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The Pamlico River  Es tuary  extends some 35 mi l e s  from Washington, N. C ,  t o  
Pamlico Sound, The phytoplankton cyc l e  of t h i s  e s t u a r y ,  determined from samples 
preserved i n  Lugo l s s  a c e t a t e  s o l u t i o n  and counted w i t h  t h e  UeermBhl technique 
and an  i nve r t ed  microscope, i s  completely dominated by d i n o f l a g e l l a t e s .  Diatoms, 
however, become more and more important  i n  t he  lower reaches  of t h e  r i v e r  c l o s e  
t o  t h e  po in t  where it empties i n t o  Pamlico Sound. 

The dominant organism i s  the  armored d i n o f l a g e l l a t e ,  Per idinium t r ique t rum,  
t h a t  c r e a t e s  a  red t i d e  dur ing  January,  February,  and March, I n  t h i s  bloom t h e  
Peridinium i s  accompanied by o t h e r  d i n o f l a g e l l a t e s  such a s  Gyrodinium aureolum, 
Katodinium rotundaturn, and Prorocentrum minimum, This  bloom l a s t s  u n t i l  l a t e  
March and then  popula t ions  remain low u n t i l  a  l a t e  summer peak of a l g a e  dominated 
by 6. aureolum, 6. e s t u a r i a l e ,  K. zotundatum, Polykrikos sp., and Calyeomonas 
o v a l i s .  Th i s  i nc rease  t a k e s  p l ace  i n  l a t e  August and e a r l y  September and i s  
followed by a  f a l l  low t h a t  l a s t s  u n t i l  t h e  e a r l y  s p r i n g  bloom begins  i n  December 
o r  e a r l y  January ,  

This  y e a r l y  cyc l e  i s  s i m i l a r  t o  t h a t  found i n  s e v e r a l  of t h e  r i v e r  e s t u a r i e s  
t h a t  e n t e r  Chesapeake Bay - -  i n  f a c t ,  t h i s  b a y ' s  t r i b u t a r i e s  o f f e r  t h e  c l o s e s t  
p a r a l l e l  t o  Pamlieo River  Es tuary .  Even the  red t i d e  forming organism, P. 
t r i que t rum,  i s  t h e  same, I n  a d d i t i o n  t o  i t s  occurrence i n  t h e s e  very  f e r t i l e  
e s t u a r i e s ,  t h i s  a l g a  i s  found i n  t h e  sewage-polluted Oslo Fjord (Norway) and i n  
Walvis Bay (South West A f r i c a )  t h a t  i s  enr iched  by s e a b i r d s  and f i s h  f a c t o r i e s .  
Per id in ium t r i que t rum i s ,  t h e r e f o r e ,  an i n d i c a t o r  of extremely r i c h  o r  po l lu t ed  
c o n d i t i o n s o  I n  t h e  Pamlico River  Es tua ry ,  t h e  enrlehmenr comes from sewage from 

\ 

s e v e r a l  small c i t i e s  and from farm and swamp r u n o f f .  

It i s  l i k e l y  t h a t  t h e  red t i d e  i s  t he  r e s u l t  of l a r g e  amounts of n i t r a t e  
t h a t  reach  t h e  middle p a r t s  o f  t h e  e s tua ry  i n  mid-winter. Phosphorus is  i n  ample 
supply ehe yea r  around. The Icw temperatures  a t  t h i s  time of year  may reduce 
b i o l o g i c a l  uptake enough i n  t h e  u p p s r  p a r t s  of t h e  e s t u a r y  s o  t h e  n i t r a t e  moves 
more t han  h a l f  way down t h e  e s t u a r y  i n t o  t h e  a r e a  where t he  s a l i n i t y  and o t h e r  
c o n d i t i o n s  a r e  e s p e c i a l l y  f avo rab l e  f o r  t h e  a l g a l  bloom, The Isw temperatures  
a l s o  a l low reduced r e s p i r a t i o n  of t h e  a l g a e  so  t h a t  no g r e a t  amount o f  oxygen 
r educ t ion  i s  no ted ,  However, i e  i s  important  t o  keep t h e  summer l e v e l s  of 
n i t r a t e  a t  a  10%- Level s o  t h a t  red t i d e s  a t  t h i s  time w i l l  not k i l l  f i s h  and 
s h e l l f i s h  by reducing t h e  oxygen l e v e l s  dor ing  night-ziine r e s p i r a t i o n .  

The b e s t  way t o  s tudy  such a  h igh ly  v a r i a b l e  bloom of a lgae ,  and indeed 
t o  s tudy t h e  whole y e a r l y  c y c l e ,  i s  w i th  a  l a r g e  number of ch lo rophy l l  
measurements every o t h e r  week combined wirh  a  few counts  of a l g a e  w i th  r h e  
UtermUhl method ( s e t t l i n g  p l d s  count ing wi th  the  invsreed  microscope).  
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I, SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

1 , A .  Summary and Conclusions 

The Pamlico River  Es tuary  of North Caro l ina  i s  shal low,  h igh ly  product ive ,  
and has  a  s a l i n i t y  range of 0,5 t o  19 ppt  ( p a r t s  per  thousand s a l t ) .  The 
e s t u a r y  extends from Washington, North Caro l ina ,  on t h e  west some 35 mi l e s  t o  
Pamlico Sound on t h e  e a s t .  A s  a  p a r t  of a  long term study of t h e  ecology of 
t h e  e s t u a r y ,  a  d e t a i l e d  study was made of t h e  phytoplanktonic  a lgae  du r ing  
1966, 1967, and 1968. 

The techniques used f o r  t h e  a l g a l  s tudy  involve p re se rv ing  wi th  an  iod ine-  
i o d i d e - a c e t a t e  s o l u t i o n  and count ing ,  a f t e r  s e t t l i n g ,  w i t h  an i nve r t ed  microscope, 
Th i s  method g ives  a  complete p i c t u r e  of t h e  a l g a l  popula t ion ,  u n l i k e  o t h e r  methods 
p rev ious ly  used i n  most e s t u a r i n e  s t u d i e s  where t h e  a l g a e  were preserved w i t h  
formal in  and concent ra ted  w i th  a  n e t ,  A s  a  r e s u l t ,  t h e  numbers and biomass 
found were much h igher  than  t h a t  found i n  o t h e r  e s t u a r i e s  of t h e  s o u t h e a s t e r n  
U.S., b u t  only because of t h e  s p e c i a l  methods used. I t  appears  t h a t  a  combination 
of  an  i n t e n s i v e  s tudy of t h e  ch lo rophy l l  a t  many s t a t i o n s  w i th  a  few counts  of 
t h e  preserved samples w i l l  g ive  t h e  b e s t  in format ion  about  a l g a l  cyc l e s .  

There were two pe r iods  of h igh  a l g a l  biomass i n  t h e  r i v e r :  du r ing  January ,  
February,  and March; and du r ing  l a t e  August and e a r l y  September, D i n o f l a g e l l a t e  
a l g a e ,  p a r t i c u l a r l y  t h e  armored form Peridinium t r i que t rum,  produced a r ed  t i d e  
i n  mid-winter,  bu t  d id  no t  k i l l  any f i s h ,  s h e l l f i s h ,  o r  o t h e r  marine l i f e .  The 
summer peak was a l s o  d i n o f l a g e l l a t e s ,  but was q u i t e  b r i e f  and d i d  no t  reach  red  
t i d e  p ropor t i ons .  

The cause of t h e  r ed  t i d e  was l i k e l y  t h e  h igh  n i t r a t e  concen t r a t i ons  t h a t  
reached t h e  middle reaches  of t h e  e s t u a r y ,  beginning i n  December, Although t h e  
r i v e r s  and s t reams e n t e r i n g  t h e  Pamlico River  (mainly t h e  Tar River )  have h igh  
concen t r a t i ons  of  n i t r a t e  a t  o t h e r  times of t h e  y e a r ,  t h e  n i t r a t e  i s  u s u a l l y  
used up be fo re  t h e  water  goes very  f a r  i n t o  t h e  e s t u a r y ,  The Pow tempera tures  
of mid-winter,  however, keeps b i o l o g i c a l  a c t i v i t y  low and a l lows  t h e  n i t r a t e  
t o  s t a y  i n  t h e  wa te r ,  Phosphorus concen t r a t i ons  a r e  always more than  adequate  
throughout  t h e  e s t u a r y ,  s o  t h e  bloom (o r  r e d  t i d e )  r e s u l t s  when t h e  proper  mix 
of s a l i n i t y ,  n i t r a t e ,  and phosphorus i s  reached,  No e f f e c t  of t h e  r e l e a s e  of 
phosphorus i n t o  t h e  r i v e r  from the  phosphate mining a c t i v i t i e s  could be  found. 

I f  t h e  a l g a l  bloom were t o  extend i n t o  t h e  summer months, then i t  i s  l i k e l y  
t h a t  t h e  h igh  biomass of a l g a e  would d e p l e t e  t h e  oxygen supply by n ight - t ime  
r e s p i r a t i o n .  This  d e p l e t i o n  would cause a  k i l l  of young f i s h ,  shrimp, clams and 
o y s t e r s ,  and o t h e r  marine organisms. Therefore ,  it i s  important  n o t  t o  a l low 
increased  amounts of n i t r a t e  t o  reach  t h e  e s t u a r y ,  e s p e c i a l l y  du r ing  t h e  sumner 
months. The e s t u a r y  appears  t o  be a b l e  t o  handle  t h e  amounts now e n t e r i n g ,  bu t  
i s  c e r t a i n l y  c l o s e  t o  i t s  upper a s s i m i l a t o r y  l i m i t  f o r  n u t r i e n t s .  



I.B. Recommendations 

In order to understand more completely the annual cycle of phytoplankton 
species and biomass in the Pamlico River Estuary, N. C., the following studies 
are recommended: 

Controlled experiments to determine the nutrient requirements of Peridinium 
triquetrum under various temperature and salinity regimes ; 

Concentrations of nitrogen in relation to phytoplankton species and biomass 
in the estuary; 

Comparison of nutrient concentrations and phytoplankton populations in the 
Parnlico River Estuary with those in the Neuse and Albemarle Estuaries; 

Investigation of the relationship between the algal bloom and concentrations 
of trace metals, vitamins, and other organic compounds; 

Comparison of the algal bloom with primary productivity and diversity of other 
organisms in the Pamlico River Estuary; 

Determination of seasonal differences in the transport and fate of nitrogen 
compounds through the Pamlico River Estuary; 

Characterization of the physiological operations of Peridinium triauetrum to 
determine the changes to the estuary regime that would create an algal bloom 
during summer; and, 

Description of the successional characteristics of the phytoplankton popula- 
tion in the Pamlico River Estuary to determine the relationship of g o  triquetrum 
to other species, pigment concentrations and ratios, orgmic biomass, and 
nutrient ratios. 



11, INTRODUCTION 

I 1 . A .  Scope and Objec t ives  

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 a q u a t i c  systems. The 
a l g a e  respond r a p i d l y  t o  s l i g h t  changes i n  t h e  r i v e r ,  l a k e ,  o r  e s t u a r y ,  and 
t h e i r  response i s  o f t e n  the  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 h e  s p e c i a l i z e d  knowledge of taxonomy 
necessary  t o  i d e n t i f y  t h e  va r ious  spec 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 the  a lgae .  Es tua r ine  popula t ions  change 
r a p i d l y  i n  space and t ime and a  tremendous amount of work i s  necessary  t o  o b t a i n  
any meaningful d a t a .  I n  c o n t r a s t ,  l a r g e r  a q u a t i c  organisms, such a s  molluscs 
and f i s h  a r e  no t  only e a s i e r  t o  sample and i d e n t i f y ,  but  they have an  immediate 
commercial va lue  t h a t  has  s t imu la t ed  t h e i r  s tudy.  

This  r e p o r t  g ives  phytoplankton s p e c i e s ,  numbers, and biomass i n  t h e  Pamlieo 
r i v e r  Es tuary  of North Caro l ina .  The per iod  August 1966 through A p r i l  1968 i s  
covered i n  d e t a i l .  The s tudy  i s  a  p a r t  of a  l a r g e  program dea l ing  wi th  t h e  
e u t r o p h i c a t i o n  of e s t u a r i e s  i n  North Caro l ina .  A number of persons were involved 
i n  t h e  sampling (E. J. Carpenter ,  L .  W. Wood, D, Moore, J. A .  Sherk, W. Danie ls )  
count ing  (Yoow K i m ,  R. J .  M i l l e r ) ,  and d a t a  p l o t t i n g  and e d i t i n g  (J. Lee, 
N .  Scobie,  B, J. Copeland). D r .  E.  M. Hulbur t ,  of t h e  Woods Hole Oceanographic 
I n s t i t u t i o n ,  helped i n  t h e  i d e n t i f i c a t i o n  of t h e  a l g a l  s p e c i e s ,  bu t  should no t  
be he ld  r e spons ib l e  f o r  t h e  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  1967. 

1I.B. Review of Methods and Other S tud ie s  

It i s  obvious t h a t  methods used f o r  taxonomic s tudy  a r e  not  s u i t a b l e  f o r  
a n  e c o l o g i c a l  s tudy  such a s  t h i s .  The main o b j e c t i v e  of a  taxonomical s tudy 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 ,  an  e c o l o g i c a l  
s tudy must measure the  amount of a l g a l  biomass p r e s e n t  because it i s  f ed  upon 
by zooplankton and o t h e r  animals ,  For t h i s  reason ,  numbers per  l i t e r  a r e  no t  
adequate  b u t  must be changed t o  a volume o r  weight  b a s i s  ( t h e  volumes of i n d i v i d u a l  
phytoplankton c e l l s  may range from 1 t o  more than  10,000 u3),  

The method of s tudy chosen was t h e  Utermold technique  which u t i l i z e s  
s e t t l i n g  chambers andan inve r t ed  microscope. This  method (1)  has  become t h e  s tandard  
i n  marine and f reshwater  phytoplankton work; i t s  on ly  drawback be ing  t h e  amount 
of t ime necessary  f o r  each sample. The most important  advantage is  t h a t  t h e  
method enab le s  counting t h e  f l a g e l l a t e s  and nannoplankton a s  we l l  a s  l e s s  f r a g i l e ,  
l a r g e r  forms. One example of t h e  importance of technique  and of f l a g e l l a t e s  is 
mentioned by P a t t e n ,  Mulford and Warinner ( 2 ) .  They found t h a t  t h e  l a r g e  diatom 
blooms found by e a r l i e r  workers i n  Chesapeake Bay were matched by equa l ly  l a r g e  
f l a g e l l a t e  blooms. Evident ly  t h e  f l a g e l l a t e s  were l o s t  o r  destroyed wi th  a  
ne t -p lus- formal in  t rea tment .  



Lack of uniformity of methods among different workers makes it often difficult 
to compare different estuarine studies. For example, studies of the phytoplankton 
of Chesapeake Bay alone have used centrifuga$ion plus preservation with Fleming's 
solution or 4% formalin ( 3 ) ,  a no. 20 net pIus formalin (4, 5), uneoncentrated 
live samples plus net samples (2), settling and examination of subsamples on a 
microslide ( 6 ) ,  chlorophyll measurements after concentration in a Forest 
Centrifuge (5) and continuous chlorophyll measurements with a fluorometer (7). 

Another problem is that of the tremendous variability in space and time of 
the estuarine phytoplankton. This variability may be caused by vertical migra- 
tion of algae (6), by localization of algal blooms (8), or simply by movement 
of water past the sampling station, While no worker has approached this sampling 
problem from a statistical point of view, there are a number of measurements 
over 24 hr or along a transeet in an estuary that give some estimates of the 
problem involved, Ragotzkie and Pomeroy (a), for example, reported a dinoflagellate 
bloom in a Georgia estuary that lasted only 4 days. Flemer (7) ,  reporting on 
coneentratlons of chlorophyEl in Chesapeake Bay measured in vivo, Sound three 
major peaks of algal chlorophyll in one 5 km stretch of water. 

In spite of the tremendous area of estuaries slow the southeastern coast 
of the U, S o , ,  there are very few studies of the phygwlankton algae. From 
Florida to Cape Cod, only Chesapeake Bay and Narragansett Bay have been adequately 
studies, More specifically, a recent literature search has turned up only one 
paper dealing with the phytoplankton of Georgia estuaries, none from South or 
North Gar~lina, none from the Delaware Bay area, and two from New Jersey estuaries. 
The paper from Georgia (8) deals with an intensive bloom of a dinoflagellate 
that occurred in the headwaters of the Duplin River. This bloom occured in March 
and April and was notable because the small amount of river flow allowed rates 
of diffusion and loss of the population to be calculated. The New Jersey 
studies have been concerned mostly with diversity of net phytoplankton ( 9 )  in 
Raritan Bay. As the water moved out of the bay it became less and less polluted 
and the diversity of the phytoplankton increased. 

Most of the studies of Chesapeake Bay have taken place in the rivers and 
bays within the larger system and the main bay itself has been little studie2. 
There is still a need for a large-scale, coardinated sampling program over the 
whole bay. The results of these isolated studies, however, are relatively 
consistant and some pattern does emerge. It should be noted that these eonclu- 
sions are based only on modern studies that used techniques other than nat, 
collection and preservation with formalin. 

The overall pattern is for a winter dominance by diatoms and a flagellate 
dominance in spring and summer. Some of the best data are from Patten et al. 
(2), who compared a station in the York River with four other stations strstchirg 
to the east into the bay proper. The river station had the most pronounced 
seasonality of peaks with most of the biomass present in the January through July 
period. In the river there was a peak of the diatoms Skeletonema costatum and 
Chaetoceros affinis in January and February, with a smaller peak in March. During 
March the dinoflagellate Peridinium triquetrum began to increase sharply in 
abundance and reached a peak in April.  he- C36rysophyte, Chilomonas (sp. 7 9 ,  
had a brief peak in May and then the dinoflagellate, Massartia rotundata, made 
up most of a June peak (the highest of the year). This same species was high in 
June and July along with Cryptomonas sp. and Skeletonema. After a August peak 
made up fo Chilomonas sp. and Gyrodinium aureum, the biomass fell drastically a d  
remained very low through December. 



A s t a t i o n  ou t  i n  t h e  middle of lower Chesapeake Bay had much t h e  same p i c t u r e  
f o r  t h e  diatoms,  bu t  t h e  f l a g e l l a t e s  were much l e s s  important .  For t h i s  r ea son ,  
t h e  y e a r l y  p i c t u r e  was dominated by t h e  diatoms,  a l though t h e r e  was a  December 
peak of Chilomonas. A very  s i m i l a r  p i c t u r e  emerges from t h e  work of Marshal l  
(10, ll), who s tud i ed  t h e  James River  Estuary reg ion .  Again, t h e  dominant 
s p e c i e s  was Skeletonema costaturn, bu t  A s t e r i o n e l l a  japonica and Ni tzsch ia  pungens 
were a l s o  important  i n  t h e  w in t e r  and e a r l y  sp r ing  diatom maxima. I n  t h i s  s tudy  
t h e  py toply toplankton  were most abundant i n  January through March. 

A s tudy  i n  t h e  Patuxent  River  Es tuary  a t  t h e  head of t h e  bay ind i ca t ed  
t h a t  t h e r e ,  t o o ,  t h e  diatoms were t h e  dominant group (4). However, t h e  p r e s e r -  
v a t i o n  methods h e r e  would have destroyed most of t h e  f l a g e l l a t e s .  The diatoms 
made up almost  100% of t h e  plankton from December through May, w i th  small  
d i n o f l a g e l l a t e  peaks du r ing  t h e  summer months. The dominant diatoms were aga in  
Skeletonema and Chaetoceros.  

I I . C ,  The Pamlico River  Es tuary  

The Tar River  flows through n o r t h e a s t e r n  North Caro l ina  and suddenly 
slows and widens a t  Washington, N .  C.; a t  t h i s  p o i n t  it becomes t h e  Pamlico 
River  Es tua ry ,  Th i s  narrow e s t u a r y  i s  some 35 mi l e s  long from i t s  wes te rn  end 
a t  Washington, N.  C .  t o  i t s  e a s t e r n  end a t  Pamlico Sound (Fig.  1 ) .  It  i s  8 m i l e s  
wide a t  i t s  maximum p o i n t  and has  an  average depth  of around 10 f e e t .  The 
Outer Banks and Pamlico Sound e f f e c t i v e l y  damp ou t  most of t h e  l una r  t i d e  s o  
t h a t  i n  t h e  Pamlico River  Es tuary  t h e r e  i s  only a  6 inch t i d a l  ampli tude.  These 
twice  d a i l y  t i d e s  a r e  o f t e n  overshadowed by wind t i d e s  of up t o  3 f e e t .  Because 
of t h e  s l i g h t  t i d a l  e f f e c t  and r e l a t i v e l y  low flow of t h e  r i v e r  and s t reams 
e n t e r i n g  t h e  e s t u a r y  (Fig.  2) i n  r e l a t i o n  t o  t h e  volume of t h e  e s t u a r y  (average 
f low i s  between 2 and 3 thousand c f s ) ,  t h e  f l u s h i n g  time i s  long and t h e  n e t  
movement of water  i s  probably on ly  1 mi l e  per  day (12) .  

The s a l i n i t y  regime (13) i s  determined c h i e f l y  by t h e  q u a n t i t y  of in f lowing  
f reahwater ;  changes i n  s a l i n i t y  of up t o  10 ppt  ( p a r t s  pe r  thousand) a r e  common 
a t  any s t a t i o n .  The s a l i n i t y  ranges from 0 ppt  a t  Washington t o  20 pp t  a t  
Pamlico Sound. Due t o  t h e  C r i o l i s  Force ,  i t  i s  commonplace t o  Rave much of t h e  
f r e s h  water  f lowing a long  t h e  south  s i d e  of t h e  e s t u a r y .  

The temperatures  (14) range from 3 C t o  34 C ,  a l though temperatures  above 
31  C a r e  unusual .  On any given day,  t h e r e  could be h o r i z o n t a l  temperature  
d i f f e r e n c e s  of up t o  4  C .  

The e s t u a r y  may become s t r a t i f i e d  a t  any t i m e ,  bu t  u s u a l l y  on ly  f o r  a  few 
weeks. When t h i s  happens i n  t h e  summer, t h e  bottom water  may become completely 
deoxygenated. 

Ea r ly  s t u d i e s  cen t e r ed  around t h e  p o s s i b l e  e f f e c t s  t h a t  t h e  e s t ab l i shmen t  
of a  phosphate mine on t h e  south  s i d e  of t h e  r i v e r  (Texas Gulf Su l fu r  Corp.) 
would have on t h e  water  chemistry and b io logy .  It i s  now apparen t  (13) t h a t  
t h e r e  i s  enough phosphorus n a t u r a l l y  p re sen t  i n  t h e  r i v e r  and t h a t  t h e  phosphorus 
added from t h e  phosphate mine ope ra t i ons  has  no added e f f e c t  on t h e  b io logy .  



1. Diagram of eastern North Carolina, showing the location of the Pamlico 
River Estuary. 



2. Water f low (cub ic  f e e t  p e r  second)  i n  t h e  Tar  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  sampling d a t e s .  



The n a t u r a l  l e v e l s  s f  P  i n  t he  e s t u a r y  a r e  i n  t h e  1-2 ug-at  P / l i t e r  range 
( 1  ug-a t  P  equals  31  ug) f o r  t o t a l  phosphate,  As a  r e s u l t  of t h e  mining a c t i v i t i e s ,  
l e v e l s  a s  h igh  a s  93 u g - a t / l i t e r  have been measured, However, t h e  r e l e a s e  i s  
i n t e r m i t t a n t  and t h e  highev phosphorus water  i s  found a s  patches t h a t  move 
seaward along t h e  south shore of t h e  e s t u a r y .  Because of removal of phosphorus 
by t h e  sediments ,  removal by microorganisms, and d i s p e r s i o n  d i l u t i o n ,  t h e  pa tches  
of h igh  phosphorus water  do no t  reach Pamlico Sound. There does appear t o  be ,  
however, an inc rease  over t h e  p a s t  t h r e e  o r  fou r  years  i n  t h e  concen t r a t ions  of 
phosphorus e n t e r i n g  t h e  e s t u a r y  i n  t h e  r i v e r  wa te r .  This  may be a  r e s u l t  of 
increased  sewage t rea tment  and of increased  use of de t e rgen t s .  

The n i t r o g e n  i n  t h e  r i v e r  i s  l a r g e l y  i n  t he  form of d isso lved  organic  
n i t r o g e n ,  ammonia, n i t r a t e ,  and n i t r i t e ,  i n  t h a t  order  of abundance (unpublished 
d a t a  of t h e  Pamlico Marine Laboratory) ,  The d isso lved  organic  n i t r o g e n  i s  
around the  30 u g - a t l l i t e r  l e v e l ,  and t h e  ammonia a t  t he  5-10 u g - a t l l i t e r  l e v e l  
throughout t h e  year  ( f o r  a l l  forms of n i t rogen ,  1 u g - a t / l i t e r  equals  14 u g ~ /  
l i t e r ) .  The n i t r a t e  i s  always below 1 u g - a t l l i t e r .  I n  c o n t r a s t ,  t h e  n i t r a t e  
shows a  tremendous seasonal  v a r i a t i o n  a s  t h e  concen t r a t ion  may be  a s  h igh  a s  
100 u g - a t l l i t e r  and a s  low a s  0.5 u g - a t l l i t e r .  Th i s  low va lue  i s  t h e  usua l  c a s e  
most of t he  year  i n  most of t h e  e s tua ry .  However, dur ing  t h e  co lde r  months of 
l a t e  December, January ,  February,  March, and p a r t  of A p r i l ,  t h e  f a i r l y  h igh  
concen t r a t ions  t h a t  e n t e r  t h e  e s t u a r y  extend f a r t h e r  and f a r t h e r  downstream and 
the  concen t r a t ions  r i s e  a t  a l l  but  t h e  s t a t i o n s  n e a r e s t  Pamlico Sound. Th i s  
ex tens ion  of t h e  h ighe r  n i t r a t e  concen t r a t ions  may be  caused by a  number of 
f a c t o r s  such a s  t h e  increased  amounts of n i t r a t e  found i n  tk incoming r i v e r  
water  o r  t h e  decreased uptake of n i t r a t e  due t o  t h e  low temperatures .  

The shallowness of t he  e s t u a r y  and t h e  l ack  of con t inua l  s t r a t i f i c a t i o n  
al low a  g r e a t  d e a l  of c i r c u l a t i o n  and mixing of t h e  water  t o  occur ,  As a  r e s u l t ,  
t h e  e s t u a r y  i s  very t u r b i d .  This  t u r b i d i t y  p lus  t h e  moderately s t a i n e d  water  
t h a t  comes from surrounding swamps cause t h e  1% l i g h t  l e v e l  t o  l i e  only 3 f t  
(1 m) from th'e s u r f a c e  i n  the  upper and middle p a r t s  of t h e  e s t u a r y  t o  13 E t  
( 4  m) deep i n  t he  lower p a r t s .  

The dominant zooplankter  i s  t h e  copepod, A c a r t i a  tonsa ,  which i s  f e d  upon 
by l a r v a l  f i s h  and by t h e  ctenophore ( comb- j e l ly f i sh ) ,  Mnemiopsis leydii.. The 
f i s h  a r e  most ly s a l t w a t e r  forms, a l though f reshwater  forms do occur nea r  Wash- 
i ng ton ,  N. C. The permanent r e s i d e n t  f i s h  inc lude  mummichog, t h e  r a inwa te r  
k i l l i f i s h ,  t h e  naked gsby, white  perch,  the  s t r i p e d  anchovy, American ee l ,  and 
t h e  hogchoker. Another group of f i s h  i s  p re sen t  year-round except  i n  t h e  w i n t e 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 ,  t h e  cornion 
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, summer f lounde r ,  
and t h e  no r the rn  p i p e f i s h ,  Other f i s h  a r e  found only dur ing  t h e i r  migra t ions  
through the  e s t u a r y .  These inc lude  h ickory  shad, t h e  a l e w i f e ,  g l u t  h e r r i n g ,  
American shad,  g i zza rd  shad,  s t r i p e d  b a s s ,  and t h e  common s turgeon.  

The ben th i c  animals (boktom dwel l 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, Rangia 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 i v a l v e ,  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  b e n t h i c  animal spec i e s  i n  t h e  Pamlico River  Es tuary .  Th i s  
i s  probably due t o  changes i n  oxygen i n  t he  deeper w a t e r s o  



The b lue  c r a b ,  shrimp, clam and o y s t e r  a r e  commercially harves ted  from t h e  
e s t u a r y  i n  s i z e a b l e  q u a n e 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  commer- 
c i a l  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 t u a r y .  

Although t h e r e  a r e  s a l t  marshes i n  s e v e r a l  p l aces  along the  e s t u a r y ,  t hese  
a r e  h igh  marsh (Juncus s p . )  a r e a s  and do not  c o n t r i b u t e  app rec i ab le  organic  
m a t e r i a l  t o  t h e  e s tua ry .  This  c o n t r a s t s  wi th  o t h e r  a r e a s  of t h e  North Carol ina 
c o a s t  where g r e a t e r  t i d a l  range al lows Spa r t ina  marshes t o  grow (low s a l t  marsh).  
However, t h i s  missing organic  mat te r  i s  compensated f o r  i n  t h e  Pamlieo River  by 
dense beds of widgeon g r a s s ,  Ruppia mari t ima,  and Potamogeton (rooted a q u a 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  t h e  f a l l ,  

111. METHODS 

1 I I . A .  Counting Techniques 

For determining t h e  number of organisms and t h e i r  biomass, t h e  method of 
Utermohl (17) was used. B r i e f l y ,  t he  organisms were preserved i n  a ~ u g o l ' s -  
t ype  s o l u t i o n ,  s e t t l e d  i n t o  a  small  count ing chamber, t h e  excess  water  removed, 
and t h e  organisms counted wi th  an  inve r t ed  microscope. 

Immediately a f t e r  t he  sample ' s  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  placed 
i n  a  g l a s s  b o t t l e  w i t h  a  Poly-Sea@? inner  cap. Next, 8  drops of Lugol ' s  
s o l u t i o n  p lus  sodium a c e t a t e  a r e  added. The usua l  s o l u t i o n  has a c e t i c  a c i d  
added, bu t  t h i s  mod i f i ca t ion  of i t  preserves  t h e  coceol i thophores  much b e t t e r  
t han  t h e  a c i d .  The formula i s :  10 gm I2 f 20 gm K I  + 21,85 gm NaAcetate + 
200 m l  water .  The samples a r e  then  preserved i n d e f i n i t e l y ,  bu 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  become faded. 

The s e t t l i n g  appara tus  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 mm) i n  i n s i d e  diameter  and 2% inches (6 em) h igh  glued on t o  a  square 
p l a t e  of g l a s s  w i th  a  1 inch h o l e  i n  t h e  middle,  This  s e t t l i n g  chamber i s  placed 
on top of t he  counting chamber which c o n s i s t s  of another  square p l a t e  
wi th  a  1 inch ho le  - -  t h e  h o l e  has  a  cover s l i p  glued over it QPliobon 
Next, t h e  thoroughly mixed sample i s  poured i n t o  t h e  chamber leaving  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  is  then moved ac ros s  t h e  top 
t o  complete t h e  s e t t l i n g  appara tus  ( 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  wi th  the  enclosed sample i s  next  placed i n  a moist 
chamber f o r  24 h r  t o  a l low t h e  preserved a lgae  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), then  approxi-  
mately 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  counting chamber and rep laced  by 
a  t h i n  g l a s s  square.  This  is accomplished by p l ac ing  counting chambers ups ide  
down on both s i d e s  of t h e  s e t t l i n g  appara tus .  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  Left  w i t h  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  out  s o  t h a t  no water  escapes from the  s e t t l i n g  chamber and so  t h a t  
t h e  counting chamber con ta ins  no bubbles.  

F i n a l l y ,  a l g a l  counts  a r e  made wi th  a n  inver ted  microscope and r epor t ed  
a s  numbers of i nd iv idua 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 ,  Usual ly ,  
a t  l e a s t  100 ind iv idua l s  of t h e  most common spec i e s  were counted i n  each sample. 
This g ives  approximately + 20% at: t he  95% confidence l e v e l  (18). Counts were 
usua l ly  made a t  a  t o t a l  magni f ica t ion  of 600X. The counts  f o r  each spec 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 rea  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 ea  of t h e  whole c o v e r s l i p ,  and the  volume 
of t h e  s e t t l i n g  chamber p lus  counting chamber. These counts  of numbers per  
l i t e r  f o r  each spec i e s  were converted t o  volume (cubic  microns) by e s t ima t ing  
t h e  volume of an average ind iv idua l  of each spec i e s  with geometric formulae,  
F i n a l l y ,  t h e  t o t a l  volume of the  a lgae  f o r  a  l i t e r  was converted 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 .  

III,B, Sampling S t a t i o n s  

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 and t h e  o t h e r  from March 1967 t o  February 1968 (P ig ,  3 ) .  The f i r s t  s e r i e s  
(F ig .  3a)  was designed t o  examine e f f e c t s  of t h e  e f f l u e n t  from the  phosphate 
s l imes  (mining waste)  pond loca ted  c l o s e  t o  S t a t i o n  B (Fig,  3a) .  When t h e  e f f e c t  
could not  be found, t h e  sampling was expanded t o  inc lude  most of t h e  e s t u a r y  i n  
o rde r  t o  s e t  up a  b a s e - l i n e  of a l g a l  cyc l e s  (Fig.  3 b ) .  

A s tudy  was a l s o  c a r r i e d  out t o  i n v e s t i g a t e  t h e  v a r i a b i l i t y  of t h e  plankton 
and t h e  number of samples needed t o  charac te r ize  t h e  r i v e r .  Samples were taken  
every day f o r  56 days between 25 February and 19 May 1968 from t h e  Pamlico 
Marine Laboratory p i e r  loca ted  2 km from the  PamPico River i n  South Creek. On 
Figure  3a ,  t h e  p i e r  was loca ted  half-way between S t a t i o n s  A and B on t h e  n o r t h  
( top  of map) s i d e  of t h e  e s t u a r y .  I n  each of these samples a l l  c e l l s  aver  1000 
u3 were counted and f o r  10 d a t e s  t h e  10-1000 u3 were counted and f o r  10 d a t e s  a the  10-1000 u c e l l s  were a l s o  counted, C e l l s  l e s s  than  10 u3, most ly spherical 
b luegreens ,  were i n s i g n i f i c a n t  i n  t h e  t o t a l  biomass. V a r i a b i l i t y  of the 
c o l l e c t i o n  and count ing  procedures  was determined by f i l l i n g  10 b o t t l e s  from 
a s i n g l e  bucket and t r e a t i n g  each b o t t l e  a s  a  s e p a r a t e  sample. The v a r i a b i l i t y  
w i t h i n  one day was obta ined  from 12 samples,  one taken every 2 hour s ,  on 15-16 
March 1968. For comparison, ch lo rophy l l  was analyzed i n  s u r f a c e  samples taken 
on a  s i n g l e  day from 34 s t a t i o n s .  Samples were f i l t e r e d  onto g l a s s  f i b e r  f i l t e r ,  
macerated i n  ace tone  w i t h  a  Tef lon  h igh  speed g r i n d e r ,  and analyzed s r eo rd ing  te 
t h e  procedures  g iven  by S t r i ck l and  and Parsons (19) .  

I Evalua t ion  of sampling Method 

The c o e f f i c i e n t  of v a r i a t i o n  (CV) f o r  biomass was 25% f o r  both  the  10 
r e p l i c a t i o n s  from a bucket and t h e  12 samples taken over 24 h r .  The ranges were 
5 t o  14 and 5 t o  11 m g / l i t e r ,  r e s p e c t i v e l y .  The v a r i a t i o n  f o r  one day i s  lower 



STATION NUMBERS 

AUG. 1966 - AUG. 1967 
F I 

MAR.  1967 

-. 

Sample s t a t i o n s  i n  t h e  Pamlico River  from August 1966 t o  August 1967. 
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Marine L a b o r a t o r y ,  South Creek,  d u r i n g  F e b r u a r y ,  March, A p r i l ,  and May 1968. 



than  expected,  so a  r e p e t i t i o n  would have produced a  l a r g e r  r e s u l t .  The CV of 
25% f o r  t h e  e r r o r  of t h e  method i n d i c a t e s  t h a t  t h e r e  i s  adequate  p r e c i s i o n  f o r  
e s t ima t ing  the  popula t ion  biomass. This  conclusion i s  based on t h e  l a r g e  range 
of biomass found i n  t h i s  e s tua ry  and o the r  l a r g e  sources of sampling e r r o r .  As 
t h e  accuracy of t h e  counting v a r i e s  i n d i r e c t l y  wi th  the  square  r o o t  of t h e  number 
counted,  doubling t h e  number of organisms counted has l i t t l e  e f f e c t  and would 
have taken an  i n o r d i n a t e  amount of t ime. 

The logar i thmic  c o e f f i c i e n t s  of v a r i a t i o n  f o r  t h r e e  randomly s e l e c t e d  
10 day per iods  between 25 February and 16 A p r i l  (Fig.  3c) were 87%, 88%, and 
153%. These d a t a  which ranged from 7  t o  39, 5 t o  27, and 5 t o  97 m g l l i t e r ,  
obviously included a  l a r g e  amount of a d d i t i o n a l  v a r i a t i o n  bes ides  t h a t  of t h e  
method. V i sua l ly ,  t h e  biomass f requencies  i n  t h e s e  10 day per iods  approached 
a  log  normal d i s t r i b u t i o n  while  t h e  r e p l i c a t i o n s  from t h e  bucket approached 
a  normal d i s t r i b u t i o n .  Therefore ,  a  logar i thmic  CV was used (20).  This  i s  
c a l c u l a t e d  a s :  C V ' =  a n t i l o g  s f -  1 ;  where CV'is t he  logar i thmic  c o e f f i c i e n t  of 
v a r i a t i o n  and s '  i s  t h e  s tandard d e v i a t i o n  based on logar i thmic  va lues ,  

The var iance  d a t a  may be f u r t h e r  i n t e r p r e t e d  t o  g ive  t h e  approximate range 
i n  which any given observa t ion  i n  t h e  above s e t s  of da t a  i s  expected t o  f a l l .  
The ranges w i l l  be only approximate because of t h e  unce r t a in ty  of t h e  type of 
frequency d i s t r i b u t i o n .  Given t h i s  v a r i a t i o n  of t h e  method, 95% of t h e  biomass 
e s t ima te s  a r e  expected t o  f a l l  w i t h i n  + 50% (2  s tandard d e v i a t i o n s )  of t h e  t r u e  
mean biomass of a l l  p o s s i b l e  subs ample^ from the  bucket .  For t h e  f i r s t  of t h e  
t h r e e  10 day p e r i o d s ,  95% of the  biomass e s t ima te s  a r e  expected t o  f a l l  between 
the  t r u e  geometr ic  mean divided by 3.49 and t h e  t r u e  geometric mean times 3.49 
( fo r  t h e  o t h e r  two p e r i o d s ,  the  d iv id ing  and mul t ip ly ing  numbers a r e  3.54 and 
6.40).  

There was a l s o  cons iderable  v a r i a t i o n  of a l g a l  biomass w i t h  s t a t i o n  and wi th  
depth (Fig.  4a ,  4b) .  On one day (Fig.  4a)  t he  s u r f a c e  water  had twice t h e  a l g a l  
biomass of t h e  bottom wa te r ,  while  a t  a  s t a t i o n  only 2  km away, t h e  bottom water  
had 300 t imes more biomass than the  su r f ace .  The change i n  biomass from s t a t i o n  
t o  s t a t i o n  was a l s o  marked wi th  a s  much a  40 f o l d  d i f f e r e n c e  i n  t h e  s u r f a c e  
waters .  I n  f a c t ,  a s  w i l l  be noted i n  t h e  fo l lowing  f i g u r e s  t h a t  span t h e  ent i re  
y e a r ,  t h e  range of biomass among s t a t i o n s  on a given day was o f t e n  g r e a t e r  than  
t h e  range of t h e  annual  cyc l e  a t  any one s t a t i o n .  

The changes i n  spec i e s  composition and mean c e l l  s i z e  were l e s s  ab rup t  
than biomass changes w i t h i n  t h e  phytoplnakton. For example, Peridinium t r ique t rum,  

3  an armored d i n o f l a g e l l a t e  of about 3200 u  , showed a  r egu la r  decrease  i n  r e l a t i v e  
importance dur ing  t h e  period of observa t ion  d e s p i t e  some dramatic  changes i n  
t o t a l  biomass. Th i s  organism con t r ibu ted  84 f 6% of t h e  biomass of c e l l s  g r e a t e r  
than 1000 u3 from February 25 through 11 March, 46 + 5% from 12 March through 
9 A p r i l ,  and then soon disappeared.  The r e l a t i v e  iGportance of c e l l s  l e s s  t han  

3  1000 u  was a l s o  f a i r l y  cons t an t  averaging 4 .5  + 3% of t o t a l  biomass through 
15 A p r i l  and then  inc reas ing  t o  18, 45, and 27% on 26 A p r i l ,  6 May and 19 May, 
r e s p e c t i v e l y  (Fig.  3 c ) .  Another example of t h e  s t a b i l i t y  of t h e  r e l a t i v e  
concent ra t ions  of the  va r ious  spec i e s  comes from the  samples i n  t h e  Pamlico 
River where t h e  t o t a l  biomass f l u c t u a t e d  whi le  t h e  r e l a t i v e  concen t r a t ions  d id  
not  (Fig. 4 a ,  4b) .  
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4 .  a .  The biomass of a l g a e  a t  s i x  s t a t i o n s  i n  t h e  Pamlico R ive r ,  N .  C .  on 19 
January  1967. Both s u r f a c e  and bottom samples a r e  g iven .  

b .  The biomass of a l g a e  a t  11 s t a t i o n s  i n  t h e  Pamlico R i v e r ,  N .  C .  On 26 
February 1968. Su r f ace  samples on ly  a r e  g iven .  

c .  The c h l o r o p h y l l  5 c o n c e n t r a t i o n s  (mg/m3) i n  s u r f a c e  samples from t h e  
Pamlico River  25 February  1970. The 34 s t a t i o n s  sampled a r e  i n d i c a t e d  
by t h e  smal l  c r o s s e s .  



The great variability in biomass from day to day, from station to station, 
and from depth to depth indicates that little confidence should be placed in 
estimates of algal biomass based on one or a few samples. However, because the 
species composition changed much less abruptly, this relative information 
could be obtained from many fewer samples than are required for biomass estimates, 

Measurements of chlorophyll concentrations are much less time consuming 
and can give a much better idea of the distribution of biomass than the Utermohl 
counts. The 34 chlorophyll samples used to map the concentrations shown in 
Figure 4c were analyzed in one day, whereas biomass estimations for the same 
number of samples would take a minimum of four days. However, the chlorophyll 
analyses give only a rough eetimate of biomass and no information on species 
whatsoever. As Strickland (21) pointed out, the factors for converting ehloro- 
phyll to algal biomass can vary over more than an order of magnitude depending 
upon nutrient concentration, past history of illumination, and species composition, 

As a result of these measurements and comparisons, the best way of obtaining 
maximum information with a realistic sampling effort would be by a combination 
of a few direct counts with the inverted microscope and a more detailed and 
rapid survey of ehe chlorophyll concentration distribution. The direct counts 
would give information on the species composition and the size distribution of 
the phytoplankton algae, but will also give a factor to convert the milligrams 
of chlorophyll to milligrams of biomass. This factor, of course, will only be 
applicable to that estuary at that time. 

The problem of averaging over abrupt horizontal and vertical changes in 
plankton abundance can be diminished by collecting integrated water samples. 
For example, vertical heterogeneity could be reduced by sampling with a hose 
lowered vertically down through the water column. Either the water could be 
continually pumped as the hose is lowered or the entire contents of the hose 
could be collected by closing the top end of the hose and picking up the bottom 
end once the hose was lowered all the way down. Horizontal heterogeneity esuld 
be reduced by continuously sampling with a pump while moving. Raising and 
lowering the intake nozzle while sampling would also give an integrated vertical 
sample. These approaches are reviewed by Strickland (21) and Vollenweider (22). 
An alternate method to the laboratory analysis for chlorophyll is to continuously 
monitor chlorophyll from a moving boat with a fluorometer. Flemer (7) had good 
results from Chesapeake Bay with this technique. 

IV. RESULTS 

1V.A. Biomass and Numbers, 1966-1967 

The yearly cycle of biomass and numbers of algae is given in Figure 5a. 
These are averages of samples from all the stations, but because of frequent bad 
weather and occasional loss of samples, the number of samples is not the same 
on every date. The same data are given in detail in Appendix I. T 
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There are two pe r iods  of biomass abundance, an  e a r l y  s p r i n g  peak and a 
l a t e  summer peak, 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 (Fig.  5a) and i s  followed by a per iod of 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 occurs  t h a t  remains u n t i l  l a t e  March. A 
subsequent per iod  of low biomass i n  A p r i l ,  May, June,  and J u l y  g ives  way t o  
t h e  l a t e  summer peak i n  August. 

The numbers of a l g a e  per  l i t e r  have a s l i g h t l y  d i f f e r e n t  cyc l e .  It i s  
important t o  r e a l i z e  t h a t  t h e  t h e  biomass geaks a r e  made up t o  moderate numbers 
s f  medium s i z e  organisms (g.g,, t h e  3200 u Peridinium t r i que t rum) .  The number 
peaks a r e  made up of l a r g e  numbers of smal l  farms (g.g., a small  b lue-green  
a l g a  wi th  a volume of a few cub ic  microns) .  I n  t h i s  cyc l e  pe r iod ,  t h e r e  were 
peaks i n  A p r i l  and a t  t h e  end of J u l y .  

The l a t e  summer peak of 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  h igh  numbers (F ig .  5b) .  On t h i s  d a t e ,  f o r  example, 
a Gyrnnodinium, a Polykr ikos ,  and a Gyrodinium a l l  have h igh  biomasses.  Also 
i l l u s t r a t e d  i n  t h i s  f i g u r e s  is  another  f a c e t  of t h e  a l g a l  cyc l e  i n  t h e  Pamlico 
River  -- t h a t  t h e  m a j o r i t y  of t h e  biomass is  always i n  t he  c e n t e r  p a r t  of t h e  
r i v e r  and t h a t  t h e  s t a t i o n s  nea re r  t o  Pamlico Sound ( s t a t i o n  F i n  F i g .  5b) 
always have very low biomass, The diatoms a r e  always much more important  a t  
s t a t i o n  F than  they  a r e  a t  o t h e r  s t a t i o n s  (e Appendix I ) .  

The dominance of t h e  d i n o f l a g e l l a t e s  cont inued i n  t h e  October (Fig.  6a) 
and e a r l y  November samples (Fig.  6b) ,  bu t  t h e  t o t a l  biomass was much reduced. 

The mid-November and e a r l y  January samples (F ig ,  6c,  7a) both had t h e  same 
average biomass and a 0 t h  were dominated by d i n o f l a g e l l a t e s .  One sample, t h e  
bottom sample from s t a t i o n  E on 7 January (Fig.  7 a ) ,  d i d  have a diatom, Pleurosigma 
angulosa ,  a s  t h e  most important form. On t h e  b a s i s  of o t h e r  obse rva t ions ,  i t  
appears  t h a t  t h e r e  should have been a l a r g e  bloom of Per idinium t r i que t rum i n  t h e  
r i v e r  by 7 January.  It  may be  seen  i n  F igure  2 ,  however, t h a t  t h e r e  was very  
h igh  r i v e r  flow i n  December 1966, and t h i s  flow probably delayed t h e  bloom by 
washing ou t  t h e  2, t r i que t rum c e l l s .  Some evidence f o r  t h i s  i s  seen  i n  F ig .  7a 
where s t a t i o n  A ,  l oca t ed  i n  South Creek, has  v i r t u a l l y  no a l g a e  a t  a l l ,  T h i s  
s t r o n g  r educ t ion  i n  biomass i s  t y p i c a l  of cond i t i ons  a f t e r  heavy r a i n s .  

Only twelve days l a t e r ,  on 19 January (F ig .  7b ) ,  t he  heavy bloom of P, 
t r i que t rum had begun, This  i s  a t y p i c a l  p i c t u r e  of t h i s  bloom w i t h  most o f  t h e  
a l g a l  biomass i n  t h e  middle s e c t i o n s  of t h e  e s t u a r y  and l e s s  upstream and 
downstream, On t h i s  d a t e  t h e  h i g h e s t  biomass eve r  found was noted -- 390.6 
r n g / l i t e r ,  I n  c e r t a i n  p l aces  t h e  a lgae  were s o  concent ra ted  t h a t  they appeared 
a s  brown s t r e a k s  i n  t he  wa te r ,  Th i s  s p e c i e s  a l s o  produces a red t i d e  i n  o t h e r  
a r e a s  of t h e  wor ld ,  no teab ly  t h e  York River ,  V i r g i n i a  ( 2 ) ,  Oslo F jo rd  (23 ) ,  
and Walvis Bay i n  South-West Af r i ca  (24) .  

The o the r  a l g a e  found a t  t h i s  t ime a r e  a l s o  t y p i c a l  of t h e  Pamlico River  
Estuary a l g a e  bloom (Prorocentrum minimum, Katodinium rotundaturn, Glenodinium 
aureolum), 

The bloom cont inued through t h e  8 March sampling (Fig.  7c ,  8 a ,  8b,  8c)  and 
s t i l l  s tayed  most ly  i n  t h e  middle reaches  of t h e  e s t u a r y .  U n t i l  t h e  4 March 
sample, 2. t r i que t rum remained t h e  dominant form, bu t  on each succes s ive  d a t e  
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6. a .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico R ive r  on 8 
October 1966. 

b .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico River  on 5 
November 1966. 

c .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico River  on 19 
November 1966. 



UJ 

n Others 

I 

b. 

&8 Gyrocllniurn nureolum 

Glenodinium 

Aster~onella japonlco 

0 Others 

FED. 4,1967 

&8 Katodin~um rotundotum 

Prorocentrum 

Glenocl~nium aureolum 

Glenod~num foliaceum 

Others 

7. a .  The biomass f o r  s u r f a c e  and bot tom samples i n  t h e  Pamlico R i v e r  on 7  
J a n u a r y  1967. 

b .  The biomass f o r  s u r f a c e  and bot tom samples  i n  t h e  Pamlico R i v e r  on 19 
J a n u a r y  1967. 

c. The biomass f o r  s u r f a c e  and bot tom samples  i n  t h e  Pamlico R i v e r  on 4 
F e b r u a r y  1967. 
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8 .  a .  The biomass f o r  s u r f a c e  and bot tom samples i n  t h e  Pamlico R i v e r  on 18 
February  1967. 

b .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico R i v e r  on 4 
March 1967. 

c .  The biomass f o r  s u r f a c e  and bot tom samples i n  t h e  Pamlico R i v e r  on 18 
March 1967. 



t h e  o t h e r  forms became more and more important .  F i n a l l y ,  on 5 A p r i l  (Fig.  9a ) ,  
t h e  h igh  biomass was completely gone even though t h e  same s p e c i e s  were s t i l l  
t o  be found i n  t h e  samples. 

On 5 and 15 A p r i l  (Pig.  9a and 9b) t h e  blue-green a l g a e  were numer ica l ly  
dominant and the  numbers reached t h e i r  peak f o r  t h e  whole yea r .  However, t h e  
a l g a e  are s o  small  t h a t  t h e  biomass was extremely low. Th i s  example i l l u s t r a t e s  
very  wel l  t h e  c o n f l i c t i n g  r e s u l t s  t h a t  may o f t e n  be obtained when r e p o r t i n g  
d a t a  a s  numbers o r  a s  biomass. As noted i n  Sec t ion  II.B, from an e c o l o g i c a l  
po in t  of view i t  i s  b e s t  t o  r e p o r t  t h e  da t a  a s  biomass a s  t h i s  i s  t h e  m a t e r i a l  
t h a t  t h e  r e s t  of t h e  ecosystem has  t o  work on. 

The samples from l a t e  A p r i l  (Fig.  9c) have t h e i r  h i g h e s t  biomass a t  s t a t i o n  
F, t h e  one c l o s e s t  t o  Pamlico Sound. Most of t h i s  sample was a  s p e c i e s  of 
Coscinodiscus,  t h e  only time t h i s  group ( t he  c e n t r i c  diatoms) were a t  a l l  important  
i n  t h e  e s t u a r y .  

The samples from May, June ,  and J u l y  (Fig.  9c,  10a, and lob)  i n d i c a t e  t h a t  
t h e  d i n o f l a g e l l a t e s  a r e  s t i l l  important even du r ing  t h e  time of low biomass. 
@alycomonas o v a l i s  i s  important i n  t h e  June and J u l y  samples. It should a l s o  be  
noted t h a t  t h e  20 June samples a r e  t h e  only ones f o r  t h e  e n t i r e  yea r  no t  dominated 
by d i n o f l a g e l l a t e s  -- t h e  dominant form, Rhodomonas amphioxeia, i s  of course  a  
f l a g e l l a t e .  

The August samples a r e  dominated by t h e  sample from s t a t i o n  B where a  bloom 
s f  Polykrikos har tmanni  occur red .  Th i s  i s  such a  l a r g e  form t h a t  it does n o t  
t ake  very many i n d i v i d u a l s  t o  g r e a t l y  i nc rease  t h e  biomass. It should a l s o  be  
noted  t h a t  t h e r e  was a  l a r g e  i n f l u x  of r i v e r  and s t ream water  i n t o  t h e  e s t u a r y  
i n  mid-August (F ig .  2 ) .  This  i n f l u x  of f reshwater  could account f o r  t h e  very  
low numbers of a l g a e  a t  most of t h e  s t a t i o n s .  

1V.B.  Biomass and Numbers, 1967-1968 

The annual  c y c l e  of numbers and biomass f o r  t h e  Pamlieo River  Es tuary  from 
March 1967 t o  &xi1 1968 i s  given i n  F igure  l l b  and i n  Appendix 11. 

The p o r t i o n  of  t h e  curve from March 1967 t o  August 1968 over laps  w i t h  the  
d a t a  g iven  f o r  t h e s e  d a t e s  i n  F igure  5a.  This  over lap  was run  when an  expanded 
s e r i e s  of sampling runs  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 ,  
A s  may be  seen ,  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 ag ree  very  
w e l l  between F igu re s  5a and l l b ,  even though t h e  exac t  va lues  may d i f f e r  somewhat. 
This d i f f e r e n c e  i s  caused by t h e  g r e a t e r  range of cond i t i ons  t h a t  a r e  sampled i n  
the  more numerous s t a t i o n s  summarized i n  F igu re  l l b .  Both t h e  upstream 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 han  t h e  middle reach  s t a t i o n s  - -  and 
these  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 i n  F igu re  5b. 

A s  a l r e a d y  noted ,  t h e  March 1967 samples were taken  du r ing  t h e  annual  
Per idinium bloom. This  bloom then  d i ed  down and by mid-May most of t h e  Peridinium 
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  occurred aga in  i n  1967 (mid- 
and l a t e  August) and was made up of Gyrodinium, Peridiniwm t r i que t rum,  and 
Katodinium. Th i s  peak had disappeared by e a r l y  October and from then  u n t i l  e a r l y  
December t h e  dominant forms were Polykr ikos ,  Gyrodinium, and C y c l o t e l l a .  The 
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9. a .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico River  on 5 
A p r i l  1967. 

b .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico River  on 15 
A p r i l  1967. 

c .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico River  on 29. 
A p r i l  1967. 2 1 

- 



MAY 13, 1967 

Rhodomonas amph~oxeia 

Pleurosicima cingulosa 

I= Cyclotella sp. 

a Others 

10. a .  The biomass f o r  s u r f a c e  and bot tom samples  i n  t h e  Pamlico R i v e r  on 13  
May 1967. 

b.  The biomass f o r  s u r f a c e  and bot tom samples  i n  t h e  Pamlico R i v e r  on 20 
J u n e  1967. 

c .  The biomass  f o r  s u r f a c e  and bot tom samples i n  t h e  Parnlico R i v e r  on 20 
J u l y  1967. 
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11. a .  The biomass f o r  s u r f a c e  and bottom samples i n  t h e  Pamlico River  on 16 
August 1967. 

b .  The average  biomass and numbers f o r  t h e  s t a t i o n s  i n  t h e  Pamlico River  
samples i n  1967 and 1968. 



sample i n  e a r l y  December had a  low biomass, b u t  a l l  t h e  bloom a lgae  ware p re sen t  -- 
t he se  same d lgae  made up a  tremendous bloom i n  l a t e  December and e a r l y  January 
wi th  2, t r ique t rum dominant a s  usua l .  This  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 igh  r i v e r  and s t ream flow i n  e a r l y  January and t h e  bloom was completely 
washed oue of t h e  e s t u a r y  (F ig .  2 ) ,  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  sampling ended i n  e a r l y  Apr i l .  

The annual c y c l e  of numbers i f  q u i t e  d i f f e r e n t  than  t h e  biomass cyc l e ,  
The Eirsr d i f f e r e n c e  occurred i n  midwApri1 when t h e  bldam of g, t r i que t rum was 
dying out  and a  l a r g e  number of small  (5 micron) f l a g e l l a t e s  were found t h a t  
r a i s e d  t h e  numbers but  not  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 m i d l J u l y  and throughout October,  A s  was t r u e  i n  1967, t h e  l a r g e  biomass 
peak of 11, t r i q u e t r u m  t h a t  occurred i n  December 1967 and January 1968 was not  
r e f l e e t e d  a t  a l l  i n  t h e  numbers of organisms, 

The samples f o r  biomass i n  t h e  expanded s e r i e s  of t r a n s e c t s  began i n  e a r l y  
March dur ing  t h e  d e c l i n e  of the  s p r i n g  bloom (Fig .  12a) ,  The d a t a  i n  t h i s  f i g u r e  
a r e  an  extreme example of t h e  v a r i a b i l i t y  t h a t  can occur i n  t h i s  e s t u a r y ,  a s  t h e r e  
i s  l i t t l e  constancy a t  a l l  between ad jacen t  s t a t i o n s .  I n  f a c t ,  n o t  on ly  i s  t h e  
biomasq no t  c o n s t a n t  a t  a l l ,  bu t  t he  s p e c i e s  change d r a s t i c a l l y  a s  evidenced 
by Ceratfum abundance ( s t a t i o n  6)  next  t o  t h e  Peridinium blooms ( s t a t i o n s  1 and 
71, There was even one s t a t i o n  t h a t  had a  predominance of diatoms. I n  t h e  
sample s e r i e s  a l r e a d y  d i scussed ,  t h e  4 March sample had q u i t e  a  l o t  of v a r i a b i l i t y  
a l s o ,  

By 22 March (F ig ,  12b) t h e  bloom had reached i t s  peak and showed a typllcal 
p a t t e r n  o f  dominance by P.  t r ique t rum,  wi th  t h i s  a l g a  p l u s  s e v e r a l  o t h e r  dino-  
f l a g e l l a t e s  making up most of t h e  biomass a t  t h e  middle and upper s t a t i o n s .  

By 11 A p r i l  (F ig .  12c) t h e  bloom was most ly gone from t h e  lower p a r t  of t h e  
r i v e r  and a d i v e r s e  f l o r a  of d i n o f l a g e l l a t e s  and smal l  f l a g e l l a t e s  predominated, 
By 9 May (Pig,  13a) t h e  Peridinium had disappeared and che biomass was extremely 
low, A t  one s t a t i o n  t h e r e  was a  predominance of smal l  b lue-green  a l g a e .  

u n f o r t u n a t e l y ,  t h e r e  were no damples taken  between May and J u l y  (Fig.  13b) ,  
b u t  evide'ntly t h e  biomass remained low dur ing  May, June ,  and J u l y ,  p r e c i s e l y  a s  
seen  i n  F i g u r e  5a. During t h i s  summer per iod ,  Polykr ikos ,  2 spec i e s  of Gyrodinium, 
Katodinipm, and P e r i d i n i o p s i s  wera important  forms, 

The l a t e  summer inc rease  i n  d i n o f l a g e l l a t e s  e v i d e n t l y  begafi bp 31 J u l y  
(F ig ,  1 3 ~ 1 ,  On t h i s  d a t e  t h e r e  was a very  d i v e r s e  f l o r a  t h a t  even included the  
dominance of a green  a l g a ,  Pandorina s p . ,  at two s t a t i o n s e  By 23 August 
(P ig ,  H a ) ,  t h e  biomass was q u i t e  h igh ,  b u t  d i d  no t  peak u n t i l  29 August (Fig,  L4b). 

Threbgh October and November (and presumably September), fhe a l g a l  biomass 
remained low even though t h e r e  were Some peaks of numbers du r ing  t h i s  per iod  
(Fig.  1 4 ~ ,  f5b,  15c) .  The two s p e c i e s  of  Gyrodiniuy (6, aureolum and 5. 
e s t u a r i a l e ) ,  a l o n g  w i t h  s e v e r a l  o t h e r  d i n o f l a g e l l a t e s  and diatoms,  'dsmfnated t h e  
biomass, whi le  small  f l a g e l l a t e s  praduced t h e  number peaks. 

By 28 November t h a t  a l g a e  t h a t  w i l l  make up the  win te r - sp r ing  bloom have 
begun t o  appear (F ig .  16a) .  The 2 .  t r ique t rum i s  p r e s e n t ,  b u t  nof: s i g n i f i c a n t  a t  
t h i s  t ime. 



MARCH 9) 1967 

perldinium triquetrum 

a Others 

MARCH 22, 1967 Q 
Gyrodinlum clureolum 

a Per~din~opsls rotunda 

Kntod~n!um rotundatum 

Glenod~n~um foliaceum 
0 0 Others 

APRIL 11, 1067 

Peridlnlum tr~quetrum 

Gyrod~nium oureol urn 

Glenod~n~um foliaceum 
Prorocentrum mir.~mum 
5 u flagellate 

0 Others 

12. a. The biomass of surface samples collected from the Pamlico River on 9 
March 1967. 

b. The biomass of surface samples collected from the Pamlico River on 22 
March 1967. 

c. The biomass of surface samples collected from the Pamlico River on 11 
April 1967. 2 5 
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13. a. The biomass of surface samples collected from the Pamlico River on 9 
May 1967. 

b. The biomass of surface samples collected from the Pamlico River on 13 
July 1967. 

c. The biomass of surface samples collected from the Pamlico River on 31 
July 1967. 
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14. a .  The biomass of s u r f a c e  samples c o l l e c t e d  from t h e  Pamlico R i v e r  on 23 

August 1967. 
b .  The biomass of s u r f a c e  samples c o l l e c t e d  from t h e  Pamlico R i v e r  on 29 

August 1967. 
c .  The biomass of s u r f a c e  samples c o l l e c t e d  from t h e  Pamlico R i v e r  on 4 

October  1967. 
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15. a .  The biomass of su r f ace  samples c o l l e c t e d  from the  Pamlico River on 18 
October 1967. 

b .  The biomass of su r f ace  samples c o l l e c t e d  from the  Pamlico River  on 30 
October 1967. 

c .  The biomass of su r f ace  samples c o l l e c t e d  from t h e  Pamlico River  on 13 
November 1967. 
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t 16. a. The'biomass of surface samples collected from the Pamlico River on 28 
November 1967. 

b. The biomass of surface samples collected from the Pamlico River on 11 
December 1967. 

c. The biomass of surface samples collected from the Pamlico River on 5 
January 1968. 
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I n  1967, t he  bloom began very e a r l y  and was very we l l  advanced by 11 December 
(F igo  16b),  The biomass a t  t he  s t a t i o n s  i n  t h e  c e n t r a l  p a r t  of t he  e s t u a r y  
suddenly increased  sharp ly  and the  biomass q u a n t i t i e s  were a s  high a s  they ever  
g e t  a t  t hese  s t a t i o n s .  However, because t h e  l a r g e  biomass was r e s t r i c t e d  t o  only 
t h r e e  s t a t i o n s  i n  t h e  middle s e c t i o n ,  t h e  average biomass was only moderate. 

By 5 January the  biomass had reached i t s  y e a r l y  peak and then  was almost 
completely washed out  of t he  r i v e r  by a  s t rong  i n f l u x  of r i v e r  and s t ream water  
(Fig.  16c,  l 7a ) .  On 5 January,  e i g h t  out of e leven  s t a t i o n s  had l a r g e  amounts 
of t h e  bloom organisms, The i n f l u x  of r i v e r  and s t ream water  i n  mid-January 
(Fig.  2) d i l u t e d  t h e  a l g a l  bloom tremendously (F ig ,  17a) .  This  d i l u t i o n  was 
r e f l e c t e d  i n  t h e  s a l i n i t y  p a t t e r n s  (14) ,  a s  t he  s a l i n i t y  range changed from 3 
t o  l& ppt  on 8  January t o  l e s s  than 1 t o  4 on 29 January. 

Although t h e  a l g a l  bloom b u i l d  back up t o  some e x t e n t  a f t e r  January 
( F i g o  17b, l a c ,  18a ) ,  i t  never a t t a i n e d  t h e  i n i t i a l  he igh t s  of biomass and 
appa ren t ly  was l a r g e l y  gone by e a r l y  Apr i l  (Pig.  l a b ) .  

DISCUSSION 

V , A ,  Comparisons wi th  Other E s t u a r i e s  

The yea r ly  cyc l e  i n  t h e  Pamlico River Es tuary  most c l o s e l y  resembles t h e  
cyc l e s  i n  t he  York River  Es tuary  repor ted  by P a t t e n  e t  a l e  (2 ) .  They a c t u a l l y  -- 
repor ted  on f i v e  d i f f e r e n t  s t a t i o n s  t h a t  extended eastward from t h e  mouth of t h e  
Uork River  a l l  t h e  way ac ros s  t he  lower Chesapeake Bay. Although t h e  s a l i n i t y  
was not t oo  d i f f e r e n t  a t  a l l  t h e  s t a t i o n s  ( the  c h l o r i n i t y  i n  t h e  f i r s t  fou r  
s t a t i o n s  ranged from 9.99 t o  11.00 ppt )  t h e r e  were h igher  concen t r a t ions  of 
d i sso lved  or thophosphate  and n i t r a t e  (but  da t a  incomplete) a t  t h e  f i r s t  s t a t i o n  
( t h a t  i n  t h e  r i v e r  i t s e l f ) .  It was t h i s  f i r s t  s t a t i o n  t h a t  resembled t h e  Pamlico 
Rives.  These au tho r s  pointed out  t h a t  t h e r e  were more f l a g e l l a t e s  a t  t h e  r i v e r  
s t a t i o n  and more diatoms a t  t h e  bay s t a t i o n .  This  is  an exac t  p a r a l l e l  w i t h  
t h e  Pamlico s i t u a t i o n  where t h e  diatoms become more abundant towards t h e  mouth 
of t h e  r i v e r  and may have become dominant out  i n  Pamlico Sound. 

Unfor tuna te ly ,  t h e  York River  Estuary d a t a  were repor ted  i n  numbers per  m l  
r a t h e r  t han  i n  biomass u n i t s ,  Therefore ,  it i s  d i f f i c u l t  t o  judge whether t h e  
Po t r i que t rum peak they  repor ted  i n  March and A p r i l  i s  a s  important  a s  t h e  - 
Massar t ia  peak i n  June t h a t  c e r t a i n l y  dominates i n  numbers, This  peak i n  t h e  
York River  Es tuary  and t h e  Pamlico River  Es tuary  a r e  t h e  only r epo r t ed  massive 
blooms of t h i s  organism i n  North America, a l though it reaches  bloom p ropor t ions  
elsewhere i n  t h e  world. Peridinium t r ique t rum has  a l s o  been recorded i n  o t h e r  
s t reams and r i v e r s  t h a t  e n t e r  Chesapeake Bay by Marshal l  (10, 11) f o r  t h e  James 
River  and t h e  E l i zabe th  River  E s t u a r i e s ,  and by Morse (4) f o r  t h e  Patuxent  River  
Es tua ryo  Morse ( 4 )  found P. t r ique t rum i n  November, June ,  and August (when it 
made up 94% of t he  counted-plankton), 

The r e s t  of t h e  a l g a l  spec i e s  found i n  the  Pamlico River  Es tuary  a r e  a l s o  
found i n  Chesapeake Bay and f a r t h e r  no r th ,  Because most of t h e  a l g a e  were 
f l a g e l l a t e s ,  however, only a  few r e p o r t s  a r e  complete enough t o  d e a l  wi th  them, 
I n  f a c t ,  i t  i s  f a i r  t o  say t h a t  t h e  f l a g e l l a t e s  have not  been d e a l t  wi th  
q u a n t i t a t i v e l y  i n  t he  whole of t he  sou theas t .  
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17. a .  The biomass of su r f ace  samples c o l l e c t e d  from t h e  Pamlico River on 22 
January 1 9  68. 

b.  The biomass of su r f ace  samples c o l l e c t e d  from t h e  Pamlico River  on 12 
February 1968. 

c .  The biomass of su r f ace  samples c o l l e c t e d  from t h e  Pamlico River  on 26 
February 1968. 
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18. a. The biomass of surface samples collected from the Pamlico River on 11 
March 1968. 

b. The biomass of surface samples collected from the Pamlico River on 2 
April 1968. 



V.3, Peridinium t r i que t rum 

The f i r s t  problem t h a t  a r i s e s  i s  t h e  exac t  name of t h e  small  d i n o f l a g e l l a t e  
t h a t  has  been i d e n t i f i e d  a s  Per idinium t r ique t rum.  Some i l l u s t r a t i o n s  sf t h i s  
s p e c i e s  appear  t o  be extremely s i m i l a r  t o  t h e  Pamlico River  a l g a e ;  o t h e r s ,  however, 
a r e  no t .  Th i s  same problem was found f o r  organisms from red  t i d e s  i n  South West 
A f r i c a ,  and P i e t e r s e  and Van d e r  Post  (24) decided t o  c a l l  t h e i r  a l g a  2 ,  t r iquef rum,  
but t o  r e s e r v e  a  p o s i t i v e  s ta tement  u n t i l  f u r t h e r  taxonomic work had been 
c a r r i e d  o u t .  I w i l l  fo l low t h e i r  example he re ,  

The sma l l  d i n o f l a g e l l a t e  Per idinium t r i q u e ~ r u m  i s  a  worldwide i n h a b i t a n t  s f  
p o l l u t e d  marine a r e a s .  It appears  to be a b l e  t o  l i v e  i n  a wide v a r i e t y  of a 
s a l i n i t i e s ,  t empera tures ,  and n u t r i e n t  cond i t i ons ;  ranging from Greenland and 
nor thern  Norway t o  t h e  Mediterranean (23) ,  While it does no t  appear t o  be 
s t r i c t l y  l i m i t e d  t o  po l lu t ed  cond i t i ons ,  i t  only reaches  red  t i d e  p ropor t i ons  
i n  ha rbo r s ,  e s t u a r i e s ,  o r  f j o r d s  t h a t  a r e  very n u t r i e n t  r i c h ,  

The organism i s  very temperature  and s a l i n i t y  i n s e n s i t i v e .  For example, 
P .  t r ique t rum cu l tu red  from Oslo Fjord (23) grew i n  s a l i n i t i e s  from 5 t o  45 - 
pp t  bu t  appeared t o  have a  maximum reproduct ive  r a t e  i n  t h e  10 t o  20 ppt  range ,  
I n  t h e  Pamlieo River  Es tua ry ,  t h e  a lgae  were found i n  water  wi th  s a l i n i t y  a s  
low a s  3-4 pp t  (Pig.  14b, l 7 a )  and a s  h igh  a s  16 ppt (Fig.  16a) .  I n  South 
West A f r i c a ,  P i e t e r s e  and Van de r  Pos t  (24) r epo r t ed  a  nea r ly  cons t an t  s a l i n i t y  
of 35 ppt  t h e  year  around and could f i n d  no c o r r e l a t i c n  of 2. t r i que t rum abundance 
w i t h  s a l i n i t y .  

The temperature  optimum f o r  g. t r lquetrurn i n  Laboratory c u l t u r e  was around 
18 C ( repor ted  i n  23).  It  reaches i t s  peak abundance i n  J u l y  and August i n  Oslo 
F jord  when t h e  temperature  may reach  s l i g h t l y  above 20 C .  It i s  i n t e r e s t i n g  t o  
no$e t h a t  t h e  blooms i n  'Cdalvis Bay (South West A f r i c a )  extended from January 
through March, but of course  t h a t  was a summer and autumn bloom a t  t h a t  l a t i t u d e  
( c l o s e  t o  t h e  Tropic  of Capricorn) (24) .  The temperature  dur ing  t h i s  bloom was 
i n  t h e  16 t o  18 C range and t h e  y e a r l y  ampli tude was only 12.9 t o  20 C. In 
t h e  Pamlico River  Es tuary ,  t h e  temperatures  ranged from 2.5 t o  3.0 C (F ig .  17b) 
t o  27 C (P ig .  14b). Usua l ly ,  t h e  organisms d isappear  from t h e  e s t u a r y  when t h e  
temperature  reaches  18 C ( Fig .  361, b u t  t h i s  may j u s t  be a eoineidence and have 
noth ing  t o  do wi th  cause and e f f e c t ,  

Per idinium t r fque t rum i s  c l a s s i f i e d  a s  one of t h e  d i n o f l a g e l l a t e s  %hat  
produce "red water"  o r  a  "red t i d e " ,  even though i t  a c t u a l l y  produces brown water  
(25).  There a r e  no ca se s  where t h e  organism produced t o x i n s  t h a t  have k i l l e d  
f i s h  bu t  t h e i r  abundance i s  a s s o c i a t e d  w i t h  f i s h  m o r t a l i t i e s ,  A p o s s i b l e  explan-  
a t i o n ,  g iven  by P i e t e r s e  and Van de r  Pos t  (24) ,  i s  t h a t  t h e  l a r g e  biomass of a l g a e  
has  tremendous r c s p i r a t i o n a l  a b i l i t y  and uses  up a  g r e a t  d e a l  of oxygen dur ing  
t h e  n i g h t .  In Walvis Bay t h e  oxygen concen t r a t i on  decreased t o  about 2 .8  ml!liter 
and f i s h ,  amphipods, decapods, and molluscs  were k i l l e d  (24) .  It was suggested 
by these  au tho r s  t h a t  t h e  low oxygen concen t r a t i ons  p l u s  a  c logging of t h e  g i l l s  
w i t h  l a y e r s  of d i n o f l a g e l l a t e  c e l l s  were r e s p o n s i b l e  f o r  t he  m o r t a l i t y .  



It appears  t h a t  P. t r i sue t rum i s  a  good i n d i c a t o r  of extremely r i c h  n u t r i e n t  
cond i t i ons .  I n  Walvis Bay (South West Af r i ca )  t h e  n u t r i e n t s  came from t h e  d i scha rge  
of f i s h  f a c t o r i e s  and the  guano of hundreds of thousands of s e a b i r d s .  I n  t h e  
Pamlico River  Es tuary  and the  t r i b u t a r i e s  t o  Chesapeake Bay, t he  n u t r i e n t s  come 
from sewage from small  c i t i e s ,  and dra inage  from farmlands and swamps. I n  Oslo 
F j o r d ,  t h e  n u t r i e n t s  come from sewage exc lus ive ly  (26) .  Judging from t h e  l a r g e  
number of a r e a s  of t h e  ocean where t h i s  a lga  has  been found ( 2 3 ) ,  it i s  p re sen t  
throughout t he  c o a s t a l  r eg ions  of t h e  A t l a n t i c  Ocean. It only a t t a i n s  red t i d e  
numbers, however, i n  po l lu t ed  o r  very r i c h  c o a s t a l  wa te r s ,  

V.C. Conclusions 

I n  t he  preceding s e c t i o n s ,  I have presented information on t h e  phytoplankton 
and have d iscussed  t h i s  information i n  r e l a t i o n  t o  o the r  m a t e r i a l  a l r eady  publ i shed  
on the  Pamlico River  Estuary.  However, t h e r e  a r e  o the r  d a t a  no t  y e t  publ ished 
t h a t  bear  upon t h e  a l g a e  and t h e i r  abundance and I am fo rced ,  because of t h e  g r e a t  
q u a n t i t y  of t h i s  information,  t o  merely mention i t  i n  t h i s  s e c t i o n  wi thout  t h e  
back-up d a t a  t h a t  w i l l  even tua l ly  be a v a i l a b l e .  

The annual cyc l e  of phytoplankton numbers and abundance t h a t  was found i n  
t h e  Pamlico River  Es tuary  i s  s i m i l a r  t o  t h a t  found i n  o the r  s i m i l a r  e s t u a r i e s  
i n  sou theas t e rn  U.  S. However, it i s  t r u e  only of e s t u a r i e s  t h a t  a r e  r e l a t i v e l y  
shal low and slow flowing o r  w i th  a  low r a t e  of f l u s h i n g .  Thus, t h e  same cyc le  
was found i n  Chesapeake Bay t r i b u t a r i e s  bu t  no t  i n  t h e  Cape Fear  River  (27)  
where t h e r e  i s  a  fou 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 Caro l ina ,  
t h e  e s t u a r y  of t h e  Neuse River  i s  a l s o  l i k e l y  t o  have a  s i m i l a r  cyc l e  bu t  t h e  
Albemarle Es tuary  may not  a s  i t  i s  much l e s s  s a l i n e .  Overa 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  type of cyc l e  wi th  peaks i n  January ,  February,  and March, 
and i n  l a t e  summer (August, September). F a r t h e r  on down stream, where t h e  s a l i n i t y  
i s  h i g h e r ,  t h e  diatoms 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 Pamlico Sound. 

It has  been shown (13) t h a t  t h e r e  i s  abundant phosphorus i n  t h e  P a m l i c o  
River  Es tuary  a t  a l l  seasons of t h e  year ;  t he  q u a n t i t i e s  appear t o  be more than  
enough t o  produce blooms. This  being t h e  case ,  i t  i s  l o g i c a l  t o  assume t h a t  
n i t rogen ,  t r a c e  me ta l s ,  v i t amins ,  o r  o the r  organic  compounds might be inducing 
t h e  bloom. Af t e r  reviewing t h e  unpublished d a t a  of t h e  Pamlico Marine Laboratory 
on n i t r o g e n  concen t r a t ions  i t  i s  c l e a r  t h a t  t h e  h igh  n i t r a t e  concen t r a t ions  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, January,  February,  and March 
c o r r e l a t e  very  w e l l  w i th  t h e  d i n o f l a g e l l a t e  bloom. These high concen t r a t ions  
may be 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 ,  bu t  e v i d e n t i y  a r e  r a p i d l y  
removed from t h e  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  concen t r a t ions  o r  because of the  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 he  n i t r a t e  i s  no t  removed so r a p i d l y  dur ing  t h e  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 t u a r y .  

It has  a l s o  been found by Harr i son  (manuscript i n  prep.)  t h a t  t h e  n i t r a t e  
r educ ta se  i n  t he  p a r t i c u l a t e  m a t e r i a l  reaches a  peak t h a t  co inc ides  w i t h  t h e  
peak of g. t r i s u e t r u m  biomass. This  i n d i c a t e s  t h a t  t h e  a l g a e  have t h e  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.  



O v e r a 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  Pamlico River  Estuary i s  a h igh ly  
eu t roph ic  body of waler .  Whether o r  n o 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 op in ion  a s  t o  
the  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  no t  a  menace o r  hindrance t o  f i s h i n g  o r  r e c r e a t i o n ,  
I do n o t  b e l i e v e  t h a t  t h e  e s t u a r y  i s  p o l l u t e d .  The n a t u r a l  fauna a r e  s t i l l  
p re sen t  and s o  f a r  t h e  a l g a e  a r e  t h e  on ly  i n d i c a t o r  showing p o l l u t i o n .  Of 
cou r se ,  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 
deoxygenation of t h e  water .  T h i s  deoxygenation would undoubtedly k i l l  many f i s h  
and s h e l l f i s h .  Although i t  is  j u s t  s p e c u l a t i o n  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 dur ing  t h e  summer months, t h e  increased  r e s p i r a -  
t i o n  a s s o c i a t e d  w i t h  t h e  h ighe r  water  temperatures  might w e l l  reduce t h e  oxygen 
t o  a low l e v e l .  For t h i s  reason ,  i t  i s  important t o  understand how t h e  phyto- 
p lankton  a r e  ope ra t i ng  and t o  avoid any changes t o  t h e  e s t u a r y  regime t h a t  would 
e r e a t e  an a l g a l  bloom i n  summer. 



VI, LITERATURE CITED 

1. Nauwerek, A,, "Die Beziehungen Zwischen Zooplankton und Phytoplankton in 
See Erken," Sumb. Bot. Upsal., 17; 1-163 (1963). 

2 .  Patten, B, C., Mulford, R. A. and Warinner, J. E., "An Annual Phytoplankton 
Cycle in the Lower Chesapeake Bay," Ches. Sci., &, 1-20 (1963). 

3 .  Wolfe, J. J., Cunningham, B., Wilkerson, N. E., and Barnes, J. T., "An 
Investigation of the Microplankton of Chesapeake Bay," Elisha Mitchell Sci. - k,, 42, 25-54 (1926). 

Mmse, D. C,, "Some Observations on Seasonal Variations in Plankton Population, 
Patuxen% River, Maryland," Ches. Biol. Lab. Publ., 65, 1-31 (1947). 

Ward, R, W., Vreeland, V., Southwick, S. H., and Reading, A. J., "Ecological 
Studies Related to Plankton Productivity in Two Chesapeake Bay Estuaries." 
CRes. z., 6 ,  214-225 (1965). - 
Marshall, H. G., "The Distribution of Phytoplankton Along a 140 Mile Transect 
in the Chesapeake Bay," Vir. Jour. Sci. 17, 105-119 (1966). --- 
Plemer, D. A., "Continuous Measurement of in vivo Chlorophyll of the Dinoflagellate 
Bloom in Chesapeake Bay," Ches. Sci., 10, 99-103 (1969). 

Ragotzkie, R. A., and Pomeroy, R. A., "Life History of a Dinoflagellate 
Bloom," Limnol. Oeeanogr., 2, 62-69 (1957). 

Patten, B. C., "Species Diversity in Net Phytoplankton of Raritan Bay," 
J o u r .  Mar- Res,, 20, 57-75 (1962). - 
Marshall, H. G., "Plankton in James River Estuary, Virginia. I. Phytoplankton 
in Willoughby Bay and Hampton Roads," Ches. Sei., 8, 90-101 (1967). 

Marshall, H .  G., "Plankton in James River Estuary, Virginia. II. Phytoplankton 
in the Elizabeth River," Vir. Hour. Sci., l8, 105-109 (1967). 

Horton, D. B., Kuenzler, E. J., and Woods, W, J., "Current Studies in the 
Pamlico River, and Estuary in North Carolina," _RPt, of the Water Resources 
Researeh Institute, Univ. of N. g. ,  6 ,  1-21 (1967). 

Hobbie, J. E., "Phosphorus Concentrations in the Pamlieo River Estuary of 
North Carolina," go of the Water Resourees Researeh Institute, Univ. & 
N. C., 33, 1-47 (1970). - 
Hobbie, J. E., "Hydrography of the Pamlico River Estuary, N. C.," &. of the 
Water Resources Researeh Institute, Univ. of N. C., 39, 1-69 (1970). 

Miller, R, J., "Distribution and Energetics of an Estuarine Population of the 
Ctenophore, Mnemiopsis 
Carolina State Univ., Raleigh, 78pp (1970). 



16. Tenore, K., "The Macrobenthos of the Pamlico River Estuary, No C,," z. of 
the Water Resources Research Institute, Univ. of N. C., g, 1-43 (1970), -- 

17. Utermuhl, H., "Zur Vervollkimmung der Quantitative Phytoplankton Methodik," 
Mitt. int, Verein. Limnol., 2, 1-38 (1958). -- 

18. Lund, J. W. G., Kipling, C., and Le Cren, E. D., "The Inverted Microscope 
Method of Estimatfng Algal Numbers and the Statictical Basis of Estimations 
by Counting," Hydrobiol., 11, 143-170 (1958). 

19. Strickland, J. Do H., Parsons, T o  R., "A Practical Handbook of Seawater 
Analysis," Fish. Res. g. Canada, m, 1-311 (1968). 

20. Cassie, R.  M., "Microdistribution and Other Error Components of c14 Primary 
Production Estimates," Limnol. Oceanogr., 1, 121-130 (1962). 

21. Strickland, J. D. H., "Measuring the Production of Marine Phytoplankton," 
Fish, RgS. g. Canada, G, 1-72 (L96O). - 

22. Vollenweider, R. A., A Manual Methods for Measuring Primary Production & 
Aquatic Enviroxnents, Blackwell, Oxford (1969). 

23. Braarud, T o ,  and Pappas, I. "Experimental Studies on the Dinoflagellate, 
Peridinium triquetrum (Ehrb. )  Lebour," &. Norske Vid. Akad, i Oslo, 1. 
Mat.-Naturv. Klasse, 2, 1-21 (1951). - 

24. Pieterse, F., and Van der Post, D. C. "Qceanographical Conditions Associated 
with Red-Tides and Fish Mortalities in the Walvis Bay Region," Investigational 
Rpt., Marine Research Laboratory of the Administration of South West Africa 
(Also called The Pilchard), 14, 1-129 (1967). 

25. Ryther, J. H., "Ecology of Autotrophic Marine Dinoflagellates with Reference 
to Red Water Conditions," p. 387-414, In P. H e  Johnson (ed,) Luminescence 
of Biological System, Amer. Ass. Advance. Sei., Wash, D. C. - 

26. Braarud, T., "A Phytoplankton Survey of the Polluted Waters of Inner Oslo 
Fjord," Hvalradets Skrifter, 28, 1-142 (1945). 

23. Carpenter, E. J., Phytoplankton Cycle in the Cape Fear River Estuary, N. G.," 
Ches. g., 12, 95-104 (1971). - 



Appendix I. Numbers per liter and biomass (mglliter] of phytoplankton in t he  Parnliza River  
(29 August 1966 to 16 August 1967). See Figure 1 for location of the sta%;ons, 

"?TATION A - TOP 
August 29,1966 

#/liter mglliter 

P=zrdinium triquetrum 
Katodinium rotundatum 
FJrp?r ocentrum minimum 191,797 
Gy raainium aureolum 
Glenodinium foliaeeum 
Gyrodinium estuariale 767,188 
Peridiniopsis rotunda 
3!i Coccoid blue green 36,441,430 
1.511 blue green 7,863,677 
Zxhd blue green filament 6,792,895 
Katabrepharis ovalis 191,797 
RFia3crnonas amphioxeia 383,594 
Rb+omonas rninuta 
59 :lage l lates 15,151,963 
3-51: flagellate 
Carteria sp. 575,391 
Kra~hineliopsis sp. 
lyraminonas sp. 
B i p a 5  inomonas 1,342,579 
6'2,s ~7tella (6u) 191,797 
Pkeiatonema costaturn 
Aszerionella japonica 
NavlcnTa sp. 
NLczschia closterium 
Spirblina sp. 3,452,346 
Anabaena sp. 
Unidentified dinoflagellate 
Garillaria sp. 
Tlagellate 
2 d 5 d  Diatom 
7 , 5  f Lagellate 
Calyeomonas ovalis 
Rhodarnonas arnphioxeia 
3-51 flagellate 
10w. Cyst 
En~re~tiella sp. 
Thalasiosaira nana 
22x5 flagellate 
Parobotrys rostrata 
Skeletonema eostata 
Coc z o n e i s  sp. 
PmaF il la 5 x 6 ~  
Centroid diatom 1211 
Gyr od inium me tum 
Pezidinium trochordeum 
Cai) commas gracilis 
Cyclotella 10u 

S c t .  8,1966 November 5,1966 
#/liter mglliter #/liter mg/liter 

Dip ioneis sp. 



Station A-Top (Cont) 
January 7, 1967 January 19,1967 February 4,1967 

#/liter mg/liter #/liter mglliter #/liter mg/liter 



Station A - Top (Cont.) 

February 18,1967 
#/liter mglliter 

March 4,1967 
#/liter mglliter 

242,269 0.814 

March 18,1967 April 5,1967 
#/liter mglliter #/liter mglliter 





Station A - Top (Cont.) STATION A-Bottom 

August 16,1967 
#/liter mg/liter 

August 29,1966 
#/liter mglliter 

Peridinium triquetrum 
Katodinium rotundatum 
Prorocentrum minimum 191,797 
Glenodinium f oliaceum 757,575 
Gyradinium aureolum 11,987 
Gyrodinizm estuariale 131,857 
Gyrodinium metum 575,391 
Peridiniopsis rotundata 
Per idinium sp . 191,797 
Unarmared dinoflegellate 191,797 
3u Coccoid Blue Green 28,002,362 
\, 5ar Coccoid Blue Green 383,594 
2 x 6 ~  Blue green filament 7,863,677 
lu filament 

Katabrepharis ovalis 
Rhodomonas sp. 10x17 191,797 
R. amphioxeia 4x10 
R .  minuta 383,594 
3u flagellate 7,863,677 
5u flagellate 508,985 
Carteria sp, 
Pyramimonas sp. 
Bipedinomonas sp. 
Cyclotella sp . 575,391 
Skeletonems costatum 
Asterionella formosa 
Spirulina sp. 383,594 
5x10~ flagellate 191,797 
6 x 4 ~  flagellate 
4 x 3 7 ~  Pinnate diatom 
Calycomonas ovalis 
Kirchineliopsis sp. 
3 x 6 ~  f lagellates 
Dunnaliela sp. 
Carteria sp. 
E~areptiella sp. 
7v flagellates 
Navicula sp. 
Thalasiosira nana 
Flagellate 8u 
Rhizos~lenia sp. 
Asterionella japonica 
Centric diacom 10u 
Gyrodinium sp. 
Polykrikos sp. 

October 8,1966 - 
#/liter mg/liter 

. 



Station A - Bottom (Cont .) 

+ Nowesnber 5,1966 November 19,1966 
#/liter mglliter #/liter mglliter 

9,352 0.031 

January 7,1967 January 19,1967 
#/liter mglliter #/liter mg/liter 



Station A - Bottom (Cont.) 

February 4,1967 
#/liter mglliter 

February 18,1967 March 4,1967 March 18,1967 
#/liter mg/liter #/liter mglliter #/liter mglliter 

+ 



STATION B - Top 

Peridinium triquetrum 
Katodinium rotundatum 

t Prorocentrum minimum 
Gyrodinium aureolum 
Gyrodinium estuariale 
Gyrodinium metum 
Glenodinium foliaceum 
Peridiniopsis rotunda 
Peridinium trochoideum 

August 29,1966 
#/liter mg/liter 

Unarmored dinoflagellate 22,440 
Splrulina sp, 575,391 
3u Coccoid blue green 33,180,881 
615u Coccoid blue green 191,797 
2 x 6u blue green filament7,288,286 
Clu filament 
Katafrephar is ovalis 
Rhodomonas amphioxeia 
R, amphioxeia 4 x 10 
R.  amphioxeia minuta 
Calycomonas ovalis 

" 3u flagellate 
3-5m flagellate 
Carteria sp. 
Eutreptiella sp. 

)I Thalasiosira nana 
CycloteEla sp. 
Skeletonema erectatum 
Nitzchia closterium 
Anabaena sp. 
Coeconeis sp. 
Kirdineliopsis sp. 
Navicula sp. 
10u cyst 
Pyrobotrys rostrata 
5x7 Diatom 
2x5 6u Diatom 
Nitzchia seriata 
Per id inium sp . 
15u Armored Dino. 
Asterionella japonica 
Glenodinium aureolum 

October 8,1966 
#/liter mg/liter 

November 5,1966 
#/liter mg/liter 



Station B - Cont. 

November 19,1966 
#/liter mg/liter 

January 7, 1967 January 19,1967 February 4, 1967 
#/liter mglliter #/liter mg/liter #/liter rng/liter * 

1,534,368 5.160 2,431,520 8,170 
3,196,600 2.050 1,449,560 0.928 

511,456 0.644 561,120 0.707 
383,592 4.680 
255,728 0.376 



Station B..- Top (cdnt.) 

February 18,1967 . #/liter mg/liter 

1,918,000 6,44 
1,726,200 1.10 

C 
191,800 0.242 

March 4, 1967 March 18, 1967 
#/liter mg/liter #/liter mglliter 

3,303,143 11.1 
213,106 0.136 
745,871 0.940 
213,106 2.600 

April 5, 1967 
#/liter ma/liter 



Station B - Top (Cont .) 

April 29, 1967 May 13, 1967 
#/liter mglliter #/liter mg/liter 

June 20, 1967 July 20, 1967 
#/liter mg/liter #/liter rnglliter 



Station B - Top ( C o n a  STATION B - Bottom 
August. 16, 1967 

#/liter mg/liter 

Peridinium triquetrum 
Peridinium sp. 
Katodinium rotundatum 
Prorocentrum minimum 
Gyrodinium estuariale 
Gyrodinium aureolum 
Glenodinum foliaceum 
Peridiniopsis rotundata 
Unarmored dinoflagellate 
Spirulina sp. 
2u Coccoid blue green 
V.5u Coccoid blue green 
2 x 6 ~  blue green filament 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R.  amphioxeia 
Rhodomonas minuta 
Calycomonas ovalis 
3u flagellate 
3-5u flagellate 
Carteria sp. 
Pyramimonas 
Pyrobotrys restrata 
Eutreptiella 
Thalissiosira nana 
Cyelotella sp. 
Skeletonema costaturn 
Cocconeis sp. 
Nitzschia closterium 
Nitzsehia seriata 
10u Cyst 
Anabaena sp, 
4 x 1 0 ~  Pennate diatom 
2x10~ Cyanophyte 
Kirchineliopsis sp. 
7 x 3 5 ~  pennate diatom 
Pennate diatom 5 x 5 ~  
12x511 flagellate 
Peridinium sp. 
5u Coccoid green 
Chaetoceras sp. 
Pleurosigma angueletum 
Asterionella formosa 
Pennate diatom 
8u Cyst brown 
Melosira sp. 
Glenodinium aureolum 
Coscindiscus sp. 

August 29, 1966 
#/liter mglliter 

October 8, 1966 
#/liter , mglliter 



Station B - Bottom (Cont.) 

November 5. 1966 November 19,1966 
#/liter mglliter 

January 7, 1967 
#/liter mg/liter 

456,660 1.53 

January 19, 1967 
#/liter mglliter 



Station B - Bottom ( Cont.) 

February 4, 1967 February 18, 1967 
#/liter mglliter #/liter rng/liter 

hi 

March 4 ,  1967 March 18, 1967 
#/liter mglliter #/liter mglliter 



STATION C - Top , 

August 29,1966 
#/liter mglliter 

Peridinium triquetrum 
Katodinium rotundatum 
Prorocentrum minimum 
Gyrodinium aureolum 
Gyrodinium estuariale 
Glenodinium foliaeeum 
Peridinium trochoideum 
Armored dinoflagellate 
Sp iru 1 ina sp . 
3u Coccoid Blue green 
P,5u Cocsoid blue green 
2 x 6 ~  blue green filament 
lv. filament 
Katabrepharis ovalis 
Rhodsmonas amphioxeia 
R, amphioxeiz 10x4 
R ,  minuta 
Calycomonas ovalis 
3u flagellate 
3-5u flagellate 
Carteria sp. 
Pyramimonas sp, 
En2eptiella hiruroidea 
Thalassiosira nana 
Cyclotella sp . 
Skeletsnema costatum 
Nitzsehia elosterium 
N ,  seriata 
Asteriorella japonica 
Lepocenelis sp, 10x23 
6u cyst. 
1511 diatom 
Kirchireliopsis sp .  
Selenastrum sp. 
Ankestrodesmas faleatum 
7x23 flagellate 
Pennate diatom 
Armored dinof lagellate 
1Bu flagellate 
5 x 7 ~  flagellate 3,452,328 
40u unarmored dinoflagellate 
8u flagellate 
Peridinium 20x23 
Feridfnopsis rotundata 
Gyrodinium domunans 
Gyrsdinium metum 
Calyeomonas graeilis 
3au3laria s p ,  
%u armored dinoflagellate 

15,580,876 

October 8,1966 November 5, 1966 + 

#/liter mglliter #/liter mglliter 



Station C - Top (Cont.) 
November 19,1966 

#/liter mglliter 

261,870 0.880 
2,828,196 1.810 
209,496 0.264 
52,374 0.630 
942,732 1.380 
130,935 0.281 

January 7, 1967 January 19, 1967 February 4, 1967 
#/liter mg/liter #/liter mglliter #/liter mg/liter 

78,558 0.264 2,970,550 9.980 3,139,200 10.55 
353,511 0.226 1,865,800 1.190 1,308,000 0.837 
235,674 0.297 220,950 0.278 392,400 0.494 
144,023 1.760 130,800 1,590 
824,859 1.210 270,050 0.397 
52,372 0.112 98,200 0.211 130,800 0.281 



Station C - Top ( Cont.) 

February 18, 1967 March 4, 1967 
#/liter mg/liter - #/liter mglliter 

March 18, 1967 April 5, 1967 - 
#/liter mglliter #//liter mglliter .+ 



Station C - Top (Cont .) 

April 15, 1967 
#/liter mg/liter 

June 20, 1967 
#/liter mdliter 

July 20, 1967 August 16, 1967 
#/liter mg/liter #/liter mg/liter 



STATION 6 - BOTTOM 

Peridinfun triquetrum 
Ratodinium rotundaturn 
Prorocentrum minimum 
Gyrodinium aureolum 
Gyrodinium estuariale 
Glensdinium foliaceum 
Coseinococeus lineatus 
Unarmored dinoflagellate 
Thalassiosira nana 
Armored dinoflagellate 
Scenedesmus 
Peridiniopsis rotundata 
1011 Cyst 
Sp irui ina sp , 
3u Coeooid blue green 
q , 5  Coccoid blue green 
2x6 Blue green filament 
Carteria sp. 
&lu filament 
Katabrepharis ovalis 
Khodomonas amphioxeia 
R .  amphioxeia 10x4 
Phodomonas minuta 
Calycomonas ovalis 
3w. flagellate 
3-5u flagellate 
Eutreptiella hiruroide 
Cyclotella sp. 
?Ou diatom 
7w flagellate 
Skeletonema 
Pleurosigma 
Nitzsehia seriata 
Nitzsehia closteriurn 
Diatom 70x15~ 
Mitsehoid diatom 
Rhizosolema 
Eutreptiella 
Asterionella japonica 
Plagiogramma 
Peridinium sp, 

August 29, 1966 
?//liter mg/liter 

October 8, 1966 
#/liter mglliter 

November 5, 1966 
#/liter mglliter - - 



Station C - Bottom (Cont.) 

November 19, 1966 
#/liter mglliter 

+ 

64,260 0.216 
285,600 0.183 
157,080 0.198 
14,280 0,174 * 

714,000 1.050 
28,560 0.060 

January 7, 1967 
#/liter mglliter 

20,948 0.070 
528,700 0.335 
183,295 0.231 
26,185 0.319 

335,168 0.492 
31,422 0.067 

January 19, 1967 February 4, 1967 
#/liter mglliter' #/liter mglliter 



Station C - Bottom (Cont.) 

February 18, 1967 
#/liter mg/liter 

March 4, 1967 
#/liter mglliter 

March 18, 1967 April 15, 1967 
#/liter mg/liter #/liter mglliter a 

4,713,600 15.800 771,540 2.590 
471,360 0.302 
942,720 1,200 420,840 0.530 
549,920 6.700 11,690 0.143 * 

549,920 0.808 127,864 0.282 
314,240 0.674 



STATION D - Tap 
October 8.1966 November 5. 1966 August 29, 1966 

#/liter mglliter 
Peridinium triquetrum 
Katodinium rotundatum 11,690 0.008 
Prorscentrum minimum 35,070 0.044 
Prorocentrum micans 11,690 0.136 
Gyrodinium aureolum 11,690 0.136 
G *  estuariale 46,760 
G. metum 
Ghenodinium foliaceum 23,380 0.029 
Peridinium trochoideurn 46,760 0.143 
P, sp, 
Unarmored dinoflagellate 58,450 1.960 
Peridinigm sp, 
Peridiniopsis rotundate 
Spriulina spa 3,644,143 0.962 
3 u  eoccoid blue green 37,208,618 0.149 

.5u Coccoid blue green 
2x6 Blse green filament 5,562,113 0.100 
2 x 5 ~  Blue green filament 
%Eu filament 4,794,925 0.004 
Katabrepharis ovalis 
Rhodornsnas amphioxeia 
R. amphioxeia 10x4 
Rhodornonas minuta 2,301,564 0.097 
Caly~omonas ovalis 
2u flagellate 3,644,143 0,051 
3-51-1 flagellate 1,342,579 0.086 
Carteria sp, 
Fyramimonas sp, 
Anabaena sp, 958,985 0.013 
Cycloeelia spa 383,594 0.022 
Yavicuboid diatom 191,797 0.072 
Kirehiae3iopsis 25x511 191,797 0.023 
Locconeis Jx8u 
Centroid diatom l3u 
IOU cyst 
Asterionella japoniea 
Xiezchfa closterium 
Thalassiosira nana 
12u unarmored dinoflagellate 
PEagisgramma vanheurchi 
SkePetonerna costatum 
Navicv loid diatom 3x7 
Calycornonas graeiEis 
Westella sp. 
Nitzschia seriata 
Mhizosolenia fragilinima 
Cocconeis scentellum 120x12 
Coseinodiseus sp. 
Thalassiosira 10x12 
Pleurosigma angulatum 
Centroid diatom 601-1 
Eutreptiella hirruroidea 
Gynnod inium ne 1 s oni i 
Goyptornonas sp. 
Polykrikos hartnanic 
Melosina monaformis 
10u £Pagellate 

60,469,748 3.135 
5 9 



Station D - Top (Cont.) 
November 19,1966 January 7, 1967 

#/liter mglliter #/liter ' mglliter 
January 19, 1967 February 4, 1967 

#/liter mglliter #/liter rng/lit= 



Station D - Top ( Cont.) 

February 18, 1967 March 4 ,  1967 
#/liter mglliter 

42,620 

March 18, 1967 April 4 ,  1967 



--- 

Station D - Top (Cont). 

April 15, 1967 April 29, 1967 
#/liter mglliter #/liter mg/liter 

May 13, 1967 June 20, 1967 
#/liter mg/liter #/liter mglliter 



Station D - Top (Cont.) 
July 20, 1967 August 16, 1967 

jF/liter mglliter #/liter mglliter 



STATION D - BOTTOM 
August 29, 1966 
#/liter mg/liter 

Per id inium tr iquetrum 
Beridinium trochoidemun 31,934 
Katodinium rotwndatum 
Proroeentrum minimum 15,967 
Gyradiniurn avreolum 79,855 
6. &s war iale 
@. meturn 255,728 
Gymnoainiurn nelsonii 15,967 
151.1 Armored dinoflagellate 15,967 
Unarmored dinoflagellate 11,179 
Unarnored dinofla. 20x48 1,597 
Spr iulina sp . 2,173,688 
d u  Coccoid blue green 84,390,240 
T1.5 Coccoid blue green 
2x6 blue green filament 3,580,192 

q l u  filament 7,406,504 
Kakabrepharis ovalis 
Rhodornonas amphioxeia 255,728 
R. amphioxeia 10x5 
Rhodomonas ninuka 511,456 
CaPyeornonas avalis 
3u flagellate 2,813,008 
3-5u flagellate 1,406,504 
Glenodiniurn folicaceum 63,868 
20u armored dinoflagellate 15,967 
Ankis trodesrtws sp. 127,86L 
Eutreptiella huroroidea 
Anhbaema sp, 
10u flagellate 
Navicula sp. 5x13 
Kiscbineliopsis sp. 127,864 
Cyelostella s p ,  
Pennate diatom 46x53 
Coeeoneis sp, 
Nitzschfa elosterium 
7 d  flagellate 
Pyramnonas sp. 
Pleurosigma angulosa 
Coseinodiscus sp. 
Carteria sp. 
Pyrobatrys rostrata 
Skeletomema costatum 
Thalasiosira nana 
Peridiniopsis rotunda 
Asterionella sormosa 
Nitzschia seriata 
Melosira sp. 15u 
Pleuroaigma sp. 
Plasiograma vaneheurehia 
Melosira rnoniliform 
Coeconeis scutellurn 23x12 
Diatoma sp. 7x10-20u 

E03,301,059 

October 8, 1966 
#/liter mg/liter 

November 5, 1966 , 

#/liter mglliter 



Station - D - Bottom (Cont.) 

November 19,1966 January 7, 1967 January 19, 1967 February 18, 1967 
#/liter mglliter #/liter mglliter #/liter mg/liter #/liter mglliter 

d. 66,137 0.222 1,227,250 4.124 



- - -- 

Station D - Bottom (Cont.) 

March 4, 1967 
#/liter mglliter 

March 18, 1967 
#/liter mg/liter 

April 15, 1967 
#/liter mglliter 



STATION E - Top 

Peridinium triquetrum 
.+ Peridinium trochoideum 

Katodinium rotundatum 
Prorocentrum minimum 
Gyrodinfum aureolum 

# G. estuariale 
G. rnetum 
Glenodinum foliaceum 

- August 29, 1966 
#/liter mg/liter 

Unarmored dinoflagellate 383,594 
Per idinium s p  . 
Peridiniopsis rotundata 
Spirulina sp. 2,876,955 
3u Coeeoid blue green 19,755,091 
4 . 5 ~  Coccoid blue green29,153,144 
2 x 6 ~  Blue green filament 
cL,lu filament 
Katabrepharis ovalis 
Rhodomonas amphioxeiz 
R ,  amphioxeiz 10x5 
Rhodomonas minuta 
CaEycomonas ovalis 
3u flagellate 
3-5u flagellate - Carteria a p .  

Eukreptiella hurriroides 
Cyclotella sp. 
Nawic~~la sp, 4x10 - Kirehineliopsis sp. 
Nitzschia closterivm 
Lot.. Cyst, 
Skeletonema costatum 
Asterionella formosa 
Pyramimonas sp. 
Nitzschia seriata 
1Qu Centric diatom 
50u Centric diatom 
Pleurosigma angulatum 
Asterionella japonica 
Chaetocerus laciniosum 
Sphaerocystis 3u 
Thalassiosira nana 
Nitzsehiod diatom 20x10 
10u flagellate 
Armored dinoflagellate 
PoEykrikos hartmanni 
Gynnodinium nekonii 
Ochromonas sp, 6.1 
Unarmored dinoflagellate 
Coseinodiscus sp. IOU 
Calycomonas gracilis 

65,978,168 

October 8, 1966 
#/liter mglliter 

November 5, 1966 
#/liter mglliter 



Station E - Top (Cont.) 

- November 19, 1966 
#/liter mgfliter 

January 7, 1967 January 19, 1967 February 4, 1967 
#/liter mg/liter 4/11 iter mglliter #/liter mglliter - 



Station E - Top ( Cont.) 

February 18, 1967 March 4, 1967 
#/liter mglliter #/liter mglliter 

40,635 0.137 

March 18, 1967 April 5, 1967 
#/liter mglliter #/liter mglliter 



Station E - Top (Cont.) 

April 15, 1967 May 13, 1967 
#/liter mglliter #/liter mg/liter 

June 20, 1967 July 20, 1967 
#/liter mg/liter #/liter mg/liter -- 



--- - - 

Station X - Top (Cont.) . STATION E - BOTTOM 
August 16, 1967 

#/liter mg/liter - Peridinium triquetrum 
Peridinium trochoideum 
Katadinium rotundatum 
Prorocentrum minimum 
Gyrodinium aureolum 
G, estuariale 
6. rnetum 
Glenodinium foliaceum 
Gymnodinium nelsonii 
Peridiniopsis rotunda 
Peridinium sp. 25x28 
Gyrodinium dominans 
Spirulina sp. 
3u Coccoid blue green 
<1.5 Coccoid blue green 
3x6 Blue green filament 
Ylu filament 
Katabrepharis ovalis 
Rhodornonas amphioxeia 
R. amphioxeia 
R. minuta 
Calycomonas ovalis 
3u flagellate 
3-5u flagellate 
Carteria 
Cyclotella sp. 
Thalassiosira nana 
Ankistrodesmus 2x20 
Flagellate 5xlOu 
Pennate diatom 3x38 
Unarmored dinoflagellate 
Pleyrosigrna angulosa 
Coecsneis sp. 
Nitzschia closterium 
Kirchineliopsis sp. 
Pyrarnirnonas sp. 
Nitzschia seriata 
Chaetoceras sp . 
Pennate diatom 20x8 
Skeletonema eostatum 
Cocconeis seutelum 
Melosira sp. 
Plagiogramrna cuheuichi 

August 29, 1966 - October 8, 1966 
#/liter mg/liter #/liter mglliter 

191,797 0.588 



S t a t i o n  E - Bottom (Cont,)  

November 5 ,  1966 - -. November 1 9 ,  1966 ---- J u a r y  7 "A- -.---- 1967 -- J a n u a r y  19,  1967 
# / l i t e r  m g / l i t e r  --. # / l i t e r  rndliter- ----- l i e  -- l i e .  # / l i t e r  mg/ l i ten .  

119,873 1.380 
119,873 1. LOO 

132,274 0.326 
462,959 0,008 

14,946,962 0.060 16,062,982 0.064 



Station E - Battan (Cont.) 
February 18, 1967 March 4, 1967 March 18, 1967 

#/liter , mg/liter #/liter mglliter #/liter mg/liter 
- 

65,460 0.220 261,540 0.879 1,917,960 6.44 

April 15, 1.967 
#/liter mglliter 



STATION F - TOP 
August 29, 1966 

#/liter mg/liter 
Peridinium triquetrum 
P. trochoideum 
Katodinium rotundatum 
Prorocentrum minimum 77,660 
P. micans 7,060 
Gyrodinium aureolum 
G. estuariale 
G .  metum 
G. dominans 
Glenodinium foliaceum 3,530 
Peridiniopsis rotundata 
Unarmored dinoflagellate 191,797 
Ceratium linneatum 3,530 
Spifulina sp. 1,342,579 
3u Coccoid blue green 21,673,061 
T 1 . 5 ~  Coccoid blue green139,244,622 
Clu filament 4,027,737 
2x3 Blue green filament 22,823,843 
Anabaena sp. 767,188 
Katabrepharis ovalis 
Rhodomonas amphioxeia 383,594 
Rhodomonas minuta 575,391 
Calyeomonas ovaiis 191,797 
3u flagellate 3,644,143 
3-5u flagellate 
Carter ia 
Eutreptiella hiruroidea 
Cyclotella sp, 
Nitzsehia seriata 
N. closterium 
Asterionella formosa 
Skeletonema costatum 
Coseinodiscus sp. 
Thalassiosira nana 
T .  nardanskoidea 
Melosira moniliformis 
Melosira sp. 
Gyrosigma sp. 
Flagellate 5x12~ 
Kirehineliopsis sp. 
Naviculoid diatom 3x12 
Plagiogramma vanheurchi 
Cocconeis ocutellum 
Pleurosigma angulosa 
Pennate diatom 3 x 6 ~  
P. diatom 8 x 3 ~  
Parachoysidalis estuaris 
Actinoptycus undulatus 
Cryp tomonas 
Pyramrnonas sp. 

196,111,844 

October 8, 1966 
#/liter mglliter 



S t a t i o n  F - Top (Cont.) 



Station F - Top (Cont.) 

April 29, 1967 August 16, 1967 
#/liter mg/liter #/liter mglliter 

39,920 0.367 
7,984 0.001 



STATION P - BOTTOM 

, Peridinium triquetrum 
P o  trochoideun 
Katodinium rotundatum 
Prorocentrum minimum 
P. mieans - 
Gyrodinium aureolum 
G o  estuariale 
Glenodiniurn foliaeeum 
Ceratinium linneatum 
Armored dinoflagellate 
Unidentified dinoflag. 
Spirulina sp . 
3u Coceoid blue green 
1.5~ Coccoid blue green 

August 29, 1966 
#/liter mglliter 

2 x 6 ~  Blue green filament 28,769,508 
r(lu filament 1,128,216 
Katabrepharis ovalis 188,036 
Rhodomonas amphioxeia 564,108 
R.  amphioxeia 10x5 
Rhodomonas minuta 3,384,648 
Calyeomonas ovalis 
Su flagellate 7,897,512 
3-5u flagellate 940,180 
Eutreptiella hiruroidea 
Thalassiosira nana 376,072 
CyclsteYia 7u 376,072 

* 7u flagellate 376,072 
Pennate diatom 7x53 
Coceoneis sp, 
Diploneis puelia 
Goseinodiscus sp, 
Zoeconeis scutellum 
Westella sp. 
Nitzschia eloisterium 
Asterionella japoniea 
Pyramimonas sp. 
Skeletonema eostalum 
8u Cyst 
Gourphosphaeria 
Kirchineliopsis sp. 
Nitzsehia seriata 
Ankistrodesmus 
MeEosira moniIiformis 
Plagiogramma vanheurchi 
Pleurosigma anguloris 
Coscinodiseus excentricus 

* Nftzeehiod diatom 

October 8, 1966 November 5, 1966 
#/liter mglliter #/liter mglliter 



Station F - Bottom (Cont.) 

November 19,1966 January 7, 1967 
#/liter mglliter - 

January 19, 1967 March 4, 1967 
#/liter mglliter #/liter mglliter 



Station F - Bottom (Cont.) 

March 18, 1967 April 15, 1967 
#/liter mg/liter #/liter mdliter 

93,559 0.314 191,797 0.644 



AppendixII. Numbers per lieer and biomass (mg/liter) of phytoplankton in The Pamlieo River 
(9 March 1967 to 2 April 1968). See Figure 1 for location of stations, 

STATION 1 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium triquetrum 
P. trochiodeum 
Prorocentrum minimum 
Calycomonas ovalis 
3 u flagellate 
5 u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R. minuta 
7 u flagellate 
Cyclotella sp. . 
10 u flagellate 
3 u blue green 
2 u blue green 
2 x 4 blue green 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
N. seriata 
Pleurosigma angulosa 
Skeletonema costata 
Thalassiosira nana 
Gyrosigma sp. 
Spermatozoopsis sp. 

TOTAL 

March 9, 1967 April 11, 1967 August 29, 1967 w 

#/liter mg/liter #/liter mg/liter #/liter mglliter 



STATION 2 
March 9, 1967 

#/liter rnglliter 

Glenodinium foliaceum 
n Gyrodinium aureolum 

G. estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium triquetrum 
P. trochiodeum 
Prorecentrum minimum 
Gyrodinium metum 
Polykrikos sp . 
Calycomonas ovalis 
3 u flagellate 
5 u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R ,  minuta 
Penate diatom 
Binof lagellates , 

Cyclotella sp. 
3 u blue green 
2 u blue green 
7 u flagellates . Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
N .  seriata 
Pleurosigma angulosa 
Skeletonema costata 
Thalassiosira nana 
Ankistrodasmus sp. 
Choraceum sp. 
Garterea sp. 
Pandorina sp. 
Pyramimonas sp. 
Spermatozoopsis sp. 
Scenedesmus sp. 
Mer ismopedia sp . 
Lagerheimia sp. 
Cryptomonas sp. 
Calycomonas gracilis 
Selenastrum sp. 
Sp irul ina sp . 
Cocconeis sp. 
Gymnodinium nelsonii 
Navicula sp. 
Crucigenia sp. 

v 

Totals 

March 22, 1967 April 11, 1967 
#/liter mglliter #/liter mg/liter 



-A 

Station 2 (Cont.) 

May 9, 1967 
#/liter mglliter 

July 13, 1967 
#/liter mglliter 

July 31,1967 
#/liter mglliter 



Station 2 (Cont.) 

October 18, 1967 
#/liter mg/litsr 

October 30,1967 November 13, 1967 
#/liter mg/liter #/liter mg/liter 

3,558 0.007 
17,790 0.217 35,352 0.431 
103,182 0.152 310,312 0.456 

1,342,575 0.859 958,980 0.614 
15,712 0.181 

7,116 0.066 15,712 0,053 
7,116 0.022 3,928 0.036 
14,232 0.018 35,352 0,045 
10,674 0.015 11,784 0.017 

1,246,674 0.042 1,726,164 0.059 
4,938,747 0.069 20,522,279 0.287 
335,643 0.022 1,438,470 0.092 
3,558 0.002 19,640 OeO09 

- October 4, 1967 
#/liter mg/liter 



Station 2 ( Cont.) 

November 28,1967 
#/liter mglliter 

December 11,1967 
#/liter mglliter 

January 5,1968 January 22,1968 
#/liter mglliter #/liter mglliter 



Station 2 (Cont , ) 

February 12,1968 
#/liter mg/liter 

February 26,1968 
#/liter mg/liter 

March 11,1968 April 2, 1968 
#/liter mglliter #/liter mg/liter 



STATION 3 

March 9, 1967 April 11,1967 

#!/liter mg/liter #/liter mg/liter 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium trequetrum 
P. trochiodeum 
Prorocentrum minimum 
Detylium Brghtwellii 
Polyikriksos sp, 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
Ii. rninuta 
Calcomonas sp. 
Cyclotella sp, 
Penate diatom 
3u blue green 
2u blue green 
10u flagellate 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
N. seriata 
Pleurosigma angulosa 
Skeletonema costata 
Thalassiosira nana 
Rhyosolenia sp. 
Ankistrodesmus sp. 
Pyramimonas sp. 
Carterea sp. 
Calycomonas gracilis 
Melosira monileformis 
Gyrosiqma sp. 



STATION 4 

a ~lenodiniurn foliaceum 
Gyrodinium aureolum 
@, estuariale 
Katodinium rotundatum - Peridiniopsis rotunda 
Per idinium trequetrum 
P .  troehiodeum 
Prorocentremm minimum 
Detylium Brghtwellii 
Polyikriksos sp, 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp0 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R .  minuta 
Calcomonas sp. 
Cyelotella sp. 
Penate diatom 
3u blue green 
2u blue green 

" IOU flagellate 
Ascerionella japonica 
Coscinodiscus sp. 
Nitzsehia elosterium 

- N. seriata 
Pheurosigma angulosa 
Skeletonema coseata 
Thalassiosira nana 
Rhyosolenia sp, 
Ankistrcdesmus sp. 
Pyramirnones sp. 
Carterea spa 
Calycomonas gracilis 
Melosira monileformis 
Eyrosiqma sp. 

March 9, 1967 March 22,1967 
#/liter ' mglliter #/liter mglliter 

April 11,1967 
#/liter mglliter 



Station 4 (Cont,) 

May 9, 1967 
#/liter mglliter 

July 13, 1967 
#/liter mg/liter 



July 31,1967 
#/liter mg/liter 

" Glenodinium foliaeeum 
Gyrodinium aureolum 
G. estuariale 
Katodinivm rotundatum . Peridiniopsis rotunda 
Peridinium triquetrum 
P, troehiodeum 
Prorecentrum minimum 
l0u flagellate 
12u flagellate 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R ,  minuta 
Selenastrum sp. 
Chlanydomonas sp. 
Spermatozoopsis sp. 
3u blue green 
2u blue green 

' Merismopedia sp. 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 

- N. seriaka 
Pleurosigma angulosa 
Skeletonema costata 
Thalassiosira nana 
Polykrikos hartmanii 
Cyclotella sp, 
Ankistrodesmus sp. 
Carterea sp. 
Penace diatom 
Fandorina sp. 
Calycomonas gracilis 
Sp irul ina sp . 
Kirchneriella sp. 
Gyrodinium metum 
Armoured dinoflagellate 
Gymnodinium nelsonii 
Coeeoneis sp. 
Pyramimonas sp. 
Unarmoured dinoflagellate 

. Navicula sp. 

August 23,1967 
#/liter mg/liter 

August 29,1967 
#/liter mg/liter 



S t a t i o n  5 (Cont . )  

October 4 ,  1967 
f !liter m g l l i t e r  

October 18,1967 
# / l i t e r  m g / l i t e r  

October 30,1967 
# / l i t e r  m g / l i t e r  

November 13,1967 
# / l i t e r  m g / l i t e r  



Station 5 (Cont.) 

November 28,1967 
!//liter rnglliter 

December 11,1967 
#/liter mg/liter 

January 5, 1968 January 22,1968 
#/liter rng/liter #/liter mg/lite 



Station 5 (Cont.) 

February 12,1968 February 26,1968 March 11,1968 S p r i l  2,1968 
#/liter mglliter #/liter mg/liter #/liter mglliter #/liter mglliter 



STATION 6 

April 11,1967 
#/liter mg/liter 

40,000 2.569 

March 22,1967 
#/liter mg/liter 

March 9,1967 
#/liter mg/liter 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Per idinium trequetrum 
P. trochiodeum 
Prococentrum minimum 
Gyrodinium metum 
7 u flagellate 
Calycomonas ovalis 
3 u flagellate 
5 u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R, minuta 
Ceratium sp. 
Coscinodiscus 
Carterea sp. 
3 u blue green 
2 u blue green 

1 Pyramimonas sp. 
Asterionella japonica 
Coseinodiscus spa 
Nitzschia closterium 
N o  seriata 
Plevrosigma angulosa 
Skelctonama costata 
Thalassiosira nana 
Cyclotella sp. 
Ankistrodesmus sp. 
Penake diatom 
Cryp tomonas sp . 
Calycomonas gracilis 
Ditylium brightwelli 
Dipleneis sp. 
Rheyosolenia sp. 



Station 6 (Cont.) STATION 7 

May 9,1967 
#/liter mg/liter 

July 13,1967 March 9,1967 
#/liter mglliter #/liter mg/liter 

98,000 0.284 

April 11,1967 
#/liter mg/liter 

4 



Glenodinium foliaceum 
Gyrodinium aureolum 
G. es tuar ia le 
Katodinium rotundatum 

Per idinium triquetrum 
P o  trochiddeum 
Prorecentrum minimum 
Ditylium brightwelli 
Perediniopsis rotunda 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonasamphioxeia 
R ,  minuta 
Pyramimonas sp. 
Cyelotella sp, 
7u flagellate 
3u blue green 
2u blue green 
Syrodinium metum 
Asterionella japoniea 
Coscinodescus spa 
Nitzschia closterium 
W, seriata 
PLeurosigma angulosa 
Skeletonema eostata 
Thalassiosira nana 
Diploneis sp. 
Rhyosoleria sp. 
Cryptomonas sp . 
Carteria sp, 
10u flagellate 
Coeconeis sp. 
Unarmoured dinoflagellate 
Silica flagellate 
Selenastrum sp. 

March 9,1967 
#/liter mg/liter 

March 22,1967 April 11,1967 
#/liter mgjliter #/liter rnglliter 



Station 8 (Cont.) 

May 9,1967 
#/liter mglliter 

July 13,1967 
#/liter mglliter 

August 29,1967 
#/liter mglliter 

January 22,1968 
#/liter mg/liter 



STATION 9 

- Glenodinium foliaceum 
Gyrod inium aureolum 
G. estuariale 
Katodinium rotundaturn 
Peridiniopsis rotunda 
Peridinium trequetrum 
P.  troehiodeum 
Prorocentrum minimum 
Gyrodinium metum 
Calycomonas gracilis 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
E~~trepetella sp. 
Katabrepharis ovalis 
Rhodomanas amphioxeia 
R ,  minuta 
Selenas trum sp. 
Pandorina sp. 
Carteria sp. 
3u blue green 
2u blue green - Cyclotella sp, 
Ankestrodesmus sp, 
Aster ionella japonica 
Coscinodiscus sp. 

, Nitzschia closterium 
N. seriata 
Pleurosigma angulosa 
Skeletonima costata 
Thalassiosera nana 
Armoured dinoflagellate 
Scenedesmus sp. 
Amphidimium sp . 
Spirulina spo 
Penate diatom 
7u flagellate 
Gymnodinium nelsorii 

July 31,1967 
#/liter mglliter 

August 23,1967 October 4, 1967 
#/liter mglliter #/liter mg/litel 



Statinn 9 (Cont.) 

October 18,1967 
#/liter mglliter 

October 30,1967 November 13, 1967 November 28,196'7 
#/liter mg/liter #/liter mg/liter #/liter - mg/liter 



Station 9 (Cont.) 

December 11,1967 
#/liter mglliter 

January 5,1968 January 22,1968 February 12,1968 
#/liter mglliter #/liter mg/liter #/liter mglliter 



Station 9 ( Cont.) 

February 26,1968 
#/liter mglliter 

STATION 10 

March 9,1967 March 22,1967 April 11,1967 
#/liter rng/liter #/liter mg/liter #/liter mg/liter 



Station 10 (Cont.) 

May 9,1967 J U ~ V  13,1967 
#/liter mg/liter #/liter mg/liter 

Y 



STATION 11 STATION 12 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 
Katodinium rotundatum 
Per idinium trequetrum 
P, trochiodeum 
Proroeentrum minimum 
Gyrodinium metum 
Peridiniopsis rotunda 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R. minuta 
Cryptomonas sp, 
Carteria sp. 
7u flagellate 
3u blue green 
2u blue green 
Cyclotella sp. 
lsterionella japoniea 
2oscinodiscus sp. 
Yitzsehia closterium 
Y. seriata 
?leurosigma angulosa 
Skeletonama costata 
rhalassiosira nana 
thyosolenia sp, 
2oseoneis placentula 
Ietylium brightwellii 
'olykrikos hartmanii 
:yrosigma sp. 
Iiatom 
3iddulphia sp. 
3yramimonas sp. 
rrkistrodesmus sp. 

March 9,1967 April 11,1967 
#/liter mg/liter #/liter mg/liter 

74,000 0.213 
147,000 4 .,688 300 0.018 

348,000 0.412 
98,000 0.063 

3,119,000 10.480 174,000 0.584 

March 9,1967 
#/liter mglliter 



Station 12 (Cont .) 

April 11,1967 
#/liter mg/liter 

151,080 0.437 
400 0.026 

856,120 1.015 
50,360 0.032 

956,840 3.215 

May 9,1967 
#/liter mg/liter 

July 13,1967 
#/liter mg/liter 

March 22,1967 
#/liter mg/liter . 12% ,865 0,274 

383,595 4.677 
767,190 1.127 
255,730 0.164 

2,613,030 9.452 



Station 12 (Cont,) 

January 22,1968 
#/liter mglliter 

STATION 13 

March 9,1967 
#/liter mglliter 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 80,000 
Katodinium rotundatum 371,000 
Peridiniopsis rotunda 
Peridinium trequetrum 3,156,000 
P. trochiodeum 
Prorocentrum minimum 212,000 
Polykriksos sp. 
Dutylium brightwellii 
Calycomonas ovalis 
3u flagellate 
5u flagellate 663,000 
Eutreptiella sp. 27,000 
Katabrepharis ovalis 1,299,000 
Rhodomonas amphioxeia 
R. minuta 
Gymnodinium nelsonii 
Cyclotella sp. 
Gyrodinium metum 
3u blue green 27,000 
2u blue green 
Melosina moniliformis 106,000 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
N. seriata 
Pleurosyma angulosa 
Skeletonima costata 345,000 
Thalassiosira nana 53,000 
Asteronella formosa 27,000 
Gyroaigma sp. 
Unarmoured dinoflagellate 
Calycomonas gracilis 
10u flagellate 
Ankistrodesmus sp. 
Selenas toum sp. 
Chlanydomonas sp. 
Armoured dinoflagellate 
Diatom sp. 
Spirulina sp. 
Coscinodiscus sp. 
Anakaena sp. 
Kinchineliopsis sp. 

April 11,1967 
#./liter mglliter 

, 

8,000 0.049 
369,000 0.437 

** 

246,000 0.825 

246,000 0.310 
1,000 0.271 

40 0.006 



Station 13 (Cont.) 

July 31,1967 
#/liter mg/liter 

August 23,1967 
#/liter mglliter 

14,103 0.030 
5,456 0.067 

158,224 0.232 
95,898 0.061 

August 29,1967 October 4,1967 
#/liter mglliter #/liter mg/liter - 



Station 13 (cont.) 

October 18,1967 
#/liter mglliter 

October 30,1967 
#/liter mglliter 

14,385 0.031 
43,155 0.526 
383,600 0.564 
9,590 0.088 

November 13,1967 
#/liter mglliter 

November 28,1967 
#/liter mg/liter 

* 
10,911 0.023 
10,911 0.133 
962,360 1.410 
447,524 0.284 
29,096 0.268 * 
47,281 0.159 
3,637 0.011 
40,007 0.050 



Station 13 (Cont.) 

December 11,1967 
#/liter mg/liter 

January 5, 1968 
#/liter mg/liter 

January 22,1968 February 12,1968 
#/liter mglliter #/liter mglliter 

3,637 0.034 
54,555 0.665 
40,007 0.059 

76,720 0.049 767,184 0.491 
7,274 0.084 

724,225 2,430 
7,274 0.022 
72,740 0.092, 



Station 13 (Cont.) 

February 26,1968 
#/liter mglliter 

March 11,1968 
#/liter mglliter 

March 9,1967 
#/liter mglliter 

Glenodinium foliaceum 162,000 
Gyrodinium aureolum 81,000 
G. estuariale 
Katodinium rotundatum 92,000 
Peridiniopsis rotunda 
Peridinium trequetrum 867,000 
P. troch.iodeum 
Prorocentrum minimum 58,000 
Polykrikos sp. 
Gyrodinium metum 
Galyeomonas ovalis 
3 u  flagellate 
i u  flagellate 358,000 
Eutreptiella sp. 12,000 
Katabrepharis ovalis 243,000 
Rhodomonas amphoxeia 
R. rninznta 12,000 
Carteria sp. 
Cyclotella sp. 2,000 
7u flagellate 
3u blue green 1,179,000 
2u b l u e  green 
Prorocentrum micans 
Asterionella japonica 
Goscinodiscus sp. 40 
Nitzschia closteriun 
N. seriata 
Pleurosyma angulosa 4,000 
Skeletonerna zostata 381,GOO 
Thalass iosina nana 35,G00 
Detylium brighkwellii 4 0 
Rhyosolenia sp. 400 
Synedra s p .  12,000 
Acathelles sp . 12, GOO 
5yros igrna sp . 
,nkostrodesmus sp. 
Caiyeomonas gracilis 
Pyrarnimonas sp . 



Station 14 (Cont.) 

March 22,1967 

#/liter mglliter 

April 11,1967 May 9,1967 July 13,1967 

#/liter mg/liter #/liter mg/liter #/liter mg/liter- 

147,000 0.426 
3,928 0.048 24,550 0.299 

540,000 0.640 66,712 0.098 14,730 0.022 
63,932 0.041 

3,928 0.036 
294,000 0.989 3,928 0.013 4,910 0.045 

3,928 0.012 19,640 0.060 
98,000 0.124 11,784 0.015 4,910 0.006 

700 0.019 
4,910 0.007 

150,102 0.005 2,109,756 0.072 
717,154 0.010 9,589,855 0.134 

540,000 0.014 366,916 0.023 1,086,844 0.070 
127,660 0.061 

147,000 0.024 266,848 0.043 
133,424 0.056 255,728 0.108 
650,442 0.027 1,150,776 0.048 

63,932 0.005 
200 0.001 66,712 0.007 63,932 0.030 

66,712 0.012 511,456 0.090 
6,135,000 0.025 883,934 0.012 255,728 0.004 

1,264,488 0.001 24,410,540 0.024 
4,910 0.057 



STATION 16 

March 9, 1967 

#/liter mglliter 
March 22,1967 

#/liter mglliter 

58,900 0.126 
39,300 0.479 
275,000 0.404 

April 11,1967 

#/liter mglliter 

21,311 0.046 
15,968 0.195 

319,665 0.469 
21,311 0.014 
11,976 0.138 

299,400 1.060 
21,311 0.196 
195,608 0.247 

May 9, 1967 

#/liter mglliter 
- - 

7,274 0.089 
248,220 0.365 
124,110 0.365 



Station 16 (Cant,) 

July 13,1967 
#/liter mglliter 

STATION 17 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium trequetrum 
P. trochiodeum 
Prorocentrum minimum 
Procentrum micans 
Ceratium limneatum 
Calycomonas ovalis 
3u flagellate 
5x1 flagellate 
Eutreptiella sp. 
Kakabrepharis ovalis 
Rhodomonas amphioxeia 
R. minuta 
Polykrikos sp . 
Calycomonas gracilis 
lo u flagellate 
3 u  blue green 
2u blue green 
Cryptomonas sp. 
Aster ionella japonica 
Coscinodiscus sp. 
Nitzschia closterum 
N, seriata 
Pleurosigma angulosa 
Skeletonema costata 
Thalassiosina nana 
Cyclotella sp. 
Ankistrodesmus sp. 
Selenastrum sp. 
Sp iru 1 ina sp . 
CyclotelLa sp. 
Anakaera sp. 
Gyrodinum metum 
Carteria sp. 
Grodinium dominans 
Amphid inium sp . 
Merismopedis sp. 
Gymnodinium nelsonii 

3uly 31,1967 August 23,1967 
#/liter mgf liter #/liter mglliter 



S t a t i o n  17 (Cont.)  

October  14,1967 October 18,1967 October  30,1967 November 13,1967 
# / l i t e r  m g l l i t e r  # / l i t e r  r n g / l i t e r  # / l i t e r  m g / l i t e r  # / l i t e r  m g l l i t e r  



Station 17 (Cont.) 

November 28,1967 
#/liter mg/liter 

December 11,1967 
#/liter mg/liter 

January 5, 1968 January 22,1968 
$/liter rng/liter #/liter mglliter 



Station 17 (Cont.) 

February 12,1968 
#/liter m~/liter 

February 26,1968 March 11,1968 
#/liter mp/liter #/liter mp/liter 



STATION 18 

March 9, 1967 
#/liter mg/liter 

% 

March 22,1967 
#/liter mg/liter 

April 11,1967 May 9, 1967 
#/liter mg/liter #/liter mg/liter 



Station 18 (Cont.) 

July 13,1967 August 29,1967 
#/liter mglliter #/liter mg/liter 



Glenodinium foliaceum 
Grodinium aureolum 
G. estuariale 

- Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium triquetrum 
P ,  trochiodeum 
Proroeentrum minimum 
Carterea sp. 
Polykrikos sp. 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodour onas aniphoxe ia 
R ,  minuta 
10u flagellate 
Crystomonas sp, 
Amphora sp, 
3u blue green 

- 5u blue green 
Dinoflagellate 
Asteronella japonica 
Coscinodiscus spa 
Nitzsehia elosterum 
N. seriata 
Fleuros igma angulosa 
Skeleeonema costata 
Thalassiosira nana 
Melosira sp. 
Naireuloid deatom 
Rhyosolenia sp, 
Biddulphia s p .  
Cyclotella sp, 
Gryosigma sp, 
Sperulina sp , 
Diploneis sp, 

March 9, 1967 
#/liter mg/liter 

126,000 0.365 

63,000 0,075 
63,000 0.040 

7,056,000 23,708 

378,000 0.476 

March 22,1967 April 11,1967 
#/liter mglliter #/liter mg/iiter 

170,744 0.366 



Station 20 (Cont.) 

May 9, 1967 
#/liter mglliter 

July 13, 1967 
#/liter mglliter 

July 31, 1967 
#/liter mglliter 



STATION 22 - 

Giensdinium f olicieeum 
Gyr odinium aureolum 
G. estuariale 
Katodinium rotundatum 
Peridirinm Aoequetrum 
Poroeetrum minimum 
Calycomonas gracilis 
Feridiniopsis rotunda 
Calycornonas ovalis 
3 u  flagellate 
5 u  ?lagellate 
E~trzpkiella sp, 
Kacabrepharis ovalis 
Rhodomonas amphioxeia 
R ,  rninata 
7 1; flagella ee 
CarLeria sp. 
Gyrodinium metum 
3c blue green 
2u blue green 
CycEotalla spa 
Aster ion el la j aponiea 
Cqszincdisegs sp, 
Nirzsshia clos Cerium 
W. sariaca 
??&urosigma angulosa 
Skeleesneu~a costaka 
Thalassiosira xana 
G2ceoneis sp. 
Zu blue grean cocond form 
Arm~red dimflagellate 
Penate d!-atom 
3etyliurn brightwellii 
Biedulphfa s p ,  
Gy cos lgma sp . 
Rhyosolenia sp. 
?ror?centr~~m mieans 
Pl?rocen~rum scutellas 
Ceratium lineatum 
Spinalina s g ,  
Pyrobstoys rostrata 
Peridinium trochiodeum 
Ankistrodesmus sp, 
Kirchineliopsis sp, 
Gyrodfniurn Jominans 
Polykrykos sp. 
IOU flagellate 
Selenas~rum sp, 
Coscinodiscus spa 
Anakaena sp, 
Gymnodinium nelsonii 
Melosina SF. 
Cryptomonas spa 
GhaeEoceras sp, 
Tyramimonas sp. 

March 9,1967  arch' 22,1967 April 11,196 7 
#/liter mg/liter #/liter mg/liter #/liter mglliter 





Station 22 (Cont.) 

November 28,1967 December 11,1967 January 5, 1968 January 22,1968 
#/liter mg/liter #/liter mg/liter #/liter mg/liter #/liter mg/liter 



Station 22 (Cont.) 

October 4,1967 
$/liter mglliter 

October 18,1967 
#/liter mglliter 

October 30,1967 November 13,1967 
#/liter mg/liter #/liter mglliter- 



Station 22 (Cont.) 

February 12,1968 February 26, 1968 
#/liter mglliter #/liter mglliter 

March 11,1968 
#/liter mglliter 



STATION 23 

January 22,1968 
#/liter mglliter 

Glenodinium foliaceum 
Gyrodinium aureolum 
G, estuariale 
Katodinium rotundaturn 
Per id iniops is rotunda 
Peridinium triquetrum 
P. trochiodeum 
Prorocentrum minimum 
G. metum 
Polykrikos hartmanii 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella s p .  
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R. minuta 
10u flagellate 
Cyclostella sp. 
Unarmored dinoflagellate 
3 u  blue green 
2u blue green 
Prorocentrum mecans 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
N. seriata 
Pleurosigma angulosa 
Skeletonema costata 
Thalassiosira nana 
Dep loneis sp , 
Gyrosigma sp, 
Rhyosalema sp. 
Cocconeis sp. 
Diatom sp, 
Coscinodiscus sp , 
8 x 6 unarmored 
Caly comonas gracilis 

March 9, 1967 March 22,1963 
#/liter mglliter #/liter mglliter 



Station 24 (Cont.) 

April 11,1967 
#/liter mglliter 

May 9, 1967 
#/liter mg/liter - 

J u l y  31,1967 
#/liter mg/liter _ 



STATION 25 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 
Katodinium rotundatum 
Perideniopsis rotunda 
Per id inium trequetrum 
P o  trocheodeum 
Prorocentrum minimum 
Gyrodinium metum 
Calycomonas gracilis 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R. miruta 
Spriulina sp. 
10 u flagellate 
7u flagellate 
3u blue green 
2u blue green 
Cyclodella sp. 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
N. seriata 
Pleurosigma angulosa 
Skelesonema costata 
Thalas si,;s ina nana 
Selenasirum sp. 
Ankistrodesmus sp, 
Chlamydomonas sp. 
Sperrnatozoopsis 
Carteria sp. 
Armored dinoflagellate 
Spriulina sp . 
Scened esmus sp , 
Ceratium linneatum 
Navicula inerta 
2 x 4 blue green 
Anakaena sp. 
Gyrodinium dominans 
Pyramimonas sp. 
Prorocentrum rnicans 
Merismopedia sp. 
Diatom sp, 
Nestella sp. 

August 23,1967 
#/liter mg/liter 

August 29,1967 October 4,1967 
#/liter mglliter #/liter mgllitcr w 



S t a t i o n  25 (Cont.) 

October  1 8 ,  1967 
# / l i t e r  m g / l i t e r  

October  30,1967 
# / l i t e r  m g / l i t e r  

November 13,1967 November 28,1967 - 
# / l i t e r  m g / l i t e r  u t e r  



Station 25 (Cont.) 

December 11,1967 January 5,1968 January 22,1968 February 12 1968 -- L- 
#/liter mglliter #/liter rnglliter #/liter mglliter #/liter mglliter 



STATION 26 Station 25 (Cont.) 

February 26,1968 
#/liter mglliter 

March 11,1968 
#/liter mg/liter 

March 22,1967 April 11,1967 
#/liter mglliter #/liter m~/liter 



Station 26 (Cont.) 

May 9, 1967 
#/liter mg/liter 

July 31, 1967 January 22,1968 
#/liter mg/liter #/liter mg/liter 

6,137 0.266 
85,918 0.126 66,135 0.097 
958,980 0.614 767,166 0.490 

238,086 2.737 z 

1,084,614 3.644 
18,411 0.213 13,227 0.040 

110,466 0.139 26,454 0,033 



STATION 28 

Glencdinium foliaeeum 
Gyrsdinium aureolum 
G. estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium torquetrum 
P. trochiodeum 
Proroeentrum minimum 
Gyrodiniun metum 
Calyeomonas graeilis 
Calycomonas ovalis 
3 u  flagellate 
5u f lagellaee 
Enrreptiella sp. 
Ka tabrepharis ovalis 
Rhodomonas amphioxeia 
R ,  minuta 
Dinof lagellate 
15 Dinoflagellate 
7 u  flagellate 
3u blue green 

- 2 u  blue green 
Careeria sp. 
 seer ionella japonica 
Coscinidiseus sp. 
Nitzsehia closterium 
N o  seriata 
Plsurosigma angulosa 
Skeletonema eostata 
Thalassiosira nana 
Ankestrodesmus sp. 
Cyelotella sp. 
Polykrikos sp. 
Cocconeis sp. 
Chlamydomonas sp. 
Anakaena sp. 
Spriulina sp. 
Cryptomonas sp. 
Crucigema tetrapedia 
Diatom sp. 
Proroeentrum micans 
Ceratium lineatum 
Selenastrum sp. 
Spermatozoopsis sp. 
Lazerhermia sp. 

+ Pyramimonas sp. 
Gyrodinium dominans 

March 22,1967 
#/liter mg/liter 

May 9,1967 July 31,1967 
#/liter mg/liter - #/liter m g / l i t e ~  

38,359 0.082 63,932 0.137 
32,733 0.399 
76,718 0.113 32,735 0.048 
38,359 0.025 447,524 0.286 
76,377 0.229 
10,911 0.037 6,547 0.022 
18,185 0.055 13,094 0.040 
18,185 0.023 26,188 0.033 
38,359 0.055 

383,594 0.012 
6,137,504 0.209 

3,388,396 0.047 22,813,843 0.319 
537,026 0.034 1,826,640 0.117 
72,740 0.035 32,735 0.016 
728,821 0.117 191,796 0.031 

1,035,693 0.438 191,796 0.081 
2,339,899 0.098 2,009,304 0.084 



 station^ 28 (Cont .) 

August 23,1967 
#/liter mglliter 

August 29, 1967 
#/liter mglliter 

October 4,1967 October 18,1967 
#/liter mg/liter #/liter mglliter 



Station 28 (Cont. .) 

October 30,1967 
#/liter mg/liter 

November 13,1967 
#/liter mg/liter 

November 28,1967 December 11,1967 
#/liter mg/liter #/liter mg/liter 



Station 28 (Cont.) 

January 5, 1968 
#/liter mglliter 

January 22,1968 February 12,1968 February 26,1968 
#/liter mg/liter #/liter mglliter #/liter mglliter 



Station 28 (Cont ,l 

March ll,P968 
$/liter mg/liter 

STATION 29 

Glenodinium foliaceum 
Gyrodinium aureolum 
G.  estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium triquetrum 
P. troehiodeum 
Poroeentrum minimum 
Gyrodinium metum 
Calycomonas graeilis 
Calyeomonas ovalis 
3u flagellate 
5u flagellate 
Eutrepteiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
R. minuta 
5 x 10 flagellate 
Armored dinoflagellate 
7u flagellate 
3u blue green 
2u blue green 
2 x 4 blue green 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
Rhiyosolenia sp. 
PLeurosigma angulosa 
Skeletonema costata 
Thalassiosira nana 
Selenastrum sp. 
Ankistrodesmus sp. 
Apirulina sp. 
Cyclotella sp. 
Polykrikos sp . 
Ceratum linneatum 
Carteria sp. 
Anakaena sp. 

August 23,1967 October 4,1967 
#/liter mglliter #/liter mg/liter 



Station 29 (Cont.) 

October 18,1967 
#/liter mg/liter 

November 13.1967 December 11,1967 January 5,1968 
#/liter mglliter #/liter mglliter 



Station 29 (Cont.) - 

January 22,1968 
#/liter mglliter 

February 12,1968 February 26,1968 March 11,1968 
#/liter mglliter #/liter mg/liter #/liter mglliter 



STATION 30 

Glenodinium foleaceum 
Grydinium aureolum 
G. es%uariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium triquetrum 
P. trochiodeum 
Prorocentrum minimum 
Gyrodinium metum 
Calyeomonas gracilis 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eurtreptiella sp. 
Katabrepharis ovalis 
Rhotomonas amphioxeia 
R, minuta 
7u flagellate 
Unarmored dinoflagellate 
10u flagellate 
3u blue green 
2u blue green 
Cocconecs sp. 
Asterionella japonica 
Coscinodiscus sp. 
Nitzschia closterium 
N. seriata 
Pleurosigma angulosa 
Skeletonema costata 
Thalassiosira nana 
Carteria sp. 
Cyclotella sp. 
Spinulina sp. 
Prorocentrum micans 
Gyrodinium clominans 
Prorocentrum scentellum 
Kirchineliopsis sp. 
Diatom sp. 

March 22,1967 
#/liter mg/liter 

April 11, 1967 . , '  - July 31, 1967 
#/liter mglliter- #/liter mglliter 



Station 30 (Cont.) 

October 30,1961 
#/liter mg/liter 

F 

November 28,1967 
#/liter mglliter 

8,946 0.019 
22,365 0.273 
98,406 0.145 
95,898 0.061 



STATION 32 

July 31,1967 
#/liter mglliter 

Glenodinium foliaceum 
Gyrodinium aureolum 
G. estuariale 
Katodinium rotundatum 
Peridiniopsis rotunda 
Peridinium triquetrum 
P. trochiodeum 
Prorocentrum minimum 
Prorocentrum micans 
Calyeomonas graeilis 
Calycomonas ovalis 
3u flagellate 
5u flagellate 
Eutreptiella sp. 
Katabrepharis ovalis 
Rhodomonas amphioxeia 
ha. minuta 
Prorocentrum scutellam 
7-u flagellate 
10u flagellate 
3u blue green 
2 3  b11;e green 
2 x & blue green 
Asterionella japonica 
Cosc inodiseus sp. 
Nltzschia clos terium 
N o  seriata 
Pleurosigma angulosa 
Skeletonema costata 
Phalassiosira nana 
Ceratium lineatum 
Diploneis sp. 
Carteria sp. 
Sperul ina sp . 
Cyelostella sp. 
Polykrikos sp. 
Gyrodinium dominans 
Anakaena sp, 
Coceoneis sp, 
Navieula sp, 
Ankistrodesmus sp. 
Selenastrum sp. 
Gyrodinium metum 
Kirchineliopsis sp. 
Leptoeylindficus s p .  
Unarmored dinoflagellate 
l 7 u  dinoflagellate 
Gymnod inium ne lsoni 
Rhyosolenia sp, 
Melosira rnoniliform 
Pyrainimonas sp. 

August 23,1967 October 4,1967 
#/liter mglliter #/liter mglliter - 



Station 32 (Cont.) 

October 18, 1967 
#/liter mg/liter 

October 30, 1967 
#/liter mg/liter 

November 13,1967 November 28,1967 
#/liter mg/liter #/liter mg/liter 



Station 32 (Cont.) 

December 11,1967 
#/liter mg/liter 

January 5, 1968 January 22,1968 February 26, 1968 
#/liter mglliter #/liter mglliter #/liter mg/liter 














