02/liter 

times 0.7 equals the ml/liter used in this and earlier reports, 

The only river flow data from the Pamlico River area are those of the 

U. S, Geological Survey (Annual Reports of the Water Resource Division, U.S.G.S., 

Raleigh) for the period 1967-1968. One station is on the Tar River, 49.2 miles 



upstream from Washington,  N. 6. ( t h e  w e s t e r n  end of t h e  e s t u a r y ) . .  T h i s  h a s  a  

wa te r shed  of 2 ,140 s q u a r e  m i l e s .  The o t h e r  s t a t i o n  i s  on Durham Creek,  n e a r  Edward, 

N.  C . ,  abou t  6.7 m i l e s  s o u t h  of t h e  e s t u a r y .  T h i s  c r e e k  h a s  a  d r a i n a g e  b a s i n  of 

o n l y  21 s q u a r e  miles and e n t e r s  t h e  e s t u a r y  j u s t  t o  t h e  west  o f  t h e  Texas Gulf 

S u l f u r  Company p l a n t .  

The wat!er f low i n  t h e  two b o d i e s  of w a t e r  was g e n e r a l l y  a l i k e  i n  b a s i c  

c h a r a c t e r i s t i c s ,  b u t  d i f f e r e d  a t  many p a r t i c u l a r  p o i n t s  (F igure  5) .  These 

d i f f e r e n c e s  r e s u l t  from l o c a l  s to rms  a t  t h e s e  w i d e l y  s e p a r a t e d  s t a t i o n s ,  p l u s  

t h e  l a g  e f f e c t s  of a l a r g e  v e r s u s  a smal l  wa te r shed .  

The w a t e r  f low,  r e f l e c t i n g  d i r e c t l y  t h e  r a i n f a l l  p a t t e r n ,  was i r r e g u l a r  a t  

b o t h  s t a t i o n s ;  t h e r e  was,  however, more f l o w  d u r i n g  t h e  w i n t e r .  High f l o w  

p e r i o d s  i n  t h e  Tar  R i v e r  were:  1967 i n  l a t e  F e b r u a r y ,  end of August ,  e a r l y  

September,  December; and i n  1968 i n  January  and a t  t h e  end of March. F o r  Durham 

Creek h i g h  f low o c c u r r e d  in :  1967 i n  mid-February,  J u l y ,  August ,  September,  and 

December; and 1968 i n  J a n u a r y ,  mid-March and t h e  b e g i n n i n g  of June.  

The wind speed and d i r e c t i o n  f o r  t h e  p e r i o d  1967-1969 were provided by Texas 

Gulf S u l f u r  Company o b s e r v a t i o n s .  The d a t a  a v a i l a b l e  inc luded  h o u r l y  wind speed 

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

F o r  t h e  purpose  of t h i s  r e p o r t ,  t h e  t o t a l  wind movement p e r  day ( m i l e s )  and t h e  

p r e v a i l i n g  d i r e c t i o n  of t h a t  wind have been  a b s t r a c t e d  ( F i g u r e  6 ) .  The d i r e c t i o n  

0 0 i s  g iven  i n  d e g r e e s ,  where 0 i s  a  wind from t h e  North ,  90 i s  from t h e  E a s t ,  e t c .  

U n f o r t u n a t e l y ,  t h e  wind d i r e c t i o n  r e c o r d i n g  equipment was n o t  o p e r a t i n g  d u r i n g  t h e  

f i r s t  f i v e  months of 1967. 

The a v e r a g e  wind speed ,  based upon t o t a l  e l a p s e d  m i l e s  p e r  d a y ,  a p p e a r s  t o  

b e  much l e s s  t h a n  t h e  10 mph sugges ted  a s  a n  a v e r a g e  f o r  t h e  main c o a s t  l i n e  

(14) .  I f  t h e  a v e r a g e  were 10 mph, t h e n  t h e  t o t a l  p e r  day would b e  240 m i l e s  and 

t h i s  i s  c e r t a i n l y  much h i g h e r  t h a n  t h e  v a l u e s  i n  F i g u r e  6. O f  c o u r s e ,  t h e  two 

d i f f e r e n t  methods of measur ing a s  w e l l  as t h e  methods of a v e r a g i n g  may n o t  b e  a t  



F i g u r e  5: Water f low (cub ic  f e e t  p e r  second) i n  t h e  T a r  River  a t  Tarboro ,  N. C. 
and i n  Durham Creek n e a r  Edward, N. C. Arrows i n d i c a t e  sampl ing d a t e s .  
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F i g u r e  6 :  Wind speed and d i r e c t i o n  a t  t h e  Texas Gulf S u l f u r  Company n e a r  Aurora ,  N . C .  



a l l  comparable. For t h i s  summary, concern i s  only w i th  t h e  s t r o n g  winds t h a t  

would be capable  of d i s t u r b i n g  t h e  s t r a t i f i c a t i o n  i n  t h e  e s t u a r i n e  wa te r s ,  and 

t h e s e  would appear  h igh  i n  a  r e l a t i v e  sense even i f  t h e r e  were e r r o r s ,  It i s  obvious,  

however, t h a t  t h e  pe r iods  dur ing  t h e  year  of h igh  winds were t h e  w i n t e r  and s p r i n g  

months, Only once du r ing  t h e  t e n  summer months observed were t h e r e  any winds 

g r e a t e r  t han  a  t o t a l  of 190 miles. S t ronger  winds began appearing i n  November and 

December and cont inued through May. However, dur ing  t h i s  per iod  o f :obse rva t ion  

t h e r e  were no seve re  summer o r  f a l l  hu r r i canes ,  The wind d i r e c t i o n  i s  much more 

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

winds were ou t  of t h e  NE and NW. The p r e v a i l i n g  winds f o r  t h e  whole of Nozth 

Caro l ina  a r e  SW, except  t h a t  i n  September and October ,  t h e  p r e v a i l i n g  winds a r e  NE 

(14).  Th i s  change of d i r e c t i o n  i n  t h e  autumn r e s u l t s  from p e r s i s t a n t  h igh  p r e s s u r e  

over  t h e  no r the rn  s t a t e s  and a g r e a t e r  number of low p re s su re  storms pass ing  o f f  

North Caro l ina .  The e f f e c t  of t h e s e  s t rong  winds w i l l  be d i s cus sed  l a t e r  i n  t h e  

s e c t i o n  on s a l i n i t y  changes. 

11, A .  2, S a l i n i t y  

The e s t u a r y  i s  p ro t ec t ed  by Pamlico Sound and t h e  Outer Banks s o  t h a t  t h e  

d i u r n a l  t i d a l  ampli tude averages  l e s s  than  0.5 f e e t .  The f l u s h i n g  r a t e  i s  

correspondingly low (Table 1)  and i n t r a i n e d  p a r t i c l e s  tend t o  remain i n  the 

e s t u a r y  f o r  long pe r iods  of t ime. 

Table  1, Zxchange r a t i o s  and h a l f - l i f e  va lues  es t imated  f o r  volume segments w i t h i n  
s ec t i on5  of t h e  Pamlico River  Es tuary  when f reshwater  in f low averaged 
42 x  10 rn3/ t idal  cyc l e  (99.1 m3/sec). (15).  

Sec t  i o n  Length of Number of Average ~ a l f  - l i f e /  
Sec t  i on  V o  lume ,Exchange Segment 
(mi les )  Seamen ts  Ra t io  ( t i d e s )  

Washington t o  
Rurnley Marsh 

Rumley Marsh t o  
Ind i an  I s l a n d  10,8 2  .082 

Ind i an  I s l a n d  t o  
Pamlico Po in t  25.4 5  .073 



F i g u r e  6 :  Wind speed and d i r e c t i o n  a t  t h e  Texas Gulf S u l f u r  Company n e a r  Aurora ,  N.C.  



a l l  comparable. For t h i s  summary, concern i s  only wi th  the  s t rong  winds t h a t  

would be capable of d i s t u r b i n g  t h e  s t r a t i f i c a t i o n  i n  t h e  e s t u a r i n e  wa te r s ,  and 

these  would appear  high i n  a  r e l a t i v e  sense even i f  t h e r e  were e r r o r s ,  I t  is  obvious, 

however, t h a t  t he  per iods  dur ing  t h e  year  of h igh  winds were t h e  win te r  and s p r i n g  

months, Only once dur ing  the  t e n  summer months observed were t h e r e  any winds 

g r e a t e r  than  a  t o t a l  of 190 mi l e s ,  Stronger  winds began appearing i n  November and 

December and continued through May. However, dur ing  t h i s  per iod  b fcobse rva t ion  

t h e r e  were no seve re  summer o r  f a l l  hu r r i canes ,  The wind d i r e c t i o n  i s  much more 

d i f f i c u l t  t o  desc r ibe  a c c u r a t e l y  i n  a  r e p o r t ,  b u t  it appears  t h a t  t h e  s t r o n g  

winds were out of t h e  NE and Wd, The p reva i l i ng  winds f o r  t he  whole of NoEth 

Caro l ina  a r e  SW, except  t h a t  i n  September and October,  t h e  p r e v a i l i n g  winds a r e  NE 

(14) ,  This  change of d i r e c t i o n  i n  t h e  autumn r e s u l t s  from p e r s i s t a n t  h igh  p re s su re  

over t h e  no r the rn  s t a t e s  and a  g r e a t e r  number of low p res su re  storms pass ing  o f f  

North Carol ina.  The e f f e c t  of t hese  s t rong  winds w i l l  be d iscussed  l a t e r  i n  t h e  

s e c t i o n  on s a l i n i t y  changes. 

11, A .  2 ,  S a l i n i t y  

The e s t u a r y  i s  pro tec ted  by Pamlico Sound and t h e  Outer Banks so  t h a t  t h e  

d i u r n a l  t i d a l  ampli tude averages l e s s  than 0.5 f e e t .  The f l u s h i n g  r a t e  is  

correspondingly low (TaSle 1 )  and i n t r a i n e d  p a r t i c l e s  tend t o  remain i n  t h e  

e s t u a r y  f o r  long per iods  of time. 

Table 1, Exchange r a t i o s  and h a l f - l i f e  va lues  es t imated  f o r  volume segments w i t h i n  
sec t ion3  04 t h e  Pamlico River  Es tuary  when f reshwater  in f low averaged 
42 x  10 m / t i d a l  cyc l e  (99 , l  m3/sec). (15).  

Sec t  i on  Length of Number of Average ~ a l f - l i f e /  
Sec t  ion  Volume Exchange Segment 
(mi les )  Segments Ra t io  ( t i d e s )  

Washington t o  
R m l e y  Marsh 

Rumley Marsh t o  
Ind ian  I s l and  10.8 2 .082 

Indian  I s  land t o  
Pamlico Poin t  25.4 5 -073 



Changes i n  s a l i n i t y  s ea sona l ly  s e m  t o  be a s soc i a t ed  wi th  v a r i a t i o n  i n  

f reshwater  runoff  (F igure  5 ) .  Williams and Deubler (16) i nd i ca t ed  t h a t  t h i s  

gene ra l  s a l i n i t y  c y c l e  i s  c h a r a c t e r i s t i c  of North Caro l ina  e s t u a r i e s ,  S a l i n i t y  

i s  lowest dur ing  t h e  l a t e  w i n t e r  and e a r l y  s p r i n g  a s  shown i n  the  t y p i c a l  s a l i n i t y  

map (Figure 7a) .  This  decrease  i n  s a l i n i t y  i s  c l o s e l y  a s s o c i a t e d  w i t h  i n c r e a s e s  

i n  t h e  flow r a t e  i n  t h e  Tar River  (F igure  5 ) ,  The s a l i n i t y  i n c r e a s e s  t o  maximum 

va lues  dur ing  t h e  summer and f a l l  (F igures  7b and 7 c ,  r e s p e c t i v e l y ) .  These lower 

s a l i n i t y  va lues  correspond t o  low r i v e r  flow r a t e s  {Figure 5 ) ,  The s a l i n i t y  p r o f i l e s  

t h a t  appear  t o  run  p a r a l l e l  t o  t he  e s t u a f i n e  a x i s  (Figure 7c) a r e  t h e  r e s u l t  of 

s t r o n g  e a s t e r l y  winds dur ing  t h a t  measurement per iod (F igure  6 ) .  Th i s  i l l u s t r a t e s  

t h e  f o r c e  of winds i n  t he  Pamlico River  Estuary on water  movements r a t h e r  than  

t i d a l  f o r c e s ,  

The plankton bay system of Pamlico Sound r e p l a c e s  much of o l i g o h a l i n e  system 

of t h e  Pamlico River  Estuary dur ing  t h e  l a t e  summer and f a l l ,  However, dur ing  t h e  

more product ive  time of t h e  yea r  t h e  system i s  e s s e n t i a l l y  o l i g o h a l i n e ,  p a r t i c u l a r l y  

i n  t h e  shal low waters where most of t h e  s p e c i e s  e x i s t .  The more o r  l e s s  permanent 

o l i g o h a l i n e  system l ies  westward of Ind i an  I s l a n d  (F igure  2). 

During times of app rec i ab l e  f reshwater  flow i n  t h e  Pamlico River  Estuary 

s a l i n i t y  s t r a t i f i c a t i o n  can be observed. T h i s s t r a t i f i c a t i o n ,  however, can be  

r a p i d l y  broken yp by s t r o n g  winds, 

111. A .  3 .  Temperature 

I n  c o n t r a s t  t o  t h e  l a r g e  changes i n  s a l i n i t y ,  t h e  temperature  changes were 

s l i g h t  throughout t h e  e s t u a r y  (10) .  T y p i c a l l y ,  t h e  r i v e r  was warmer than  t h e  e s t u a r y  

du r ing  t h e  s p r i n g  when the  r i v e r  wa te r s  warm up f a s t e r ,  I n  t h e  f a l l ,  t h e r e  i s  a  

r e v e r s a l  of t h i s  s i t u a t i o n  a s  t h e  sound waters  coo l  s lower t han  t h e  r i v e r  waters  

and a r e ,  t h e r e f o r e ,  warmer. 



PAMLICO RIVER 

SALINITY (%,) 

JULY 13, 1967 

F i g u r e  7 .  S u r f a c e  p r o f i l e s  ( i n  p p t )  i n  t h e  Pamlico R i v e r  E s t u a r y .  
a .  29 January  1968 
b .  13 J u l y  1967 
c .  14 November 1967 



The maxinum temperature  of 1967 (31,Z C, 88,2 F) was recorded on 23 August bu t  

t h e  lowest temperature  recorded on t h a t  same d a t e  was 24.5 C (76.1 F ) .  Both of 

t h e s e  extremes were a long  t h e  shore and i l l u s t r a t e s  j u s t  how d i f f i c u l t  it  i s  t o  

determine the  average temperature  of t h i s  e s tua ry .  Following t h i s  d a t e ,  t h e  

e s t u a r y  began t o  cool  and the  warmer water  of t h e  sound occas iona l ly  i n t ruded .  

F i n a l l y ,  t h e  e n t i r e  e s t u a r y  was v i r t u a l l y  i so thermal  a t  3 .5  t o  3.7 C (38.3 t o  38.5 F) 

dur ing  w i n t e r ,  

The summer of 1968 was q u i t e  warm and su r f ace  temperatures  reached 34 C on 

6 August. A temperature  of 36 C (96.8 F) was found a t  t h e  bottom of S t a t i o n  H4 

on 23 August. There was s t a t i f i c a t i o n  of t h e  s a l i n i t y  a t  t h i s  s t a t i o n  a l s o ,  and 

s o  t h i s  i s  l i k e l y  a pocket of warm, s a l i n e  water  t h a t  i s  hea ted  by t h e  s u n l i g h t .  

This  resembles t he  greenhouse e f f e c t  of atmospheric h e a t i n g  and has  been found i n  

many a q u a t i c  s i t u a t i o n s .  Minimum temperatures  were reached i n  January ,  followed 

by a  r ap id  r i s e  i n  temperature  dur ing  February.  

111, A ,  4 ,  Dissolved Oxygen 

Dissolved oxygen concen t r a t i ons  i n  t h e  e s t u a r y  a r e  a  ba lance  between t h e  

process  of equ i l i b r ium of oxygen wi th  t h e  a i r ,  t h e  photosynthes i s  and t h e  

r e s p i r a t i o n .  Some gene ra l  p a t t e r n s  f o r  s u r f a c e  and bottom d isso lved  oxygen 

concen t r a t i ons  i n  t h e  Pamlico River  Es tuary  a r e  g iven  i n  F igu re  8. While s a t u r a t i o n  

va lues  of d i s so lved  oxygen e x i s t  a t  t h e  s u r f a c e  dur ing  t h e  e n t i r e  y e a r ,  d i sso lved  

oxygen decreased t o  very low concen t r a t i ons  dur ing  t h e  summer i n  t he  middle of t h e  

e s t u a r y  (Figure 8 c ) .  Low oxygen concen t r a t i ons  occurred a t  t h e  two s t a t i o n s  (H16 

and H17) c l o s e s t  t o  t h e  inf lowing Tar River .  It i s  l i k e l y  t h a t  t h i s  i s  caused by 

sewage from c i t i e s  up r i v e r ,  e s p e c i a l l y  Washington, N, C .  Percent  s a t u r a t i o n  of 

d i s so lved  oxygen a t  t h e  s u r f a c e  and t h e  bottom of t h e  Pamlico River  Estuary f o r  

sampling s t a t i o n s  throughout i t s  length  du r ing  a per iod between win t e r  and summer 

a r e  shown i n  Table  2 ,  



PAMLICO RIVER 5 52 

T ~ P  nn .-. -.-. 
JULY 4, 1969 

636 

0 12 

PAMLICO RIVER 

BOTTOM D.O. 

JULY 4, 1969 
1.61 

1.12 

F i g u r e  8. D i s s o l v e d  oxygen c o n c e n t r a t i o n s  ( m l l l i t e r )  i n  t h e  Pamlico R i v e r  E s t u a r y .  
a .  s u r f a c e ,  26 February  1969 
b. s u r f a c e ,  4 J u l y  1969 
c .  bot tom,  4 J u l y  1969 



Tab le  2. Percent  S a t u r a t i o n  of Dissolved Oxygen a t  t h e  s u r f a c e  (S) and bottom (B) of  t h e  Pamlico River  Estuary 
13  December 1968 - 4 J u l y  1969. 

S t a t ion :  H 1  H2 H3 H4 H6 H7 H8 H10 H13 H15 H16 H17 

13 Dec. 
1968 

6 Jan .  
1968 

6 Feb. 
1969 

26 Feb. 
1969 

h3 
w 

1 Apr.. 
1969 

15 Apr. 
1969 

2 May 
1969 

3 June  
1969 

19 June 
1969 

100 96 
95 98 

No Data 
No Data 

98 7 8 
95 80 

86 93 
7 1 100 

- - - 9 1 --- 106 

9 1 8 5 
7 7 76 

101 96 --- --- 

97 93 
105 9 1 

101 99 
98 95 



111. A .  5. Conclusions 

Th i s  s e c t i o n  of t h e  r e p o r t  summarizes s a l i n i t y ,  temperature  and d i s so lved  

oxygen measurements made i n  t h e  Pamlico River  Es tuary  of North Caro l ina  du r ing  

1965 t o  1969. The e s t u a r y  i s  shal low and n a t u r a l l y  product ive ,  w i th  a  s a l i n i t y  

range of 0.5 t o  15 o r  20 ppt .  The luna r  t i d e  i s  damped out  by t h e  Outer Banks 

s o  t h a t  t h e r e  i s  only a  6  inch change i n  water  l e v e l ,  Wind t i d e s  a r e  more 

important  and may r a i s e  o r  lower t h e  water  l e v e l  more than 3  f t .  

Changes i n  s a l i n i t y  were c l o s e l y  r e l a t e d  t o  t h e  amount of inf lowing f reshwater .  

Th i s  produced changes a t  one s t a t i o n ,  some 10 mi l e s  from t h e  mouth of t h e  e s t u a r y ,  

of 13 ppt .  Upstream dams on t h e  Tar  River  would c e r t a i n l y  reduce much of t h i s  

f l u s h i n g  of f reshwater  and would thereby  change t h e  character of t h e  e s t u a r y .  It 

i s  recommended t h a t  s t u d i e s  be made of t h e  e f f e c t  of t h e s e  changes on t h e  animals  

and p l a n t s  of t h e  e s t u a r y  s o  t h a t  a c c u r a t e  p r e d i c t i o n s  can be  made. 

There were a l s o  changes i n  t h e  s a l i n i t y  d i s t r i b u t i o n  due t o  t h e  wind 

speed and d i r e c t i o n  and a l s o  t o  t h e  C o r i o l i s  Force.  I n  g e n e r a l ,  t h e  e s t u a r y  

had lower s a l i n i t i e s  a long  t h e  south shore a s  a r e s u l t  of t h e s e  f a c t o r s .  

Temperatures ranged from c l o s e  t o  f r e e z i n g  up t o  93 F ,  a l though tempera tures  

above 8 9  F were unusual .  There a r e  no i n d u s t r i a l  e f f l u e n t s  adding h e a t  s o  

t h e  temperatures  found were t h e  n a t u r a l  cond i t i on  of t he  e s t u a r y .  It i s  a l s o  

important  t o  no t e  t h a t  t h e  temperature  va r i ed  by a s  much a s  7 F w i t h i n  t h e  

e s t u a r y  on one d a t e  so  t h a t  average temperatures  o r  n a t u r a l  cond i t i ons  of t h e  

wa te r  a r e  extremely d i f f i c u l t  t o  de f ine .  These f a c t s  become important  when s t anda rds  

a r e  be ing  s e t  f o r  thermal  a d d i t i o n s  t o  e s t u a r i e s ,  It i s  recommended t h a t  93 F would 

be  a  l o g i c a l  upper l i m i t  f o r  a n  a b s o l u t e  s tandard  f o r  t h i s  e s t u a r y  i n s t e a d  of t h e  

90 F Fede ra l  S tandard ,  

The e s t u a r y  s t r a t i f i e s  i r r e g u l a r l y ,  bu t  t h e  wa te r s  a r e  s o  r i c h  t h a t  t h e  

bottom waters  l o s e  a l l  t h e i r  d i s so lved  oxygen w i t h i n  a  week o r  so  a f t e r  s t r a t i f i -  

c a t i o n .  A s  a  r e s u l t ,  b e n t h i c  animals  (bottom dwel l ing)  a r e  k i l l e d  throughout  



l a r g e  a r e a s  o f  t h i s  e s t u a r y ,  Although the e s t u a r y  s t i l l  h a s  i t s  n a t u r a l  f l o r a  and 

f a u n a ,  it is b e i n g  enr iched  by sewage and farm r u n o f f .  I f  t h i s  could  be reduced ,  

t h e n  t h e  occur rence  of t h e s e  low oxygen l e v e l s  would be  reduced o r  h a l t e d  e n t i r e l y ,  

The e s t u a r y  would t h e n  become a n  even b e t t e r  environment .  It i s  recommended, 

t h e r e f o r e ,  t h a t  e v e r y  e f f o r t  be  made t o  reduce n u t r i e n t  a d d i t i o n  t o  t h i s  e s t u a r y  

from urban  and farm w a s t e s  a s  w e l l  a s  from f e r t i l i z e r s .  

111. B .  Phosphorus 

Phosphate i s  a  v i t a l  p a r t  of every  l i v i n g  organism,  y e t  i s  found i n  n a t u r e  

a t  a  ve ry  low c o n c e n t r a t i o n .  F o r  example, t h e  u s e  of ca rbon ,  n i t r o g e n ,  and 

phosphorus by organisms i n  n a t u r e  h a s  t h e  approximate  r a t i o  of 106:16:1 (C:N:P) 

( 1 7 ) *  E s t u a r i e s  u s u a l l y  c o n t a i n  around 1 ug-a t   liter (equa l  t o  3 1  ug  liter). 

Ketchum (18) s t a t e s  t h a t  t h e  maximum c o n c e n t r a t i o n  of phosphate  found i n  u n p o l l u t e d  

w a t e r s  i s  abou t  2 .8  ug-a t   liter f o r  c o a s t a l  w a t e r s .  T h i s  i m p l i e s  t h a t  i f  more 

t h a n  t h i s  amount were found ,  e u t r o p h i c a t i o n  o r  t h e  speed up of b i o l o g i c a l  a c t i v i t y  

and t h e  r e s u l t a n t  changes  i n  t h e  b i o l o g i c a l  p o p u l a t i o n  w i l l  b e g i n .  T h i s  a l s o  

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

many c o a s t a l  a q u a t i c  ecosystems t h e r e  i s  n o t  enough n i t r o g e n  p r e s e n t  and i t  i s  s a i d  

t h a t  t h e  n i t r o g e n  i s  t h e  l i m i t i n g  f a c t o r ,  

I n  s p i t e  of t h e  importance of phosphorus i n  e s t u a r i e s ,  t h e  a n n u a l  c y c l e s  of 

phosphorus have n o t  been w e l l  s t u d i e d  i n  e a s t  c o a s t  e s t u a r i e s ,  I n  one ex t remely  

p o l l u t e d  s i t u a t i o n ,  Moriches  Bay on Long I s l a n d ,  t h e  t o t a l  phosphorus reached  

80  ug-a t   liter i n  t h e  r i v e r  e n t e r i n g  t h e  bay (19) .  A t  t h e  o t h e r  ex t reme ,  t h e  

open ocean h a s  around 1 ug-a t   liter. I n  a  r e c e n t  s t u d y ,  C a r p e n t e r ,  P r i t c h a r d ,  

- 
and Whaley (20) r e p o r t e d  t h a t  most of Cheseapeake Bay had between 1 and 2 u g - a t  

P /  1 i t e r  . 
With t h e  placement of phosphorus mining a c t i v i t i e s  on t h e  s h o r e s  of t h e  

Pamlico River  E s t u a r y  i n  1964, it  was f e a r e d  t h a t  l a r g e  phosphorus a d d i t i o n s  would 



cause eu t roph ica t ion .  A l a rge - sca l e  sampling program was e s t a b l i s h e d  i n  1965 

t o  monitor phosphorus concent ra t ions  o f f  t h e  s l ime p i t  e f f l u e n t  (F igure  1) 

and l a t e r  expanded t o  cover t h e  e n t i r e  e s t u a r y  and i t s  t r i b u t a r i e s .  The 

fo l lowing  is  a  summary of t h a t  work. 

111, B.  1. Procedures 

A t  two week i n t e r v a l s ,  s u r f a c e  samples were taken a t  each s t a t i o n  and re turned  

t o  t he  l abo ra to ry  f o r  a n a l y s i s ,  Analysis  methods followed i n  gene ra l  t hose  

proposed by S t r i ck l and  and Parsons (21) .  P a r t  of t h e  sample was f i l t e r e d  through 

Gelman type A Glass F i b e r  F i l t e r s  p r i o r  t o  a n a l y s i s  and p a r t  of t h e  u n f i l t e r e d  

and p a r t  of t he  f i l t e r e d  sample was d iges t ed  by t h e  potassium persu lphate  ox ida t ion  

method of Menzel and Corwin (22) us ing  an  au toc lave .  A l l  t h r e e  samples were then  

analyzed by the  mixed reagent  method of adding o lybdic  a c i d ,  a sco rb ic  a c i d ,  and 

t r i v a l e n t  antimony. 

not  f i l t e r e d  - - - d iges t ed  - - -  analyzed = T o t a l  u n f i l t e r e d  P  

- - . .  d iges t ed  - - - analyzed = Tota l  F i l t e r e d  P  

not  f i l t e r e d  - - - no t  d iges t ed  - - - analyzed = React ive  P  

The c o l o r  development was read i n  a  Beckman DU I1 spectrophotometer and t h e  

o p t i c a l  d e n s i t y  c a l i b r a t e d  a g a i n s t  s tandards .  These s tandards  proved t o  be cons t an t  

and a  f a c t o r  of 5.0 mu l t ip l i ed  by t h i s  spectrophotometer reading gave t h e  concen- 

t r a t i o n .  However, it was noted i n  1969 t h a t  t h e  c a l i b r a t i o n  curve was not  l i n e a r  

above 10 ug-at P / l i t e r  and t h a t  t h e  previous readings  obtained were underes t imates .  

The re fo re ,  t h e  concen t r a t ions  measured p r i o r  t o  14 October 1969, a r e  low and can 

be co r r ec t ed  by mul t ip ly ing  by a  f a c t o r  of 1.0 a t  10 ug-at P / l i t e r  and 1.6 a t  

20 ug-at  liter, Because t h i s  c o r r e c t i o n  makes no d i f f e r e n c e  t o  t h e  conclus ions  

of t h i s  r e p o r t ,  i t  was not  appl ied  t o  t he  d a t a .  It  was a l s o  found t h a t  t h e  curves 

f o r  t o t a l  (d iges t ed )  and r e a c t i v e  (undigested)  phosphate concen t r a t ions  versus  

e x t i n c t i o n  had d i f f e r e n t  s lopes .  Again the  d i f f e r e n c e s  a r e  s l i g h t ,  bu t  t h i s  



c o r r e c t i o n  and t h e  c o r r e c t i o n  f o r  t h e  d i f f e r i n g  f a c t o r s  a t  h igh  concen t r a t i ons  of 

phosphorus w i l l  c l e a r  up most of t h e  d i s c r epanc i e s  of t h e  d a t a  where t h e  r e a c t i v e  

phosphorus i s  h ighe r  t h a n  the  t o t a l  phosphorus. 

Phosphorus i n  t h e  sediment was measured i n  a  manner s i m i l a r  t o  t h e  t o t a l  

u n f i l t e r e d  phosphorus, A measured amount of sediment was placed i n  a  beaker  

and t h e  p e r s u l f a t e  ox ida t ion  c a r r i e d  o u t  i n  a n  au toc l ave  b e f o r e  ana lyz ing  wi th  

mixed r eagen t .  The dry weight  of t h e  sediment was determined a f t e r  two o r  t h r e e  

hours  of d ry ing  i n  a  100 C oven. 

111, B ,  2,  Ph,osphorus i n  t h e  Water -- 

Measurements began i n  1965 a t  f i v e  s t a t i o n s  which were loca ted  a t  t h e  numbered 

s e r i e s  s t a t i o n s  shown i n  F igu re  2 .  These e a r l y  r e s u l t s ,  which measured only 

r e a c t i v e  phosphorus, were almost  always below 1 ug-at  liter (Table 3 ) .  Sampling 

d a t e s  f o r  t h i s  s e r i e s  were 29 June,  4  August, 19 August,  23 September, 12 November, 

and 16 December 1965, 

Table  3 ,  Some samples from 1965 d a t a  of t h e  concen t r a t i on  of r e a c t i v e  phosphorus 
(ug-at   liter) i n  t h e  Pamlico River  (See F igure  2 f o r  l o c a t i o n  of s t a t i o n s ) ,  

S t a t i o n  

29 June Sur face  0 -15  0.00 0.25 0,25 0,50 
Bottom 0-15  -0,15 . 0.25 0.25 0.40 

19 August Surf ace  0.85 0,70 0.05 0.40 1.25 
Bottom 1.25 1.45 1,OO 1-15  0.18 

12 December Sur face  0.00 0.02 0.02 0.01 0.03 
Bottom 0,OO 0,02 0.02 0.04 0.04 

- --- -4- 

Although these  few d a t a  a r e  no t  enough f o r  d e f i n i t e  conc lus ions ,  it appears  

t h a t  t he  upstream s t a t i o n s  a r e  h ighe r  i n  r e a c t i v e  phosphorus and t h a t  .low amounts 

reach  Pamlico Sound. Another i n t e r e s t i n g  r e s u l t  i s  t h e  h ighe r  concen t r a t i ons  i n  

some of t h e  bottom water  samples dur ing  t h e  summer. Th i s  i s  due t o  t h e  phosphate- 

i r o n  r e l a t i o n s h i p  a t  low oxygen concen t r a t i ons .  When t h e  E dec reases ,  t h e  
h 



i n s o l u a b l e  f e r r i c  phosphate  changes t o  t h e  s o l u b l e  f e r r o u s  phosphate  which t h e n  

e n t e r s  t h e  w a t e r  from t h e  sediment .  

Regula r  sampl ing began i n  1967 and t h e  d a t a  a r e  p r e s e n t e d  by Hobbie (9) .  

F o r  t h e  purpose  o f  h i s  r e p o r t ,  t h e  t o t a l  u n f i l t e r e d  phosphorus was chosen because  

t h e  o t h e r  two measurements a r e  s u b f r a c t i o n s  of t h i s ,  The d i s t r i b u t i o n  and e s p e c i a l l y  

t h e  s o u r c e s  of t h e  phosphorus was a d e q u a t e l y  i l l u s t r a t e d  by t h e s e  c o n c e n t r a t i o n  d a t a .  

When t h e  t o t a l  u n f i l t e r e d  phosphorus d a t a  are summarized f o r  t h e  u p p e r ,  m i d d l e ,  

and lower r i v e r  ( F i g u r e  9 ) ,  i t  becomes obvious  t h a t  t h e r e  h a s  been  a  g e n e r a l  

i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of phosphorus i n  t h e  upper  r i v e r  o v e r  t h r e e  y e a r s  

of sampl ing ,  I n  t h i s  g raph ,  t h e  means and ranges  a r e  p l o t t e d  and n o t  a l l  s t a t i o n s  

have been  i n c l u d e d .  F o r  example, s t a t i o n s  7-9 which f e l l  i n t o  a n  i n t e r m e d i a t e  

r e g i o n  between t h e  upper  and t h e  middle  r i v e r  were  o m i t t e d .  I n  s p i t e  of t h e  

s c a t t e r  of v a l u e s  and t h e  s e a s o n a l  changes ,  t h e r e  was a  t r i p l i n g  i n  t h e  

phosphorus c o n c e n t r a t i o n  i n  t h e  upper  r i v e r .  

The midd le  r i v e r  (middle s e c t i o n  o f  F i g u r e  9) was g r e a t l y  a f f e c t e d  by t h e  

h i g h  c o n c e n t r a t i o n  of phosphorus e n t e r i n g  from Texas Gulf Su lphur  (Lee Creek) .  

These  h i g h  c o n c e n t r a t i o n s  s t a r t e d  i n  August 1967 (a  d a t a  p o i n t  i s  m i s s i n g  i n  t h e  

g raph  b u t  one v a l u e  reached 2 3  u g - a t  ~ k l i t e r )  and ended the n e x t  August (1968), 

b u t  d i d  s t a r t  a g a i n  a  y e a r  l a t e r  (August of 1969).  

The lower s e c t i o n  of t h e  r i v e r  h a s  fewer  s t a t i o n s  b u t  a l s o  seems t o  be  

s t r o n g l y  a f f e c t e d  by Texas  Gulf SGlphurss  a c t i v i t i e s .  The p e r i o d s  o f  r e l a t i v e l y  

h i g h  phosphorus c o n c e n t r a t i o n s  c o r r e l a t e  w e l l  w i t h  t h e  h igh  v a l u e s  i n  t h e  midd le  

s e c t i o n  c l o s e r  t o  Texas Gulf Sulphur .  While it  i s  d i f f i c u l t  t o  s a y  whether  o r  n o t  

t h e  amount o f  phosphorus r e a c h i n g  Pamlico Sound i s  i n c r e a s i n g ,  most of t h e  t i m e  

on ly  low l e v e l s  r e a c h  t h e  sound. 
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F i g u r e  9; The means and ranges  f o r  t h e  t o t a l  u n f i l t e r e d  phosphorus (ug-at   liter) 
i n  t h r e e  s t r a t a  of t h e  Pamlico R i v e r ,  1967-1969. The upper s e c t i o n  
( c l o s e s t  t o  Washington,  N. C.) c o n t a i n s  S t a t i o n s  1-6 (1967-1968) and 
H9, 10 ,  11, 16 ,  1 7 ,  (1968-1969). The middle  s t r a t u m  c o n t a i n  s t a t i o n s  
11-35 (1967-1968) and H4-7 (1968-1969). The lower s t r a t u m  c o n t a i n  
s t a t i o n s  36-39 (1967-1968) and HI-3 (1968-1969). 



111. B e  3. Phosphorus i n  t h e  Sediments 

A t o t a l  of 48 samples were taken i n  t h e  e s t u a r y  f o r  a n a l y s i s  of t h e  phosphorus 

i n  the  s u r f a c e  sediment. The r i v e r  was d iv ided  i n t o  s i x  s t r a t a  and 8 random 

samples were taken i n  each s t r a tum (4 ) .  

Another s e t  of 25 samples were taken i n  a  s e r i e s  of t r a n s e c t s  o f f  the  Texas 

Gulf Sulphur p l a n t  and y e t  another  of 44 samples were taken o f f  t h e  s l imes  

s e t t l i n g  pond. A 1 1  samples were c l a s sed  a s  e i t h e r  sand o r  mud. 

The s e r i e s  i s  d i f f i c u l t  t o  i n t e r p r e t  a s  one s e t  was taken i n  J u l y  ( e s tua ry )  

and the  o t h e r s  i n  October. There might have been changes due t o  season,  b u t  t hese  

a r e  a s  y e t  unknown. However, t h e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  

between t h e  s t r a t a  even though Texas Gulf Sulphur added phosphorus would a f f e c t  

only 3 s t r a t a .  Besides t h e  g r e a t  d i f f e r e n c e s  between t h e  sand and t h e  mud, t h e r e  

were a l s o  d i f f e r e n c e s  t h a t  were c o r r e l a t e d  wi th  d i f f e r e n t  oxygen cond i t i ons  (Table 

4 ) .  As a l ready  noted,  when t h e  oxygen i s  very low, t h e  phosphorus i s  transformed 

i n t o  a  so lub le  form and leaves the  sediment. 

Table 4. Phosphorus concent ra t ions  i n  su r f ace  sediments of t h e  Pamlico River  
Es tuary ,  o f f  Texas Gulf Sulphur and o f f  s l imes  pond, 1968. Concentrat ions 
a r e  repor ted  a s  ug-at  p/mg d r y  weight of sediment. 

Mean No. of Samples S. D. S. E.  

SAND : 
River  
Off TGS 
Off Slimes 

MUD : 
River ,  h igh  O2 43.8 15 13.32 3.44 

24.2 8 3.58 1.26 
% ~ ? R : ~ ~ f l o w  + high)  37 .O 23 14-43 3.00 
Off TGS 113.1 17 29.57 7.17 
Off Slimes Pond 121.8 2 3  44.76 9.33 



Some very  h i g h  v a l u e s ,  f o r  example 112,4 and 85.6 ug-a t  P/mg f o r  s a n d ,  were 

found o f f  Texas Gulf Sulphur  p l a n t  and t h e  a v e r a g e  f o r  t h e  mud i s  a l s o  ve ry  h i g h .  

I n c r e a s e d  mud l e v e l s  were n o t i c e d  o f f  t h e  s l i m e s  b a s i n ,  w i t h  one v a l u e  r e a c h i n g  

191.7 and a n o t h e r  194,4 u g - a t  ~ / r n g .  I n  view of t h e s e  h i g h  v a l u e s ,  it  a p p e a r s  

t h a t  t h e  phosphate  mining h a s  r a i s e d  t h e  phosphorus l e v e l  i n  t h e  sed iment .  The 

g r e a t  v a r i a b i l i t y  from sample t o  sample and t h e  l a c k  of a n  adequa te  number of samples 

makes i t  d i f f i c u l t ,  however, t o  draw s o l i d  conclusions. 

111. B .  4 .  Conc lus ions  

Unl ike  some p o l l u t a n t s ,  phosphate  i s  n o t  harmful  by i t s e l f ,  a t  l e a s t  n o t  a t  

t h e  c o n c e n t r a t i o n s  found i n  t h i s  r i v e r  o r  even t h o s e  found i n  Tampa Bay where 

thousands  of pounds of phosphorus a r e  b e i n g  dumped e v e r y  day ( 2 ) .  However, when 

o t h e r  n u t r i e n t s ,  such a s  n i t r o g e n  compounds a r e  a v a i l a b l e  t o  work i n  c o n c e r t  w i t h  

t h e  phosphorus,  t h e n  t h e  a l g a e  w i l l  t a k e  advan tage  o f  t h e  improved c o n d i t i o n s ,  

grow f a s t e r ,  change i n  s p e c i e s ,  and e v e n t u a l l y  produce harmful  blooms. U l t i m a t e l y ,  

t h i s  speed-up of t h e  a l g a l  growth w i l l  produce a n  e u t r o p h i c a t i o n ,  o r  enr ichment  o f  

t h e  whole b i o l o g i c a l  sys tem and l e a d  t o  a  r a p i d  change i n  t h e  whole b i o t a .  For  

example, i f  t h e  t y p e  of a l g a e  change,  t h e n  t h e  o y s t e r  and t h e  clam l a r v a e  may n o t  

s u r v i v e  a s  w e l l  and e v e n t u a l l y  be  e l i m i n a t e d  from t h e  r i v e r .  The same could  

happen t o  sh r imp  and f i s h  l a r v a e .  The rich environment w i l l  produce s o  much a l g a e  

t h a t  decay and odor problems w i l l  e v e n t u a l l y  reduce  t h e  r e c r e a t i o n a l  o p p o r t u n i t i e s .  

The f i r s t  c o n c l u s i o n  t h a t  can  b e  reached  from t h e s e  d a t a  i s  t h a t  t h e  Pamlico 

R i v e r  i s  n a t u r a l l y  r i c h  i n  phosphate .  R e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  a r e  p r e s e n t  

i n  t h e  T a r  River  w a t e r s  e n t e r i n g  t h e  e s t u a r y  b u t  t h e s e  have p robab ly  t r i p l e d  i n  

t h e  p a s t  t h r e e  y e a r s .  These c o n c e n t r a t i o n s  a l o n e  e q u a l  and s u r p a s s  t h e  2.8 ug-a t  

 liter sugges ted  by Ketchum (18) a s  a  l i k e l y  upper  l e v e l  f o r  u n p o l l u t e d  c o a s t a l  

w a t e r s .  The c o n s i d e r a b l e  amounts of phosphorus added from t h e  p l a n t  w a s t e s  of Texas 

Gulf Sulphur  a r e ,  t h e r e f o r e ,  added t o  a  r i v e r  a l r e a d y  v e r y  r i c h  i n  phosphate .  



Some b i o l o g i c a l  da t a  from t h i s  r i v e r  have a l r eady  been presented (2 )  t h a t  

i n d i c a t e  t h a t  l i t t l e  b i o l o g i c a l  e f f e c t  of t h e  added phosphorus from Texas Gulf 

Splphur can be measured, For example, da t a  w i l l  be shown i n  l a t e r  s e c t i o n s  

i n d i c a t i n g  t h a t  t h e r e  were no d i sce rnab le  a d d i t i o n a l  a l g a l  q u a n t i t i e s  o r  photosynthes is  

i n  t h e  a r e a s  of t h e  r i v e r  where t h e r e  were high phosphorus concen t r a t ions .  Experiments 

wi th  added n u t r i e n t s  revea led  t h a t  n i t r a t e  s t imula ted  photosynthes is  wh i l e  phosphate 

d id  no t .  F i n a l l y ,  l a r g e  s c a l e  experiments i n  one-half a c r e  a r t i f i c a i l  e s t u a r i e s  

revea led  no e f f e c t  of added s l ime pond decant  water  o r  per iphyton ( 7 )  and phyto- 

plankton (8) .  Of course t h i s  i s  only a  pre l iminary  conclus ion ,  b u t  it appears  t h a t  

n i t r o g e n  i s  l i m i t i n g  i n  t h i s  e s tua ry  and t h a t  t h e  p o l l u t i n g  e f f e c t s  of t h e  Texas 

Gnlf Sulphur phosphate a r e  s l i g h t  a t  t h i s  t ime, However, i f  o t h e r  n u t r i e n t s  become 

a v a i l a b l e  t hese  phosphorus concent ra t ions  could lead t o  eu t roph ica t ion .  

I f  t he se  h igh  amounts of phosphorus were added t o  a  lake  t h e r e  would be a  

s t r o n g  p o l l u t i o n  e f f e c t .  Lucki ly,  t h e r e  a r e  s e v e r a l  d i f f e r e n c e s  between a  lake  

and a n  e s tua ry .  F i r s t  of a l l ,  t he  e s tua ry  i s  a  flow-through system and much of t h e  

phosphorus i s  removed from the  e s t u a r y  wi th in  a  number of weeks. A l a k e ,  i n  

c o n e r a s t ,  would hold almost a l l  t h e  phosphorus i n  i t s  waters  and sediment where i t  

could be recycled s e v e r a l  t imes. A second d i f f e r e n c e  lies i n  the s l i g h t  amount of 

s t r a t i f i c a t i o n  i n  the  e s t u a r y ,  Once phosphorus does reach the  sediments ,  it i s  held 

by chemical p r e c i p i t a t i o n  from r e t u r n i n g  t o  t h e  water  column. A s t r a t i f i e d  l ake ,  

on t h e  o the r  hand, has  a c t i v e  r ecyc l ing  of so luab le  phosphorus because of t h e  reducing 

n a t u r e  of t h e  lower water  and the  top  of t he  sediments.  I n  t h i s  e s t u a r y ,  s i g n i f i -  

c a n t l y  lower amounts of sediment phosphorus were found i n  those a r e a s  of low oxygen 

content  (Table 4 ) .  I f  condi t ions  i n  t he  Pamlico River  Estuary should lead t o  low 

oxygen water  on a  more widespread b a s i s ,  cons iderable  phosphorus could be expected 

t o  r e - en te r  the  water  from sediments.  

The sediment,however, i s  a l s o  a  dynamic exchange system f o r  phosphorus, no t  

merely a  r e c e p t a c l e  f o r  sedimented n a t e r i a l .  Much of t h e  phosphorus l o s t  from 



t h e  water  goes i n t o  t h e  sediment a s  t h e  water moves downstream. An equi l ibr ium 

i s  s e t  up and i f  water low i n  phosphorus passes  over t hese  sediments ,  some 

phosphorus w i l l  go i n t o  t h e  water .  

Perhaps t h e  f ind ing  wi th  t h e  most impact f o r  t h e  f u t u r e  of t he  e s tua ry  i s  the  

t r i p l i n g  of the  phosphorus i n  t h e  Tar River inf low over t h r e e  years .  It is  l i k e l y  

t h a t  t h i s  phosphorus i s  accompanied by n i t rogen  and t h a t  i t  comes from sewage a s  

farm land usua l ly  holds  very t i g h t l y  t o  added phosphorus. Thus, sewage f e r t i l i z a -  

t i o n  i s  r a p i d l y  inc reas ing  i n  t he  r i v e r  b a s i n  and i f  t h e  r a t e  of i nc rease  con t inues ,  

can only harm t h e  e s tua ry  w i t h i n  t h e  next  few decades. 

111. C. Phytoplankton 

The type and abundance of phytoplankton g ive  important c l u e s  about t h e  

t r o p h i c  l e v e l  and s t a t e  of eu t roph ica t ion  o r  p o l l u t i o n  of aqua t i c  systems. The 

a lgae  respond r ap id ly  t o  s l i g h t  changes i n  t he  r i v e r ,  l ake ,  o r  e s t u a r y ,  and t h e i r  

response i s  o f t e n  t h e  f i r s t  s i g n  of changes due t o  man's a c t i v i t i e s .  I n  s p i t e  of 

t h e i r  importance a s  an  i n d i c a t o r  and a s  a b a s i c  c o n t r i b u t o r  t o  primary p r o d u c t i v i t y ,  

r e l a t i v e l y  l i t t l e  i s  known of t h e i r  s p e c i e s  and abundance i n  e s t u a r i e s .  This  i s  

p a r t l y  a r e s u l t  of t he  spec i a l i zed  knowledge of taxonomy necessary t o  i d e n t i f y  

t h e  var ious  s p e c i e s ,  bu t  a l s o  stems from t h e  g r e a t  d i f f i c u l t y  i n  adequately sampling 

t h e  a lgae .  Es tua r ine  popula t ions  change r a p i d l y  i n  space and time and a tremendous 

amount of work is  necessary t o  o b t a i n  any meaningful da t a .  I n  c o n t r a s t ,  l a r g e r  

aqua t i c  organisms, such a s  molluscs and f i s h ,  a r e  not  only e a s i e r  t o  sample and 

i d e n t i f y ,  bu t  they have an immediate commercial va lue  t h a t  has  s t imula ted  t h e i r  

s tudy . 
Phytoplankton s p e c i e s ,  numbers, and biomass i n  t h e  Pamlico River Estuary of 

North Carol ina dur ing  t h e  period August 1966 through A p r i l  1968 a r e  summarized 

here .  D e t a i l s  of t h e  phytoplankton s tudy a r e  given by Hobbie (6) .  



-- -- -- 

111. @. 1. Procedures  

It i s  obv ious  t h a t  methods used f o r  taxonomi s t u d y  a r e  n o t  s u i t a  . b l e  f o r  an  

e c o l o g i c a l  s t u d y  such a s  t h i s .  The main o b j e c t i v e  of a  taxonomical  s t u d y  i s  t o  

o b t a i n  s p e c i e s  d e s c r i p t i o n  and d i s t r i b u t i o n s .  I n  c o n t r a s t ,  a n  e c o l o g i c a l  s t u d y  - 
must measure t h e  amount of a l g a l  biomass p r e s e n t  because  i t  i s  f e d  upon by zooplankton 

and o t h e r  an imals .  For  t h i s  r e a s o n ,  numbers p e r  l i t e r  a r e  n o t  a d e q u a t e  b u t  must a 

be changed t o  a  volume o r  we igh t  b a s i s  ( t h e  volumes of i n d i v i d u a l  phy top lank ton  

3  c e l l s  may r a n g e  from 1 t o  more t h a n  10,000 u  ). 

1 1  
The method of s t u d y  chosen was t h e  Utermohl t echn ique  which u t i l i z e s  s e t t l i n g  

chambers and arm i n v e r t e d  microscope.  T h i s  method (23) h a s  become t h e  s t a n d a r d  i n  

marine  and f r e s h w a t e r  phy top lank ton  work; i t s  o n l y  drawback b e i n g  t h e  amount o f  t ime  

n e c e s s a r y  f o r  each sample. The most impor tan t  advantage i s  t h a t  t h e  method e n a b l e s  

c o u n t i n g  t h e  fEagePBates and nonnoplankton a s  w e l l  a s  less f r a g i l e ,  l a r g e r  forms. 

One example of t h e  importance s f  t e c h n i q u e  and of f l a g e l l a t e s  i s  mentioned by 

P a t t e n ,  MuPford and Warinner (24) .  They foucd t h a t  t h e  l a r g e  d ia tom blooms found 

by e a r l i e r  workers  i n  Chesapeake Bay were rratched by e q u a l l y  l a r g e  f l a g e l l a t e  blooms. 

E v i c k n t l y  t h e  f l a g e l l a t e s  were l o s t  o r  d e s t r o y e d  w i t h  a  n e t - p l u s - f o r m a l i n  t r e a t m e n t .  

D r .  E, M. B u l b e r t ,  Woods Bole  Oceanographic I n s t i t u t i o n ,  he lped  w i t h  t h e  e a r l y  

i d e n t i f i c a t i o n  problems,  but shou ld  n o t  be held r e s p o n s b i l e  f o r  the taxonomic 

e r r o r s  t h a t  may have c r e p t  i n  s i n c e  h i s  v i s i t s  i n  1969. 

F o r  d e t e r m i n i n g  t h e  number of organisms and t h e i r  b iomass ,  t h e  method of  

~ t e r r n u h l  (25) was u s e d ,  B r i e f l y ,  t h e  organisms were p rese rved  i n  a  ~ u g o l ' s - t y p e  

s o h u t i o n ,  s e t t l e d  i n t o  a  smal l  coun t ing  chamber, t h e  e x c e s s  w a t e r  removed, and t h e  

organisms counted w i t h  a n  i n v e r t e d  microscope,  

Immediately a f t e r  t h e  u n f i l t e r e d  sample Fs c o l l e c t e d  i n  t h e  f i e l d ,  100 m l  a r e  

p laced  i n  a g l a s s  b o e e l e  w i t h  a Poly-Sea@ inner cap.  Next,  8 d r o p s  of L u g o l ' s  

s o l u t i o n  p l u s  sodium a c e t a t e  a r e  added, The u s u a l  s o l u t i o n  h a s  a c e t i c  a c i d  added, 

b u t  t h i s  m o d i f i c a t i o n  o f  i t  p r e s e r v e s  t h e  c o c c o l i t h o p h o r e s  much b e t t e r  t h a n  t h e  

a c i d .  The formula  is: 10 gm I2 4- 2Q gm K I  + 21.85 gm Naace ta te  + 200 ml w a t e r .  



The samples a r e  then  preserved i n d e f i n i t e l y ,  b u t  c a r e  should be  taken  t o  keep them 

out  of b r i g h t  l i g h t  and t o  renew t h e  c o l o r  of any samples t h a t  becomes faded. 

The s e t t l i n g  appa ra tu s  c o n s i s t s  of a  s e t t l i n g  chamber t h a t  i s  1 inch (25.4 mrn) 

in  i n s i d e  diameter  and 2% inches  (6  cm) h igh  glued on t o  a  square  p l a t e  of g l a s s  

wi th  a  1 inqh h o l e  i n  t h e  middle. This  s e t t l i n g  chamber i s  placed on t o p  of t h e  

count ing chamber which c o n s i s t s  of another  square  p l a t e  of g l a s s  w i th  a  1 inch 

h o l e  - -  t h e  ho l e  has  a  cover  s l i p  glued over it (Pliobonc@. Next, t h e  thoroughly 

mirsed sample i s  poured i n t o  t h e  chamber l eav ing  a  p o s i t i v e  miniscus a t  t h e  top.  

A small  square of g l a s s  i s  t hen  moved a c r o s s  t h e  top  t o  complete t h e  s e t t l i n g  

appa ra tu s  ( t h e r e  should be no a i r  bubbles  i n s i d e ) .  

This  s e t t l i n g  appara tus  w i th  t h e  enclosed sample i s  next  placed i n  a  mois t  

chamber f o r  24 h r  t o  a l low the  preserved a l g a e  t o  a l l  s e t t l e  t o  t h e  bottom. I f  

d i f f e r e n t  s i z e  chambers a r e  used ( a l l  t h e  same d iameter ,  however), t hen  approximately 

4 h r  of s e t t l i n g  time per  cm of c e l l  h e i g h t  should be  allowed. 

The s e t t l i n g  chamber i s  moved o f f  t h e  count ing  chamber and rep laced  by a  

t h i n  g l a s s  squa re ,  Th i s  i s  accomplished by p l ac ing  count ing  chambers ups ide  down 

on both s i d e s  of t h e  s e t t l i n g  appa ra tu s ,  A t h i n  square  of g l a s s  i s  placed on t h e  

r i g h t  hand upside-down chamber and t h e  s e t t l i n g  chamber i s  pushed from r i g h t  t o  

l e f t  wi th  t h i s  t h i n  square.  A l i t t l e  p r a c t i c e  w i l l  enable  t h i s  manuever t o  be 

c a r r i e d  ou t  s o  t h a t  no water  escapes from t h e  s e t t l i n g  chamber and s o  t h a t  t h e  

count ing chamber con ta in s  no bubbles.  

F i n a l l y ,  a l g a l  counts  a r e  mad$ wi th  a n  inver ted  microscope and repor ted  a s  

numbers of i n d i v i d u a l s  per  l i t e r  o r  a s  t o t a l  a l g a l  biomass per  l i t e r .  Usua l ly ,  

a t  l e a s t  100 ind iv idua l s  of t h e  most common s p e c i e s  were counted i n  each sample. 

Th i s  g ives  approximately 5 20% a t  t h e  95% confidence l e v e l  (26) ,  Counts were 

u s u a l l y  made a t  a  t o t a l  magn i f i ca t i on  of 600X. The counts  f o r  each s p e c i e s  were 

converted t o  numbers per  l i t e r  from c a l c u l a t i o n s  involv ing  t h e  a r e a  of t h e  

c o v e r s l i p  a c t u a l l y  counted,  t h e  a r e a  of t h e  whole c o v e r s l i p ,  and t h e  volume of t h e  

s e t t l i n g  chamber p lu s  count ing chamber. These counts  of numbers per  l i t e r  f o r  each 

s p e c i e s  were converted t o  volume (cubic  microns) by e s t i m a t i n g  t h e  volume of a n  



average  i n d i v i d u a l  of each s p e c i e s  w i t h  geomet r ic  formulae .  F i n a l l y ,  t h e  t o t a l  

volume of t h e  a l g a e  f o r  a l i t e r  was conver ted  t o  a weight  by assuming a s p e c i f i c  

g r a v i t y  of u n i t y .  

Two s e r i e s  of s t a t i o n s  were  sampled: one s e r i e s  from August 1966 t o  August  1967 

i s  i n d i c a t e d  by t h e  l e t t e r s  i n  F i g u r e  2 ;  and t h e  o t h e r  from March 1967 t o  F e b r u a r y  

1968 i s  shown i n  F i g u r e  3. The f i r s t  s e r i e s  was des igned  t o  examine e f f e c t s  of 

t h e  e f f l u e n t  from t h e  phosphate  slimes (mining was te )  pond shown i n  F i g u r e  1. 

When no e f f e c t  cou ld  b e  found,  t h e  sampling was expanded t o  i n c l u d e  most o f  t h e  

e s t u a r y  t o  check ups t ream e f f e c t s  (F igure  3 ) .  

111. C. 2 .  Summary of Phy top lank ton  

The annua l  c y c l e s  of biomass and numbers of phy top lank ton  a r e  g i v e n  i n  

F i g u r e  10. These a r e  a v e r a g e s  of samples from a l l  t h e  s t a t i o n s ,  b u t  because  o f  

f r e q u e n t  bad wea ther  and o c c a s i o n a l  l o s s  of samples ,  t h e  number of samples i s  n o t  

t h e  same on every  d a t e .  D e t a i l s  a r e  g i v e n  i n  Hobbie (6) f o r  a 1 1  samples.  

During t h e  1966-67 sampl ing ,  t h e r e  were two p e r i o d s  of biomass abundance; 

a n  e a r l y  s p r i n g  peak and a l a t e  summer peak ( F i g u r e  1 0 ) .  Here ,  t h e  l a t e  summer 

peak i s  j u s t  d e c l i n i n g  when f i r s t  sampled and i s  fo l lowed  by a p e r i o d  o f  low 

biomass t h a t  l a s t s  u n t i l  mid-January.  Then a l a r g e  peak o c c u r s  t h a t  remains  u n t i l  

l a t e  March. A subsequen t  p e r i o d  of low biomass d u r i n g  A p r i l ,  May, J u n e ,  and J u l y  

g i v e s  way t o  t h e  l a t e  summer peak d u r i n g  August .  

The numbers of a l g a e  p e r  l i t e r  have a s l i g h t l y  d i f f e r e n t  c y c l e .  It i s  impor tan t  

t o  r e a l i z e  t h a t  t h e  biomass peaks a r e  made up of moderate  numbers of medium s i z e  

3 
organisms (g,g., t h e  3200 u Per id in ium t r i q u e t r u m ) .  The number peaks  a r e  made up 

o f  l a r g e  numbers of s m a l l  forms (g.g., a smal l  b l u e - g r e e n  a l g a  w i t h  a volume of  

a few c u b i c  m i c r o n s ) .  I n  t h i s  c y c l e  p e r i o d ,  t h e r e  were  peaks  d u r i n g  A p r i l  and a t  

t h e  end of J u l y .  



The l a t e  summer peak o f  a l g a l  biomass i s  a  d i v e r s e  one ,  and a  number of 

d i f f e r e n t  s p e c i e s  a t t a i n e d  h i g h  numbers, On t h i s  d a t e ,  f o r  example, a G p n o d i n i u m ,  

a  P o l y k r i k o s ,  and a  Gyrodinium a l l  had h i g h  biomasses .  Hidden i n  t h i s  f i g u r e  i s  

a n o t h e r  f a c e t  of t h e  a l g a l  c y c l e  i n  t ; l ~  Pamlico River  -- t h a t  t h e  m a j o r i t y  of t h e  

biomass i s  always i n  t h e  c e n t e r  p a r t  o f  t h e  r i v e r  and t h a t  t h e  s t a t i o n s  n e a r e r  

t o  Pamlico Sound ( s t a t i o n  F i n  F i g .  2 )  always have very  low biomass.  The d ia toms  

a r e  always much more impor tan t  a t  s t a t i o n  F than t h e y  are  a t  o t h e r  s t a t i o n s  ( 6 ) .  

The p o r t i o n  of t h e  curve  from 1967-68 (March t o  August 1967) o v e r l a p s  w i t h  

t h e  d a t a  (F igure  10) .  T h i s  o v e r l a p  occur red  when t h e  expanded s e r i e s  o f  sampl ing 

r u n s  were i n i t i . a t e d  t h a t  covered much more of t h e  e s t u a r y ,  As may be  s e e n ,  t h e  

r e l a t i v e  p o s i t i o n  of t h e  biomass and number peaks a g r e e  ve ry  w e l l ,  even thaugh 

t h e  e x a c t  v a l u e s  may d i f f e r  samewhat, T h i s  d i f f e r e n c e  is  caused by t h e  g r e a t e r  

range of c o n d i t i o n s  t h a t  a r e  sampled i n  t h e  more numerous s t a t i o n s ,  Both t h e  

upst ream s t a t i o n s  and downstream s t a t i o n s  had much l e s s  a l g a e  t h a n  t h e  middle  r e a c h  

s t a t i o n s  - -  and t h e s e  middle  s t a t i o n s  made up t h e  m a j o r i t y  of t h e  s t a t i o n s  averaged 

d u r i n g  1967-68, 

The March 1967 s a m p h  were t a k e n  d u r i n g  t h e  a n n u a l  Per id in ium bloom ( 6 ) .  

T h i s  bloom t h e n  d i e d  down and by mid-May most of t h e  P e r i d i n i u ~  were  gone. The 

l a t e  summer peak of d i n o f l a g e l l a t e s  occur red  a g a i n  i n  1967 (mid- and l a t e  August)  

and was made up of Gyrodinium, Per id in ium t r i q u e t r u m ,  and Katodin*. T h i s  peak 

had d i s a p p e a r e d  by e a r l y  October and from t h e n  u n t i l  e a r l y  December t h e  dominant 

forms were P o l y k r i k o s ,  Gyrodinium, and C y c l o t e l l a .  The sample i n  e a r l y  December 

had a  low biomass ,  b u t  a l l  t h e  bloom a l g a e  were  p r e s e n t  - -  t h e s e  same a l g a e  made 

up a  tremendous bloom i n  l a t e  December and e a r l y  J a n u a r y  w i t h  P. t r i q u e t r u m  dominant 

a s  u s u a l .  T h i s  l a r g e  bloom was i n t e r r u p t e d  by r a i n s  and h i g h  r i v e r  and s t r e a m  f low 

i n  e a r l y  January  and t h e  bloom was comple te ly  washed o u t  of t h e  e s t u a r y  ( F i g u r e  5) .  

By e a r l y  February  i t  had recovered  and decreased  from t h i s  d a t e  u n t i l  t h e  sampl ing 

ended i n  e a r l y  A p r i l ,  
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F i g u r e  10. Average biomass and numbers of phy top lank ton  i n  t h e  Pamlico R i v e r  J s t u a r y .  
Sampling s t a t i o n s  f o r  1966-67 i n  F i g u r e  2 and f o r  1967-68 i n  F i g u r e  3 .  



The 1967-68 a n n u a l  c y c l e  of numbers is  q u i t e  d i f f e r e n t  t h a n  t h e  biomass c y c l e .  

The f i r s t  d i f f e r e n c e  occur red  i n  mid-April  when t h e  bloom of 2. t r i q u e t r u m  was 

dy ing  o u t  and a  l a r g e  number of s m a l l  (5 micron)  f l g e l l a t e s  were found t h a t  r a i s e d  

t h e  numbers b u t  n o t  t h e  biomass ,  Small  f l a g e l l a t e s  a l s o  caused a  numbers peak i n  

mid-July  and th roughout  October .  A s  was t r u e  i n  1967, t h e  l a r g e  biomass peak of 

P. t r i q u e t r u m  t h a t  occur red  i n  December 1967 and January  1968 was n o t  r e f l e c t e d  a t  - 
a l l  i n  t h e  numbers of organisms.  

III. C.  3 .  Conclus ions  

The a n n u a l  c y c l e  of phy top lank ton  numbers and abundance t h a t  was found i n  t h e  

Pamlieo R i v e r  E s t u a r y  is  s i m i l a r  t o  t h a t  found i n  o t h e r  s i m i l a r  e s t u a r i e s  i n  

s o u t h e a s t e r n  U. S. The same c y c l e  was found i n  Chesapeake Bay t r i b u t a r i e s  (24,  27) ,  

b u t  n o t  i n  t h e  Cape F e a r  River  (28) where t h e r e  is  a  f o u r  f o o t  t i d e  and a  l a r g e  

t i d a l  exchange. I n  North C a r o l i n a ,  t h e  e s t u a r y  o f  t h e  Neuse R i v e r  i s  a l s o  l i k e l y  

t o  have a  s i m i l a r  c y c l e  b u t  t h e  Albemarle  E s t u a r y  may n o t  as i t  i s  much l e s s  s a l i n e .  

O v e r a l l ,  t h e  f l a g e l l a t e s  a r e  dominant i n  t h i s  t y p e  of c y c l e  w i t h  peaks i n  J a n u a r y ,  

February ,  and March, and i n  latebsummer (August, September).  F a r t h e r  on downstream, 

where t h e  s a l i n i t y  i s  h i g h e r ,  t h e  d ia toms  a r e  more abundant  and a r e  l i k e l y  dominant 

i n  t h e  main p a r t  of Chesapeake Bay and Pamlieo Sound. 

It h a s  been shown ( S e c t i o n  1II.B.) t h a t  there i s  abundant  phosphorus i n  t h e  

Pamlico River  E s t u a r y  a t  a l l  s e a s o n s  of t h e  y e a r ;  t h e  q u a n t i t i e s  a p p e a r  t o  b e  more 

t h a n  enough t o  produce blooms. T h i s  b e i n g  t h e  c a s e ,  it is  l o g i c a l  t o  assume t h a t  

n i t r o g e n ,  t r a c e  m e t a l s ,  v i t a m i n s ,  o r  o t h e r  o r g a n i c  compounds might be  induc ing  t h e  

bloom. A f t e r  r ev iewing  t h e  unpubl ished d a t a  of t h e  Pamlico Marine Labora to ry  

( subsequen t  r e p o r t )  on n i t r o g e n  c o n c e n t r a t i o n s  it i s  c l e a r  t h a t  t h e  h i g h  n i t r a t e  

c o n c e n t r a t i o n s  found i n  t h e  middle  s e c t i o n s  of t h e  r i v e r  i n  December, J a n u a r y ,  

F e b r u a r y ,  and March c o r r e l a t e  ve ry  w e l l  w i t h  t h e  d i n o f l a g e l l a t e  bloom. These h i g h  

c o n c e n t r a t i o n s  may b e  found i n  o t h e r  months i n  t h e  head of t h e  e s t u a r y ,  b u t  e v i d e n t l y  



a r e  r a p i d l y  removed from the  water  i n  t h e  upper p a r t  of t h e  e s t u a r y ,  E i t h e r  because 

of increased  concent ra t ions  o r  because of t h e  low temperatures  t h a t  reduce b i o l o g i c a l  

a c t i v i t y ,  t h e  n i t r a t e  i s  not  recovered so r a p i d l y  dur ing  the  win te r  and h igh  

concen t r a t ions  a r e  found i n  t h e  middle s e c t i o n s  of t h e  e s tua ry .  

It has  a l s o  been found by Harr i son  (29)  t h a t  the  n i t r a t e  r educ ta se  i n  t h e  

p a r t i c u l a t e  mater ia?  reaches a  peak t h a t  co inc ides  wi th  the  peak of 2, t r i que t rum 

biomass. This  i n d i c a t e s  t h a t  the a l g a e  have the  c a p a b i l i t y  of us ing  t h e  n i t r a t e  

a s  t h e i r  n i t r o g e n  source ,  and a r e  l i k e l y  r e spons ib l e  f o r  much of t h e  uptake. 

Overa l l ,  t h e  a l g a e  i n d i c a t e  t h a t  t h e  Parnlico River  Estuary is  a  h i g h l y  

eu t roph ic  body of water .  Whether o r  no t  i t  should be c a l l e d  po l lu t ed  depends upon 

t h e  d e f i n i t i o n  of p o l l u t i o n  chosen and a l s o  upon someone's opinion a s  t o  t he  s t a t e  

of t h e  r i v e r  be fo re  man's a c t i v i t i e s  began i n  t h e  dra inage  bas in .  Because t h e  

a l g a e  a r e  not  a  hindrance t o  f i s h i n g  o r  r e c r e a t i o n ,  it i s  concluded t h a t  t h e  e s t u a r y  

i s  not  po l lu t ed .  The n a t u r a l  fauna a r e  s t i l l  p r e sen t  and,  so  f a r ,  t h e  a l g a e  a r e  

t h e  only i n d i c a t o r  showing po l lu t ion .  Of course ,  any more n u t r i e n t  enrichment 

should be avoided a s  t h e  next  s t e p  may be desxygenation of t he  water .  Th i s  

deoxygenatisn would u n d o ~ b t e d l y  k i l l  many f i s h  and s h e l l f i s h .  Although i t  i s  

j u s t  specu la t ion  a t  t h i s  p o i n t ,  it i s  very l i k e l y  t h a t  i f  t h e  a l g a l  bloom occurred 

du r ing  t h e  summer months, t h e  increased  r e s p i r a t i o n  a s soc i a t ed  wi th  t h e  h ighe r  

water  temperatures  might we l l  reduce t h e  oxygen t o  a  low l e v e l .  For t h i s  reason ,  

it i s  important  t o  understand how t h e  phytoplankton a r e  ope ra t ing  and t o  avoid any 

changes t o  t h e  e s t u a r y  regime t h a t  would c r e a t e  an  a l g a l  bloom dur ing  summer. 

111. D. Phosphorus Exchange and Sediments 

One p o s s i b l e  f a t e  s f  phosphorus e n t e r i n g  the  Pamlico River  Es tuary  i s  s e t t l i n g  

t o  t h e  bottom and becoming incorpora ted  i n  t h e  sediments.  It i s  thought t h a t  once 

phosphorus reaches  t h e  bottom i t  i s  i r r e v e r s i b l y  bound t o  t h e  sediment and can no 

longer  e n t e r  t h e  water  above, except  under d r a s t i c  mixing s i t u a t i o n s .  I f  t h i s  i s  


































































































