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ABSTRACT 

An investigation of changes i n  nutrient concentrations, phytoplankton 

biomass, and environmental parameters i n  the Chowan River Complex ( C R C )  was 

conducted from October 1978 through December 1981 . 
The response of phytoplankton t o  a given concentration of a given nutrient 

was determined using a growth response r a t io  (RR) for  each nutrient re la t ive  to  

chlorophyl 1 -5 and al gal wet weight bdornass . 
Species of the three genera tha t  periodically bloom in the r iver  were iso- 

lated and a minimum nutrient requirement for  each was determined. The resul ts  

suggest that  the CRC i s  in excess of necessary nutrients for  moderate algal 

growth. 

I n  the order of descending nitrogen requirements for  in i t i a t ing  cyanophyceae 

a1 gal growth, the species were: Mi crocysti s, Anabaena and Aphanizomenon. Ini - 
t i a t ing  PO4 concentrations depended upon the physiological s t a t e  of the species 

and the l igh t  and temperature regime to which they were exposed. 

Using the extent t o  which RRNO3, RRNH4 and RROp exceed the efficiency level 

of 1 .0  per chlorophyll-% reductions of 48% NO3, 2 3 %  NHq and 27% OP would be 

required for  algal biomass (as  chloro-a) - to  be reduced to 40 ~ g / l ;  the margin 

determined as the maximum desirable, concentration for  the CRC.  

Because blue-green algae are  "luxury consumers" of PO4, both PO4 and 

nitrogen should be reduced simultaneously. 
I 

These resul ts  are  discussed as they might re la te  to  management of the CRC.  
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summarv 

An ana lys i s  o f  n u t r i e n t  data taken weekly over a two-year, two-month span 

w i t h i n  the  Chowan River  complex (CRC) (26 Oct 78 - 18 Dec 80) i n d i c a t e d  t h a t  a l l  

measured n u t r i e n t s  i n  t he  r i v e r  were i n  excess f o r  phytoplankton growth needs 

throughout the  two-year study. This  suggests t h a t  a need e x i s t s  f o r  n u t r i e n t  

reduc t ions  t o  the  system. A c r i t i c a l  quest ion, there fore ,  was answered: which 

o f  the  phytoplankton growth r e q u i r i n g  n u t r i e n t s  must Re reduced? An answer t o  

t h e  quest ion was examined p h y s i o l o g i c a l l y ,  e c o l o g i c a l l y  and s t a t i s t i c a l l y  us ing  

the data-set  generated over t he  t ime frame s ta ted  above which included: ( 1 )  

phytoplankton biomass, numbers, b io -vo l  ume, and types; ( 2 )  ch lo rophy l l  -a - 
analys is ;  ( 3 )  p e r i o d i c  sediment and n u t r i e n t  ana lys i s ;  and ( 4 )  environmental 

parameters o f  known importance t o  the  p r o d u c t i v i t y  o f  an aquat ic  ecosystem. 

A growth response r a t i o  ( R R )  f o r  each growth n u t r i e n t  us ing ch lo rophy l l - a  - 
and a lga l  wet weight biomass (WWE) was determined f o r  bo th  t o t a l  biomass and 

blue-green a1 gal biomass (bl" omass/nutr ient) . The RR concept was impor tan t  

because i t  negated in t rasys tem p a r t i c u l  a rs  such as flow, temperature, pH, etc .  

Fur ther ,  i t  permi t ted  a gross determinat ion, under v a r i a b l e  cond i t ions ,  as t o  

the  response o f  the  algae t o  a g iven n u t r i e n t .  

The a v a i l a b l e  n u t r i e n t  r a t i o  (N:P) was determined and found t o  be more 

important  than n i t rogen  alone o r  phosphorus alone. I n  f ac t ,  t he  N:P r a t i o  was 

found t o  be a key f a c t o r  i n  determin ing n u t r i e n t  reduc t ion  needs t o  the  CRC. 

Union Camp (UC) e f f l u e n t ,  a cont inuous con t rove rs ia l  t op i c ,  was u t i l i z e d  t o  

assay i t s  e f f e c t  on a l g a l  growth. The e f f l u e n t  was a b e t t e r  than adequate 

growth medium, e i t h e r  a t  100% UC concent ra t ion  o r  i f  log-reduced i n  water from 

the upper Nottoway River ,  f o r  both blue-green and green algae (endemic Chowan 
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species). I t  appeared that  the Chowan River algal species have adapted to the 

effluent.  Species e i ther  isolated from other aquatic systems or ordered from 

algal -cul ture  commercial sources d i d  not similarly respond to the UC effluent.  

Hydrogen ion concentration (-log, pH) played a role a t  the extremes i n  the 

river.  However, water temperature was the most influential  factor (given the 

s t a t e  of the r iver  that  existed) on the growth of algae. Moderate (16O-24"C) 

temperatures were preferred by the green alsae; moderate to  low (20"-5°C) were 

preferred by the diatoms; high (25"-32°C) were preferred b.y the blue-green 

algae. However, dominant diatoms were able to  pers i s t  throughout the year, as 

were many green algae. Temperature a t  i t s  lower end (below 10°C) had a 

devastating ef fec t  on blue-green algal growth. As a resu l t ,  they usually 

sporolated and overwintered i n  the sediment beds. There was one exception; one 

species (new t o  the river Aphanizomenon ovata) was found a t  pulse-bloom WWB 

concentrations a t  8OC subsequent to  a nitrogen sp i l l  two weeks prior in the 

river.  

Water hydrology due to flow, wind and tidal effects  was often confusing. 

Flow reversal s increased d i  spersion of nutrients in three-fourths of the river 

toward the lower reach, Therefore, an accurate determination of nutrient source 

and loading as measured by nutrient i n p u t ,  water column and flow rate  was almost 

impossible. Thus the calculation of the sources of nutrients tha t  were not 

direct ly  measured from the s i t e  could be as correct as 95% or as incorrect as 

50%. Also, the precise location of the collection s i t e s  i s  another parameter 

re1 ated to  phytopl ankton numbers, biomass and taxa diversification. 

Nevertheless, s ta t ion C13 near Colerain, NC was unique. I t  was the most 

productive algal s i t e  on the river.  Studies may u t i l i ze  t h i s  s i t e  as the 

ultimate potential. 

The a1 gal communi ty structure has shifted over the 1 a s t  10 years,  There 



are more and d i f f e r e n t  Cyanophyceae (blue-green algae) and diatoms i n  the  

system. Ten (10) mg/l WWB c o n s t i t u t e d  a  v i sua l  bloom when a l l  species were 

c o l l  e c t i v e l y  considered. Th is  f i s u r e  coul d  vary i f  the  a1 gal community 

s t r u c t u r e  changes. Likewise, 1 mg/l o f  a  s i n g l e  growi nu f i lamentous b l  ue-green 

a lga  c o n s t i t u t e d  a  v i sua l  bloom. These WWR q u a n t i t i e s  were compared w i t h  the  40 

pg/l ch lo rophy l l - a  - standard s e t  by NRCD-DEM. Thus, a  de terminat ion  o f  n u t r i e n t s  

o r  n u t r i e n t  reduc t ion  t h a t  would n o t  exceed e i t h e r  b i o l o g i c a l  standard was 

deduced. 

Anabaena, Aphanizomenon and M ic rocys t i s  were i s o l a t e d  f rom the  sur face o f  

Chowan sediments and subsequently assayed f o r  n u t r i e n t  requirements (NO3, NH4, 

PO4). D i f f e r e n t  species o f  these genera were i n i t i a l l y  assayed. However, o n l y  

Anabaena c i r c i n a l i s ,  aphanizomenon f los-aquae and M ic rocys t i s  marina are d i s -  

cussed w i t h  respect  t o  Chowan River  n u t r i e n t s .  

I n  the order  o f  descending n i t rogen  requirement f o r  i n i t i a t i n g  grawth the  

species are: Mic rocys t is ,  Anabaena and Aphanizomenan. 

Conclusions 

1. Response Rat ios (RR) are  above 1.0 f o r  summer lower reach averages f o r  

R R N H ~ ,  R R N o ~ ,  and RRop; however, they are low i n  w in ter .  

2. The RRNQ i s  t h e  h ighes t  i n  t he  summer lower reach; thus  t h e  Chowan 

River /ch lo rophy l l -a  - i s  the most s e n s i t i v e  t o  n i t rogen.  

3. Using the  ex ten t  t o  which RRw3, R R N H ~  and RRop exceed the  

e f f i c i e n c y  l e v e l  o f  1.0 per  ch lo rophy l l -a ,  - reduct ions of 48% NO3, 23% NH4 

and 27% OP wou1 d  equal a  40 margin. For  30 pg / l  ch lorophyl  I - a  - reduct ions,  

NO3 = 61%, NHq = 42% and OP = 27%. 

4. Wet weight biomass/nutr ient,  OP, NHq and NO3, i n  t he  Chowan River  

i s  more s e n s i t i v e  t o  OP, NH4 and NO3, i n  t h a t  order .  Therefore, r i v e r  

reduc t i on  l e v e l s  shoul d be 27.8%, 26.5% and 18.5%, respec t i ve l y .  
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5. To achieve a  10 mg/l WWB, reduc t ions  are  72.0%, 71.1% and 68.7%, OP, 

NH4 and NO3, respect ive ly .  

6. I f  reduct ion  i n  n u t r i e n t s  f o r  blue-green algae a re  considered apa r t  

from o the r  algae, n u t r i e n t  l e v e l s  o f  90.7% hFIHq, 90.9'9, NO3 and 89.7% OP 

appear necessary t o  achieve t h e  "no bloom cond i t ions"  i n  t h i s  r i v e r .  

7. The th ree  blue-green algae genera are  " l uxu ry  consumers" of P04. 

Recommendations 

1. Reductions i n  both phosphorus and n i t rogen  should he done 

sirnul taneously. 

(a )  Ne i the r  n i t rogen  nor  phosphorus should be reduced alone. 

( 1 )  Rat ionale:  A reduc t i on  i n  phosphorus alone would reduce a l g a l  

biomass. However, a  reduc t i on  i n  t o t a l  biomass would decrease compet i t ion  f o r  

n u t r i e n t s ,  thus n i t r o g e n  1  evel s  woul d increase. An increase i n  n i t r o g e n  I evel s  

would favo r  the  growth o f  M ic rocys t i s .  This  would c rea te  a  s i t u a t i o n  more 

damaging than c u r r e n t l y  e x i s t s .  

( 2 )  Rat ionale:  A reduc t ion  i n  n i t rogen  alone would favo r  an increase 

i n  o the r  algae, i n  p a r t i c u l a r  f l a g e l l a t e s .  It i s  n o t  known i f  a  s p e c i f i c  

organism may develop t h a t  would be det r imenta l  t o  the system, say Per id in ium 

(d ianof l  age1 l a t e s )  . While n i t rogen  f i x a t i o n  i s  important ,  a1 gal  comun i  t i e s  

have not  been shown t.o bloom w i t h  N2- f i xa t i on  as the  on ly  source o f  n i t rogen.  

2. The r a t i o  between n i t rogen  and phosphorus must be made such t h a t  

d iverse  species w i l l  compete f o r  each. Thus, no species o r  groups o f  species 

woul d  ga in  an advantage. 

3. Reductions by percent  o f  both n u t r i e n t s ,  n i t rogen  and phosphorus, as 

i n d i c a t e d  i n  the  conclus ions and t e x t ,  i s  h i g h l y  recommended. 
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INTRODUCTION 

Dur ing  t h e  1  a t e  s p r i n g l e a r l y  summer o f  1978 t h e  Chowan R i v e r  ( F i g u r e  I ) ,  

l o c a t e d  i n  no r t heas te rn  No r th  C a r o l i n a  exper ienced an ex tens i ve  p r o l i f e r a t i o n  o f  

t h e  small "pu lse"  blooms o f  1976 and 1977 (54) (F i gu res  1A and 1B) (57) .  The 

1978 massive bloom was s i m i l a r  i n  l o c a t i o n  t o  a  p rev ious  massive bloom o f  1972. 

However, bo th  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y ,  t h e  two blooms were 

d i s t i n c t i v e l y  d i f f e r e n t .  The f i v e  dominant species o f  1972, Anabaena 

c i r c i n a l i s ,  Anabaena aequa l i s ,  Anabaena f los-aauae, Aphanizomenon f los-aquae and 

M i c r o c y s t i  s  ae rug i  nosa were e i t h e r  rep1 aced i n  domi nance by o t h e r s  w i t h i n  t h e  

group o r  were n o t  impo r tan t  as a  dominant i n  1978. The magnitudes o f  biomass 

d u r i n g  1978 exceeded t h a t  o f  1972 and t h e  t o t a l  number o f  c e l l s  were e i t h e r  more 

d iverse,  g r e a t e r  i n  number o r  l e s s  i n  number depending on t h e  p a r t i c u l a r  

l o c a t i o n  i n  t h e  r i v e r .  I n  a d d i t i o n ,  t h e r e  was a g r e a t e r  i n t e n s i t y  o f  b lue-green 

a l g a l  species p resen t  i n  1978 than seen i n  1972. 

P u b l i c  i n t e r e s t  i n  t h e  r i v e r ' s  wa te r  q u a l i t y  was t r i g g e r e d  by t h e  sudden 

appearance o f  t h e  1978 bloom. St rong p u b l i c  o p i n i o n  i n d i c t e d  a  l o c a l  i n d u s t r y  

which had been p r e v i o u s l y  imp1 i c a t e d  b.y t h e  S t a t e  o f  Nor th  Ca ro l i na  as a  

causa t i ve  agent o f  t h e  1972 massive bloom. 

The a t t e n t i o n  g i ven  by t h e  l o c a l  communit ies and bus iness i n t e r e s t  i n  t h e  

area p l u s  t he  concern expressed by MRCD s t i m u l a t e d  a  s e r i e s  o f  new s tud ies  on 

t h e  r i v e r  system. An i n t e r e s t i n g  aspect  o f  t h e  1978 bloom t h a t  suggested a  need 

f o r  new s tud ies  was i n f o r m a t i o n  by one researcher  (54) t h a t  approx imate ly  two 

weeks p r i o r  t o  t h e  1978 bloom, a l g a l  biomass and n u t r i e n t  c o n d i t i o n s  a t  t h r e e  

s t a t i o n s  (Table A, F i g u r e  2, C 3 A ,  C13 and C16) d i d  n o t  i n d i c a t e  t h e  presence o f  

bloom species o r  n u t r i e n t s  beyond t h e  concen t ra t i ons  found i n  t h e  p e r i o d  between 

t h e  yea rs  1975 th rough 1977 ( n o t  t o  i n c l u d e  t he  small areas where pu lse  blooms 

had occurred) .  



Spores  - Sediment 

P&N - Sediment 

Phytoplankton 3 3 
I 

Chlorophyl l  3 3 

P&N - Water ~ 3 ~ 5  

D.O. - Temp. - pH 
a 1 k . - l i g h t  3 

River  Mile from 
V a .  L ine  



C-4A Chowan on CF s i d e  a t  swamp a t  automatic sampler. 

C-5 Chowan below bend below CF I n d u s t r i e s  a t  Marker 27. 18.8 

C-5A* Barnes Creek a t  mouth. 

C-6 Chowan j u s t  below Is land Creek. 22.7 

C-6A ~ i c c a c o n  River a t  1st bend above mouth. 

C-6B Wiccacon a t  T a r  River Landing 

C-7 Chowcln TOO yds. below Wiccacon. 25.5 

C-7A Chowan River below Wiccacon a t  Marker 18  25.9 

C-8 Bennett  Creek a t  1st bend above mouth. 

C-9 ~ a t h a r i n e  Creek 100 yds. above mouth. 

C-11  Chowan 200 yds. below Holiday I s l and  at- Plarker 12. 31.4 

C-12 Chowan mid-channel a t  Di l l a rd  Creek ( I n d i a n  Creek) 
33.7 

P 

C-13 Chowan mid-channel a t  Colerain.  37.1 

C-14 Rockyhock Creek up i n t o  mouth. 

C-15 Chowan mid-channel a t  Rockyhock Creek. 44.2 

C-16 Chowan 50 yds. above NC 17 bridge. 48.2 

C-17 Chowan 400 yds. below NC 1 7  br idge.  48.5 

- 
(2-21 Edenton Bay 300 yards S of Edenton. 



Figure I .  Chowan River loca ted  
nor theas tern  North Carol ina 



Figure 1A. 1976: Chowan River pulse 
bloom. Shaded area indicates 
s i t e  of pulse bloom. 



Figure l B .  1977: Chowan River pulse bloom. 
Shaded area indicates s i t e  o f  
pulse bloom. ALBEMARLE 

SOUND 



Figure  2: Chawan Sampling S ta t i ons  1978-1981 



1. 

2 .  

3. 

4 .  

was 

Several  ques t ions  were asked by t h e  l o c a l  concerned c i t i z e n s :  

What t r i g g e r e d  t he  massive bloom i n  such a s h o r t  p e r i o d  o f  t ime?  What 

mechanism? 

As t h e r e  seemingly was a w i c k  h i 1  d-up o f  n u t r i e n t s  i n  t he  lower  reach o f  

t h e  r i v e r ,  what was t h e  n u t r i e n t s '  source(s )  and what were t h e  n u t r i e n t s  o f  

concern? N i t rogen? Phosphorus? Others? 

\!hat was t h e  p o t e n t i a l  danger o f  t he  bloom and what c o u l d  be done t o  

p reven t  ano ther?  How l onq  w i l l  i t  l a s t ?  What should he expected? 

How d i d  t h e  a lgae  g e t  i n t o  t h e  system; was i t  by growth w i t h i n  t h e  system 

o r  f rom r u n - o f f  i n t o  t h e  system? 

Several  pub1 i c  hear ings were h e l d  i n  an a t tempt  t o  g i v e  momentum t o  what 

c a l l e d  t h e  "c lean-up" o f  t h e  r i v e r .  Dur ina  t h e  i n i t i a l  hear ings,  t h e  

i n t e r e s t  of t h e  d i scuss ion  was one o f  b laming and den ia l s .  Therefore,  ve ry  

l i t t l e  was accomplished toward t h e  i n i t i a t i o n  of o r  t h e  suppor t  f o r  an o raan ized  

e f f o r t  t o  answer t h e  p r e v i o u s l y  s t a t e d  quest ions.  

Dur ing  t h e  t h i r d  pub1 i c  hea r i ng  one 1 ongtime Chowan R i v e r  i n v e s t i g a t o r  

( 5 2 A )  gave t h e  p a r t i c i p a n t s  a "symbol i c "  cause /e f f ec t  model o f  t h e  h i s t o r i c a l  

p r o f i l e  of t h e  r i v e r ,  subseauent ly c a l l e d  by t h e  l o c a l  r e s i d e n t s  t he  "Parb le  

Story . "  T h i s  ana1,ysis sought t o  p l ace  r e s p o n s i b i l  i t y  f o r  t h e  t hen -cu r ren t  

c o n d i t i o n  o f  t h e  r i v e r  across a wide spectrum of t he  p u b l i c  and over  an extended 

p e r i o d  o f  t ime.  The p r o f i l e  was i r n p l i c a t i n q  from i ~ d i v i d u a l  households t o  

corpora te  businesses; f rom t h e  i n d i v i d u a l  f isherman t o  t he  f i s h  i n d u s t r y ;  f rom 

r e c r e a t i o n a l  users  of t h e  r i v e r  t o  farmers i n  t h e  r i v e r  bas in .  The "Marble 

S to ry "  seemingly gave some momentum t o  t h e  idea  t h a t  u l t i m a t e l y  t h e  r i v e r  

problem was a f u n c t i o n  o f  a l l  who 1 i v e d  o r  worked i n  t h e  area and a l l  wbo used 

the  r i v e r ,  d i r e c t l y  o r  i n d i r e c t l y ;  a l l  had t o  share somewhat. i n  t h e  blame. 



The subseq~uent p u b l i c  hear ings cen te red  on how and when what c o u l d  be done, 

would he done, and by whom; w i t h  r e p o r t i n g  on what had been done, and o r g a n i z i n g  

t echn i ca l  groups f o r  suppor t  and p o l i c y  making. 

Th is  s tudy was undertaken a t  t h e  reques t  o f  t he  then  Secre ta ry  and Deputy 

Secre ta ry  o f  the  Department o f  Na tu ra l  Resources and Com~uni  ty Development w i t h  

t h e  back ing o f  t h e  Governor of t he  S ta te  o f  Nor th  Ca ro l i na  and t h e  c i t i z e n s '  

o r g a n i z a t i o n  a1 ong t h e  Chowan R i ve r .  

The in fo rmat ion  repo r ted  here was deduced from a  20-month data s e t  t h a t  was 

p e r i o d i c a l  l y  (upon compl e t i o n )  q i v e n  t o  t h e  NRCD-DEM between October 1978 and 

J u l y  1980. 

The i n i t i a l  o b j e c t i v e  of t h i s  s tudy was t o  generate a  v a l i d  data s e t  on 

n u t r i e n t s  and phy top lank ton  i n  t h e  Chowan R iver .  The n u t r i e n t  data s e t  produced 

by NRCD d u r i n g  and immediate ly  f o l l o w i n g  t h e  1972 bloom (1973-1974) proved t o  be 

i n v a l i d  due t o  t h e  l i m i t  o f  d e t e c t i o n  u t i l i z e d  f o r  l a b o r a t o r y  n u t r i e n t  a n a l y s i s .  

The s p e c i f i c  o b j e c t i v e  was t o  u t i l i z e  t h e  da ta  s e t  i n  an e f f o r t  t o  determine a  

n u t r i e n t  standard f o r  t h e  r i v e r .  The s p e c i f i c  o b j e c t i v e  was i n i t i a l  l y  abor ted  

a t  t h e  reaues t  o f  NRCD-DEM. However, i t  was understood t h a t  t h e  data rece i ved  

by NRCD-DEN would be used t o  d e r i v e  a  n u t r i e n t  s tandard f o r  t h e  r i v e r .  

T h i s  r e p o r t  g i ves  a  summary o f  t h e  data which supgests a  range o f  

c o n d i t i o n s  f o r  cons ide ra t i on  by management, the  essence o f  which i s  a n u t r i e n t  

s tandard by suggested reduc t i ons  i n  N H q ,  NO3 and PO4 Jevsls. 



METHODS 

The d i v e r s i t y  of work encompassed i n  t h i s  r e p o r t  i s  such t h a t  s p e c i f i c i t y  

of procedures were i n c l  uded w i  t h  t h e  p a r t i c u l  a r  exper i lnents concerned. The 

we1 1 -es tab l  i shed and h i g h l y  acceptable methods a r e  g i ven  o n l y  as re fe rence  

un less  some degree o f  m o d i f i c a t i o n  was undertaken. 

A1 1 s t a t i s t i c a l  analyses were de r i ved  f rom standard procedures devel oped as 

a computer package, t h e  S t a t i s t i c a l  Ana l ys i s  System (SAS) w i t h  t h e  NCSU computer 

f a c i l  i ty. However, some computer generated g raph ics  were developed i n  

a s s o c i a t i o n  w i t h  a d d i t i o n a l  programming o r  t h e  use o f  o t h e r  computer sets .  

Sampl i n g  S t a t i o n s  

Twenty-f ive sampl i n q  s i t e s  were i d e n t i f i e d  w i t h i n  t h e  Chowan R i v e r  Complex 

(CRC). The Chowan R iver ,  i t s  t r i b u t a r i e s  and i t s  two conf luence- formino r i v e r s ,  

t h e  Nottoway and t h e  Blackwater,  a re  cons idered  i n  t h i s  work as t h e  CRC. 

The s i t e s  on t he  Chowan R i v e r  p roper  were se lec ted  s t r a t e g i c a l l y  on a 

s p a t i a l  as w e l l  as f rom a "po in t -source"  bas is .  A d i s tance  of equal p r o p o r t i o n s  

was es tab l i shed  between each s t a t i o n  except  where t h e  equal d i s t ance  was n o t  

compat ib le  w i t h  a  p o i n t  source (Tab le  A ) .  I t  was impo r tan t  t o  c o l l e c t  above and 

below each p o i n t  source. The s i t e s  on t h e  t r i b u t a r i e s  were l o c a t e d  a t  t he  mouth 

o r  j u s t  up from t h e  mouth o f  each t r i b u t a r y .  S i t e s  on t h e  Blackwater  R i v e r  were 

arranged i n  accordance w i t h  t h e  Union Camp ( U C )  p o i n t  source, one above and one 

below t h e  d ischarge  area. S i t e s  on t h e  Nottoway were l o c a t e d  up f rom t h e  mouth 

of the  r i v e r  t o  a  p o s i t i o n  where t h e  .~ conf luence  forming a c t i v i t y  o f  t h i s  r i v e r  

w i t h  t he  Blackwater  would n o t  i n f l u e n c e  t h e  d ischarge  o f  t h e  Nottoway f rom 

V i r g i n i a  ( F i g u r e  2 )  o r  v i c e  versa. 

Each s t a t i o n  i n  t h e  CRC was sampled weekly beg inn ing  mid  September 1978 

and c o n t i n u i n g  th rough October 1980. Dur ing  t h i s  p e r i o d  samples were c o l l e c t e d  

t o  measure t h e  f o l l o w i n g :  



1. N u t r i e n t s :  n i t r o g e n  (NO2, NC3, NHq, TKN, TN), phosphorus (OP, 

TP), C1. 

2 .  Chl orophy l  1 -a - 

3. A lga l  species and biomass 

Environmental  parameters were taken  and recorded a t  t h e  t ime  they  were measured 

from t h e  boat .  Most parameters were taken th roughout  t h e  water  column or ,  if 

not ,  they  were measured a t  t h e  water  su r face  and a t  t h e  wate r  bottom. They 

were: 

1. Temperature 

4. COD 

5. C o n d u c t i v i t y  

6. A l k a l i n i t y  

7. L i g h t  ( t u r b i d i t y )  

Ana l ys i s  

A1 1 water  sanpl es were re tu rned  t o  NCSU f o r  ana l ys i s .  Ch1 a r o p h y l l - a  - 

analyses were done i n  t h e  NCSU phyco log i ca l  l a b o r a t o r y  w i t h  t he  a i d  o f  a Turner  

Fl  uorometer. Standard procedures were u t i  1 i z e d  as descr ibed  i n  t h e  Turner  

manual, 1978 (42A). Biomass est imates were based on t h e  method o f  Utermohl 

(44A) us ing  a phase c o n t r a s t  compound microscope. N u t r i e n t s  were analyzed i n  

t he  wet  chemis t ry  l a b  o f  t h e  Department o f  B i o l o g i c a l  and A g r i c u l t u r a l  

Engineer ing,  NCSU, us ing  t h e  Technicon Auto-Spectrophotometr ic i ns t rumen t  

( I n d u s t r i a l  Method No. 100-70W. w i t h  t h e  Technicon Autoanalyzer  I I methodology, 

1973) and t h e  p r e p a r a t i o n  methods accord ing  t o  Standard Methods (41A). 

Sediment samples were taken b o t h  weekly and monthly.  The weekly samples were 

taken  f o r  i ncuba t i on  and spore s e m i n a t i o n .  The month ly  samples were taken  f o r  



n u t r i e n t  ana l ys i s .  Ana l ys i s  f o r  n u t r i e n t s  of sediment samples were done by: 1. 

N.C. S t a t e  Water Chemistry Lab, Cary Road, NC; and 2. t h e  S o i l  A n a l y t i c a l  Lab, 

Blue Ridge Road, Ra le igh ,  NC. 

I s o l a t i o n  o f  A l g a l  Species 

Sediment samples were incuba ted  a t  temperatures rang ing   fro^ 0°C t o  dO°C 

w i t b  cont inuous 1 i g h t  i n  t h e  range from complete darkness t o  800 ft. c. Vary ing 

concen t ra t i ons  o f  n i t r o g e n  and/or phosphorus f o r t i  f id Chowan R i v e r  water  o r  

ASM-1 n u t r i e n t  media were o v e r l a i n  on t.he sediment. When an a l g a l  species f i r s t  

appeared on t h e  sediment qurface, t he  spec ies was i s o l a t e d  and re incubated  

e i t h e r  on n u t r i e n t  f o r t i f i e d  aaar o r  i n  l i q u i d  medium. Th is  process was 

repeated u n t i l  u n i a l  ga l  species were ob ta ined  (56) .  



RESULTS AND DISCUSSION 

Station Comparisions Rased on Phytoplankton Response 

Chl orophyl 1 -a 

Using Duncan's Mu1 tip1 e Range Analysis (DMR) (10, 11) s ta t ion  differences 

based on mean chlorophyll-a - were grouped into seven ( 7 )  overlapping classes 

(Table I ) :  

I V .  C-6, C-6A5 C - 7 A  

V.  C-25, C-4, C-4A, C-5, C-6, C-6A 

V I .  C-1, C - Z B ,  C - 2 C ,  C-25, C-ZF, C-3, C-3A, C-4, C-4A, C-5, C-6 

VII. C - 1 ,  C-IB, C-2, C - 2 B 5  C-ZC, C-2D, C-2F3 C-3, C-3A, C-4, C-4A3 C-5 

As can be determined from Table I ,  the mean Chlorophyll-5 concentrations 

are not arranged within sub-groups as indicated above. Station C-13" (Colerain) 

for  example was n o t  an overlapping s tat ion.  I t  only appeared in the "A"  

grouping. The A and B groupings suggest that  the r iver ,  from stat ions C-8 

to C-16, while having some individualism, are wholistically similar. I t  i s  

interesting to note t h a t  these s tat ions comprise what we refer  t o  as the 

"lower-Chowan." 

Considering t h a t  a l l  s tation numbers followed by a l e t t e r  ( C - l R ,  C - 7 A ,  e t c )  

were e i ther  tr ibutary o r  specially selected s i t e s ,  i t  can be seen in Table I 

that the "upper-river" i s  also wholistic, i f  n o t  uniform, from station t o  

s ta t ion.  T h u s ,  the data presented here t r ea t s  the s tat ions in the lower-river 

as a single responding unit and the s ta t ions i n  the upper-Chowan as a single 

responding unit. 



TABLE I 

DUNCAN ' S MULT IPLE  RANGE TEST RESULTS FOR CHLOROPHYLL-a ( p g / l )  

MEANS WITH THE SAME LETTER ARE NOT S I G N I F I C A N T L Y  D IFFERENT 

ALPHA LEVEL = . 0 5  D F - 2 3 3 0  MS=332.977  

GROUP I NG 

A 
0 A 
B A 
B A 
B A 
B A C  
5 C 

D C 
E D 
E F 
E G F  
E G F  
E G F  
E G F 

G F 
G F 
G F 
G F 
G F 
G F 
G 
G 

MEAN - STAT I ON 

C 1 3  
C15  
C 9 
C16 
C 1 2  
C 1 1  
C 8 
C 7A 
C 6A 
C 6 
C4A 
C 5 
C2D 
C 4 
C 2 F  
C3 
C3A 
C2B 
C 1 
C2C 
C 2 
C l f3  



A1 p a l  Biomass 

The Duncan's M u l t i p l e  Range a n a l y s i s  was a p p l i e d  t o  wet we igh t  biomass 

( WWB) i n  an a t tempt  t o  make a  "ch l  orophyl  l -a"--I'WWB1' - comparison o f  t h e  "1 i keness 

o f  t h e  r i v e r "  f rom s t a t i o n  t o  s t a t i o n  (Tab le  11).  S t a t i o n  C13 was n o t  grouped, 

no r  d i d  it ove r l ap  accord ing  t o  wet we igh t  a l g a l  biomass (WWB) w i t h  any o f  t he  

o t h e r  s t a t i o n s  on t he  r i v e r .  However, i n  general ,  t h e  " lower  Chowan" s t a t i o n s ,  

as t h e  "upper Chowan" s t a t i o n s ,  were grouped i n  amazingly s i m i l a r  aggregat ion.  

It i s  i n t e r e s t i n g  t o  note t h a t  s t a t i o n  C 1 1  i s  more a l i g n e d  w i t h  upper r i v e r  

s t a t i o n s  accord ing  t o  biomass w h i l e  i t  i s  grouped w i t h  t h e  lower  r i v e r  s t a t i o n  

s e t  when measured accord i  ng t o  c h l  orophyl  1  -a. - 
A most s i g n i f i c a n t  f i n d i n g  i s  shown i n  Table 111. Again, u s i n s  t h e  DMR 

a n a l y s i s  t e s t ,  t he  r i v e r  s t a t i o n s  were grouped accord ing  t o  t h e  b lue-green a l g a l  

WWB. S t a t i o n s  C13 and C15 were grouped as a  u n i t  a p a r t  f rom s t a t i o n s  C8, C9, 

C11, C12, and C16, u n l i k e  t h e  DMR t e s t  us i ng  c h l o r o p h y l l - g  (Tab le  I )  and u n l i k e  

t he  DMR t e s t  us ing  WWB (Tab le  11) .  

B l  ue-Green A lga l  Biomass 

Whi le  b lue-green a1 ga l  wet we igh t  biomass analyzed by t h e  DMR t e s t  suggests 

t h a t  s t a t i o n s  C13 t o  C15 were s i g n i f i c a n t l y  a l i k e ,  a1 so were s t a t i o n s  C16, C12, 

C14, C9, and C 1 1 .  However, t h e  l a t t e r  were s i g n i f i c a n t l y  d i f f e r e n t  f rom C13 t o  

C15 even though a l l  s t a t i o n s  were lower  r i v e r  s t a t i o n s .  When t h e  a l q a l  

community s t r u c t u r e  da ta  were analyzed i t  c l e a r l y  showed t h a t  indeed t h e  species 

makeup o f  s t a t i o n s  C13 and C15 were s i m i l a r ,  gene ra l l y ,  i n  bo th  spec ies-b io-  

volume and t h e  c l a s s  o f  species p resen t  (Appendix 111, I V ) .  L ikewise,  species 

composi t ion was s i m i l a r  w i t h i n  t h e  6-group (Tabl e  I I I ) . The P-group suggested 

some ove r l app ing  between S t a t i o n  C15 and C16. Again, t h e  species data du r i ng  

summer months when Aphanizomenon f los-aquae dominated t he  a l g a l  community, 

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



TABLE 11 

DUNCAN'S MULT IPLE  RANGE TEST RESULTS FOR TOTAL BIOMASS (ma/ l )  

MEANS WITH THE SAME LETTER ARE NOT S I G N I F I C A N T L Y  DIFFERENT.  

ALPHA LEVEL=.05 

GROUPING 

A 
B 

C B 
C B D  
C B D  
C E D  
C E D  
F E D  
F E D  
F E 
F 

MEAN - 



TABLE I11 

DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR BLUE-GREEN BIOMASS (rng/l) 

MEANS WITH THE SAME LETTER ARE NOT S I G N I F I C A N T L Y  DIFFERENT 

ALPHA LEVEL= . 0 5  

GROUP I NG 

A 
B A 
B C 
0 C 
B C 
B C D  
B C D  

C D 
D 
D 

MEAN - STAT I ON 



Ch lo rophy l l - a  - as w e l l  as a l g a l  wet we igh t  biomass (Tables I and 11, 

r espec t i ve l y ) ,  showed 6 t o  7 d i f f e r e n t  s t a t i o n  proupings. Such groupings a r e  

i n d i c a t i v e  o f  t h e  o v e r l  apping o f  e i t h e r  ch l  orophy l  1-a o r  wet we igh t  a1 ga l  - 
biomass between some s t a t i o n s .  However, b lue-green a1 ga l  WWB, Duncan Mu1 t i p 1  e  

Range t e s t  showed o n l y  f o u r  d i f f e r e n t  groupings o f  t h e  s t a t i o n s  (Tab le  111).  I t 

i s  i n t e r e s t i n g  t o  no te  t h a t  S t a t i o n  C13 was never over-grouped w i t h  any o t h e r  

s t a t i o n .  

S t a t i o n  Comparison Rased on N u t r i e n t  Response 

Shown i n  Tab1 e I V  a r e  t he  groupings of  a l l  s t a t i o n s  sampled w i t h  respec t  t o  

ortho-phosphorus mean concent ra t ions ,  analyzed us ing  t he  DMR t e s t .  S t a t i o n  C2, 

l o c a t e d  i n  the  upper s e c t i o n  o f  t h e  Chowan R i ve r  complex (CRC) (250-300 yds up 

t h e  Blackwater  R i v e r  above t h e  conf luence w i t h  t h e  Nottoway R i v e r )  was unique 

w i t h  respec t  t o  OP (Table I V ) .  However, a  g r e a t e r  u n i f o r m i t y  o f  t h e  s t a t i o n s  

was c l e a r l y  shown. Group "F"  represen ts  t h e  s t a t i o n s  i n  t h e  lower  Chowan. Th is  

i nc l uded  s t a t i o n  C13, which was unique i n  t h e  c h l o r o p h y l l - a  - and WWB DMR t e s t s .  

Yet, w i t h  OP, C13 was l i n k e d  t o  t h e  lower  Chowan Group. Thus, OP concen t ra t i ons  

a r e  d i v i d e d  i n  t h e  r i v e r  i n t o  upper and l owe r  r i v e r  groups (Table  I V ) .  Before 

removal f rom t h e  data set ,  o v e r l  apped sroupings express t r i b u t a r y  sampl i ng .  

However, when second o rde r  t r i b u t a r y  s t a t i o n s  were removed from the  data se t ,  

t h e  Chowan R i v e r  complex s t a t i o n s  were c l e a r l y  de l i nea ted  (Tab le  I V ) .  

It i s  n o t i c e a b l e  t h a t  t h e  p o s i t i o n i n g  of t h e  lower  t o  upper Chowan s t a t i o n  

groupings a r e  i n  reversed  o rde r  t o  t h a t  shown by c h l o r o p h y l l - a  - and WWB. 

Fur ther ,  s t a t i o n  ClB, w h i l e  geou raph i ca l l y  l o c a t e d  above Union Camp (UC), was 

never the less  grouped a t  t h e  l owe r  end o f  t h e  !'I-groupings (Tab le  I V ) .  St ,at ion 

C2, 250-300 ya rds  above t h e  mouth o f  t h e  Blackwater  River ,  b u t  below UC 

d ischarge  s i t e ,  un ique l y  bad t h e  h i g h e s t  mean OP concen t ra t i on .  



TABLE I V  

DUNCAN ' S MULTIPLE RANGE TEST RESULTS FOR ORTHO-PHOSPHORUS (rng/l) 

MEANS WITH THE SAME LETTER ARE NOT S I G N I F I C A N T L Y  DIFFERENT 

ALPHA LEVEL=.O5 

GROUP I NG 

MS-9.4E-04 

STAT I ON 



I n  l i g h t  o f  t h e  P-aroupings as opposed t o  t h e  A-group, one would ques t i on  

t he  r e a l  source o f  OP t o  t h e  r i v e r  proper .  S t a t i o n  C 1 R  i s  more l i k e  s t a t i o n s  

C11, C12, C8, e t c .  However, no massive b lue-green a l g a l  bloom has been r e p o r t e d  

i n  t h e  area o f  t he  r i v e r  covered by s t a t i o n  C l B .  

N i  t r i t e - N i t r a t e  N i t r o g e n  (N03-N) - 
S t a t i o n  grouping as shown i n  Table V f o r  FJO3-N were s i m i l a r  t o  t h e  OP 

se t .  Group I, w i t h  t h e  excep t ion  o f  C 1 ,  i n c l uded  t he  l owe r  Chowan s t a t i o n s .  It 

should be remembered t h a t  s t a t i o n  C14, even though i t  has no l e t t e r  des igna t ion ,  

was a  f i r s t - o r d e r  t r i b u t a r y  s t a t i o n  a t  t h e  mouth o f  Rocky Hock Creek. 

Therefore,  t h e  des igna t i on  o f  C14 w i t h  t h e  upper Chowan s t a t i o n s  i s  n o t  e a s i l y  

exp la i ned  (Tab le  V ) .  S t a t i o n  C 1  was i n c l u s i v e  i n  t h e  l owe r  Chowan group. 

However, C 1  was l o c a t e d  on t h e  Nottoway R i v e r  Refore t he  con f luence  w i t h  t h e  

Rlackwater  fo rming  t h e  o r i o i n  of t h e  Chowan R iver .  Thus, C 1  i n  essence, w b i l e  

be long ing  w i t h  t h e  Chowan R i ve r  complex, i s  n o t  l o c a t e d  i n  t h e  Chowan R i v e r  

( F i g u r e  3 ) .  A l l  o f  t h e  CRC sampl ing s t a t i o n s  were i n c l u d e d  i n  t h e  a n a l y s i s  f o r  

s t a t i o n - t o - s t a t i o n  comparison. ldhen these data were analyzed w i t h o u t  t h e  

t r i b u t a r y  s t a t i o n s  i n  t h e  model, t b e  Chowan R i v e r  showed a  remarkable "two- 

system" o r g a n i z a t i o n  w i t h  r espec t  t o  NQ3-N. S t a t i o n s  above C8 i n  one d i v i s i o n  

(upper  Chowan) and s t a t i o n s  below C9 i n  another  d i v i s i o n  ( l owe r  Chowan) (Tab le  

V ) .  It was i n t e r e s t i n g  t o  no te  t h a t  s t a t i o n s  C4A, C1B and C14, group A ,  

demonstrate t h e  h i ghes t  N03-M 1  eve1 s,  even though the-y a r e  geographica l  l y  f a r  

removed, Equa l l y  as i n t e r e s t i n g  was t h e  DPIR p o s i t i o n i n g  i n  t h e  I -group s t a t i o n  

C 1 ,  which i s  geog raph i ca l l y  l o c a t e d  above t h e  mouth o f  t h e  N ~ t t o w a y  R i v e r  a t  US 

#258. Whi le t h e  l owe r  Chowan I -group low n i t r o g e n  l e v e l  i s  perhaps an 

express ion  o f  n u t r i e n t  uptake and a l g a l  blooms, no a l q a l  bloom and 1  i m i  t e d  a l g a l  

growth was found i n  a l l  years  i n  t h e  Nottoway R i ve r  (53) .  Th i s  suggests t.hat 

low l e v e l s  of n i t r o g e n  a r e  enter in^ t h e  Nottoway R iver .  Thus, t h e  non-point. 



TABLE  V 

DUNCAN'S MULT IPLE  RANGE TEST RESULTS FOR 

N I T R I T E  PLUS N ITRATE NITROGEN ( m p / l )  

MEANS WITH THE SAME LETTER ARE NOT S I G N I F I C A N T L Y  D IFFERENT 

ALPHA LEVEL= .O5 

GROUP I NG 

A 
B A 
B A 
B 
B C 
B C 
D C 
D E 
D E F 
D E F 
D G E F  

H D G E F  
H D G E F  
H D G E F  
H D G E F  
H D G E F 
H G E F I  
H G E F I  
H G E F I  
H G E F I  
H G J F I  
H G J F I  
H G J I 
H J I 

J I 

MEAN - 



source c o n t r i b u t i o n  of n i  t r oqen  f rom t h i s  r i v e r  i s  aues t ionab l  e. However, C 1 R  

i s  above UC y e t  i t  has a  h i g h  mean N03-N concen t ra t i on  and s i g n i f i c a n t l y  

compares w i t h  n i t r o g e n  mean concen t ra t i ons  around C .F. I n d u s t r i e s .  Thus, t he  

l a r g e  number o f  p o i n t  sources on t h e  V i r g i n i a  s e c t i o n  of t he  Blackwater  should 

provoke ques t ions  concern ing p o i n t  and non-poi n t  sources of n i t r o g e n  from t h i s  

area. 

The B group (Tab le  V )  f u r t h e r  suggests a  c l o s e r  examinat ion o f  t h e  source 

o f  n i t r o g e n  p o t e n t i a l  as revea led  by these s t a t i o n s .  I n  f a c t ,  t he  e n t i r e  s e t  o f  

~ r o u p i n g s  suggests t h a t  a  c l o s e r  s i t e  examinat ion be vlade r e l a t i v e  t o  t h e  

sources o f  n i t r ogen .  An a n a l y s i s  o f  l a n d  use by phys i ca l  examinat ion i n  1 i g h t  

o f  these f i n d i n g s  i s  necessary i f  d e f i n i t i v e  i n fo rma t i on  i s  des i red.  

Arnmonia-Ni t r ogen  (NH4-N) - 
The A-group s t a t i o n s  (Tab le  I V )  form an i n t e r e s t i n n  pa t t e rn .  The A-group 

shows t h e  h i ghes t  mean ammonia concen t ra t i ons  o f  a l l  t he  CRC s t a t i o n s .  Yet, 

they  a re  geoqraphica l  ly q u i t e  a  d i  stance apa r t .  I n  t h e i r  geowhysi c a l  l o c a t i o n ,  

each i s  un ique l y  l o c a t e d  w i t h  respec t  t o  t h e  CRC. S t a t i o n  C2 i s  be1 ow UC; 

s t a t i o n  C3B and C4A a re  around C.F. I n d u s t r i e s ,  w i t h  C4A i n  d i r e c t  c o n t a c t  w i t h  

t he  e x p l o i t e d  f o r e s t  area, now reduced t o  a grass f i e l d .  

It i s  d iscernab le  t h a t  t he  l owe r  Chowan s t a t i o n s ,  i n  p a r t i c u l a r  C13 and 

C16, t he  two most bloom prone s t a t i o n s ,  a re  f a r  removed f rom t h e  A-group i n  

NH4-lal h i p h e s t  mean concent ra t ions .  Th i s  i s  o f  i n t e r e s t  s ince  Hohbie and 

S tan ley  (24)  i n d i c a t e d  t h a t  ammonia was t h e  n i t r o g e n  t ype  o f  f i r s t  p re fe rence  t o  

Chowan R i v e r  a1 gae. 

To ta l  N i t r o g e n  -/- K j e l  dahl N i t r ogen  (TN/TKN) 

As can be seen i n  Tables VII and V I I I ,  TN and TKN d i d  n o t  f o l l o w  a p a t t e r n  

du r i ng  t he  study per iod .  However, a  reasonable a n a l y s i s  m igh t  be drawn from a  

more d e t a i l e d  observa t ion  o f  t h e  data. 



TARLE V I  

DUNCAN 'S  MULTIPLE RANGE, TEST PESULTS FOR AMMONIA NITROGEN (rnqll) 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT 

ALPHA LEVEL= .05 DF-2475 

GROUPING 

A 
A 
A 
B 

C B 
C B 
C R 
C B 
C B D  
C B D  
C B D  
C B D  
C B D  
C B D  
C B D  
C B D  
C B D  
C R D  
C B D  
C R D  
C B D  
C B D  
C B D  

MEAN - 
0.168010 
O.157474 
O.1507O7 
0.081485 
0.0804 00 
O.O8OO55 
0 .O78776 
0 .O781!50 
0 .O76344 
0.071968 
O.87OOOO 
0.069510 
0 .O56O5O 
0.064646 
0.046100 
0.062143 
0.061212 
0.061012 
0 .O54192 
0.053622 
0.050306 
0 .CIS0278 
O.O47062 

STAT I ON 



TABLE V I I  

DUNCAN'S MULT IPLE  RANGE TEST RESULTS FOR TOTAL NITROGEN (mg/l) 

MEANS WITH THE SAME LETTER ARE NOT S I G N I F I C A N T L Y  D IFFERENT 

ALPHA LEVEL=.05  

E C D 
E F C D  
E F 
E F 
E F 
E F 
E F 
E F G  

DF=2470  MS=O . I 8 1 2 8 2  

MEAN - FJ - STATION 

C 9 
C 3 B  
C4A 
C 1 4  
C 2  
C l R  
C8 
C 1 3 A  



T A B L E  V I I  I 

DUNCAN ' S M U L T I P L E  RANGE T E S T  RESULTS FOR TOTAL K J E L D A H L  NITROGEN (mg/ l )  

'FEREMT 

ALPHA L E V E L =  .O5 

GROUPING 

A 
A 

e A 
B A C 
P D A C  
B D A C  
P D E C  
B D E C  
B D E C  
B D E C  
B D E C  
F D E C  
F D E C  
F D E  
F D E  
F D E  
F D E  
F D E G  
F D E G  
F D E G  
F E G 
F E G 
F G 

S T A T  I OR 

C 9  
C 8  
C3R 
C 2 
C 1 4  
C 1 3 A  
C 1 5  
C4A 
C 1 2  
C 1 3  
C 6  1 
C 1 1  
C 1 6  
c i e  
C 7 A  
c 2 c  
C 2 F  
C 2 B  
C 5 
C 2 B 1  
C 6 
C 4 
C 3 



TKN i n c l u d e s  NH4-N and o rgan i c  n i t r o o e n  (ON). S ince s t a t i o n  C3B was 

shown t o  be t he  second h i q h e s t  among mean concen t ra t i on  (Tab le  VI) and t h i r d  

h i g h e s t  i n  TKN (Tab le  V I I I ) ,  i t  i s  l o g i c a l  t o  assume, due t o  l o c a t i o n  and WWB, 

t h a t  t h e  TKN o f  s t a t i o n  C3R i s  mos t l y  NH4-M. L ikewise  s i nce  C9 and C8 (Tab le  

V I I I )  were t h e  h i g h e s t  TKW means concen t ra t i on  s t a t i o n s  h u t  were n o t  

p a r t i c u l a r l y  h i g h  NH4-N s t a t i o n s  (Tab le  V I ) ,  i t  cou ld  be reasoned t h a t  NH4-N 

and ON were moderate ly  eaual a t  these s t a t i o n s  (Tab le  V I I P  and Tab le  V I ) .  A lga l  

species biomass (Appendix IV) i n d i c a t e s  t h a t  s t a t i o n  C9 and C8 were a t  bloom 

c o n d i t i o n s  (WWB) d u r i n p  1979. T h i s  would suggest a  h i g h  o rgan i c  n i t r o q e n  

concen t ra t i on  a t  these s t a t i o n s .  However, an examinat ion o f  s t a t i o n s  throughout  

t h e  reach o f  t h e  CRC (F igu res  3-71 suggests t h a t  t h e  e n t i r e  CRC was h i g h  i n  ON. 

Th is  was t r u e  rega rd less  of season of t h e  year .  Fu r the r ,  w i t h i n  t h e  s t a t i o n s  

shown i n  F igu res  A-E, mean ON concen t ra t i ons  were o n l y  s l i g h t l y  below t h e  mean 

TKN concen t ra t i ons  f o r  these s t a t i o n s  (Tab le  V I I I J ,  b u t  much h i g h e r  than t h e  

mean MH4-M (Tab le  VI)  concent ra t ions .  If most of t h e  ON i s  a  f u n c t i o n  of 

a l g a l  biomass, t h i s  would sugQest a  h i  u t i l i z a t i o n  o f  NH4-N and NO3-N 

d u r i n g  a l l  seasons o f  t h e  year .  The on l y  d i f f e r e n c e  would be a  d i f f e r e n t  a l g a l  

community s t r u c t u r e ,  due p r i m a r i l y  t o  a  temperature t o1  erance among t h e  species.  

Thus, i t  seems reasonable t o  say t h a t  t h e  e n t i r e  CRC has exceeded i t s  n u t r i e n t  

needs and remains so th roughout  t he  year .  Only t he  s p e c i f i c i t y  f o r  h i g h  

temperatures (14OC - 30°C) by Cyanophyta and t h e  upper r i v e r  h i g h  f l o w  p reven ts  

a  t o t a l  CRC cont inuous b lue-green a l g a l  bloom. I t  i s  arguable from a  h i o l o ~ i c a l  

pe rspec t i ve  t h a t  t h e  CRC i s  now under t h e  s iege  o f  a cont inuous a l g a l  bloom. 

S t a t i o n  Comparative Summary 

The e f f i c i e n c y  of t h e  s t a t i o n s  i n  t h e  r i v e r  t o  respond b o t h  b i o l o g i c a l l y  

and chem ica l l y  as a  " lower  group" and an "upper qroup" (Lower Reach S ta t i ons ;  

Upper Reach S t a t i o n s )  a l lowed f o r  summarizat ion o f  t he  data as an i n t e r p r e t a b l e  

mass. 


















































































































































































































































