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A B S T R A C T

Dur ing the su imvsr o f 1983 a massive b lue-green a lga l b loom, dominated
b y M i c r o c y s t i s a e r u g i n o s a , d e v e l o p e d i n t h e l o w e r N e u s e R i v e r , N . C . I n
t h i s r e p o r t w e p r e s e n t d e t a i l e d d a t a o n t h e s p a t i a l a n d t e n p o r a l e x t e n t o f
t h e b l o o m a n d a s s o c i a t e d w a t e r c h e m i s t r y . T h e d a t a w e r e b a s e d o n a n
in tens ive sanp l ing p rogram dur ing Augus t and Sep tember cover ing 154 km o f
t h e r i v e r f r o m G o l d s b o r o d o w n s t r e a m p a s t N e w B e r n . A t t i m e s t h e a l g a l
b loom spanned over 100 km, f rom Seven Spr ings to S t ree t ' s Fer ry Br idge . I t
was mos t i n tense a t Fo r t Ba rnwe l l , as i nd i ca ted by ch lo rophy l l a concen t ra
t i o n s u p t o 1 5 0 0 u g / l i t e r . B e l o w F o r t B a r n w e l l , t h e b l u e - g r e e n a l g a l b l o o m
d im in i shed rap id l y , bu t t he re was a ch rysophy te b loom fa r the r downr i ve r i n
t h e h e a d w a t e r s o f t h e N e u s e E s t u a r y n e a r N e w B e r n . C o n c e n t r a t i o n s o f
ino rgan ic n i t rogen and phosphorus decreased downr ive r ; however, measurab le
q u a n t i t i e s w e r e f o u n d t h r o u g h o u t m o s t o f t h e r i v e r . T h e r e w a s l i t t l e
e v i d e n c e t h a t n i t r o g e n , p h o s p h o r u s , o r c a r b o n l i m i t e d g r o w t h o f t h e
r i v e r i n e b l o o m a l g a e , a t l e a s t d u r i n g b l o o m d e v e l o p m e n t . T h e n u t r i e n t
c l o s e s t t o b e c o m i n g l i m i t i n g , h o w e v e r , w a s n i t r o g e n , a n d s o m e e v i d e n c e
e x i s t s t o i n d i c a t e t h a t l i m i t a t i o n a r o s e o n c e t h e b l o o m w a s e s t a b l i s h e d .

The paper and pulp mi l l above New Bern was shown to increase nutr ient
concent ra t ions in the r iver loca l ly. The e ffluent f rom th is mi l l appeared
to have l i t t le inpact on the b lue-green a lga l b loom, but i ts re la t ionsh ip
t o t h e e s t u a r i n e b l o o m i s u n c l e a r .

Nutrient concentrations were no higher in 1983 than during nonbloom
y e a r s ; t h u s i t i s u n l i k e l y t h a t i n c r e a s e d n u t r i e n t a v a i l a b i l i t y w i t h i n a
part icular volume of water was responsible for the bloom. Unusual ly low
river flow in 1983 may have been a key factor promoting bloom development.
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I N T R O D U C T I O N

B lue -g reen a l ga l b l ooms have occu r red pe r i od i ca l l y i n t he l owe r Neuse
River since the late 1970s. These blooms aroused public concern over the
a p p a r e n t d e t e r i o r a t i o n o f w a t e r q u a l i t y i n t h e r i v e r a n d t h e t h r e a t t h i s
p o s e d t o t h e N e u s e E s t u a r y f a r t h e r d o w n s t r e a m . T h i s c o n c e r n l e d t o
increased research, monitoring and management efforts sponsored by several
a g e n c i e s . I n t h i s r e p o r t , w e d e s c r i b e t h e r e s u l t s o f o n e s u c h e f f o r t
f u n d e d j o i n t l y b y t h e U n i v e r s i t y o f N o r t h C a r o l i n a S e a G r a n t C o l l e g e
Program and the Water Resources Research Inst i tu te.

Specifical ly, we present the results of an intensive sairpl ing program
d i rec ted t owa rd cha rac te r i z i ng t he d i s t r i bu t i on o f nu t r i en t s , a l gae and
algal productivity during a massive blue-green bloom that occurred in 1983.
A l s o , w e d i s c u s s t h e i n t e r a c t i o n o f b i o l o g i c a l , c h e m i c a l a n d p h y s i c a l
v a r i a b l e s i n p r o m o t i n g , m a i n t a i n i n g a n d c a u s i n g t h e d e c l i n e o f t h e b l u e -
g r e e n a l g a l b l o o m . L a s t l y , w e p r o v i d e e v i d e n c e t h a t a l t h o u g h t h e b l u e -
g r e e n a l g a l b l o o m w a s r e s t r i c t e d t o t h e r i v e r , i t s o c c u r r e n c e c o i n c i d e d
wi th a secondary b loom of o ther a lgae downst ream at the head o f the
e s t u a r y .

D e s c r i p t i o n o f t h e r i v e r s y s t e m

T h e N e u s e R i v e r B a s i n , a m a j o r w a t e r s h e d i n N o r t h C a r o l i n a , d r a i n s
about 12 percent of the state's land area. I ts headwaters at the junction
of the F la t and Eno Rivers are wi th in the Piedmont above the recent ly
c o n s t m c t e d F a l l s o f t h e N e u s e R e s e r v o i r a n d t h e u r b a n a r e a s o f D u r h a m a n d

Rale igh. The r iver flows southeaster ly through the coasta l p la in to New
B e r n v ^ e r e i t b r o a d e n s a n d m i x e s w i t h - s e a w a t e r t o f o r m t h e N e u s e R i v e r
E s t u a r y . T h e E s t u a r y i n t u r n e r t p t i e s i n t o t h e s o u t h e r n e n d o f P a m l i c o
Sound (F igure 1) .

The major i ty of the land within the basin is agr icul tural or forested
(approx imate ly 88 percent) . Accord ing to a pre l iminary nut r ient budget
(N.C. Department of Natural Resources and Community Developnent (NCDNRCD)
1983) 79 percent of the total nitrogen loading and 55 percent of the total
phosphorus loading to the river come from nonpoint sources. The remainder
(21 percent of the nitrogen and 45 percent of the phosphorus) is from 16

municipal and industrial point sources. Most of these are sewage treatment
fac i l i t ies , bu t the la rges t d ischarge is f rom a paper pu lp mi l l near the
r i v e r ' s m o u t h .

The re i s gene ra l ag reemen t t ha t g row th o f popu la t i on , i n tens i fied
a g r i c u l t u r e a n d i n d u s t r i a l i z a t i o n h a v e i n c r e a s e d t h e q u a n t i t i e s o f n i t r o g e n
and phosphorus entering the Neuse River. In 1980, about 1.2 million people
lived in the basin, a 19 percent increase in population over the preceding
decade. But i t has been est imated that total ni t rogen concentrat ions and
average loading increased by a much higher percentage (about 60 percent)
during the 1970s (NCDNRCD 1983) . The result of high loading rates and
rap id recyc l i ng i s tha t t he Neuse R ive r appears to have n i t rogen and





phosphorus avai lab le in excess of a lgal demands under most condi t ions
( P a e r l 1 9 8 3 a , S t a n l e y 1 9 8 3 ) . T h e w a t e r q u a l i t y c o n c e r n s f o r t h e N e u s e

R i v e r f o l l o w t h o s e f o r t h e C h o w a n R i v e r, w h i c h a l r e a d y h a s b e e n c l a s s i fi e d
by the state as a "nutrient sensit ive waterway." The intent of this classi
fi c a t i o n i s t o p r o h i b i t i n c r e a s e s i n n u t r i e n t c o n c e n t r a t i o n s i n t h e r i v e r
(NCDNRCD 1982 ) . Thus , dec la ra t i on o f t he Neuse Rove r i s ano the r nu t r i en t
sensit ive system is being considered as a first step toward curtai l ing the
d e t e r i o r a t i o n o f t h e r i v e r ' s w a t e r q u a l i t y a n d i t s v a l u e a s a n e c o l o g i c a l
r e s o u r c e .

P r e v i o u s s t u d i e s o f t h e N e u s e

O t h e r t h a n c h e m i c a l d a t a c o l l e c t e d b y t h e U . S . G e o l o g i c a l S u r v e y
during a few years in the 1950s and 1960s, most of the information about
water quality in the Neuse River has been gathered since the 1970s. Hamed
(1980) summarized the data collected through 1978 from Clayton, a piedmont
s i t e , a n d f r o m K i n s t o n , a c o a s t a l p l a i n s i t e . R o b b i e a n d S m i t h ( 1 9 7 5 )
reported on studies of the Neuse River Estuary dur ing the ear ly 1970s.
B o t h r e p o r t s i n d i c a t e d h i g h n i t r o g e n a n d p h o s p h o r u s c o n c e n t r a t i o n s ,
a l t h o u g h t h e y w e r e g e n e r a l l y h i g h e r i n t h e r i v e r t h a n i n t h e e s t u a r y.

M o n i t o r i n g o f t h e N e u s e h a s i n c r e a s e d i n i n t e n s i t y s i n c e 1 9 7 8 . T h e
N . C . D i v i s i o n o f E n v i r o n m e n t a l M a n a g e m e n t c o n d u c t s a n u t r i e n t a n d p h y t o -
plankton monitoring program, and their data have been summarized in various
r e p o r t s ( e . g . , N C D N R C D 1 9 8 0 , 1 9 8 2 , 1 9 8 3 , 1 9 8 4 ) . T h e s e r e p o r t s e r t p h a s i z e
t h e r e c u r r e n c e o f b l u e - g r e e n a l g a l b l o o m s o n t h e N e u s e , t h e p r e s e n c e o f
h i g h n u t r i e n t c o n c e n t r a t i o n s , t h e i r r p o r t a n c e o f t h e p h y s i c a l e n v i r o n m e n t i n
triggering blooms, and the need to reduce nutrient loading.

Resea rch on wa te r qua l i t y i n t he l owe r Neuse has been ongo ing s i nce
1 9 8 0 . P a e r l ( 1 9 8 3 a , 1 9 8 7 ) a n d P a e r l a n d B o w l e s ( 1 9 8 7 ) c o n d u c t e d a s e r i e s
o f a l g a l b i o a s s a y s f r o m w h i c h t h e y c o n c l u d e d t h a t n i t r o g e n a n d p h o s p h o r u s
o f t e n a r e n o t l i m i t i n g t o a l g a l g r o w t h , b u t t h a t n i t r o g e n i s c l o s e r t o
l i m i t i n g c o n c e n t r a t i o n s t h a n p h o s p h o r u s . D i s s o l v e d i n o r g a n i c c a r b o n w a s
f o u n d t o b e a p o t e n t i a l l y l i m i t i n g f a c t o r t o p r i m a r y p r o d u c t i v i t y b e c a u s e
o f t h e l o w a l k a l i n i t y o f t h e N e u s e w a t e r . P a e r l ( 1 9 8 3 ) a l s o p r o v i d e d
e v i d e n c e t h a t l o w r i v e r fl o w i n c r e a s e s t h e l i k e l i h o o d o f b l o o m d e v e l o p m e n t
d u r i n g s u m m e r m o n t h s w h e n t e m p e r a t u r e a n d s o l a r r a d i a t i o n a r e h i g h .
L a s t l y, P a e r l ( 1 9 8 3 a , 1 9 8 4 ) s u g g e s t e d t h a t a l t h o u g h e l e v a t e d s a l i n i t i e s c a n
de te r t he g row th o f t he b l ue -g reen a l gae (M i c rocys t i s ae rug inosa , Anabaena
s p i r o i d e s a n d A p h a n i z o m e n o n fl o s a q u a e ) i n t h e e s t u a r y, t h e i n t r u s i o n o f
s a l i n e w a t e r s i n t o t h e r i v e r w a s n o t s u f fi c i e n t t o a c c o u n t f o r t h e d e c l i n e
o f the 1981 b loom, because sa l t wedges d id no t spat ia l l y over lap w i th
upstream regions vdiere blooms developed.

S t a n l e y ( 1 9 8 3 ) e x a m i n e d n i t r o g e n c y c l i n g , a l g a l p h o t o s y n t h e s i s a n d
s t a n d i n g c r o p a t a s t a t i o n n e a r C l a y t o n a n d a t a c o a s t a l p l a i n s t a t i o n ,
C o w p e n L a n d i n g , d u r i n g 1 9 8 2 , a n o n b l o o m y e a r . H e f o u n d h i g h n u t r i e n t
concentrat ions and low algal biomass and pr imary product iv i ty throughout
t h e y e a r a t b o t h s t a t i o n s . A l t h o u g h m o s t o f t h e t o t a l i n o r g a n i c n i t r o g e n
(TIN) was NO3-N, 80 percent of the assimilated nitrogen was NH^-N. Also,
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ammon ifica t i on ra tes we re gene ra l l y su f fic i en t t o r ep len i sh ass im i l a ted
nitrogen. Again the conclusion was made that nutrients are consistently
present in quant i t ies to a l low b loom format ion and that r iver flow
represents an inportant regulat ing factor.

The inportance of river flow was reiterated by Stanley and Christian
(1984) and Christian et al. (1986). Based on data from several years under

widely varying conditions, their conclusion was that chlorophyll a in the
lower Neuse remains low ( less than 20 ug / l i te r ) and is independent o f
river flow at flows (measured ijpriver at Kinston) above 800 to 1,000 cubic
feet per second, regardless of the time of year. But at lower discharge
r a t e s , c h l o r o p h y l l a i n t h e r i v e r r i s e s d r a m a t i c a l l y . S t a n l e y a n d
Chr i s t i an (1984) pos tu la ted tha t a t h igh flows t ime-o f - t rave l dec reases
( i .e . , r i ve r ve loc i t y i nc reases ) , wa te r c la r i t y dec reases and tu rbu lence
increases, resulting in less favorable conditions for bloom algae and hence
prevention of bloan formation. A short t ime-of-travel means that algae are
flushed into the estuary pr ior to reaching bloom proport ions. They tested
this hypothesis by means of a mathematical model based on field studies of
t i m e - o f - t r a v e l a t d i f f e r e n t fl o w s a n d l a b o r a t o r y s t u d i e s o f t h e g r o w t h
rates of M. aeruginosa, the blue-green alga that is dominant during blooms
(Christian, et al. 1986). The hypothesis was supported by results of model
simulation runs, vhich showed agreement between observed and predicted
bloom occurrence over the period from May 1979 through July 1985. The
results indicated that water tenperature, day length and river flow are key
fac to rs i n de te rm in ing whe the r o r no t b l ooms fo rm, assuming nu t r i en t
su ffic iency fo r the months May th rough Sep tember. Ju ly was found to be the
month dur ing v ih ich . b loom poten t ia l i s the grea tes t .

There have been several other recent publications that have added to
the ecological informat ion base for the Neuse. These include reports on
e c o l o g i c a l c h a n g e s o c c u r r i n g a t t h e f r e s h w a t e r - s e a w a t e r i n t e r f a c e
(Chr i s t i an e t a l . 1984) , p r imary p roduc t i v i t y (F i sher e t a l . 1982b) and
s e d i m e n t - w a t e r i n t e r a c t i o n s w i t h i n t h e e s t u a r y ( F i s h e r e t a l . 1 9 8 2 a , M a t s o n
e t a l . 1 9 8 3 ) . I n a d d i t i o n , t h e p h y s i o l o g i c a l e c o l o g y o f b l o o m a l g a e h a s
been studied by Paer l and co-workers (Paer l 1983b, Paer l et a l . 1985).
Thus, a general understanding of the Neuse ecosystem is developing, largely
as a resu l t o f t he conce rn abou t t he b l ue -g reen a l ga l b l ooms and t he need
to protect the river and estuary.

As described above, blue-green algal blooms have been the focus of
Neuse R iver mon i to r ing and research fo r severa l years . But un t i l 1983
the re had been no de ta i l ed s tudy o f nu t r i en t and a lga l d iTiam ics du r i ng t he
course of a bloom. A massive bloom that developed on the Neuse that summer
a f fo rded us the oppor tun i t y f o r such a s tudy. We des igned a sanp l i ng
program to address the following questions:

1) What was the areal extent of the bloom and how long did it last?
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2) What was the species conposition, cell density and biomass of the
algal assemblage dur ing the course of the b loom?

3 ) W h a t w e r e t h e p a t t e r n s o f n u t r i e n t c o n c e n t r a t i o n s i n t h e r i v e r
dur ing the b loom per iod?

4 ) W h a t e f f e c t s d i d e f fl u e n t f r o m We y e r h a e u s e r ' s p a p e r a n d p u l p m i l l
have on bloom dynamics?

5 ) W h a t r e l a t i o n s h i p w a s t h e r e b e t w e e n r i v e r fl o w a n d b l o o m
c h a r a c t e r i s t i c s ?

6 ) D id the es tuar ine mic rob ia l communi ty reac t in any unusua l way tha t
c o u l d b e l i n k e d t o t h e f r e s h w a t e r b l o o m ?

I n t h i s r e p o r t w e d e s c r i b e r e s u l t s f r o m t h i s s a n p l i n g e f f o r t w i t h r e s p e c t
t o t h e s e q u e s t i o n s .

M E T H O D S

D u r i n g t h e fi r s t h a l f o f 1 9 8 3 , a s e m i m o n t h l y s a n p l i n g p r o g r a m w a s
ma in ta ined a t Cowpen Land ing , a s i te on the lower Neuse R ive r a few k i l o
m e t e r s u p s t r e a m f r o m t h e f r e s h w a t e r - s e a w a t e r i n t e r f a c e ( F i g u r e 1 ) . I n
J u l y, w e n o t e d a n i n c r e a s e i n c h l o r o p h y l l a c o n c e n t r a t i o n s a t C o w p e n a n d
v i s i b l e s i g n s o f b l o o m d e v e l o p m e n t t h e r e a n d e l s e v ^ e r e i n t h e r i v e r . To
d e t e r m i n e t h e e x t e n t o f t h i s b l o o m , w e i m m e d i a t e l y e x t e n d e d o u r s a n p l i n g
d o w n r i v e r i n t o t h e e s t u a r y a n d u p r i v e r t o K i n s t o n . B y m i d - A u g u s t i t h a d
b e c o m e a p p a r e n t t h a t t h i s w a s i n d e e d a m a j o r b l u e - g r e e n a l g a l b l o o m . O n
A u g u s t 2 3 , w e b e g a n i n t e n s i v e m o n i t o r i n g . F r o m t h i s d a t e u n t i l S e p t e m b e r
9 , we sanp led da i l y o r eve ry o the r day a t 15 s ta t i ons be tween r i ve r marke r
22 below New Bern (s tat ion 10) and Goldsboro (s tat ion 24) (see Figure 1 and
Ta b l e 1 f o r s t a t i o n l o c a t i o n s ) . S t a t i o n s 1 6 t o 2 4 w e r e i n t e n t i o n a l l y
l oca ted a t h i ghway b r i dges c ross ing the r i ve r so tha t we wou ld no t have to
s a n p l e t h i s s e c t i o n o f t h e r i v e r b y b o a t . T h e ( k ) l d s b o r o s t a t i o n w a s a b o v e
t h e b l o o m , a n d t h e s t a t i o n b e l o w N e w B e r n w a s i n b r a c k i s h w a t e r d o w n r i v e r
f r o m t h e b l o o m . S a m p l e s w e r e c o l l e c t e d o n a l e s s f r e q u e n t s c h e d u l e
(September 13, 19 and 26) as the bloom declined.

Sur face wa te r sanp les were usua l l y co l l ec ted ear l y i n the morn ing . One
p e r s o n s a n p l e d s t a t i o n s 1 6 t o 2 4 b y l o w e r i n g a b u c k e t f r o m t h e h i g h w a y
br idges; another person sanpled stat ions 10 to 15 f rom a boat . Sal in i ty
and tenpera tu re o f the sanp les were measured in the fie ld , and sanp le water
was placed in acid washed, one-gal lon plast ic jugs and kept in subdued
l i g h t f o r t r a n s p o r t t o t h e l a b o r a t o r y .

U s u a l l y t h e s a n p l e s w e r e i n t h e l a b o r a t o r y b y l a t e m o r n i n g o r e a r l y
a f t e r n o o n . T h e r e s u b s a n p l e s w e r e t a k e n f o r n u t r i e n t , c h l o r o p h y l l a , a l g a l
b i o m a s s a n d p r i m a r y p r o d u c t i v i t y m e a s u r e m e n t s . G l a s s fi b e r fi l t e r s
(Wha tman GF/C) were used to sepa ra te the d i sso l ved and pa r t i cu la te
f r a c t i o n s . N u t r i e n t s a n p l e s w e r e s t o r e d f r o z e n ( n i t r o g e n a n d p h o s p h o r u s ) ,
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or refr igerated for a shoi l : t ime and analyzed later by standard methods
given in Table 2. Ammonium concentration analyses were done on day of
sanpling. The algal sanples were preserved with Lugol's acetic acid solu
t i o n a n d l a t e r w e r e c o u n t e d b y l i g h t m i c r o s c o p y . To c o n c e n t r a t e t h e
preserved algae prior to counting, we used the nonbrane filtration method
( A m . P u b l i c H e a l t h A s s o c . 1 9 8 0 ) . A l g a l w e t w e i g h t b i a n a s s w a s c a l c u l a t e d
f r o m t h e a l g a l c e l l c o u n t s a n d t h e e s t i m a t e d a v e r a g e v o l u m e o f e a c h
species. As is customary for this kind o£ analysis, we assumed a specific
gravity of unity for the algae (i.e., 1 mmi = 1 mg wet weight) .

A l g a l p h o t o s y n t h e s i s w a s m e a s u r e d b y t h e c a r b o n - 1 4 t e c h n i q u e
(Steemann-Nielsen 1952) . Sarrples were incubated for two to foi^ hours in
150 ml glass bottles with 1 ml of a one uCi/ml solution of NaH CO3. The
bottles were placed in a water bath under soft white fluorescent tubes that
p r o v i d e d n e a r - s a t u r a t i o n l i g h t i n t e n s i t y ( C h r i s t i a n e t a l . 1 9 8 6 ) . Te n p e r a -
t u re o f t he wa te r ba th was ma in ta i ned nea r amb ien t r i ve r t o rpe ra tu re by an
a u t o m a t i c h e a t e x c h a n g e d e v i c e . A f t e r i n c u b a t i o n a l i q u o t s o f t h e s a n p l e s
were fil tered through Whatman 934/AH glass fiber fil ters. The fil ters were
a s s a y e d f o r r a d i o a c t i v i t y u s i n g a l i q u i d s c i n t i l l a t i o n c o u n t e r . T o t a l
i no rgan i c ca rbon was de te rm ined by i n f ra red ana l ys i s .

M o s t o f t h e d a t a i n t h i s r e p o r t a r e p r e s e n t e d i n t h e f o r m o f c o n t o u r
m a p s o f t h e c o n c e n t r a t i o n o r r a t e p l o t t e d a g a i n s t s a n p l i n g d a t e ( x - a x i s )
and d i s tance up r i ve r o r downr i ve r f r om New Be rn ( y -ax i s ) ( e .g . . F i gu re 2 ) .
These con tou r maps we re gene ra ted by SYMAP, a capu te r mapp ing p rog ram
( D o u g e n i k a n d S h e e h a n 1 9 7 9 ) . S t a t i o n n u m b e r s a r e a l s o l i s t e d a l o n g t h e

r i g h t m a r g i n o f e a c h m ^ . A l p h a b e t i c s y m b o l s A t h r o u g h F w i t h i n t h e m a p s
s h o w t h e l o c a t i o n s a n d d a t e s o f i n d i v i d u a l s a n p l e s . T h e s e s i x s y m b o l s
rep resen t s i x va l ue ranges t ha t we re chosen f o r each da ta se t . Each range
i s d e p i c t e d b y a d i f f e r e n t s h a d i n g p a t t e r n s u c h t h a t m o r e i n t e n s e s h a d i n g
c o r r e s p o n d s t o h i g h e r v a l u e s o f t h e v a r i a b l e . L i n e s s e p a r a t i n g t h e l e v e l s
o f s h a d i n g a r e i s o p l e t h s o f p a r t i c u l a r v a l u e s . I n t e r p o l a t i o n b e t w e e n
sanple values was done by the default procedure in SYMAP.

R E S U LT S A N D D I S C U S S I O N

S a l i n i t y a n d t€ i r a t u r e

The overa l l su r face sa l in i t y pa t te rn du r ing the month o f i n tens ive
s t u d y i s s h o w n i n F i g u r e 2 . S e a w a t e r w a s d e t e c t e d a s f a r a s 1 0 k m
upstream from New Bern between stat ions 14 and 15. Downriver, sal ini ty
increased gradual ly to around 5 ppt at the s tat ion (10) just be low New
B e r n . A l t h o u g h o n l y s u r f a c e s a l i n i t i e s a i r e s h o w n i n F i g u r e 2 , w e a l s o
m e a s u r e d b o t t o m s a l i n i t i e s a t e a c h s t a t i o n . T h e r e s u l t s w e r e t h a t a b o v e
N e w B e r n t h e r e w a s l i t t l e d i f f e r e n c e b e t w e e n t h e s u r f a c e a n d b o t t o m
m e a s u r e m e n t s , i n d i c a t i n g t h a t t h e r e w a s n o s t r o n g s a l t w e d g e i n t h i s
v i c i n i t y. P a e r l ( 1 9 8 7 ) , s a m p l i n g l e s s f r e q u e n t l y b u r d u r i n g t h e s a m e
period, did find a salt wedge near our station 12. Below New Bern, how
e v e r , a s a l t w e d g e w a s m o r e e v i d e n t . T h e l a c k o f a s t r o n g s a l t w e d g e
upr i ve r p robab ly was due to the ve ry l ow r i ve r flow (F igu re 3 ) , wh ich
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Table 2. Ifethods used for chemical and biological analyses of water samples

V a r i a b l e
P r e s e r v a t i o n

M o d e
Ana lys is
Te c h n i q u e

R e f e r e n c e

Nitrogen concentrations:

A m m o n i u m same day measurements c o l o r i m e t r i c S o l o r z a n o
(1969)

N i t r a t e & n i t r a t e f r e e z i n g cadm ium
r e d u c t i o n

S t r i c k l a n d &
P a r s o n s ( 1 9 7 2 )

F i l t e r a b l e
K j e l d a h l

P a r t i c u l a t e
K j e l d a h l

fi l t r a t i o n / f r e e z i n g

fi l t r a t i o n / f r e e z i n g

K j e l d a h l

K j e l d a h l

APHA (1980)

APHA (1980)

Phosphorus concentrations:

F i l t e r a b l e r e a c t i v e

T o t a l fi l t e r a b l e

fi l t r a t i o n / f r e e z i n g

fi l t r a t i o n / f r e e z i n g

molybda te

p e r s u l f a t e
d i g e s t i o n

E P A

(1979)
E P A

(1979)

T o t a l f r e e z i n g p e r s u l f a t e
d i g e s t i o n

E P A

(1979 )

To t a l i n o r g a n i c
c a r b o n

r e f r i g e r a t i o n i n f r a r e d
a n a l y s i s

S t a n l e y
(1983 )

C h l o r o p h y l l a fi l t r a t i o n / f r e e z i n g a c e t o n e
e x t r a c t i o n
c o l o r i m e t r i c

S t r i c k l a n d
& P a r s o n s

(1972 )

Pr ima iy p roduc t iv i t y N / A ^̂002 upLake S t a n l e y
(1983 )

Algal species &
b i o m a s s

Lugo l ' s so lu t ion m ic roscopy A P H A

(1980)

Te n p e r a t u r e N / A Y S I m e t e r

S a l i n i t y N / A Y S I m e t e r
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f a i l e d t o p r o v i d e t h e h o r i z o n t a l a d v e c t i v e f o r c e n e c e s s a r y t o c r e a t e a
s t rong sa l t wedge .

A t s t a t i o n s 1 0 t h r o u g h 1 5 , w a t e r t e n p e r a t u r e s r a n g e d f r a n 2 3 C t o 2 9 C
d u r i n g t h e m o n t h o f i n t e n s i v e s t u d y. T h e y w e r e h i g h e s t d u r i n g A u g u s t , a n d
dec l ined s low ly to 26C on September 13 . Lower tempera t ia res were found on
September 19 a f te r a ra in s to rm on the p rev ious day. For a g iven day there
w a s n o n o t i c e a b l e v a r i a t i o n i n t e n p e r a t u r e a m o n g t h e s t a t i o n s . U s u a l l y
s u r f a c e a n d b o t t o m w a t e r t e m p e r a t u r e s w e r e t h e s a m e , b u t o c c a s i o n a l l y
b o t t o m t e m p e r a t u r e s w e r e s l i g h t l y ( l e s s t h a n 2 C ) c o o l e r t h a n s u r f a c e
t e r p e r a t u r e s .

A l g a l c h l o r o p h y l l a a n d w e t w e i g h t b i o m a s s

B e t w e e n J a n u a r y a n d m i d - J u l y 1 9 8 3 c h l o r o p h y l l a c o n c e n t r a t i o n s a t
C o w p e n L a n d i n g w e r e u n i f o r m l y l o w ( F i g u r e 4 ) , r a n g i n g f r o m l e s s t h a n 1
ug / l i t e r on seve ra l occas ions t o 14 ug / l i t e r i n Ma rch . S im i l a r l y, 21 o f
the 24 r i ve r sanp les co l l ec ted i n 1982 du r i ng ano the r s tuc t y had ch lo rophy l l
a c o n c e n t r a t i o n s l e s s t h a n 1 5 u g / l i t e r ( S t a n l e y 1 9 8 3 ) . S u c h l o w
c h l o r o p h y l l a l e v e l s a r e p r o b a b l y t y p i c a l o f n o n b l o o m p e r i o d s i n t h e N e u s e
R i v e r .

As t he 1983 b loon deve loped du r i ng l a te Ju l y, ch lo rophy l l a concen t ra
t i o n s r o s e d r a m a t i c a l l y ( F i g u r e 4 ) . U n f o r t u n a t e l y, t h e i n t e n s i v e s a n p l i n g
d i d n o t b e g i n e a r l y e n o u i ^ t o d o c u m e n t t h i s r i s e . B u t b y 2 3 A u g u s t , t h e
c o n c e n t r a t i o n s w e r e m o s t l y o v e r 4 0 u g / l i t e r a l o n g a 1 0 5 k m s t r e t c h o f t h e
r i v e r b e t w e e n s t a t i o n s 1 5 a n d 2 1 ( F i g u r e 5 ) . T h r o u c ^ o u t t h e i n t e n s i v e
study per iod, concentrat ions were general ly low at the two most upr iver
s ta t i ons , h ighes t a t Fo r t Barnwe l l ( s ta t i on 16 ) , re la t i ve l y l ow near the
f r e s h w a t e r - s e a w a t e r i n t e r f a c e ( s t a t i o n s 1 2 a n d 1 3 ) , a n d i n t e r m e d i a t e - t o -
h i g h f a r t h e r o u t i n t h e e s t u a r y ( s t a t i o n s 1 0 a n d 11 ) b e l o w N e w B e r n . T h e
h i g h e s t c h l o r o p h y l l a c o n c e n t r a t i o n m e a s u r e d w a s 1 5 4 1 u g / l i t e r a t s t a t i o n
16 on August 30.

There is evidence that the temporal-spat ia l pat tern of chlorophyl l a
d u r i n g t h e b l o o m w a s c l o s e l y l i n k e d t o v a r i a t i o n s i n r i v e r d i s c h a r g e .
Summer flow in the Neuse, based on U.S. Geological Survey data from 1931 to
1 9 8 6 , a v e r a g e s a b o u t 2 0 0 0 c f s , b u t w a s m u c h l o w e r i n 1 9 8 3 b e c a u s e o f
unusually low rainfall in the spring and summer (Figure 3) . In the month
p r e c e d i n g t h e s t a r t o f o u r i n t e n s i v e s a n p l i n g , fl o w a t K i n s t o n h a d d e c l i n e d
f r a n a r o u n d 5 0 0 c f s t o 2 5 0 c f s . T h e d e c l i n e w a s t e m p o r a r i l y r e v e r s e d o n c e
by increased runoff on Aug. 6 and 7, but otherwise continued uninterrupted
until Aug. 28 (Figure 3) . Blue-green algae apparently increased in density
during this extended period of low flow (by a mechanism outl ined below)
u n t i l t h e y r e a c h e d b l o o m l e v e l s u p r i v e r. T h e fl o w r o s e s h a r p l y o n A u g . 2 8
and 29, and th is increased d ischarge seems to have resul ted in a washout of
a l g a e i n t h e r i v e r b e t w e e n G o l d s b o r o a n d K i n s t o n , r e s u l t i n g i n s o m e w h a t
l o w e r c h l o r o p h y l l a c o n c e n t r a t i o n s ( F i g u r e 5 ) . A s fl o w s u b s i d e d d u r i n g
t h e n e x t t h r e e d a y s , c h l o r o p h y l l a l e v e l s b e g a n t o i n c r e a s e a g a i n i n t h i s
r e g i o n . T h e i n c r e a s e s i n c h l o r o p h y l l a c o n c e n t r a t i o n w e r e g e n e r a l l y
c o m p a r a b l e t o w h a t w o u l d b e p r e d i c t e d f r o m g r o w t h r a t e e s t i m a t e s a n d

1 1
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model ing resu l ts descr ibed in Chr is t ian e t a l . (1986) . But another s tom
l e d t o i n c r e a s e d fl o w o n S e p t . 2 a n d 3 a n d c h l o r o p h y l l a a g a i n f e l l . E v e n
though flow subsided once more, the algae did not respond with increased
growth, for reasons that are unknown. Finally, after Sept. 12, a series of
r a i n f a l l e v e n t s l e d t o s u b s t a n t i a l i n c r e a s e s i n r i v e r fl o w , a n d a l g a l
ch l o rophy l l r ema ined l ow i n t he Go ldsbo ro -K ins ton reg ion .

Fa r the r downr i ve r, be tween F t . Ba rnwe l l and Covpen Land ing , e f fec ts o f
t h e A u g . 2 8 a n d 2 9 , S e p t . 2 a n d 3 a n d S e p t . 1 3 fl o w i n c r e a s e s o n c h l o r o
p h y l l a w e r e d e l a y e d a n d s o m e w h a t d a m p e n e d . T h e fi r s t o f t h e s e s l u g s o f
l o w - c h l o r c p h y l l w a t e r a p p a r e n t l y r e a c h e d s t a t i o n 1 5 a b o u t S e p t . 4 , t h e
s e c o n d o n S e p t . 1 0 , a n d t h e t h i r d a b o u t S e p t . 1 8 . T h i s s e e m s t o u s t o b e
the most l ike ly explanat ion for the pat tern of var ia t ion in ch lorophyl l a t
t h e s e s t a t i o n s .

I f t h i s e x p l a n a t i o n o f c h l o r o p h y l l v a r i a t i o n d u r i n g t h e b l o o m i s
i n d e e d c o r r e c t , t h e n r i v e r v e l o c i t i e s c a l c u l a t e d f r o m t h e p a t t e r n s o f
ch l o rophy l l concen t ra t i ons ove r t ime and space ough t t o ma tch t hose
carputed from other methods. I f we assume that our sequent ia l synopt ic
sampling did track -slugs of bloom organisms, we can calculate the rate of
t r ave l o f t he b l oom. We assume t hen t ha t t he h i gh concen t ra t i on o f ch l o ro
phy l l a a t K inston (s ta t ion 19) on Aug. 26 cor responded to that o f the
fi r s t e v e n t a t s t a t i o n 2 1 . T h i s w a s a p e r i o d o f f a i r l y c o n s t a n t fl o w
(Figure 3). The corresponding rate of travel was 11 km per day (0.46 km

p e r h ; 1 3 c m p e r s e c ) . C o m p u t a t i o n s b a s e d o n m o v e m e n t s o f o t h e r c h l o r o
phy l l s lugs dur ing the s tudy gave s imi la r ra tes o f t rave l . A lso , severa l
gal lons of a Rhodamine WT dye solut ion were dumped into the r iver at
Go ldsboro (s ta t ion 24) on Aug. 22 and t raced 37 km downst ream. The
calculated rate of travel of the dye was 13 km per day (0.55 km per h; 15
c m p e r s e c ) . B a s e d o n t h e s e v e l o c i t i e s , t h e e s t i m a t e d t i m e o f t r a v e l f r o m
Goldsboro to Kinston was approximately 6 to 6.5 days.

T h e m o d e l d e s c r i b e d b y C h r i s t i a n e t a l . ( 1 9 8 6 ) w a s a l s o u s e d t o
e s t i m a t e t h e t i i m e - o f - t r a v e l o f r i v e r w a t e r b e t w e e n G o l d s b o r o a n d K i n s t o n .
Dischaxrge at Kinston from Aug. 23 through Aug. 27 averaged 250 cfs. This
c o r r e s p o n d s t o a r a t e o f t r a v e l o f 1 4 . 3 k m p e r d a y v ^ c h i s v e r y c l o s e t o
the estimates based on chlorophyll a concentration and dye patterns.

C h l o r o p h y l l a c o n c e n t r a t i o n s d e c r e a s e d r a p i d l y d o w n r i v e r f r o m F o r t
Barnwell to less than 50 ug/liter at a station 5 km above New Bern (Figure
5 ) . A l t h o u g h t h i s d r a m a t i c d e c l i n e o f s e v e r a l h u n d r e d u g c h l o r o p h y l l
a / l i t e r o c c u r r e d o v e r a r e l a t i v e s h o r t d i s t a n c e ( 3 2 k m ) , t h e a m o u n t o f t i m e
r e q u i r e d f o r t h e w a t e r t o t r a v e r s e t h i s d i s t a n c e p r o b a b l y w a s q u i t e l o n g
c o m p a r e d t o t h e t i m e - o f - t r a v e l u p r i v e r f r o m F o r t B a r n w e l l . P a e r l ( 1 9 8 7 ) ,
u s i n g a c u r r e n t m e t e r t o m e a s u r e fl o w i n t h e l o w e r e n d o f t h i s r e g i o n o f
t h e r i v e r , f o u n d t h a t t h e w a t e r s o m e t i m e s fl o w s u p r i v e r w h e n d i s c h a r g e a t
K i n s t o n i s a s l o w a s i t w a s d u r i n g t h e s u m m e r o f 1 9 8 3 . S u b s e q u e n t d y e
s t u d i e s b y u s ( C h r i s t i a n e t a l . 1 9 8 6 ) h a v e a l s o d e m o n s t r a t e d a s u b s t a n t i a l
d e c r e a s e i n r i v e r v e l o c i t y i n t h i s r e g i o n .

T h e r e g i o n o f l o w c h l o r o p h y l l a c o n c e n t r a t i o n s b e t w e e n F o r t B a r n w e l l
a n d N e w B e r n c o i n c i d e d w i t h t w o f e a t u r e s o f t h e r i v e r . F i r s t , a s s e e n i n
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F i g u r e 2 , t h e l o w e r e n d o f t h i s r e g i o n w a s a t t h e f r e s h w a t e r - s e a w a t e r
i n t e r f a c e ( F S I ) , v ^ e r e r i v e r w a t e r a n d o c e a n w a t e r m i x i n g b e g i n s . H o w e v e r,
i t i s c l e a r t h a t t h e c h l o r o p h y l l d e c l i n e b e g a n f a r u p r i v e r f r o m t h e F S I ,
v d i i c h r u l e s o u t t h e p o s s i b i l i t y t h a t s a l i n i t y c a u s e d t h e d e c l i n e . T h i s i s
s u p p o r t i v e o f t h e fi n d i n g s o f P a e r l ( 1 9 8 3 a ) . S e c o n d , t h e We y e r h a e u s e r p u l p
and paper mi l l re leases i ts e ffluent in to th is reg ion. The effluent dark ly
s t a i n s t h e w a t e r , a n d d u r i n g t h e s t u d y p e r i o d i t r e p r e s e n t e d a b o u t 9
p e r c e n t o f t h e t o t a l fl o w ( s e e l a t e r d i s c u s s i o n ) . C o l o r a t i o n d e c r e a s e d
f a r t h e r d o w n s t r e a m a s e s t u a r i n e w a t e r, r i v e r w a t e r a n d e f fl u e n t m i x e d .

At the head of the Neuse Estuary near New Bern, ch lorophy l l a concen
t r a t i o n s r o s e a g a i n t o 5 0 u g / l i t e r o r m o r e . T h i s s e c o n d a r y p e a k i n t h e
e s t u a r y w a s l a r g e r e l a t i v e t o c h l o r o p h y l l c o n c e n t r a t i o n s t h e r e d u r i n g
n o n b l o o m s u m m e r s . T h i s i s s h o w n i n F i g u r e 6 , w h i c h i s a p l o t o f c h l o r o
phyl l at New Bern from the early 1970s (Hobble and Smith 1975) and from our
m e a s u r e m e n t s d u r i n g s e v e r a l m o r e r e c e n t y e a r s . I t i s q u i t e e v i d e n t t h a t
t h e e s t u a r i n e b l o o m i n 1 9 8 3 w a s c o n c o m i t a n t w i t h t h e f r e s h w a t e r, r i v e r i n e
b l o o m .

F i g u r e 7 i s a c o n t o u r p l o t o f t o t a l , w e t w e i g h t b i o m a s s o f p h y t o -
p l a n k t o n . G e n e r a l l y , b i o m a s s s h o w e d l e s s v a r i a b i l i t y t h a n c h l o r o p h y l l a
c o n c e n t r a t i o n s , b u t s o m e o f t h e a p p a r e n t d i f f e r e n c e s a r e a r e s u l t o f
d i f f e r e n c e s i n t h e c o n t o u r r a n g e s u s e d i n t h e p l o t s . A l s o , p h y t o p l a n k t o n
s a r r p l e s w e r e t a k e n l e s s f r e q u e n t l y t h a n c h l o r o p h y l l s a n p l e s . H o w e v e r , a
c o r r p a r i s o n o f F i g u r e s 5 a n d 6 s h o w s t h a t t h e o v e r a l l p a t t e r n s i n c h l o r o
p h y l l a a n d w e t w e i g h t b i o m a s s a r e o b v i o u s l y s i m i l a r . W i t h a f e w
e x c e p t i o n s , u p r i v e r s t a t i o n s h a d t h e l o w e s t b i o m a s s e s . T h e h i g h e s t
bianasses were at Ft. Barnwell ( i .e. 162.4 mg/l i ter on Aug. 28 and 107.0
mg/l i ter on Sept. 1) . Biomass declined downriver fron Fort Barnwell unti l
a secondary bloom was observed at the head of the estuary.

Div id ing the tota l phytoplankton b iomass into b lue-green (Figure 8)
a n d n o n b l u e - g r e e n ( F i g u r e 9 ) c o n p o n e n t s s h o w s o b v i o u s d i f f e r e n c e s i n t h e
bicat iass and distr ibut ion patterns of these two groups. Blue-green algae
were found only once in the Goldsboro saitples and only twice (Sept. 9 and
13) a t s ta t ion 23 , 16 km be low Goldsboro . However, the two peaks in
chlorophyl l near Seven Spr ings (Figure 4) were the resul t of b lue-green
a l g a e . B l u e - g r e e n a l g a l b i o n a s s w a s g r e a t e s t a t F o r t B a r n w e l l v d i e r e i t
a c c o u n t e d f o r a l m o s t a l l o f t h e t o t a l a l g a l b i o m a s s . M . a e r u g i n o s a w a s t h e
dominant spec ies, reaching densi t ies as h igh as 4,700 mi l l ion ce l ls / l i ter
( s ta t i on 16 , Augus t 28 ) . Be low F t . Ba rnwe l l b l ue -g reen a lga l b i omass
decreased until none were found at the final two stations during the entire
s tudy pe r i od . Howeve r, be tween Sep t . 19 and 26 , r a i n caused a washou t o f
blue-green algae into the estuary from the Neuse River and perhaps other
t r i b u t a r i e s . C o n s e q u e n t l y, o n S e p t . 2 6 , M . a e r u g i n o s a w a s f o u n d a t
es tua r i ne s ta t i ons as f a r down as Jan ie ro (F igu re 1 ) .

The upriver algal assotblage was dominated by eukaryot ic, nonblue-
green algae except during the two previously described pea3cs in biomass
(F igure 9) . A lso, in the reach between Seven Spr ings (s ta t ion 22) and

Kinston (stat ions 17 and 18), eukaryot ic algae dominated the assemblage
much o f t he t ime . Howeve r, i n t he F t . Bamwe l l -Cowpen Land ing a rea , t hese
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a l g a e w e r e a m i n o r c o n p o n e n t o f b i o m a s s . T h e y a g a i n a s s i m e d d o m i n a n c e
f a r t h e r d o w n r i v e r a n d i n t h e e s t u a r y . T h e b l o o m i n t h e e s t u a r y w a s a l l
euka ryo t i c a l gae . D ia toms and ch lo rqphy tes we re t he ma jo r g roups i n f r esh
water portions. Diatoms and chlorophytes also form a distinct spring bloom
in the r i ve r (Paer l 1987) . The es tua r ine b loan was domina ted by nond ia tom
c h r y s o p h y t e s . A l t h o u g h b l u e - g r e e n a l g a e d o m i n a t e d t h e r i v e r i n e b l o o m ,
e u k a r y o t i c a l g a e w e r e r e s p o n s i b l e f o r t h e s e c o n d a r y, e s t u a r i n e b l o o m . S e e
i^pendix E for a detai led summary of phytoplankton taxa identified during
t h i s s t u d y .

Our findings are simi lar in sane respects to those presented by the
North Carolina Division of Environmental Management (NCDNRCD 1984) from
their monthly moni tor ing program. In Aug. 1983, they found high chloro
phyl l a concentrat ions and blue-green algal b iomass at Ft . Barnwel l and
decreases in both farther downriver. They identified the dominant alga as
Anacystis cyanae, which we believe to be synonymous with M. aeruginosa.
However, they found more diversity among the blue-green algae than we did.
They also found a secondary bloom at New Bern, but for August they reported
a dominance by blue-green algae, not eukaryot ic a lgae at th is locat ion.
B l u e - g r e e n a l g a e w e r e n o t p r e s e n t i n t h e i r S e p t e m b e r s a m p l e , a n d i n
October, chrysophytes daninated their New Bern sanple. The reason for the
differences in dominant algae reported is unknown.

The pa t te rn o f p r imary p roduc t i v i t y be tween Aug . 23 and Sep t . 9
(Figure 10) was similar to that of chlorophyll a concentrations (Figure 5).
P roduc t i v i t y was l owes t a t t he mos t up r i ve r s ta t i ons . A l l sanp les f rom
Goldsboro had rates less than 1 uM C02/h. The two slugs of high chloro
phyll a waters from Seven Springs also showed elevated rates of primary
production. High productivities (greater than 20 uM C02/h) extended from
Kinston to Cowpen Landing at various times during the study. Below Cowpen
Landing, productivities decreased to below 10 uM C02/h but rose again at
the head of the estuary. Al though the highest measured product iv i ty was
found on Aug. 28 at Cowpen Landing (40 uM C02/h), estuarine productivity
w a s o f t e n a s h i g h a s t l i a t i n t h e p r i m a r y, r i v e r i n e b l o c m . N i n e t e e n o f 2 2
sairples from the two estuarine stations had productivities of 10 uM C02/h
o r h i g h e r .

T h e p e r - l i t e r p r o d u c t i v i t y v a l u e s r e p o r t e d h e r e c a n n o t r e a d i l y b e
conve r ted to i n s i t u o r a rea l ra tes . Much o f t he uppe r po r t i on o f ou r
study area was so shal low that i t is unl ikely that l ight would l imit algal
growth except during t imes of blooms (Christ ian et al. 1986) . In deeper
par ts of the r iver, in the estuary and wi th in the b looms, l ight could be
l im i t i ng t o many o f t he phy top lank ton (Pae r l 1983a ; Ch r i s t i an e t a l . 1986 ) .
T h u s , i n t h o s e i n s t a n c e s , d e p t h a v e r a g e d , i n s i t u r a t e s w o u l d b e l e s s t h a n
t h e r a t e s r e p o r t e d h e r e .

Photosynthetic efficiencies were calculated as: 1) urn CO2/(h x ug
chlorophyll a), and 2) as urn C02/(h x mg wet wt. of phytoplankton) . Mean
v a l u e s o f t h e fi r s t e f fi c i e n c y i n d e x f o r t h e 1 5 s t a t i o n s o v e r t h e s t u d y
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period ranged from 0.19 to 2.36 urn CXD2/(h x ug chlorophyll a), with an
overa l l average o f 0 .54 u rn COo/ (h x ug ch lo rophy l l a ) . No obv ious t rends
were found. The second efficiency index ranged from 2.0 to 122.6 urn COo/(h
X mg wet) for station averages, and the overall mean was 18.53 um C02/th x
mg wet wt . ) . Again no obvious t rends were found.

I t w o u l d b e t e m p t i n g t o i n v o k e a c a u s e a n d e f f e c t r e l a t i o n s h i p
between the pr i inary, r iver ine bloom and the secondary, estuarine bloom.
The mechanism would involve three steps; 1) the death and deconposition of
the fo rmer b loom, 2 ) i nc reased ino rgan ic nu t r ien t l eve ls resu l t i ng f rom
mineral izat ion of the decoi tposing algae, and 3) st imulat ion of growth of
t h e s e c o n d a r y b l o o m o r g a n i s m s . H o w e v e r , t w o o b s e r v a t i o n s c a s t d o u b t o n
t h i s r e l a t i o n s h i p . F i r s t , a s i s d e s c r i b e d i n t h e n e x t s e c t i o n , t h e r e w e r e
n o l a r g e i n c r e a s e s i n n u t r i e n t c o n c e n t r a t i o n s c o n c o m i t a n t w i t h t h e
decreases in algal biomass. There were increases in ni t rogen concentra
t ions near the estuary 's head, but these can be re la ted to the e ffluent
from the Weyerhaeuser paper and pulp mill. Second, there were unusually
h igh concent ra t ions o f ch lorophy l l a in the upper reach o f the Paml ico
River Estuary around the same time (Stanley 1984), even though there was no
b lue -g reen a lga l b l oom ups t ream in t he Ta r R i ve r. Th i s c i r cums tan t i a l
ev idence may be used to in fe r tha t the Neuse r i ver ine b loom was no t
directly linked to the estuarine bloom. More work on the relationship
between these two blooms in ongoing (Stanley and Christian, unpublished
d a t a ) .

N u t r i e n t S t a n d i n g S t o c k s

Various inorganic and organic forms on nitrogen, phosphorus and carbon
were measured during the study (Table 2). In the following discussion, we
descr ibe the spa t ia l and te i tpora l pa t te rns o f s tand ing s tocks o f these
n u t r i e n t s r e l a t i v e t o t h e o c c u r r e n c e o f t h e b l o o m s .

Nitrate nitrogen (NO3-N) concentrations at the most upriver station
were greater than 50 uM on half of the sampling dates and below 20 uM on
the other half (Figure 11). The higher concentrations were generally found
near the beginning of the study period. During this period, concentrations
g e n e r a l l y d e c r e a s e d d o w n r i v e r . S u c h d e c r e a s e s w e r e l e s s e v i d e n t w h e n
concentrations were low upriver. Above Cowpen Landing, NO3-N concentra
tions were often greater than 10 uM. Thus, the presence of nigh densities
of b lue-green a lgae f rom Kinston to For t Barnwel l were not necessar i ly
associated with depletion of NO3. Near Cowpen Landing, concentrations
b e l o w 1 0 u M w e r e f o u n d m o s t o f t h e t i m e . P a e r l ( 1 9 8 7 ) a l s o f o u n d l o w
concentrations of NO3-N during the same period at his stations a few km
below Cowpen Landing. Concentrations were generally between 1 and 10 uM
b e l o w C o w p e n L a n d i n g u n t i l t h e e s t u a r y w a s r e a c h e d . P e r i o d i c a l l y,
concentrat ions rose in the area of the Weyerhaeuser effluent. With in the
e s t u a r y, c o n c e n t r a t i o n s f e l l t o t h e l i m i t s o f d e t e c t i o n .

The spatial pattern of NO3-N concentrations during the first half of
the 1983 study period was similar to that for yearly averages (1979-1982)
presented in Stanley (1983) . But during the latter half of the study, the
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c o n c e n t r a t i o n s u p r i v e r w e r e b e l o w t h e s e a n n u a l m e a n s . A l s o , t h e p a t t e r n
f o r t h e fi r s t h a l f o f t h e s t u d y p e r i o d , b u t n o t t h e s e c o n d > w a s s i m i l a r t o
t h a t r e p o r t e d b y N C D N R C D ( 1 9 8 4 ) f o r A u g u s t 1 9 8 3 . I t a p p e a r s , t h e r e f o r e ,
that NO3-N remained in high enough concentrations to si:qcp03:t algal growth
f o r m o s t o f t h e f r e s h w a t e r b l o o m b u t m a y h a v e d e c r e a s e d t o l i m i t i n g
concentrations immediately before and within the estuary.

Above the Weyerhaeuser pulp and paper mill, NH^-N concentrations were
generally lower than those of NO3-N (Figure 12 and Table 3), following a
pat tern that has been noted by others (Hamed 1980, Stan ley 1983, NCDNPCD
1984, Christian et al. 1984, Paerl 1987). NH^-N levels less than 2 uM NH^-N
w e r e a s s o c i a t e d w i t h t h e b l u e - g r e e n a l g a l b l o o m b e t w e e n K i n s t o n a n d F o r t
Barnwell. Low concentrations were found often at Cowpen Landing. NH^-N
l e v e l s r o s e d r a m a t i c a l l y a s r i v e r w a t e r m i x e d w i t h W e y e r h a e u s e r e f fl u e n t ,
b u t d e c r e a s e d f a r t h e r d o w n s t r e a m a s t h e h i g h - n u t r i e n t e f fl u e n t b e c a m e
d i l u t e d w i t h e s t u a r i n e w a t e r .

F i l t e r a b l e ( F K N ) a n d p a r t i c u l a t e ( P K N ) K j e l d a h l n i t r o g e n p a t t e r n s a r e
shown in Figures 13 and 14, respectively. FKN was not measured until Sept.
1 . C o n c e n t r a t i o n s r a n g e d f r o m 2 5 t o 7 2 u M w i t h t h e h i g h e s t c o n c e n t r a t i o n s
i m m e d i a t e l y b e l o w t h e d i s c h a r g e o f t h e W e y e r h a e u s e r p l a n t . O u t s i d e t h i s
a rea , concen t ra t i ons va r i ed on l y abou t two f o l d , w i t h no appa ren t ups t ream-
d o w n s t r e a m t r e n d s . T h e c o n c e n t r a t i o n s w e r e w i t h i n t h e r a n g e o f F K N ( s i c
DKN) repo r ted by S tan ley (1983 ) f o r C lay ton and Cowpen Land ing fo r 1982 .
Thus , t he re i s no ev idence tha t t he b loom p roduced unusua l l y h i gh concen
t r a t i o n s o f F K N .

PKN concentrations were highly variable, ranging from less than 0.5 to
2800 uM. Variabi l i ty was great both within one day between stat ions and
within one station between days. The overall pattern, however, was similar
t o t h a t o f c h l o r o p h y l l a ( F i g u r e 5 ) . T h u s t h e b l o o m s o f a l g a e , b o t h
p r o k a r y o t i c a n d e t i k a r y o t i c , a p p e a r e d t o b e r e s p o n s i b l e f o r h i g h P K N
c o n c e n t r a t i o n s . T h e s e h i g h v a l u e s w e r e i n e x c e s s o f a n y p a r t i c u l a t e
n i t rogen va lues measured by Stan ley (1983) dur ing nonb loom cond i t ions .

FKN includes both oiganic nitrogen and NHj-N. From a coitparison of
the FKN and NH^-N concentration data, it is "evident that most of the
"filterable" nitrogen was not NH^-N, but rather was organic. FKN concen
t r a t i o n s w e r e g e n e r a l l y h i g h e r t h a n P K N c o n c e n t r a t i o n s w h e r e b l o o m s w e r e
n o t p r e s e n t . T h i s r e l a t i o n s h i p r e v e r s e d w h e r e b l o o m s o c c u r r e d .

T h r e e f r a c t i o n s o f p h o s p h o r u s w e r e m e a s u r e d : fi l t e r a b l e r e a c t i v e
phosphorus (FE^) , to ta l phosphorus (TP) and to ta l fi l terab le phosphorus
( T F P ) . F R P i s p r i m a r i l y o r t h o p h o s p h a t e , t h e i n o r g a n i c f o r m m o s t r e a d i l y

a v a i l a b l e a s a p h y t o p l a n k t o n n u t r i e n t . F R P w a s h i g h e s t u p r i v e r w h e r e
c o n c e n t r a t i o n s w e r e g e n e r a l l y i n t h e 1 0 t o 2 0 u M r a n g e ( F i g u r e 1 5 ) .
Concent ra t ions then gradua l ly decreased downr iver. A s l igh t increase in
c o n c e n t r a t i o n w a s e v i d e n t b e l o w t h e We y e r h a e u s e r p l a n t , b u t t h i s r i s e w a s
o f t e n l e s s t h a n w h a t c a n b e s e e n w i t h i n t h e c o n t o u r m a p s e n s i t i v i t y. A l s o ,
the magnitude was far less than that observed for NH^-N. FRP was lowest at
the head o f the es tuary, bu t concen t ra t ions never went be low 2 .5 uM a t any
t i m e o r l o c a t i o n . I f F R P w e r e i i r p o r t a n t i n l i m i t i n g p h y t o p l a n k t o n g r o w t h .

2 4



=f™.'===55SnSSS&S5nn2L1tK2±^^ . . ■ J » « » I I I I I I I I I H * » « « « I
■ W t W H l t K M H I l i m w n

123
120

i!gfirj,^*;s:np»ar«:ass:^!g?*f-rt**«f'*«»'-«
(̂ ♦"•»*|fiiiUM'u;̂ :iia:sau;aiigag:s!2!!2!!iy.!*!'''';;.':;;''''''"'»««*»^

2 2
21

67

:a>'^iSs!afeg— _ _ _ _ ' " " • " ^ " w v w i e ^ a e v i e

i«js;5;::z.7{55nri;n::nsjjS2saSRSS&:-^"'^!?S0s^^*^"S??«J^^u t o — 1 ^ . . . — r . .
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T a b l e 3 . A r i t h m e t i c m e a n s o f c o n c e n t r a t i o n s o f s e l e c t e d n u t r i e n t s i n t h e
N e u s e R i v e r d u r i n g A u g u s t a n d S e p t e m b e r , 1 9 8 3 . A l l
c o n c e n t r a t i o n s a r e u M .
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one would expect greater variability and a much closer coi^^ling between FRP
and chlorophyl l a concentrat ions than is found ( Imberger et a l . 1983) .
Thus, these resul ts are inferent ia l evidence that FRP is unl ikely to l imi t
b loom product iv i ty.

Total filterable phosphorus (TFP) and total phosphorus (TP) concentra
tions are shown in Figures 16 and 17, respectively. The pattern of TFP was
s imi la r to tha t o f FRP, There was a genera l decrease in concent ra t ion
downriver. The TP pattern was similar to TFP and FE^ with the exception of
islands of high concentration on Aug. 30 and Sept. 7.

The ar i thmet ic mean concentrat ions of FRP, TFP and TP for each s tat ion
between Aug. 23 and Sept . 13 a re shown in Tab le 4 . I t i s ev iden t tha t mos t
of the river borne phosphomas was in the FRP fraction. The proportion in
the FRP fraction was greatest upriver and became less inportant downriver,
al though i t was st i l l the largest fract ion at the head of the estuary. The
h i g h T P m e a n s f o r s t a t i o n s 1 6 , 1 7 , 1 8 a n d 1 2 w e r e t h e r e s u l t o f
i no rd ina te ly h igh va lues fo r Aug . 30 . l y fean concen t ra t ions w i thou t the
values from this date are shown in parentheses.

The ratio of total inorganic nitrogen (TIN) to FRP has been used to
indicate which of the two elements is most l ikely to be l imit ing to algal
g rowth . Rat ios less than 15 :1 may be ind ica t ive o f n i t rogen l im i ta t ion ,
although problems with such an interpretation are possible (Smith 1984) .
The sample mean rat ios for the Neuse study are shown in Table 3. There are
slight deviations in values for phosphorus concentrations between Tables 3
and 4 as a result of the dates considered. In Table 3 only the dates vbere
a l l a n a l y s e s w e r e m a d e w e r e c o n s i d e r e d . T h e s m a l l d e v i a t i o n s h a v e l i t t l e
inpac t on the fina l in te rp re ta t ion . Msan ra t ios ranged be tween 6 :1 and
0.9:1. They were around 4:1 upr iver, fe l l to 0.9:1 in the region of peak
blue-green bianass, increased below Weyerhaeuser because of high ammonium
levels, and fe l l again to less than 1:1 at the head of the estuary. With
the exception of four stations on Aug. 30, all ratios were less than 10:1.
T h e g e n e r a l l y l o w r a t i o s s u p p o r t t h e h y p o t h e s i s o f P a e r l ( 1 9 8 3 , 1 9 8 7 ) t h a t
n i t r o g e n i s m o r e l i k e l y t o b e l i m i t i n g t h a n p h o s p h o r u s i n t h e N e u s e .
Howeve r, even t hough the ra t i os a re l ow, t he re i s neve r the less cons ide rab le
n i t r o g e n i n t h e r i v e r a t m o s t t i m e s .

Nutrient concentrations in the area around the Weyerhaeuser paper and
p u l p m i l l w e r e o f t e n h i g h e r t h a n a t n e i g h b o r i n g s t a t i o n s . T h i s w a s
p r e s u m a b l y d u e t o t h e l o a d i n g f r o m t h e m i l l ' s e f fl u e n t . I n Ta b l e 5 w e s h o w
p r e d i c t i o n s o f t h e i n fl u e n c e o f W e y e r h a e u s e r e f fl u e n t o n s e l e c t e d n u t r i e n t
c o n c e n t r a t i o n s . To c o i r p a r e l o a d i n g r a t e s f r o m b o t h s o u r c e s , w e m u l t i p l i e d
c o n c e n t r a t i o n s o f n u t r i e n t s i n t h e e f fl u e n t a n d r i v e r t i m e s e s t i m a t e d
d i s c h a r g e r a t e s o f w a t e r f r o m b o t h s o u r c e s . A l t h o u g h t h e d i s c h a r g e o f
w a t e r f r o m t h e p l a n t w a s e s t i m a t e d t o b e o n l y 9 p e r c e n t o f t h e t o t a l r i v e r
discharge, mi l l nutr ient discharges were est imated to conprise 14 percent
of the total FRP load and 70 percent of the NH^-N load. Based on these
e s t i m a t e s , p r e d i c t i o n s o f n u t r i e n t c o n c e n t r a t i o n s a t S t a t i o n 1 3 w e r e m a d e ,
and they turned out to be similar to measured mean concentrations for NO3 +
NO2, FE^ and TP. Predicted TKN levels at Station 13 were higher than the
measured, and those of NH^ and FKN were lower than measured. Rapid
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l̂.inî ŜSSeaMMeeoMeMBOoeaa
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laaaaeeaeaaaaaaeeeaaaSniinin!
)aaa8aeggaaoegeaaaa^*~~>M~
i9g iwSWeaaee8ae»»»»-» .»♦»»« .
^M»aaSeeBBeeea,s~.~~~~.

•^ •♦ • • • • • • •coeeecceeeaaaa
••♦^♦~~>(>:eeeeeeoeaee8
' ^ ^ • ^ •♦ • ^ a e a a a a a e e a a o a f*«««>"^aBa8aae8aa8

<paaoeaea8e8aS••♦♦♦•••• I '••MaaaaBaaaaaa
>^•••••♦—•♦*88808888862
>—•••—♦•••wcaoaeeaooi.

I ♦— a w * ■> « i « 8 H 8 n i t i 8 « « » » « p n i l

■•waaaaaaaaaasaaaoaaaoosaaaaea
-JMoaSeaeaaaoaoaeooaafleaososa■••pBaaaBaaaaaoaaaeaaaaaaaaaaeaa••̂ jaoeaoaeeaeeaeaooaasaaaaajfl
—woeoaaoaaaocasaaaaaeoaaaa j :

3§§SSSSSM§SSSS?S§I—jaeoaaaaaeeooaoaoaaaaaaaaaaaa ,e•••^eeoaaaeaaBaaeaeaasaoeeeaaao 15
—^eeBaaaaoeaaaeaaaooaeaaaoaca **
—^aaaaeeaaaaeaaaaaaaaeaaaaaaa
—^aeaaoaoaaaeaaaeeaeaeeaaooa
—••msaaaaaaaeaaaasaaaasaaaaea . .
—^seacaaaaeaaaoaoeaseseaea 11
—gaaeaaaoeaeaaaaaaaaaaaaaaaa
—paeaaaooeaaaaoaeaaeaaaasa j "
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Figure 17. contour map of total phosphorus (TP) concentrations
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Ta b l e 4 . M e a n c o n c e n t r a t i o n s b y s t a t i o n f o r p h o s p h o r u s f o r A u g . 2 3 -
S e p t . 7 a n d S e p t . 1 3 , 1 9 8 3 . A l l c o n c e n t r a t i o n s a r e
uM. S tandard dev ia t ions a re g iven a lso .

S t a t i o n

F i l t e r a b l e
R e a c t i v e

Phosphorus
(FRF)

T o t a l
F i l t e r a b l e
Phosphorus

(TFP)

T o t a l
Phosphorus

(TP)

1 4 . 6 + 3 . 6 1 4 . 2 + 5 . 1 1 4 . 6 + 4 . 5

1 3 . 1 + 2 . 1 1 3 . 2 + 4 . 0 1 3 . 4 + 3 . 3

1 1 . 2 + 3 . 1 2 . 3 + 4 . 4 1 2 . 1 + 2 . 4

9 . 9 + 2 . 5 1 2 . 2 + 5 . 6 1 3 . 2 + 5 . 5

9 . 3 + 2 . 0 1 0 . 5 + 2 . 5 1 1 . 1 + 2 . 1

6 . 8 + 1 . 6 . 6 + 1 . 9 1 0 . 6 + 3 . 0

6 . 8 + 1 . 5 . 8 + 2 . 4 1 6 . 4 + 2 6 . 3 ( 8 . 5 )

6 . 6 + 1 . 5 9 . 2 + 3 . 2 1 7 . 5 + 2 5 . 7 ( 9 . 4 )

1 5 . 8 + 1 0 . 6 ( 1 2 . 9 )

6 . 8 + 1 . 9 . 0 + 1 . 8 1 0 . 0 + 2 .

5 . 3 + 1 . 1 6 . 8 + 1 . 5 . 1 + 1 . 6

6 . 0 + 1 . 1 . 3 + 2 . 3 . 4 + 1 . 6

5 . 5 + 1 . 2 7 . 7 + 2 . 2 7 . 1 + 1 . 9

4 . 1 + 1 . 0 5 . 6 + 1 . 4 6 . 7 + 1 . 6

3 . 9 + 0 . 5 . 8 + 1 . 2 7 . 4 + 2 . 0
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Ta b l e 5 . P o t e n t i a l i n fl u e n c e o f W e y e r h a e u s e r e f fl u e n t o n n u t r i e n t
c o n c e n t r a t i o n s i n t h e N e u s e R i v e r .

V a r i a b l e U n i t N H ^ N O 3 + N O 2 T K N F K N F R P T P W a t e r

P r e d i c t e d e f fl u e n t u M 9 9 2 5 5 1 5 2 0 4 8 . 5 2 4
concentration^

E f fl u e n t l o a d i n g m m o l e / s e c 1 1 7 2 9 6 0 8 2 4 1 1 0 2 9
rate^

^ f e a n c o n c . a t u M 4 7 1 1 8 3 8 5 8 -
S t a . 1 4

R i v e r l o a d i n g m m o l e / s e c 4 9 8 6 1 , 4 5 5 4 6 9 6 2 9 9
rate^

T o t a l l o a d i n g m m o l e / s e c 1 6 6 1 1 5 2 . 0 6 3 7 1 0 7 2 1 2 8
rate^

% e f fl u e n t % 7 0 2 5 2 9 3 4 1 4 2 3 9
l o a d i n g

P r e d i c t e d c o n c . u M 1 2 9 1 5 3 5 3 5 9 -
at Sta. 13"^

M e a s u r e d m e a n c o n c . u M 2 5 1 0 1 0 1 6 5 6 8 -
a t S t a . 1 3

^Mean values from Stanley (unpublished data) .
L̂oading rate of water = 1.18 m /̂sec based on NCDNRCD 1984.

3 3~^Flow = 12.33 m"^/sec. This value is the average river discharge from ^gust
23-September 19, 1983 times 1.5 as drainage area correction (13.51 m^/sec)minus the amount of water used by Weyerhaeuser (1.18 m /̂sec) .
^Effluent plus river values.
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recycl ing between these three nutr ient forms and est imation uncertaint ies
may be the reasons for the discrepancies.

Total inorganic carbon (TIC) patterns during the study are shown in
Figure 18. In the low alkal in i ty waters of the Neuse, TIC concentrat ions
generally renained below 1 itiM upriver from the FSI and the pc^r mill. TIC
concentrations above this region were as low as 0.3 mM and were often in
the 0 .4 to 0 .6 mM range . These low T IC concen t ra t ions in the Neuse R ive r,
a long w i th ev idence f rom a lga l b ioassay e^q^e r imen ts have led Paer l (1983)
t o p o s t u l a t e t h a t c a r b o n m a y b e a l i m i t i n g n u t r i e n t a t t i m e s .

In summary, there were three fac tors pr imar i ly respons ib le for the
observed patterns of nutrient standing stocks: the blocans, Weyerhaeuser's
paper and pu lp m i l l e ffluen t , and the es tuary ' s i nfluence . O f the th ree
e l e m e n t s e x a m i n e d , n i t r o g e n s h o w e d t h e c l o s e s t a s s o c i a t i o n w i t h e a c h o f
t h e s e . T I N d e c l i n e d s o m e v d i a t i n a s s o c i a t i o n w i t h t h e b l o o m , r o s e i n t h e
r e g i o n o f t h e e f fl u e n t , a n d d e c l i n e d i n t h e e s t u a r y. P K N fl u c t u a t i o n s w e r e
a s s o c i a t e d w i t h b l o o m s , a n d F K N r o s e i n t h e r e g i o n o f t h e e f fl u e n t .
F i l t e rab le phosphorus spec ies and T IC were l ess va r iab le .

I n t e r a c t i o n s A m o n g V a r i a b l e s

I n o r d e r t o t e s t f o r i n t e r a c t i o n s a m o n g t h e v a r i o u s c h e m i c a l ,
b i o l o g i c a l , a n d p h y s i c a l f a c t o r s s t u d i e d . S p e a r m a n r a n k c o r r e l a t i o n
analyses were made. This nonparametr ic method of analysis was used because
w e h a d n o r e a s o n t o b e l i e v e t h a t c o r r e l a t i o n s w o u l d b e l i n e a r o r t h a t
c o v a r i a t i o n w o i o l d b e p a r a m e t r i c , t w o a s s u n p t i o n s i n h e r e n t i n t h e m o r e
c o m m o n P e a r s o n c o r r e l a t i o n a n a l y s i s . T h e r e s u l t s a r e s h o w n i n Ta b l e s 6
t h r o u g h 9 . S i g n i fi c a n c e w a s c o n s i d e r e d a t t h e p < 0 . 0 5 l e v e l , a n d 8 6 o f 1 7 2
a n a l y s e s w e r e s i g n i fi c a n t . M o s t o f t h e s e w e r e s i g n i fi c a n t a t t h e p < 0 . 0 0 5
l e v e l . W e c o n s i d e r t h e c o r r e l a t i o n s w i t h i n f o u r c a t e g o r i e s : 1 ) p a r t i c u l a t e
s tand ing s tocks , 2 ) pho tosyn thes is ra tes and a lga l s tand ing c rops , 3 )
n u t r i e n t s t a n d i n g s t o c k s , a n d 4 ) n u t r i e n t s t a n d i n g s t o c k s a n d a l g a l
c h a r a c t e r i s t i c s .

The part iculate standing stocks considered were PKN, chlorophyl l a,
b lue-green a lga l b ionass, nonblue-green a lga l b iomass, and to ta l phyto-
p lank ton b iomass (Tab le 6 ) . PKN cor re la ted s ign ifican t l y and pos i t i ve ly
with chlorophyll a concentrations, blue-green algal and total phytoplankton
biomass, but not w i th nonblue-green a lga l b ionass. Thus the pat tern o f
p a r t i c u l a t e n i t r o g e n c o n c e n t r a t i o n s w a s m o s t r e l a t e d t o t h e r i v e r i n e b l o o m
o f b l u e - g r e e n a l g a e . C h l o r o p h y l l a c o n c e n t r a t i o n s a n d t o t a l p h y t o p l a n k t o n
biomass were posi t ive ly corre lated. In contrast , b lue-green and nonblue-
green algal b iat tasses were not correlated ei ther posi t ively or negat ively
w i t h e a c h o t h e r . T h e s e r e s u l t s c o n fi r m t h e e a r l i e r d i s c u s s i o n s w e h a v e
p r e s e n t e d .

Photosynthes is or pr imary product ion ra te corre la ted pos i t ive ly wi th
a l l m e a s u r e s o f a l g a l s t a n d i n g c r o p ( Ta b l e 7 ) . P h o t o s y n t h e t i c e f fi c i e n c y
i n d i c e s d i d n o t c o r r e l a t e w i t h p h o t o s y n t h e s i s r a t e . P h o t o s y n t h e t i c
efficiency 1 (urn CO2/ (hr x ug chlorophyll a)) was negatively correlated

3 5
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Figure 18. Contour map of total inorganic careon (TIC) concentrations
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Table 6. Spearman rank corre lat ion analyses for par t icu late s tanding
s t o c k s . T h e c a l c u l a t e d c o e f fi c i e n t s a n d s i g n i fi c a n c e a r e
g i v e n .

C h l o r o p h y l l a B l u e - g r e e n
a lga l b iomass

Non b lue-green
a lga l b iomass

0 . 4 6 2
( 0 . 0 0 1 )

0 . 6 4 1
0 . 0 0 1 )

0 . 5 9 3
0 . 0 0 1 )

0 . 5 6 8
0 . 0 0 1 )

N o n b l u e - g r e e n 0 . 1 3 0 0 , 2 7 1 - 0 . 0 8 4
a l g a l b i o m a s s ( 0 . 1 8 7 ) ( 0 . 0 0 3 ) ( 0 . 3 6 6 )

B l u e - g r e e n 0 . 3 9 2 0 . 3 9 6
a l g a l b i o m a s s ( 0 . 0 0 1 ) ( 0 . 0 0 1 )

C h l o r o p h y l l a 0 . 6 9 6
( 0 . 0 0 1 )

3 7



Ta b l e 7 . S p e a r m a n r a n k c o r r e l a t i o n a n a l y s e s b e t w e e n p h o t o s y n t h e t i c
va r iab les and a lga l s tand ing s tock . Cor re la t ion coe ffic ien ts
and significance are given.

P h o t o s y n t h e s i s
r a t e

P h o t o s y n t h e t i c
e f fi c i e n c y 1

P h o t o s y n t h e t i c
e f fi c i e n c y 2

0 . 7 7 3
0 . 0 0 1 )

- 0 . 1 6 7
( 0 . 0 4 2 )

- 0 . 1 6 8
( 0 . 1 5 6 )

C h l o r o p h y l l a 0 . 7 7 8
0 . 0 0 1 )

- 0 . 4 2 9
( 0 . 0 0 1 )

- 0 . 2 9 8
( 0 . 0 0 5 )

T o t a l
p h y t o p l a n k t o n
b i o n a s s

0 . 6 1 7
( 0 . 0 0 1 )

- 0 . 1 6 9
( 0 . 11 6 )

- 0 . 7 7 4
( 0 . 0 0 1 )

B l u e - g r e e n
a lga l b iomass

0 . 3 5 8
( 0 . 0 0 1 )

- 0 . 1 4 0
( 0 . 1 9 2 )

- 0 . 4 6 1
( 0 . 0 0 1 )

N o n b l u e - g r e e n 0 . 3 1 6
a l g a l b i o m a s s ( 0 . 0 0 3 )

- 0 . 0 9 9
( 0 . 3 6 1 )

- 0 . 4 5 4
( 0 . 0 0 1 )

P h o t o s y n t h e s i s
r a t e

0 . 1 0 3
( 0 . 1 8 9 )

- 0 . 0 6 4
( 0 . 5 5 5 )

P h o t o s y n t h e t i c
e f fi c i e n c y 1

0 . 3 9 1
( 0 . 0 0 1 )

3 8



with PKN and chlorophyll a. Photosynthetic efficiency 2 (urn C02/(hr x mg
wet wt.)) was negatively correlated with chlorophyll, and ^1 phyto-
planktonic b ianass. The two effic iencies were posi t ive ly corre lated. Thus
a s b i a n a s s i n c r e a s e d t h e e f fi c i e n c y o f p h o t o s y n t h e s i s d e c r e a s e d . T h e r e a r e
t w o p o s s i b l e e x p l a n a t i o n s f o r t h e s e n e g a t i v e c o r r e l a t i o n s b e t w e e n b i a n a s s
a n d e f fi c i e n c i e s . F i r s t , a s b i o m a s s i n c r e a s e d , t h e p h y s i o l o g i c a l
c a p a b i l i t i e s o f t h e p h y t c p l a n k t o n m y h a v e b e e n c o i r p r o m i s e d a s d e n s i t y -
di^Dendent limitation. The second explanation is related to the sensitivity
o f t h e v a r i o u s m e a s u r a n e n t s . T h e h i g h e s t e f fi c i e n c i e s w e r e f o u n d v h e n
b i o m s s v a l u e s w e r e v e r y l o w , b o r d e r i n g o n t h e l i m i t s o f d e t e c t i o n . T h e
i n a c c u r a c y a n d i m p r e c i s i o n o f t h e s e l a t t e r m e a s u r e s a r e i n c o r p o r a t e d i n t o
t h e d e n o m i n a t o r o f t h e e f fi c i e n c y c a l c u l a t i o n . A s s u c h i n o r d i n a t e l y h i g h
e f fi c i e n c i e s m y b e d e r i v e d .

The interrelationships between nutrient species are shown in Table 8.
C o r r e l a t i o n s b e t w e e n n u t r i e n t s p e c i e s g e n e r a l l y r e fl e c t s i m i l a r o r i n v e r s e
t r e n d s w i t h d i s t a n c e d o w n r i v e r . F o r e x a m p l e , T I C c o n c e n t r a t i o n s w e r e l o w
along much of the river but began to rise at Fort Barnwell and continued to
i n c r e a s e u n d e r t h e i n fl u e n c e o f b r a c k i s h w a t e r m i x i n g . M a n y o f t h e o t h e r
n u t r i e n t s b e g a n w i t h h i ^ c o n c e n t r a t i o n s \ : p r i v e r a n d d e c r e a s e d i n c o n c e n
tration downriver. As a result, TIC was negatively correlated with NO3-N ,
F R P a n d T F P. N i t r o g e n a n d p h o s p h o r u s s p e c i e s g e n e r a l l y c o r r e l a t e d w e l l
w i t h i n e l e m e n t a n d b e t w e e n e l e m e n t s i n a p o s i t i v e f a s h i o n . T h e m j o r
exception to this was FE<N, vhich did not correlate with either NO3-N or TFP
a n d c o r r e l a t e d n e g a t i v e l y w i t h F R P. F K N v a r i e d l i t t l e a l o n g m o s t o f t h e
r i v e r b u t r o s e i n t h e n e i g h b o r h o o d o f t h e p a p e r a n d p u l p m i l l a s a r e s u l t
o f i t s e f fl u e n t . T h e r a t i o o f T I N t o F R P w a s m o s t s t r o n g l y r e l a t e d t o
n i t r o g e n s p e c i e s a s o p p o s e d t o p h o s p h o r u s s p e c i e s . I t c o r r e l a t e d
p o s i t i v e l y w i t h a l l s p e c i e s o f n i t r o g e n a n d d i d n o t c o r r e l a t e a t a l l w i t h
phosphorus spec ies .

The interrelat ionships between algal characterist ics and nutr ients are
s h o w n i n Ta b l e 9 . T h e o n l y n u t r i e n t s p e c i e s t h a t d i d n o t s h o w a n y
re la t ionsh ip to a lga l p roper t ies was FKN. As d iscussed p rev ious ly, the
m a j o r s o u r c e o f v a r i a t i o n t o F K N w a s t h e p a p e r a n d p u l p m i l l . T I C
demonstrated a unique relat ionship wi th a lgal standing stock and photo
s y n t h e s i s c h a r a c t e r i s t i c s . I t w a s p o s i t i v e l y c o r r e l a t e d w i t h P K N ,
product iv i ty and photosynthet ic effic iencies. These corre lat ions appear to
be linked to the activities at the estuary's head and a general increase in
T I C c o n c e n t r a t i o n f r o m F o r t B a r n w e l l d o w n r i v e r . A s s u c h t h e r e i s l i t t l e
s t a t i s t i c a l e v i d e n c e o f T I C l i m i t a t i o n t o b l o o m a l g a e i n t h i s r e g i o n .
A l t h o u ^ n o n b l u e - g r e e n a l g a e m y s t i l l b e s u b j e c t t o T I C l i m i t a t i o n a t
t imes, the buoyant b lue-green algae of the blooms may ci rcumvent such
limitation (Paerl and Ustach 1982). In contrast, NH^-N and TIN were
n e g a t i v e l y c o r r e l a t e d w i t h a l l m e a s u r e s o f a l g a l s t a n d i n g c r o p a n d
production rate. Also, NO3-N, FRP, TFP, and TIN: FRP were negatively
c o r r e l a t e d w i t h m e a s u r e s o f r o t a l a l g a l s t a n d i n g c r o p ( P K N , c h l o r o p h y l l a ,
t o t a l p h y t o p l a n k t o n b i o m s s ) a n d p r o d u c t i v i t y. T h e s e r e l a t i o n s h i p s m y
r e fl e c t t h e u p t a k e o f n u t r i e n t s b y b o t h b l o o m s a n d t h e i n fl u e n c e o f t h e
paper and pulp mi l l e ffluent . Lower a lgal b iomss and product iv i t ies, and
h i g h e r n u t r i e n t c o n c e n t r a t i o n s w e r e f o u n d i n t h e a r e a o f t h e e f fl u e n t .
M o s t i n c r e a s e s i n c o n c e n t r a t i o n s c o u l d b e a s c r i b e d t o t h e e f fl u e n t i t s e l f .
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Table 8. Spearman rank corre lat ion analyses for nutr ient concentrat ions.
C o r r e l a t i o n c o e f fi c i e n t s a n d s i g n i fi c a n c e a r e g i v e n .

NH4-N NO3-N T F P T I N : F R P

0 . 1 5 3 0 . 4 2 9 - 0 . 3 0 3 - 0 . 1 4 8 - 0 . 4 2 4 - 0 . 3 2 2 - 0 . 0 1 0
( 0 . 0 5 9 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 7 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 9 0 7 )

T I N : F R P 0 . 5 4 8 0 . 4 1 2 0 . 7 5 7 0 . 9 1 3 0 . 0 7 2 0 . 1 4 6
( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ( 0 . 0 0 1 ) ( 0 . 3 6 2 ) ( 0 . 0 6 5 )

T F P 0 . 2 3 3 - 0 . 1 2 2 0 . 3 2 7 0 . 3 8 9 0 . 6 9 3
( 0 . 0 0 2 ) ( 0 . 2 1 4 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 )

F F ^ 0 . 2 2 5 - 0 . 2 2 5 0 . 4 4 1 0 . 4 4 2
( 0 . 0 0 4 ) ( 0 . 0 3 3 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 )

T I N 0 . 5 9 0 0 . 3 7 2 0 . 8 6 3
( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 )

N O 3 - N 0 . 2 1 5 - 0 . 0 8 2
( 0 . 0 0 4 ) ( 0 . 4 0 5 )

w m 0 . 5 7 6
( 0 . 0 0 1 )
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Table 9. Spearman rank correlation analyses betv/een nutrient concentrations
a n d a l g a l c h a r a c t e r i s t i c s . C o r r e l a t i o n c o e f fi c i e n t s a n d
s i g n i fi c a n c e a r e g i v e n .

NH4 -N FKN NO3-N T IN FRP TFP T IN iFRP T IC

P K N - 0 . 5 6 - 0 . 1 1 - 0 . 3 6 - 0 . 5 7 - 0 . 4 3 - 0 . 4 1 - 0 . 4 8 - 0 . 1 6
( 0 . 0 0 1 ) ( 0 . 2 5 4 ) ( 0 . 0 0 1 ( 0 . 0 0 ) ( 0 . 0 0 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 4 8 )

C h l o r o p h y l l a - 0 . 5 5 0 . 0 4 - 0 . 3 5 0 . 5 1 - 0 . 4 6 - 0 . 4 0 - 0 . 3 9 8 0 . 1 6
( 0 . 0 0 1 ) ( 0 . 6 1 9 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 1 6 1 )

T o t a l - 0 . 5 1 - 0 . 2 0 - 0 . 3 8 - 0 . 5 9 - 0 . 2 6 - 0 . 2 6 - 0 . 4 5 0 . 0 1
p h y t o p l a n k t o n ( 0 . 0 0 1 ) ( 0 . 0 8 3 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 6 ) ( 0 . 0 0 4 ) ( 0 . 0 0 1 ) ( 0 . 8 8 3 )
b i o m a s s

B l u e - g r e e n - 0 . 2 2 - 0 . 2 0 - 0 . 1 6 - 0 . 3 1 - 0 . 0 9 - 0 . 0 3 - 0 . 2 7 0 . 0 7
a l g a l b i o m a s s ( 0 . 0 2 3 ) ( 0 . 0 8 0 ) ( 0 . 0 8 2 ) ( 0 . 0 0 2 ) ( 0 . 3 5 2 ) ( 0 . 7 3 9 ) ( 0 . 0 1 0 ) ( 0 . 5 0 9 )

N o n b l u e - - 0 . 4 1 - 0 . 1 8 - 0 . 1 5 - 0 . 3 1 - 0 . 2 2 - 0 . 1 2 - 0 . 1 4 0 . 0 2
g r e e n a l g a l ( 0 . 0 0 1 ) ( 0 . 111 ) ( 0 . 0 9 1 ) ( 0 . 0 0 2 ) ( 0 . 0 2 0 ) 0 . 1 7 8 ) ( 0 . 1 6 9 ) ( 0 . 8 0 7 )
b i o m a s s

P h o t o s y n t h e s i s - 0 . 5 9 0 . 0 0 - 0 . 5 2 - 0 . 6 6 - 0 . 5 3 - 0 . 4 6 - 0 . 5 0 0 . 3 3
r a t e ( 0 . 0 0 1 ) ( 0 , 9 5 3 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 ) ( 0 . 0 0 1 )

P h o t o s y n t h e t i c 0 . 0 3 - 0 . 1 8 - 0 . 1 4 - 0 . 1 2 - 0 . 2 0 - 0 . 1 7 - 0 . 0 2 0 . 3 5
effic iency 1 (0 .638) (0 .106) (0 .063) (0 .129 (0 .013) (0 .029) (0 .727) (0 .001)

P h o t o s y n t h e t i c 0 . 1 6 0 . 0 1 0 . 1 6 0 . 2 5 - 0 . 2 2 - 0 . 0 5 0 . 3 0 0 . 2 2
e f fi c i e n c y 2 ( 0 . 1 2 1 ) ( 0 . 9 4 0 ) ( 0 . 1 3 8 ) ( 0 . 0 1 7 ) ( 0 . 0 6 0 ) ( 0 . 6 3 4 ) ( 0 . 0 11 ) ( 0 . 0 4 1 )
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Nut r i en t spec ies we re more read i l y re l a ted to t o ta l phy top lank ton
characterist ics than to either blue-green or nonblue-green algal biomasses
i n d i v i d u a l l y . T h i s p r o b a b l y r e fl e c t s t h e f a c t t h a t t w o s e p a r a t e b l o o m s
were observed: one of each kind. Thus each category only accounted for
t h e u p t a k e o f n u t r i e n t s w i t h i n a s p e c i fi c p o r t i o n o f t h e t r a n s e c t .

The re la t ionsh ips be tween nu t r ien ts and photosyn the t ic e ffic ienc ies
a r e d i f fi c u l t t o i n t e r p r e t . T h e s t r a n g e s t c o r r e l a t i o n ( p < 0 . 0 0 1 ) w a s f o u n d
between photosynthetic efficiency 1 (um CO^/ (h x mg chlorophyll a)) and
TIC. This was a posi t ive correlat ion in which high TIC concentrat ions in
t h e r e g i o n o f t h e e s t u a r y w e r e f o u n d v h e r e e f fi c i e n c y w a s h i g h a t t i m e s .
O t h e r c o r r e l a t i o n s c o n c e r n i n g e f fi c i e n c i e s w e r e s i g n i fi c a n t a t t h e p < 0 . 0 5
l e v e l b u t n o t a t t h e p < 0 . 0 1 l e v e l . G i v e n t h e g e n e r a l l a c k o f s t r o n g
c o r r e l a t i o n a n d l a c k o f c o r r e s p o n d e n c e b e t w e e n c o r r e l a t i o n s w i t h t h e t w o
efficiencies, we refuse to develop inferences concerning these parameters.
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CONCLUSIC»JS

Th is repor t i nc ludes the mos t co i tp le te descr ip t ion o f a b lue-^een
algal bloom on the Neuse River yet published. The blue-green algal bloom
during the summer of 1983 began to develop in July and cont inued into
Septonber. Hi^ densities of Microcystis aeruginosa,, the dominant organism
were found at times fron Seven Springs to Street's Ferry Bridge, spanning
o v e r 1 0 0 k m o f t h e l o w e r N e u s e . T h e b l o o n w a s m o s t i n t e n s e a t F o r t
Barnwell, but scums formed over the entire span of the bloom. Chlorophyll
a concentrat ions peaked at approximately 1500 ug/ l i ter, wi th densi t ies of
near ly 5,000 mi l l ion M. aeruginosa cel ls/ l i ter. Few other blue-green algal
species were fomd in our sanples, although others sanpling the Neuse at
that t ime found greater diversity of blue-green algae (NCDNECD 1984). In
the reg ion be tween Seven Spr ings and For t Barnwel l , eukaryo t ic a lgae
c o n t r i b u t e d s i g n i fi c a n t l y t o a l g a l b i o m a s s . O v e r a l l t h o u g h , t h e a l g a l
bloom of 1983 was dominated by M. aejnjginosa and was extensive in both t ime
and space.

The b loom's deve lopnent was assoc ia ted w i th the low flow cond i t ions on
the Neuse result ing from lack of rainfal l and hi^ summer evapotranspira-
tion rates leading to low water influx to the river. No blue-green algae
were found in samples fron Goldsboro, indicating that densities there were
below our l imits of detection. Algal biomass generally increased downriver
and reached its maximum in the region vhere the river widens and deepens
( F o r t B a r n w e l l ) r e s u l t i n g i n a d e c r e a s e i n v e l o c i t y ( C h r i s t i a n e t a l .
1986). The bloon persisted for several weeks in this region, declining only
with the shorter days and colder temperatures of September and the
occurrence of a rainstorm that may have washed algae farther downstream.
The bloom declined between Fort Barnwell and Cowpen Landing, although
a p p a r e n t l y h e a l t h y a l g a e w e r e f o u n d i n t h e l a t t e r r e g i o n . D e t a i l s
regarding the sedimentation of dead algae and the rates of decorposition
dur ing the bloom's decl ine are unknown. By the t ime water reached the
estuarine region near New Bern, the blue-green algal bloom was no longer
a p p a r e n t .

A t t h e h e a d o f t h e e s t u a r y a s e c o n d b l o o m o c c u r r e d . T h i s w a s
dominated by eukaryotic chrysophytes. The chlorophyll a concentrations
near New Bern exceeded those o f recen t years . The l i nk be tween the
pr imary, r i ver ine b loom and th is secondary, es tuar ine b loom is tenuous
however. Nutrient concentrations did increase just upstream from the
estuary, but these increases could be ascribed to paper and pulp mill
e f fl u e n t a s w e l l a s t h e d e c o m p o s i t i o n a n d m i n e r a l i z a t i o n f r o m t h e r i v e r i n e
bloom. Also, the nearby Pamlico River estuary, whose tributary did not
have a blue-green algal bloom, demonstrated high chlorophyll a concentra
t i o n s d u r i n g t h i s t i m e .

Inorganic forms of nitrogen and phosphoirus decreased from upriver
d o w n . To t a l i n o r g a n i c c a r b o n i n c r e a s e d i n t h e l o w e r r e a c h o f t h e r i v e r .
Of the three elements, nitrogen concentrations showed the closest associa
tion with the bloom. Potentially limiting concentrations of nitrogen were
found during a short t ime near and below the peak of the bloom (Paerl
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1 9 8 7 ) . T h e r e i s l i t t l e e v i c i e n c e t h a t a n y o f t h e s e t h r e e e l e m e n t s c o u l d
l i m i t t h e b l o o m ' s d e v e l o p m e n t . T h e r e w a s e v i d e n c e , b a s e d o n n u t r i e n t
r a t i o s , t h a t n i t r o g e n w a s c l o s e r t o b e c o m i n g l i m i t i n g t h a n p h o s p h o r u s .

The paper and pulp mi l l above New Bern was shown to influence nutr ient
concen t ra t ions . The e ffluen t o f the mi l l d ramat ica l l y inc reased n i t rogen
concent ra t ions in the r iver. Phosphorus concent ra t ions rose to a lesser
ex ten t . A lso , the dark co lo r o f the e ffluen t may have re ta rded p r imary
p r o d u c t i v i t y b y i n c r e a s i n g l i g h t a t t e n u a t i o n . T h u s , a t t h e l o w fl o w
cond i t i ons tha t ex is ted , the m i l l ' s e ffluen t had s ign ifican t l oca l i i rpac ts
on the r i ve r. The inpor tance o f these i i rpac ts downs t ream are unknown.

Las t l y, r i ve r flow was ex t r ane l y l ow f o r a l ong t ime du r i ng t he summer
of 1983. Flow at Kinston below 500 cfs was sustained for about 40 days.
Low flows have occur red in summer o f more recent years , bu t they have no t
been maintained as low for as long as in 1983. These low flow conditions
appear to be a major element in pranoting bloom formation (Christian et al.
1986). High spring flow has also been inplicated as a causative agent in
s u m m e r b l o o m f o r m a t i o n ( P a e r l 1 9 8 7 ) . T h e m e c h a n i s m s f o r t h i s a r e n o t a s
well developed as for the low flow hypothesis, but a correlation appears to
ex is t . I t i s apparent , though, tha t a var ie ty o f fac tors must combine n
t h e ^ p r o p r i a t e w a y t o a l l o w f o r b l o o m d e v e l o p m e n t . T h e s e f a c t o r s i n c l u d e
a t l e a s t a v a i l a b i l i t y o f n u t r i e n t s a n d l i g h t , t e m p e r a t u r e a n d o t h e r
physical conditions vihich support active and sustained growth of the blue-
green a lgae.
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Appendix A. Chlorophyll a concentrations (ug/1) at Neuse River stations
sampled between 23 August (23A) and 19 September (193), 1983.

: a t i o n

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A

D a t e

I S 3 S 5 S 7 S 9 S 1 3 S 1 9 S

1 0 4 0 5 5 < 1 3 3 1 1 2 6 1 8 2 9 5 7 2 8 7 5 6 3 2 2 4
1 1 2 8 6 5 4 5 5 6 1 4 1 8 3 4 3 6 8 3 7 4 8 5 8 5 3 7 8
1 2 2 3 < 1 2 8 1 0 8 1 1 1 9 8 1 3 4 6 3 1 4 0 2 9
1 3 1 5 3 0 1 7 7 2 4 1 2 8 3 6 2 9 3 0 1 8 2 1 2 0
1 4 2 6 3 4 2 1 2 2 4 6 2 3 2 9 1 8 1 5 2 4 3 3 2 1 1 7 60
1 5 5 9 8 2 7 8 4 0 6 4 8 8 4 4 1 3 0 6 4 1 6 0 4 2 1 4 6 1 1 1
1 6 4 6 0 7 7 5 4 6 5 2 1 3 1 5 4 1 3 4 1 9 5 1 6 1 2 6 0 3 4 7 5 1 6
1 7 3 6 1 6 8 6 8 1 2 6 6 7 6 8 1 0 3 2 4 4 2 5 6 2 1 3 2 6
1 8 5 0 8 0 2 1 6 1 1 1 4 0 3 8 1 7 3 7 1 7 2 < 1 1 1 3
1 9 4 7 2 0 8 3 8 2 8 8 1 6 2 2 1 3 3 0 5 < 1 1 8 1 1 1 2
2 0 9 4 7 3 2 2 4 0 8 2 6 5 9 1 0 < 1 1 6 1 8 7
2 1 7 6 8 9 7 4 0 3 7 8 1 7 9 7 9 7 2 1 2 < 1
2 2 4 4 3 0 4 3 0 8 1 9 2 6 4 1 1 < 1 4 6 < 1
2 3 1 8 1 0 4 1 1 4 8 2 9 1 0 4 4 2 8 1 5 < 1
2 4 4 2 < 1 2 < 1 1 6 2 < 1 2 1 1 < 1 3

^^5pendix B. Phytoplankton wet weight biomass (mg/1) at Neuse River stations
sampled between 23 August (23A) and 19 September (19S), 1983.

S t a t i o n D a t e

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 S 5 S 7 S 9 S 1 3 S 1 9 S

1 0 1 . 0 3 2 . 2 2 2 . 4 3 4 . 8 0 5 3 . 1 9 9 9 . 1 8 4 2 . 8 0 0 . 9 1
1 1 0 . 5 0 1 . 5 5 2 . 3 2 0 . 9 1 8 . 0 2 3 3 . 9 9 1 . 3 1 2 . 2 5
1 2 0 . 0 9 0 . 1 1 0 . 1 5 0 . 9 3 0 . 9 8 3 . 9 2 0 . 1 9
1 3 0 . 1 5 0 . 6 9 0 . 2 3 0 . 2 6 4 . 5 7 0 . 8 2 1 . 4 9 0 . 2 6
1 4 4 . 1 1 1 . 2 4 8 . 1 8 6 . 6 4 4 . 7 2 1 . 0 9 1 0 . 4 9 0 . 2 1
1 5 1 4 . 7 5 2 6 . 4 0 1 4 . 0 1 1 0 . 5 2 9 . 1 4 2 . 2 9 2 2 . 6 4 1 4 . 9 6
1 6 5 9 . 0 1 0 . 4 9 1 6 2 . 4 4 1 0 6 . 9 7 2 2 . 2 0 2 . 9 7 0 . 8 8 1 . 4 5
1 7 1 . 5 6 1 2 . 2 9 1 7 . 5 8 2 2 . 7 3 1 2 . 1 2 0 . 9 2 0 . 7 7 0 . 4 8
1 8 2 . 7 7 1 7 . 8 8 9 . 0 9 0 . 0 1 3 . 3 4 0 . 5 4 1 1 . 7 8 1 . 0 3
1 9 0 . 1 6 2 2 . 5 4 1 . 4 0 1 . 6 0 1 . 7 6 2 . 3 2 3 . 0 4 3 . 3 9
2 0 2 5 . 5 7 6 . 1 6 1 . 6 4 1 2 . 5 6 0 . 4 3 0 . 0 8 1 . 5 7 3 . 4 0
2 1 9 9 . 0 8 0 . 0 7 0 . 6 6 1 . 1 4 0 . 7 6 0 . 4 5 3 . 1 6 0 . 3 5
2 2 6 . 6 5 0 . 0 5 0 . 7 4 0 . 4 9 1 . 2 2 0 . 9 5 0 . 6 2 0 . 6 2
2 3 0 . 0 8 1 . 9 9 0 . 0 5 0 . 2 8 0 . 1 5 0 . 1 6 0 . 8 7 0 . 0 7
2 4 0 . 0 8 0 . 2 2 0 . 6 1 0 . 1 3 0 . 3 8 0 . 0 3 0 . 4 3 0 . 1 0
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Appendix C. Viet wei^t bianass (mg/l) of nonblue-green algae at Neuse River
stations sanpled between 23 August (23A) and 9 SeptCTiber (19S),
1 9 8 3 .

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 3 5 3 7 3 9 3 1 3 3

J^pendix D. Wet weight biomass (mg/l) of blue-green algae at Neuse River
stations sampled between 23 August (23A) and 19 Setember
( 1 9 3 ) , 1 9 8 3 .

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A

1 0 0 . 0 0 0 . 0 0 0 . 0 0
1 1 0 . 0 0 0 . 0 0 0 . 0 0
1 2 0 . 0 0 0 . 0 0 0 . 0 2
1 3 0 . 0 2 0 . 4 0 0 . 0 5
1 4 3 . 9 0 1 . 1 0 8 . 0 6
1 5 1 4 . 5 6 2 5 . 8 5 1 3 . 8 9
1 6 5 8 . 8 1 0 . 0 0 1 6 2 . 2 0
1 7 0 . 8 3 1 1 . 0 3 1 3 . 3 0
1 8 0 . 0 0 1 6 . 9 6 7 . 1 1
1 9 0 . 0 0 1 8 . 5 9 0 . 0 0
2 0 2 4 . 8 8 6 . 0 0 0 . 0 0
2 1 9 8 . 5 5 0 . 0 0 0 . 0 0
2 2 6 . 4 6 0 . 0 0 0 . 0 0
2 3 0 . 0 0 0 . 0 0 0 . 0 0
2 4 0 . 0 0 0 . 0 0 0 . 0 0

1 3 3 3 5 3 7 3 9 3 1 3 3 1 9 3

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 4 4 0 . 7 6 0 . 0 0 0 . 0 7
0 . 0 3 1 . 4 7 0 . 6 9 1 . 2 9 0 . 0 5
6 . 4 9 0 . 0 0 0 . 9 0 1 0 . 1 1 0 . 0 7

1 0 . 3 4 7 . 4 2 1 . 2 3 2 1 . 6 7 1 3 . 7 3
1 0 6 . 6 3 2 1 . 9 7 0 . 9 3 0 . 2 9 0 . 4 0

2 2 . 6 3 6 . 4 3 0 . 6 1 0 . 0 0 0 . 2 3
0 . 0 0 1 . 2 0 0 . 0 3 1 1 . 5 3 0 . 0 9
0 . 0 0 0 . 0 0 0 . 0 1 1 . 7 2 3 . 1 0

1 0 . 9 9 0 . 0 0 0 . 0 1 0 . 0 3 0 . 2 1
0 . 0 0 0 . 0 0 0 . 0 0 0 . 4 1 0 . 1 2
0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 3 0 . 0 1
0 . 0 0 0 . 0 0 0 . 0 6 0 . 0 3 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
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i^pendix E. Phytoplankton species conposition, cell density, and bioraass
data for the Neuse River, 23 August - 19 September, 1983.
"Cell type" is a code number used in our laboratoary to facil
itate coirputer coitputations of algal density and biomass.
Class 1 = Baci l lar iophyceae Class 6 = Euchlorophyceae
C l a s s 2 = C h l o r o p h y c e a e C l a s s 7 = E u g l e n o p h y c e a e
C l a s s 3 = Q i r y s o p h y c e a e C l a s s 8 = H a p t o p h y c e a e
C l a s s 4 = C y a n o p h y c e a e C l a s s 9 = X a n t h o p h y c e a e
C l a s s 5 = D i n o p h y c e a e C l a s s 1 0 = U n k n o w n C e l l Ty p e s

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
(ce l ls /ml ) (ug /1)

23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug
23 Aug

C a l y c o m o n a s o v a l i s
Gymnodinium sp,
Gymnodinium sp.
C y c l o t e l l a s p .
P r o r o c e n t r u m m i n i m u m
G y m n o d i n i u m d a n i c a n s
C a l y c o m o n a s o v a l i s
P r o r o c e n t r u m m i n i m u m
U n k n o w n # 6 4
C a l y c o m o n a s o v a l i s
U n k n o w n # 6
Scenedesmus sp.
Nav i cu la sp .
C a l y c o m o n a s o v a l i s
U n k n o w n # 6
Nav i cu la sp .
Ep i themia sp .
Scenedesmus sp.
Scenedesmus sp.
C y c l o t e l l a s p .
M i c r o c y s t i s a e r u g i n o s a
Anabaena sp.
M i c r o c y s t i s a e r u g i n o s a
C r u c i q e n i a r e c t a n g u l a r i s
S t i chococcus sp .
Scenedesmus sp.
C y c l o t e l l a s p .
Anabaena sp.
S c e n e d e s m u s g u a d r i c a u d a
U n k n o w n # 6
A c t i n a s t r u m h a n t z s c h i i
M i c rocys t i s ae jn i g i nosa
U n k n o w n # 6 4
Scenedesmus sp .
Pediastrum sp.
Euno t ia sp .

3 1 9 9 5 2 2 0
5 5 7 1 4 5
5 3 2 3 6 2 7
1 1 9 7
5 1 9 1 1
5 4 7 1 9 3
3 2 6 3 7 2 9 0
5 2 3 1 3
3 2 1 3 1 2
3 1 6 6 1 8
2 9 5 1 7
2 2 3 1 4
1 2 3 3 0
3 7 1 8
2 1 5 9 1 2 7 7
1 4 7 4 7
1 2 3 6
2 2 3 1 4
2 2 3 3 1
1 7 1 2 5
4 1 1 8 4
4 1 4 2 5 1 9
4 1 1 4 0 4 0 3 8 7 7
2 2 1 3 8 3
2 3 0
2 2 3 1 4
1 2 3 8
4 1 5 6 8 2 0
2 7 1 5 0
2 3 3 2 5 8
2 9 5 2 6
4 4 2 7 6 4 9 1 4 5 4 0
3 1 4 2 8
2 2 3 3 1
2 1 9 0 1 9
1 2 3 1 1 5
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i ^ j pend ix E , con t inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o n a s s
( c e l l s / m l ) ( u g / 1 )

23 Aug 1 5 4 0
23 Aug 1 6 4 4 6
23 Aug 1 6 6 4
23 Aug 1 6 4 3 8
23 Aug 1 6 2 6 3
23 Aug 1 6 2 6 4
23 Aug 1 7 4 4 6

23 Aug 1 7 1 0 3
23 Aug 1 7 2 6 8
23 Aug 1 7 1 9 6
23 Aug 1 7 4 4 2
23 Aug 1 7 1 9 7
23 Aug 1 7 1 4 7
23 Aug 1 8 4 4 0
23 Aug 18 6
23 Aug 18 4 3 8
23 Aug 18 64
23 Aug 1 8 4 0 8
23 Aug 18 2 6 8
23 Aug 1 9 6
23 Aug 1 9 1 2 6
23 Aug 1 9 4 3 8
23 Aug 1 9 1 9 6
23 Aug 2 0 4 4 6
23 Aug 2 0 2 0 1
23 Aug 2 0 1 2 4
23 Aug 2 0 4 0 8
23 Aug 2 1 4 4 6
23 Aug 2 1 6
23 Aug 2 1 4 6
23 Aug 2 1 4 0 2
23 Aug 2 1 1 2 6
23 Aug 2 2 4 4 6
23 Aug 2 2 1 2 6
23 Aug 2 2 4 9
23 Aug 2 2 1 3 0
23 Aug 2 2 6
23 Aug 2 2 2 6 8
23 Aug 2 3 6
2 3 A u g 2 3 4 4 3
23 Aug 2 4 1 0 8
23 Aug 2 4 3 2 4
25 Aug 1 0 3 0 0
25 Aug 1 0 2 9 6
25 Aug 1 0 98

Anabaena sp.
M i c r o c y s t i s a e r u g i n o s a
U n k n o w n # 6 4
C y c l o t e l l a s p .
Scenedesmus sp.
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
C y c l o t e l l a s p .
Scenedesmus sp.
S c e n e d e s m u s o b l i g u u s
P e d i a s t r u m b i r a d i a t u m
U n k n o w n # 1 9 7
Staurone is sp .
N i t z s c h i a s p .
U n k n o w n # 6
C y c l o t e l l a s p .
U n k n o w n # 6 4
Gyrosiqma sp.
Scenedesmus sp.
U n k n o w n # 6
Nav i cu la sp .
C y c l o t e l l a s p .
S c e n e d e s m u s o b l i g u u s
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
Gonphonema sp.
Gyrosiqma sp.
M i c r o c y s t i s a e r u g i n o s a
U n k n o w n # 6
Nav i cu la sp .
Cocconeis sp.
Nav i cu la sp .
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
A c t i n a s t r u m h a n t z s c h i i
Cymatopleura sp.
UnJcnown #6
Scenedesmus sp.
U n k n o w n # 6
Sp i rogyra sp .
U n k n o w n # 1 0 8
B a c i l l a r i a p a r a d o x a
C a l y c o m o n a s o v a l i s
G y m n o d i n i u m d a n i c a n s
P r o r o c e n t r u m m i n i m u m

4 1 8 5 3 2 4
4 1 7 2 9 6 0 0 5 8 8 0 6
3 1 2 6 7
1 2 8 5 9 9
2 3 1 4 2
2 6 3 5 0
4 2 4 3 2 8 8 2 7
1 4 7 1
2 1 4 2 1 8 8
2 9 5 2 9
2 2 7 5 5 4 1 6

1 0 4 7 91
1 4 7 2 5
1 9 5 9 6
2 2 1 7 0 5 6 3 7 7 6 8
1 1 9 0 6 6
3 1 9 0 1 1
1 9 5 2 4 5 8
2 9 5 1 2 5
2 2 7 8 4 4 7 4 8 4 5 0
1 9 5 95
1 9 5 3 3
2 9 5 2 9
4 7 3 1 7 5 6 2 4 8 8 0
1 7 1 5 2
1 2 3 2 5
1 2 3 6 1 4
4 2 8 9 8 5 1 0 9 8 5 4 9
2 2 3 7 4 1
1 5 9 6 7
1 1 1 8 4 0 2
1 5 9 5 9
4 1 9 0 0 6 6 6 4 6 2
1 5 7 5 7
2 1 9 5
1 1 9 1 0 0
2 2 0 9 3 6
2 1 9 2 5
2 2 7 5 5 4 8 0
2 4 7 9 8

1 0 15 4 9
1 15 3 3
3 7 0 4 9 7 7 5
5 3 4 5 1 4 0 4
5 6 9 3 9

5 1



i ^ : pend ix E , con t i nued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
(ce l l s /m l ) (ug /1 )

G y m n o d i n i u m d a n i c a n s
C a l y c o m o n a s o v a l i s
P r o r o c e n t r u m m i n i m u m
Unknown #64
C a l y c o m o n a s o v a l i s
C y c l o t e l l a s p .
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
Unknown #235
Scenedesmus sp.
Scenedesmus sp.
Unknown #6
C y c l o t e l l a s p .
St ichococcus sp .
M i c r o c y s t i s a e r u g i n o s a
St ichococcus sp.
U n k n o w n # 6
Selenastrum sp.
C y c l o t e l l a s p .
Scenedesmus sp.
A c t i n a s t r u m h a n t z s c h i i
M i c r o c y s t i s a e r u g i n o s a
Scenedesmus c fuad r i cauda
Scenedesmus sp.
U n k n o w n # 6
St ichococcus sp .
C y c l o t e l l a s p .
Scenedesmus sp.
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
Scenedesmus sp.
U n k n o w n # 6
Unknown #64
A c t i n a s t r u m h a n t z s c h i i
P e d i a s t r u m b i r a d i a t u m
Scenedesmus sp .
C y c l o t e l l a s p .
P r o r o c e n t r u m m i n i m u m
Pedias t jnm sp.
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
U n k n o w n # 6 4
S tau rone is sp .
G y r o s i g m a s p .

5 3 2 3 1 3 1 3
3 1 9 7 6 2 1 7
5 3 8 2 1
3 2 2 8 1 3
3 1 9 0 2 1
1 9 5 3 3
2 1 9 2 5
4 1 1 7 0 8 3 9 8
1 3 8 5 6

1 0 1 1 4 3 4
2 7 6 3 8
2 1 1 4 1 5 0
2 6 0 8 1 0 6
1 7 6 2 6
2 2 1
4 3 2 3 1 1 1 0 9 9
2 3 1
2 1 3 3 0 2 3 2
2 1 1 4 2
1 1 9 7
2 3 8 5 0
2 1 7 1 4 7
4 1 7 1 0 2 5 8
2 6 3 4 5
2 9 5 1 2 5
2 1 9 0 3 3
2 3 1 1
1 1 5 8 5 5
2 3 1 1 6
2 1 5 8 4 4
2 5 7 7 5
2 7 6 1 0 0
2 2 6 6 4 6
3 1 1 0 2 6 3
2 1 3 3 3 7
2 6 2 7 9 5
2 1 9 5
1 7 6 2 6
5 1 9 1 1
2 7 6 1 5
4 3 2 3 1 1 3 1 0 9 8 6
1 3 8 2 8
3 5 7 3
1 1 9 1 0
1 3 8 9 8 3
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^^3pendix E, cont inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n

25 Aug 1 7 4 3 8
25 Aug 1 7 4 4 2
25 Aug 1 7 4 3 7
25 Aug 1 7 2 6 4
25 Aug 1 8 4 4 6
25 Aug 1 8 4 3 8
25 Aug 1 8 2 3 4
25 Aug 1 8 6
25 Aug 1 8 64
25 Aug 1 8 4 4 2
25 Aug 1 8 2 6 8
25 Aug 1 8 2 0 1
25 Aug 1 8 4 0 8
25 Aug 1 8 3 1 7
25 Aug 1 8 4 3 0
25 Aug 1 9 4 4 5
25 Aug 1 9 4 0 8
25 Aug 1 9 2 5 8
25 Aug 2 0 4 9
25 Aug 2 0 1 2 6
25 Aug 2 0 4 4 5
25 Aug 2 0 4 4 2
25 Aug 2 0 2 0 1
25 Aug 2 0 3 7 7
25 Aug 2 0 4 4 6
25 Aug 2 1 2 0 1
25 Aug 2 1 3 2 4
25 Aug 2 2 1 2 6
25 Aug 2 2 3 7 4
25 Aug 2 3 4 4 3
25 Aug 2 3 1 2 6
25 Aug 2 4 1 2 9
25 Aug 2 4 2 5 9
25 Aug 2 4 4 3 0
28 Aug 1 0 3 0 0
28 Aug 10 1 0 2
28 Aug 10 8 0
28 Aug 1 0 9 8
28 Aug 1 1 3 0 0
28 Aug 1 1 6 4
28 Aug 1 1 1 0 2
28 Aug 1 1 8 0
28 Aug 1 2 1 9 1
28 Aug 1 2 3 0 0
28 Aug 1 2 1 0 3

C y c l o t e l l a s p .
P e d i a s t r u m b i r a d i a t u m
M i c r o c y s t i s s p .
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
C y c l o t e l l a s p .
Nav i cu la sp .
Unknown #6
Unknown #64
P e d i a s t r u m b i r a d i a t u m
Scenedesmus sp.
Nav i cu la sp .
Gyrosiqma sp.
Synedra sp.
Cocconeis sp.
M i c r o c y s t i s a e r u g i n o s a
Gyrosiqma sp.
P e d i a s t r u m t e t r a s
A c t i n a s t r u m h a n t z s c h i i
Nav i cu la sp .
M i c r o c y s t i s a e r u g i n o s a
P e d i a s t r u m b i r a d i a t u m
Nav icu la sp .
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
B a c i l l a r i a p a r a d o x a
Nav icu la sp .
Nav i cu la sp .
Sp i roqyra sp .
Nav i cu la sp .
P i n n u l a r i a s p .
S u r i r e l l a s p .
Cocconeis sp.
C a l y c o m o n a s o v a l i s
C y c l o t e l l a s p .
Gymnodinium sp.
P r o r o c e n t r u m m i n i m u m
C a l y c o m o n a s o v a l i s
U n k n o w n # 6 4
C y c l o t e l l a s p .
Gymnodinium sp.
S c e n e d e s m u s c p j a d r i c a u d a
C a l y c o m o n a s o v a l i s
C y c l o t e l l a s p .

C l a s s D e n s i t y B i o m a s s
( c e l l s / m l ) ( u g / 1 )

1 9 5 3 3
2 1 1 9 7 1 8 1
4 1 4 0 6 4 8
2 1 9 1 5
4 4 9 8 9 2 4 1 6 9 6 3
1 7 1 2 5
1 2 3 3 5
2 9 5 1 7
3 3 3 2 1 9
2 7 6 0 1 1 5
2 2 3 3 1
1 2 3 1 7
1 2 3 6 1 4
1 2 3 1 7
1 2 3 1 9
4 5 4 6 6 3 1 1 8 5 8 5
1 1 5 2 3 9 3 2
2 7 6 1 7
2 1 9 5
1 3 8 3 8
4 1 5 3 9 5 2
2 5 7 0 8 6
1 3 8 2 8
2 1 9 1 0
4 1 7 4 8 6 1 5 9 4 5
1 3 8 2 8
1 1 9 4 2
1 3 8 3 8
1 1 9 2
2 1 9 3 9
1 38 3 8
1 1 9 6 9
1 1 9 1 3 5
1 1 9 1 5
3 6 6 9 9 7 3 7
1 3 1 8 3 1 9
5 6 1 7 1 5 6 9
5 1 9 0 1 0 6
3 8 6 1 6 9 4 8
3 2 5 7 6 1 4 7
1 1 0 9 8 7
5 4 2 2 1 0 7 3
2 3 8 2 7
3 8 3 6 9 2
1 9 5 2

5 3



Append ix E , con t inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
( c e l l s / m l ) ( u g / 1 )

Unknown #64
M i c r o c y s t i s a e r u g i n o s a
Unknown #235
S c e n e d e s m u s q u a d r i c a u d a
C a l y c o m o n a s o v a l i s
St ichococcus sp .
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
M i c r o c y s t i s a e r u g i n o s a
Unknown #64
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
C y c l o t e l l a s p .
Scenedesmus sp.
Scenedesmus obliguus
Unknown #235
Unknown #6
M i c r o c y s t i s a e r u g i n o s a
U n k n o w n # 6 4
C y c l o t e l l a s p .
U n k n o w n # 6
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
Unknown #64
Gyrosigma sp.
C y c l o t e l l a s p .
S u r i r e l l a s p .
Cymatopleura sp.
P e d i a s t r u m d u p l e x
S tau rone is sp .
M i c r o c y s t i s a e r u g i n o s a
Unknown #363
Gyrosigma sp.
Nav i cu la sp .
Scenedesmus sp.
Unknown #273
Eunot ia sp .
C y m a t o p l e u r a s p .
Gyrosigma sp.
Scenedesmus sp .
C y c l o t e l l a s p .
P e d i a s t J H j m d u p l e x
S u r i r e l l a s p .
Nav i cu la sp .
Nav i cu la sp .

3 1 1 4 7
4 4 3 7 1 5

1 0 1 9 6
2 5 7 4 0
3 9 5 1 0
2 5 1
4 1 4 6 3 5 0
2 2 8 5 7 9
4 2 3 1 8 8 1 7 8 8 4
3 5 7 3
4 5 2 8 3 1 8 0
2 2 2 8 6 3
1 5 7 2 0
2 1 9 1 5
2 1 9 6

1 0 1 9 6
2 3 0 4 5 3
4 4 0 8 6 4 3 1 3 8 9 4
3 2 8 5 1 6
1 2 3 7 8 2
2 2 3 7 4 1
4 4 7 7 0 6 7 0 1 6 2 2 0 2
4 3 9 1 5 3 7 1 3 3 1 2
3 9 5 5
1 7 6 1 9 6 6
1 7 6 2 6
1 1 9 1 5 1 5
1 1 9 1 0 0
2 5 8 9 5 8 9
1 5 7 3 1
4 2 0 9 0 7 3 7 1 0 8

1 0 1 9 2 4 9
1 3 8 9 8 3
1 3 8 2 8
2 7 6 1 0 0
1 1 9 6 0 5
1 1 9 1 3
1 1 9 1 0 0
1 1 9 4 9 2
2 3 8 6

1 1 9 7

2 6 4 6 6 4 6
1 1 9 1 3 5
1 1 9 1 4
1 3 8 2 8

5 4



i ^ : pend ix E , con t i nued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n

28 Aug 2 0 3 1
28 Aug 2 0 2 2 3
28 Aug 2 0 1 3 0
28 Aug 2 0 4 0 8
28 Aug 2 0 4 4 0
28 Aug 2 0 8
28 Aug 2 1 4 9
28 Aug 2 1 2 0 1
28 Aug 2 1 3 7 6
28 Aug 2 1 4 0 8
28 Aug 2 2 2 0 1
28 Aug 2 2 4 0 8
28 Aug 2 2 4 9
28 Aug 2 2 9 8
28 Aug 2 3 2 0 1
28 Aug 2 3 4 9
28 Aug 2 4 4 9
28 Aug 2 4 2 0 1
28 Aug 2 4 2 5 8
28 Aug 2 4 4 3 0
28 Aug 2 4 4 0 8
28 Aug 2 4 4 4 0

1 Sep 10 3 0 0
1 Sep 10 8 0
1 Sep 10 6
1 Sep 10 9 8
1 Sep 1 1 3 0 0
1 Sep 1 1 6 4
1 Sep 1 2 4 4 5
1 Sep 1 2 3 0 0
1 1 2 2 3 5
1 Sep 1 2 6
1 Sep 1 2 64
1 Sep 1 2 2 6 8
1 Sep 1 2 2 6 4
1 Sep 12 1 9 6
1 Sep 1 3 6
1 Sep 1 3 1 0
1 Sep 1 3 2 3 5
1 Sep 1 3 1 0 7
1 Sep 1 3 2 6 4
1 Sep 1 3 4 1
1 Sep 1 3 2 6 8
1 Sep 1 3 4 0
1 Sep 1 3 8

Scenedesmus sp,
Euno t ia sp .
Cyroatopleura sp.
Gyrosiqrna sp.
N i t z s c h i a s p .
Cruc iqen ia sp .
A c t i n a s t r u m h a n t z s c h i i
N a v i c u l a s p .
Unknown #376
Gyrosiqrna sp.
Nav i cu la sp ,
Gyrosiqrna sp.
A c t i n a s t r u m h a n t z s c h i i
P r o r o c e n t r u m m i n i m u m
Nav icu la sp .
A c t i n a s t r u m h a n t z s c h i i
A c t i n a s t r u m h a n t z s c h i i
Nav i cu la sp .
P e d i a s t r u m t e t r a s
Cocconeis sp.
Gyrosiqrna sp.
N i t z s c h i a s p .
C a l y c o m o n a s o v a l i s
Gymnodinium sp.
U n k n o w n # 6
P r o r o c e n t r u m m i n i m u m
C a l y c c m o n a s o v a l i s
U n k n o w n # 6 4
M i c r o c y s t i s a e r u g i n o s a
C a l y c o m o n a s o v a l i s
U n k n o w n # 2 3 5
U n k n o w n # 6
U n k n o w n # 6 4
Scenedesmus sp.
Scenedesmus sp.
S c e n e d e s m u s o b l i q u u s
U n k n o w n # 6
Scenedesmus sp.
UnJcnown #235
Chroococcus sp,
Scenedesmus sp.
St ichococcus sp .
Scenedesmus sp.
Anabaena sp.
Cruc iqen ia sp .

C l a s s D e n s i t y B i o t n a s s
( c e l l s / m l ) ( u g / 1 )

2 1 9 1 4
1 1 9 1 3
1 1 9 1 0 0
1 5 7 1 4 7 5
1 1 9 1 9
2 1 9 8
2 7 6 2 1
1 3 8 2 8

1 0 1 9 1 2 2
1 1 9 4 9 2
1 1 1 8 8 7
1 2 3 6 1 4
2 4 7 1 3
5 4 7 2 7
1 5 7 4 2
2 1 9 5
2 1 9 5
1 5 7 4 2
2 1 9 4
1 3 8 3 0
1 1 9 4 9 2
1 3 8 3 8
3 1 3 5 4 2 1 4 9 0
5 1 2 6 7 3 2 1 8
2 1 0 2 9 1 7 9
5 1 5 8 8 9
3 7 3 3 1 8 0 6
3 8 8 2 5 0
4 1 2 9 2 4 4 3 9
3 9 9 7 1 1 0

1 0 1 9 0 5 7
2 2 5 1 8 4 3 8
3 1 4 2 8
2 1 9 0 2 5 0
2 4 7 3 7
2 4 7 1 9 6
2 2 5 8 4 4 5 0
2 5 7 3 3

1 0 7 6 2 3
4 7 6 1 0
2 5 7 4 5
2 2 1
2 5 7 7 5
4 5 7 0 7
2 1 9 8

5 5



i^pendix E, continued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
(ce l ls /ml ) (ug /1)

M i c r o c y s t i s a e r u g i n o s a
Unknown #314
Calycomonas oval is
C y c l o t e l l a s p .
Unknown #6
C y c l o t e l l a s p .
C a l y c o m o n a s o v a l i s
M i c r o c y s t i s a e i n j g i n o s a
■A c t i n a s t r u m h a n t z s c h i i
Selenastrum sp.
M i c r o c y s t i s a e r u g i n o s a
C y c l o t e l l a s p .
Unknown #6
Unknown #64
Scenedesmus sp.
Scenedesmus sp.
Euno t ia sp .
Nav i cu la sp .
Unknown #64
M i c r o c y s t i s a e r u g i n o s a
Scenedesmus sp .
S c e n e d e s m u s q u a d r i c a u d a
Scenedesmus sp.
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
C y c l o t e l l a s p .
Scenedesmus sp.
Anabaena sp.
Nav i cu la sp .
Unknown #6
C y c l o t e l l a s p .
Unknown #197
Unknown #6
A c t i n a s t r u m h a n t z s c h i i
Nav i cu la sp .
S u r i r e l l a s p .
Gyrosigma sp.
S c e n e d e s m u s q u a d r i c a u d a
A c t i n a s t r u m h a n t z s c h i i
N a v i o j l a s p .
Nav i cu la sp .
N i t z s c h i a s p .
M i c r o c y s t i s a e r u g i n o s a

4 3 6 1 1 2
1 0 3 2 3 1

3 5 7 6
1 1 7 1 5 9
2 2 0 9 3 6
1 3 8 6 0
3 1 9 2

4 7 6 0
2 1 1 4 3 1
2 1 9 1
4 3 0 4 1 0 6 1 0 3 4 0
1 1 3 3 4 6
2 8 5 5 1 4 9
3 5 1 3 2 9
2 1 9 4 3
2 1 9 4 3
1 1 9 1 4
1 1 9 1 5
3 5 7 0 3 3
4 3 1 3 6 0 9 0 1 0 6 6 2 7
2 1 9 0 2 9
2 9 5 6 7
2 9 5 5 6
2 9 5 1 2 5
4 6 6 5 2 3 2 2 2 6 1 8
2 4 7 1 3
2 2 3 3 1
1 1 1 8 4 1
2 2 3 4
4 6 6 5 9
1 2 3 1 7
2 3 8 0 6 6
1 2 3 8

1 0 1 9 3 6
2 7 6 1 3
2 1 9 5
1 1 9 9
1 1 9 1 5 4 5
1 5 7 1 4 7 5
2 3 8 2 7
2 5 7 1 6
1 1 9 1 9
1 1 9 2 1
1 1 9 1 9
4 3 2 3 1 1 3 1 0 9 8 6

5 6



i ^ p e n d i x E , c o n t i n u e d

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
( c e l l s / m l ) ( u g / 1 )

Scenedesmus sp .
Nav i cu la sp .
Gyrosiqma sp.
Didymosphenia sp.
A c t i n a s t r u m h a n t z s c h i i
N i t z s c h i a s p .
Neidium ladoqense
Scenedesmus sp.
N e i d i u m l a d o q e n s e
M a i o w n # 1 9 7
Unknown #397
Nav icu la sp .
Nav i cu la sp .
N e i d i u m l a d o q e n s e
P i n n u l a r i a s p .
Navicula sp.
Cocconeis sp.
Scenedesmus sp.
U n k n o w n # 6 4
C a l y c o m o n a s o v a l i s
Unknown #320
Gymnodinium sp.
C a l y c o m o n a s o v a l i s
Unknown #64
C r u c i q e n i a t e t r a p e d i a
C y c l o t e l l a s p .
Unknown #320
Unknown #235
S c e n e d e s m u s q u a d r i c a u d a
Chroococcus sp.
P r o r o c e n t r u m m i n i m u m
Merismopaedia sp.
C a l y c o m o n a s o v a l i s
St ichococcus sp .
U n k n o w n # 6 4
M i c r o c y s t i s a e r u g i n o s a
Pediastrum sp.
A c t i n a s t r u m h a n t z s c h i i
Stichococcus sp.
Scenedesmus sp.
S c e n e d e s m u s q u a d r i c a u d a
Gyrosiqma sp.
Anabaena sp.
M i c r o c y s t i s a e r u g i n o s a

2 1 9 1 1
1 5 7 1 4
1 3 8 9 8 3
1 1 9 5 4
2 3 8 1 0
1 1 9 1 9
1 1 9 4 6
2 1 9 3
1 1 9 4 6

1 0 1 3 3 2 5 5
1 0 1 9 1 7 6

1 1 9 1 4
1 1 9 6
1 1 9 4 6
1 3 8 2 0 3
1 3 8 2 8
1 3 8 1 2 9
2 3 8 2 2
3 7 2 2 4 1
3 2 9 8 4 3 2 8
5 2 6 6 5 2 6 6 5
5 3 8 9 7
3 2 2 9 9 2 5 3
3 1 0 0 7 5 7
2 1 9 1
1 3 2 3 1 2 6
5 3 8 7 5 2 4

1 0 6 3 1 9
2 1 2 6 8 9
4 6 3 8
5 6 3 3 5
4 1 2 6 7 2 2
3 2 5 3 2 8
2 4 1
3 6 3 4
4 2 1 6 0 4 7 3 5
2 5 3 2 1 0 7
2 1 5 2 4 2
2 2 9 3
2 7 6 1 5 3
2 2 2 8 1 6 1
1 7 6 2 3 8 8
4 3 4 2 1 4 4
4 4 0 2 1 8 1 3 6 7

5 7



i ^ p e n d i x E , c o n t i n u e d

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i a n a s s
(ce l ls /ml ) (ug /1)

M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
C y c l o t e l l a s p .
Stidhococcus sp.
Gyrosiqma sp.
C y c l o t e l l a s p .
Scenedesmus ob l i cp j us
S c e n e d e s m u s q u a d r i c a u d a
P e d i a s t r u m b i r a d i a t u m
P e d i a s t i n j m d u p l e x
Unknown #376
Stichococcus sp.
P e d i a s t r u m d u p l e x
Nav i cu la sp .
Unknown #197
C y c l o t e l l a s p .
Scenedesmus sp.
U n k n o w n # 6 4
Gyrosigma sp.
C r u c i g e n i a r e c t a n g u l a r i s
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
Nav i cu la sp .
Scenedesmus sp.
C y c l o t e l l a s p .
Nav i cu la sp .
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
Unknown #328
M i c r o c y s t i s a e r u g i n o s a
P e d i a s t r u m d u p l e x
Scenedesmus sp.
Gyrosigma sp.
A c t i n a s t r u m h a n t z s c h i i
C y c l o t e l l a s p .
Scenedesmus sp.
U n k n o w n # 3 7 6
N a v i c u l a s p .
Euno t ia sp .
St ichococcus sp .
Ped ias t rum sp.
M i c r o c y s t i s a e r u g i n o s a
Nav i cu la sp .
P e d i a s t r u m d u p l e x

4 1 6 7 2 5 7
2 7 9 1 2 1 9
1 2 2 1 8 6
2 7 1
1 9 5 2 9 8 6
1 3 1 1 2
2 3 1 1 0
2 3 1 2 2
2 9 1 8 1 3 9
2 9 8 2 9 8 2

1 0 3 1 2 0 4
2 5 1
2 6 6 5 6 6 5
1 2 3 2 4

1 0 2 3 4 6
1 7 1 2 8
2 2 3 4 8
3 1 6 6 9
1 2 3 7 4 6
2 9 5 3 7
2 4 7 6 3
4 2 1 8 1 0 1 7 4 1 5
1 1 9 1 9
1 5 7 4 2
2 1 9 4 3
1 5 7 2 2
1 1 9 1 9
2 7 6 2 1
2 1 9 2 5
1 1 9 3 8
4 6 4 6 2 2 6 2 1 9 7 2
2 6 8 8 6 8 9
2 1 4 2 1 8 8
1 1 4 2 4 4 7 8
2 4 7 1 3
1 2 3 9
2 2 3 9

1 0 2 3 1 5 3
1 2 3 1 7
1 2 3 1 3
2 1 0 1
2 1 9 0 3 8
4 1 8 9 1 1 6 6 4 3 0
1 1 9 1 4
2 1 2 5 4 1 2 5 4

5 8



J^ jpend ix E, cont inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o n a s s
( c e l l s / m l ) ( u g / 1 )

Un toown #376
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
G y r o s i q m s p .
St ichococcus sp .
Stauroneis sp.
Unknown #466
Scenedesmus sp.
Gyrosiqma sp.
Nav i cu la sp .
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
S u r i r e l l a s p .
N a v i c u l a s p .
A c t i n a s t r u m h a n t z s c h i i
U n k n o w n # 3 7 6
Gyrosiqma sp.
Cymatopleura sp.
Gyrosiqma sp.
Scenedesmus sp.
Achnanthes sp.
Nav i cu la sp .
Nav i cu la sp .
U n k n o w n # 3 2 8
Staurone is sp .
Gyrosiqma sp.
Nav i cu la sp .
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
N e i d i u m l a d o q e n s e
Scenedesmus sp.
Navicula sp.
Unknown #197
Gyrosiqma sp.
Cocconeis sp.
N a v i c u l a s p .
C a l y c c a n o n a s o v a l i s
Unknown #64
Unknown #320
U n 3 c n o w n # 4 2 7
C a l y c o m o n a s o v a l i s
U n k n o w n # 6 4
U n k n o w n # 3 2 0
Scenedesmus sp.
St ichococcus sp .

1 0 1 9 1 2 2
2 1 9 5
2 3 8 8 6
1 1 9 5 9 7
2 5 1
1 1 9 1 0
3 3 5 3 5 2 1 2 0 2
2 5 7 7 5
1 2 8 8 9 6
1 9 7
2 1 9 5
2 9 3
1 9 7 7 2
1 9 7
2 2 8 8

1 0 1 9 1 2 2
1 9 2 9 9
1 9 5 0
1 1 9 5 9 7
2 9 1 3
1 9 4 9
1 9 9
1 2 8 2 1
1 9 1 9
1 9 5
1 3 8 1 1 9 4
1 1 9 1 4
2 2 8 8
2 9 6
1 9 2 3
2 9 1 3
1 9 9 0

1 0 9 1 8
1 9 2 9 9
1 1 9 6 4
1 1 9 1 9
3 3 5 3 5 3 8 9
3 5 5 8 7 3 1 9
5 4 9 4 9 7 8 0 7
2 3 8 3 5 1
3 6 8 4 7 5
3 5 3 2 3 0
5 1 7 1 3 3 8 5 6
2 5 7 3 3
2 5 1

5 9



Append ix E , con t inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
( c e l l s / m l ) ( u g / 1 )

Unknown #64
C a l y c o m o n a s o v a l i s
Scenedesmus sp.
E u g l e n a
Chroococcus sp.
C r u c i g e n i a t e t r a p e d i a
M i c r o c y s t i s a e r u g i n o s a
U n k n o w n # 2 3 5
Unknown #64
Stichococcus sp.
A c t i n a s t r u m h a n t z s c h i i
Merismopaedia sp.
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
S c e n e d e s m u s o b l i g u u s
Scenedesmus sp.
U n k n o w n # 1 9 7
Ped ias t rum dup lex
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
S c e n e d e s m u s q u a d r i c a u d a
Scenedesmus sp.
Unknown #64
C y c l o t e l l a s p .
Unknown #235
Nav icu la sp .
Scenedesmus sp.
C r u c i g e n i a r e c t a n g u l a r i s
Scenedesmus sp.
Gyrosiqma sp.
A c h n a n t h e s e x i g u a
M i c r o c y s t i s a e r u g i n o s a

S c e n e d e s m u s q u a d r i c a u d a
C y c l o t e l l a s p .
C y c l o t e l l a s p .
Scenedesmus sp.
Nav i cu la sp .
B a c i l l a r i a p a r a d o x a
Nav icu la sp .
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
Scenedesmus sp.
C y c l o t e l l a s p .

3 3 8 2
3 7 6 8
2 1 9 2 5
7 1 9 1 6
4 3 8 5
2 1 9 1
4 2 0 1 4 7 6 8 5

1 0 1 1 4 3 4
3 4 9 4 2 8
2 4 1
2 2 2 8 6 3
4 3 8 1
4 1 2 5 4 4 4 2 7
4 1 3 8 7 4 4 7 2
2 5 2 2 1 4 4
2 4 7 1 4
2 4 7 6 3

1 0 4 7 9 1
2 7 1 2 7 1 3
4 3 1 5 0 3 1 0 7 1
4 4 7 9 9 1 6 3
2 4 5 6 3 2 1

■ 2 1 5 2 2 3
3 7 6 4
1 3 4 2 1 3 3

1 0 3 8 1 1
1 3 8 2 8
2 3 8 7 6

5 2 3 8 1 5
2 1 1 4 1 5 0
1 3 8 1 1 9 4
1 8 1
4 2 7 3 6 9 9 3 1
2 7 1
2 9 5 6 7
1 7 6 3 0
1 3 8 6 0
2 1 9 3
1 1 9 8 9
1 1 9 4 2
1 1 9 1 4
4 1 5 1 8 6 5 1 4
4 2 8 3 1 9 6
2 7 6 1 7 2
1 5 7 9 0

6 0



Append ix E , con t inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o n a s s
( c e l l s / m l ) ( u g / 1 )

Nav i cu la sp .
Nav i cu la sp .
C y c l o t e l l a s p .
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
Euno t ia sp .
S c e n e d e s m u s q u a d r i c a u d a
S tau rone is sp .
N a v i c u l a s p .
P e d i a s t r u m d u p l e x
Scenedesmus sp.
Gyrosiqma sp.
A c t i n a s t r u m h a n t z s c h i i
Unknown #64
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
C r u c i q e n i a t e t r a p e d i a
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
M i c r o c y s t i s a e r u g i n o s a
Scenedesmus sp.
Actinastn^ hantzschii
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
Nav i cu la sp .
Cymatopleura sp.
Gyrosiqma sp.
P i n n u l a r i a s p .
A c h n a n t h e s e x i g u a
Nav i cu la sp .
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
Unknown #376
D i p l o n e i s s p .
S u r i r e l l a s p .
P i n n u l a r i a s p .
N a v i c u l a s p .
Euno t ia sp .
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i

•1 3 8 3 8
1 1 9 1 9
1 1 9 7
2 1 9 5
2 3 8 5 0
4 1 9 2 5
4 4 3 7 1 5
4 4 7 5 1 6
1 1 9 1 3
2 7 6 5 4
1 3 8 2 0
1 1 9 1 4
2 3 0 4 3 0 4
2 3 8 5 0
1 5 7 1 7 9 1
2 38 1 0
3 38 2
2 1 9 4 3
4 1 9 4 3
2 7 6 5
4 6 0 8 2 1
4 1 9 0 6
1 3 8 4 0
4 1 9 2 0
2 1 9 2 2
2 1 9 5
4 2 2 8 8
2 38 1 0
1 9 9
1 9 1 2 7
1 9 2 9 9
1 9 1 3
1 9 5 1
1 3 8 2 8
4 2 8 2 1
2 1 9 5

1 0 9 61
1 9 1 7
1 9 7 7 2
1 9 5 1
1 9 7
1 9 4 6
4 1 3 4 9 4 6
4 3 2 3 1 1
2 9 3
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i ^ )pend ix E , con t inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
(ce l ls /ml ) (ug /1)

Nav i cu la sp .
Cocconeis sp.
C a l y c o m o n a s o v a l i s
Unknown #320
P r o r o c e n t r u m m i n i m u m
Euglena sp.
Unknown #64
C a l y c o m o n a s o v a l i s
Unknown #64
G y m n o d i n i u m v e r r u c u l o s u m
Gymnodinium sp.
C a l y c o m o n a s o v a l i s
Unknown #64
Unknown #320
Unknown #197
UnJmown #235
S c e n e d e s m u s g u a d r i c a u d a
S c e n e d e s m u s b i j u g a
Scenedesmus cpaadr icauda
Cruc iqen ia sp .
Chroococcus sp.
U n k n o w n # 6 4
C a l y c o m o n a s o v a l i s
Scenedesmus sp.
M i c r o c y s t i s a e r u g i n o s a
Stichococcus sp.
Scenedesmus sp.
C y c l o t e l l a s p .
S c e n e d e s m u s o b l i q u u s
U n k n o w n # 2 3 5
Selenastrum sp.
M i c r o c y s t i s a e r u g i n o s a
C r u c i q e n i a r e c t a n g u l a r i s
C y c l o t e l l a s p .
A c t i n a s t r u m h a n t z s c h i i
Scenedesmus sp.
St ichococcus sp .
Cocconeis sp.
Scenedesmus sp.
P e d i a s t r u m b i r a d i a t u m
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
C y c l o t e l l a s p .
U n k n o w n # 6 4
Scenedesmus sp .

1 9 9
1 1 9 1 5
3 3 1 1 2 3 4 2
5 2 1 3 4 2 3 2 0
5 7 1 4 0
7 4 7 4 0
3 3 5 6 2 0
3 7 7 1 6 8 4 9
3 3 1 9 3 1 8 2
5 7 6 7
5 3 8 9 7
3 2 2 8 2 5
3 2 2 8 1 3
5 1 9 3 7 6 2

1 0 1 9 3 6
1 0 3 8 1 1

2 7 6 5 4
2 1 9 9
2 7 6 5 4
2 7 6 3 3
4 3 8 0 4 9
3 7 6 4
3 7 6 8
2 7 6 1 0 0
4 3 6 3 4 0 1 2 3 6
2 1 6 2
2 1 1 4 1 5 0
1 7 6 3 0
2 1 1 4 3 5

1 0 3 8 1 1
2 2 2 8 5
4 2 9 7 2 6 4 1 0 1 0 7
2 4 7 5 1 8 5
1 1 9 0 7 4
2 4 7 1 3
2 9 5 1 2 5
2 9 1
1 4 7 1 6 1
2 1 4 2 1 1 2
2 1 3 3 0 2 0 1
4 6 2 7 2 1 9 2 1 3 2 5
4 9 9 7 8 3 3 9
1 1 4 2 2 2 4
3 5 7 0 3 3
2 9 5 1 2 5
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Append ix E, cont inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
( c e l l s / m l ) ( u g / 1 )

Euno t ia sp .
Euno t ia sp .
C r u c i q e n i a r e c t a n g u l a r i s
C y c l o t e l l a s p .
Scenedesmus sp.
Cocconeis sp.
Nav i cu la sp .
M i c r o c y s t i s a e r u g i n o s a
Achnanthes sp.
C y c l o t e l l a s p .
Scenedesmus sp.
C y c l o t e l l a s p .
P e d i a s t r u m b i r a d i a t u m
Scenedesmus sp.
S c e n e d e s m u s q u a d r i c a u d a
Cymatopleura sp.
Nav i cu la sp .
C a l y c o m o n a s a v a i l s
S c e n e d e s m u s o b l i q u u s
S c e n e d e s m u s q u a d r i c a u d a
C y c l o t e l l a s p .
Scenedesmus sp.
Nav i cu la sp .
C y c l o t e l l a s p .
M i c r o c y s t i s a e r u g i n o s a
Scenedesmus sp.
C y c l o t e l l a s p .
St ichococcus sp .
M i c r o c y s t i s a e r u g i n o s a
Gyrosiqma sp.
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
Nav icu la sp .
S u r i r e l l a s p .
C y c l o t e l l a s p .
Nav i cu la sp .
S c e n e d e s m u s q u a d r i c a u d a
A c t i n a s t r u m h a n t z s c h i i
Unknown #149
Gyrosiqma sp.
M i c r o c y s t i s a e r u g i n o s a
U n ] m o w n # 1 4 9
Nav i cu la sp .
P i n n u l a r i a s p .
Achnanthes sp.

1 2 3 1 3
1 2 3 1 6
2 2 3 9
1 9 5 3 7
2 2 3 5 4
1 2 3 1 9
1 2 3 2 4
4 8 6 0 0 2 9 2
1 1 9 9 9
1 1 5 2 5 9
2 1 9 2 5
1 3 8 6 0
2 1 2 3 5 1 8 7
2 5 7 9
2 5 7 4 0
1 1 9 2 5 5
1 3 8 2 8
3 3 8 4
2 1 9 6
2 5 7 4 0
1 5 7 2 2
2 5 7 7 5
1 3 8 2 8
1 5 7 9 0
4 3 3 9 0 7 8 1 1 5 2 9
2 3 8 5 0
1 3 8 6 0
2 2 1
4 5 7 6
1 3 8 1 1 9 4
4 5 0 5 5 7 1 7 1 9
4 3 8 1
1 9 9
1 9 7 7 2
1 3 8 1 5
1 1 9 1 4
2 9 7
2 9 3

1 0 9 4 2 0
1 9 2 9 9
4 8 4 5 2 9

1 0 5 7 2 5 2 2
1 1 9 1 4
1 1 9 1 0 2
1 1 9 9 9
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Append ix E , con t inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
( c e l l s / m l ) ( u g / 1 )

M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
M i c rocys t i s ae jn j g i nosa
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
M i c r o c y s t i s a e r u g i n o s a
P i n n u l a r i a s p .
N a v i c u l a s p .
S c e n e d e s m u s q u a d r i c a u d a
Gyrosigma sp.
M i c r o c y s t i s a e r u g i n o s a
P e d i a s t r u m d u p l e x
M i c r o c y s t i s a e r u g i n o s a
A c t i n a s t r u m h a n t z s c h i i
N a v i c u l a s p .
Gyrosigma sp.
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
Gyrosigma sp.
A c t i n a s t r u m h a n t z s c h i i
Nav i cu la sp .
C a l y c o m o n a s o v a l i s
Unknown #64
Unknown #48
Gymnodinium sp.
C a l y c o m o n a s o v a l i s
U n k n o w n # 6 4
M i c r o c y s t i s a e r u g i n o s a
Selenastrum sp.
Chroococcus sp.
S t i chococcus sp .
Scenedesmus sp.
Calycomonas oval is
Unknown #64
M i c r o c y s t i s a e r u g i n o s a
Unknown #64
Pedias t rum sp.
Scenedesmus sp.
St ichococcus sp .
A c t i n a s t r u m h a n t z s c h i i
C y c l o t e l l a s p .
M i c r o c y s t i s a e r u g i n o s a
C y c l o t e l l a s p .
U n k n o w n # 6 4
Pediastrum sp.

4 1 9 9 9
2 3 8 1 0
4 8 9 1 4 3 0 3
4 3 2 1 2 1 0 9
2 1 2 3
4 2 5 7
1 1 2 6 8
1 1 2 9
2 1 2 9
1 1 2 3 9 8
4 3 9 1 5 1 3 3
2 3 3 4 3 3 5
4 1 5 1 5
2 3 0 8
1 1 5 1 1
1 1 5 4 7 8
4 1 0 0 3 3 4
4 1 2 1
1 1 2 3 9 8
2 1 2 3
1 2 5 2 5
3 3 1 0 4 3 4 1
3 3 2 3 1 1 8 4

1 0 6 3 3 2
5 6 3 1 6 1
3 4 3 7 4 8
3 5 8 9 3 4
4 2 0 9 0 7 1
2 7 6 3
4 5 7 7
2 1 0 1
2 7 6 1 0 0
3 1 9 0 2 1
3 7 6 4
4 1 1 2 1 3 8
3 1 9 0 1 1
2 1 2 5 4 4 5
2 1 9 2 5
2 2 1
2 5 7 1 6
1 3 8 1 5
4 1 9 7 6 6 7
1 1 5 2 5 9
3 9 8 8 5 6
2 3 4 2 1 2
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i ^^pend ix E , cont inued

D a t e S t a t i o n Ce l l Type

9 Sep 1 5 1
9 Sep 1 5 4 1
9 S ^ 1 5 1 0 7
9 Sep 1 5 4 4 6
9 S ^ 1 6 2 0 1
9 Sep 1 6 2 6 3
9 Sep 1 6 4 9
9 Sep 1 6 4 4 0
9 Sep 1 6 7 2
9 Sep 1 6 4 1
9 Sep 1 6 2 6
9 Sep 1 6 4 0 5
9 S ^ 1 6 2 3 4
9 Sep 1 6 1 0
9 Sep 1 6 1
9 Sep 1 6 4 4 6
9 Sep 1 7 2 6 4
9 Sep 1 7 1 0
9 Sep 1 7 4 1
9 Sep 1 7 4 9
9 Sep 1 7 4 0 2
9 Sep 1 7 1 2 6
9 Sep 1 7 1 4 7
9 Sep 1 7 4 4 6
9 Sep 1 8 3 7 3
9 Sep 1 8 1 2 6
9 Sep 1 8 4 9
9 Sep 1 8 2 5 8
9 Sep 1 8 4 4 2
9 Sep 1 8 2 0 1
9 Sep 1 8 4 4 6
9 Sep 1 8 4 4 5
9 Sep 1 9 1 4 7
9 Sep 1 9 2 0 1
9 Sep 1 9 4 9
9 Sep 1 9 7 2
9 Sep 1 9 1 9 7
9 Sep 1 9 4 4 6
9 Sep 2 0 3 7 3
9 Sep 2 0 4 9
9 Sep 2 0 4 4 8
9 Sep 2 0 2 0 1
9 Sep 2 0 4 4 9
9 Sep 2 0 4 4 6
9 Sep 2 0 4 4 5

C l a s s D e n s i t y B i o n i a s s
( c e l l s / m l ) ( u g / 1 )

Ped ias t rum dup lex
St ichococcus sp .
Chroococcus sp.
M i c r o c y s t i s a e r u g i n o s a
N a v i c u l a s p .
Scenedesmus sp.
A c t i n a s t r u m h a n t z s d i i i
N i t z s c h i a s p .
C y c l o t e l l a s p .
St ichococcus sp .
Nav i cu la sp .
Nav i cu la sp ,
Nav i cu la sp .
Scenedesmus sp,
Ped ias t rum dup lex
M i c r o c y s t i s a e r u g i n o s a
Scenedesmus sp.
Scenedesmus sp.
S t i chococcus sp .
■A c t i n a s t r u m h a n t z s c h i i
Cocconeis sp.
Nav i cu la sp .
S tau rone is sp .
M i c r o c y s t i s a e r u g i n o s a
Gyrosiqma sp.
Nav i cu la sp .
■A c t i n a s t m m h a n t z s c h i i
P e d i a s t r u m t e t r a s
P e d i a s t r u m b i r a d i a t u m
N a v i c u l a s p .
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a
Stau rone is sp .
Navicula sp.
A c t i n a s t r u m h a n t z s c h i i
C y c l o t e l l a s p .
Unknown #197
M i c r o c y s t i s a e r u g i n o s a
Gyrosiqma sp.
■Actina^rum hantzschii
N a v i c u l a s p .
Nav i cu la sp .
Cymbel la sp.
M i c r o c y s t i s a e r u g i n o s a
M i c r o c y s t i s a e r u g i n o s a

2 9 5 0 9 5 0
2 1 1 1
4 6 0 8 7 9
4 4 0 1 4 9 6 1 3 6 5 1
1 5 7 4 2
2 1 9 2 5
2 1 9 5
1 1 9 1 9
1 3 8 1 5
2 2 0 2
1 1 9 1 8
1 1 9 1 9
1 3 8 5 6
2 5 7 3 3
2 6 4 6 6 4 6
4 1 1 8 2 2 4 0 2
2 1 9 1 5
2 5 7 3 3
2 2 1
2 3 8 1 0
1 3 8 1 2 9
1 9 5 9 5
1 1 9 1 0
4 6 7 0 9 2 2 8
1 1 9 5 9 7
1 1 9 1 9
2 1 9 5
2 1 9 4
2 1 8 6 2 2 8 1
1 3 8 2 8
4 1 9 0 6
4 2 4 7 0 8 4
1 1 9 1 0
1 5 7 4 2
2 3 8 1 0
1 1 9 7

1 0 1 1 4 2 1 9
4 9 1 2 3 1 3 1 0 2
1 1 9 5 9 7
2 3 8 1 0
1 3 8 2 0 1 8
1 3 8 2 8
1 1 9 5 3 6
4 4 0 6 7 1 3 8
4 2 0 9 0 7 1
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Append ix E , con t inued

D a t e S t a t i o n C e l l T y p e I d e n t i fi c a t i o n C l a s s D e n s i t y B i o m a s s
(ce l ls /ml ) (ug /1)

1 9 S e p 2 1 4 9 A c t i n a s t r u m h a n t z s c h i i 2 1 9
1 9 S e p 2 1 3 5 7 S c e n e d e s m u s s p . 2 1 9 3
1 9 S e p 2 1 2 0 1 N a v i c u l a s p . 1 7 6 5
1 9 S e p 2 1 1 0 S c e n e d e s m u s s p . 2 1 9 1
1 9 S e p 2 1 1 5 8 P i n n u l a r i a s p . 1 1 9 1 1
1 9 S e p 2 1 4 4 6 M i c r o c y s t i s a e r u g i n o s a 4 9 5 0 3
1 9 S e p 2 1 4 4 5 M i c r o c y s t i s a e r u g i n o s a 4 2 6 2 2 8
1 9 S e p 2 2 3 7 3 G y r o s i g m a s p . 1 1 9 5 9
1 9 S e p 2 2 4 9 A c t i n a s t r u m h a n t z s c h i i 2 1 9
1 9 S e p 2 2 4 4 6 M i c r o c y s t i s a e r u g i n o s a 4 3 9 9 1
1 9 S e p 2 3 2 0 1 N a v i c u l a s p . 1 1 9 1
1 9 S e p 2 3 1 5 8 P i n n u l a r i a s p . 1 9 6 (
1 9 S e p 2 4 4 4 0 N i t z s c h i a s p . 1 9 1 (
1 9 S e p 2 4 4 9 A c t i n a s t r u m h a n t z s c h i i 2 9
1 9 S e p 2 4 3 2 3 U n k n o w n # 3 2 3 5 9 4 :
1 9 S e p 2 4 4 0 2 C o c c o n e i s s p . 1 9 3 2
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i^pendix F. Primary productivity (uM COo/h) near l ight saturation at Neuse
River stations sampled Between S August (23A) and 19
S ^ e i i b e r ( 1 9 3 ) , 1 9 8 3 .

S t a t i o n D a t e

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 S 5 3 7 3 9 3 1 3 3 1 9 3

1 0 9 . 5 1 3 . 1 1 0 . 0 4 . 9 3 3 . 1 1 7 . 8 2 0 . 3 2 0 . 2 1 9 . 9 1 9 . 5 1 5 . 9
1 1 1 0 . 4 1 5 . 8 1 2 . 7 9 . 3 2 7 . 4 1 6 . 0 1 7 . 5 1 8 . 9 1 5 . 8 1 2 . 7 1 7 . 3
1 2 7 . 3 8 . 7 8 . 7 4 . 6 5 . 8 4 . 2 7 . 9 2 . 2 2 . 1 7 8 . 9 6 . 4
1 3 2 . 1 3 . 3 3 . 7 1 . 8 7 . 4 2 . 8 5 . 0 4 . 5 6 . 4 8 . 7 4 . 0
1 4 1 0 . 5 9 . 7 6 . 3 1 3 . 8 8 . 7 1 4 . 5 9 . 0 4 6 . 4 9 . 5 7 . 4
1 5 1 3 . 6 1 8 . 1 2 2 . 4 9 . 8 4 0 . 0 1 0 . 6 1 6 . 7 2 4 . 8 1 8 . 9 2 7 . 0 8 . 5
1 6 0 . 6 1 5 . 3 1 3 . 9 1 4 . 5 3 4 . 9 3 5 . 0 3 6 . 2 2 0 . 6 2 1 . 7 2 8 . 4 7 . 7
1 7 3 . 9 2 4 . 6 1 2 . 5 2 0 . 4 1 9 . 8 8 . 6 1 5 . 8 8 . 2 7 . 7 9 . 3 6 . 2
1 8 5 . 5 2 3 . 5 1 4 . 9 1 2 . 4 1 1 . 9 3 . 4 5 . 8 9 . 4 4 . 3 i 3 . 0 2 . 9 —
1 9 5 . 9 2 4 . 4 9 . 3 2 6 . 3 8 . 4 2 . 0 4 . 0 7 . 8 2 . 6 1 . 3 1 . 7 —
2 0 9 . 4 1 3 . 5 5 . 4 2 . 5 1 . 9 1 . 4 1 3 . 0 2 . 6 0 . 8 0 . 5 0 . 9
2 1 7 . 5 5 . 0 7 . 6 3 . 6 1 . 2 0 . 9 6 . 1 1 . 0 0 . 8 0 . 8 2 4 . 7
2 2 4 . 9 3 . 5 2 . 0 1 . 0 1 . 0 0 . 6 5 . 1 0 . 8 0 . 8 0 . 8 0 . 9
2 3 1 . 5 3 . 3 1 . 4 0 . 5 2 . 2 1 . 8 4 . 5 0 . 8 0 . 5 0 . 7 1 . 8
2 4 0 . 6 0 . 6 0 . 2 0 . 3 0 . 2 0 . 4 0 . 6 0 . 3 0 . 6 0 . 6 0 . 5

i^pendix G. Nitrate plus nitrite nitrogen concenitrations (uM) at Neuse
R ive r s ta t i ons samp led be tween 23 Augus t (23A) and 19
S e p t e i t o e r ( 1 9 3 ) , 1 9 8 3 . I

S t a t i o n D a t e

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A 1 3 3 3 5 3 , 7 3 9 3 1 3 3 1 9 3

1 0 < 1 1 1 < 1 4 < 1 6 < l ! < 1 1 1 < 1
1 1 1 1 < 1 1 6 9 < 1 4 7 1 5 4 3 2
1 2 11 3 1 3 1 3 1 0 9 9 4 9 1 1 7 9 1 6
1 3 9 3 9 1 9 8 9 2 1 1 2 1 17 1 0 1 6
1 4 4 8 7 < 1 1 7 < 1 3 1 4 2 0 1 6 < 1 1 4
1 5 1 < 1 6 4 2 4 1 6 14 J 1 3 3 1 4
1 6 6 4 4 3 9 4 1 5 1 1 6 1 7 1 7 1 4 1 2 1 3
1 7 3 4 1 6 < 1 < 1 1 3 64 1 1 4 1 1 5 1 1 3 1 2 1 2
1 8 1 7 1 1 2 4 3 64 1 3 6 11 , 5 4 1 1 1 4 9
1 9 1 < 1 3 4 3 5 7 1 1 5 11 i 5 6 1 4 1 4 1 0
2 0 2 2 1 4 9 5 0 7 1 5 0 1 3 4 1 0 5 6 1 1 1 3 1 0
2 1 < 1 3 7 4 9 6 1 7 9 4 6 1 1 4 11 1 4 6 1 0 1 1 9
2 2 < 1 8 6 5 1 6 1 6 4 4 3 9 6 10 ; 4 9 1 1 1 1 9
2 3 3 2 6 2 7 7 1 0 0 6 1 6 4 1 0 4 11 ! 6 0 1 1 1 1 7
2 4 64 7 7 1 0 0 5 7 8 6 1 6 4 9 5 1 1 3 1 3 9
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i^pendix H. Ammonium nitrogen concentrations (uM) at Neuse River stations
sampled between 23 August (23A) and 19 September (193), 1983.

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 S 5 S 7 S 9 S 1 3 S 1 9 S

5 . 7 0
6 . 4 < 0
9 . 3 1 5

2 5
8 . 6 8
6 . 4 < 0
5 . 0 < 0
7 . 9 < 0
5 . 7 < 0
5 . 0 < 0
5 . 0 < 0
5 . 0 < 0
6 . 4 2
7 . 9 4
7 . 9 7

. 9 < 0

. 7 0

. 2 1 7
, 3 3 0
. 4 4
. 7 0
. 7 < 0
. 7 < 0
. 7 1

, 7 1
, 8 1
6 2 0

, 0 3 3
, 6 1
, 9 < 0
1 < 0
. 7 3
2 1
, 8 4
, 9 6
1 6

, 3 9 .

, 6 < 0 . 7
, 5 < 0 . 7
. 6 2 9 . 0
, 6 2 4 . 8
, 3 2 . 1
, 7 < 0 . 7
, 7 2 . 3
, 7 < 0 . 7
. 8 < 0 . 7
, 6 < 0 . 7
, 1 4 . 8

1 . 2 < 0 ,
1 1 . 3 < 0 ,
2 4 . 0 2 4 ,
2 5 . 4 2 5 ,

3 . 6 1 ,
0 . 9 1 ,

< 0 . 7 1 ,
2 . 1 4 ,
3 . 1 1 ,
7 . 2 2 ,
7 . 0 < 0 ,
8 . 1 1 ,
7 . 1 1 ,

1 0 . 4 5 ,
7 . 6 8 ,

7 5 ,
7 1 2 . 5 1 2

. 5 2 6

. 5 1 8

. 8 1

7 1 4
8 1 3
2 1 1
4 1 3
6 9

5 1 1
7 7

. 3 0 ,

. 6 6 ,

. 0 2 0 ,

. 9 1 9 ,

. 8 3 ,

. 1 4 ,

. 1 2 ,

. 2 2 ,

. 1 3 ,

8 9
5 8

2 1 5
5 2 3

8 3
0 2
1 5
0 8
7 9
9 1 2

. 3 < 0 . 7

. 8 < 0 . 7

. 9 1 7 . 7

. 0 2 4 . 8

. 4 < 0 . 7

. 2 < 0 . 7

. 7 2 . 9

. 3 3 . 6
A < 0 . 7
, 9 < 0 . 7
, 1 3 . 3
, 9 3 . 4
, 6 4 . 0
, 6 4 . 7

9 1 3 . 5 1 0 . 1

i ^3pend i x I . F i l t e rab le K je l dah l n i t r ogen (FKN) concen t ra t i ons (uM) a t Neuse
River stations sampled between 23 August (23A) and 19 September
( 1 9 S ) , 1 9 8 3 .

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 S 5 S 7 S 9 S 1 3 S 1 9 S

3 5 . 1
3 4 . 2
7 5 . 3
7 1 . 9
3 1 . 2
3 0 . 9
3 3 . 6
4 0 . 0
3 5 . 7
3 4 . 2
3 5 . 1
3 1 . 5
3 0 . 3
3 8 . 2
4 9 . 4

4 9 . 4
5 4 . 0
6 1 . 6
6 2 . 0
2 9 . 2
4 7 . 1
3 5 . 5
3 5 . 5
3 4 . 8
3 2 . 8
4 4 . 1
4 2 . 1
4 5 . 8
4 6 . 1
3 7 . 2

4 5 . 8
5 2 . 0
6 6 . 0
6 2 . 0
4 2 . 8
3 5 . 2
3 3 . 2
3 9 . 1
3 5 . 8
3 6 . 8
3 4 . 5
4 5 . 4
4 5 . 8
3 9 . 5
3 2 . 8

4 9 . 2
4 3 . 0
5 5 . 0
6 3 . 7
4 8 . 5
5 2 . 9
5 2 . 0
3 0 . 0
2 7 . 2
3 0 . 0
3 6 . 2
4 0 . 5
3 9 . 2
3 9 . 2
3 6 . 2

3 9 . 1
4 4 . 6
3 9 . 1
6 3 . 4
4 4 . 6
2 6 . 5
2 9 . 4
2 5 . 2
3 2 . 3
3 2 . 3
3 2 . 6
3 5 . 9
3 3 . 6
4 6 . 2
4 9 . 8

3 9 . 2
3 6 . 2
4 3 . 7
6 7 . 1
3 2 . 9
3 0 . 5
3 9 . 2
3 0 . 8
5 4 . 5
2 4 . 5
2 8 . 1
3 8 . 0
3 4 . 1
3 5 . 9
3 9 . 8

4 6 . 2
4 8 . 4
5 7 . 6
6 7 . 3
3 6 . 7
3 5 . 7
3 2 . 5
3 2 . 8
3 2 . 8
3 2 . 5
2 9 . 2
3 9 . 3
4 1 . 9
4 7 . 4
5 4 . 7
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i ^>pend ix J . Par t icu la te K je ldah l n i t rogen (PKN) concent ra t icms (uM) a t
NSuse River stations sairpled between 23 August (23A) and 19
S^ea i i be r ( 19S ) , 1983 .

S t a t i o n

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 S 5 $ 7 S 9 S 1 3 S 1 9 S

1 0 4 0 6 6 3 2 3 7 7 5 1 6 2 4 5 22 6 9 4 7 1 8 9 1 2 7
1 1 4 2 7 2 3 0 8 6 6 6 8 8 3 9 1 0 3 6 3 8 2 0 1 2 1 9
1 2 4 4 2 4 1 4 1 8 1 3 3 5 4 l O 2 6 2 4 8 5 61
1 3 3 0 3 2 1 3 2 3 1 8 2 2 1 0 22 2 8 2 1 1 1 0 8 5
1 4 4 2 4 2 2 1 1 5 3 8 6 9 2 9 5 6 3 4 3 4 4 4 3 1 3 2
1 5 7 7 7 7 5 2 4 7 64 8 2 1 5 6 4 5 1 7 2 3 1 5 0 6 2 8 7
1 6 3 7 7 6 3 1 7 3 8 2 5 5 4 0 4 9 2 66 2671 2 4 1 0 2 8 4
1 7 3 8 1 1 9 5 9 2 0 3 1 1 4 1 0 5 3 9 34 4 0 2 4 1 3 6 2 2
1 8 4 7 6 3 5 0 8 7 8 2 3 4 4 1 0 2 0 1 3 1 1 6 2 7
1 9 5 9 1 6 0 4 3 3 6 1 1 2 2 3 3 4 8 1 3 1 2 1 2 5 5 7
2 0 1 2 5 7 2 1 4 1 6 1 8 8 2 8 5 1 3 1 0 4 4 1 4
2 1 9 8 3 2 3 2 5 2 3 2 2 8 3 5 2 1 0 1 2 6 5 3 3
2 2 7 0 1 7 7 4 1 6 1 2 3 5 4 4 9 1 0 5 2 2 9
2 3 2 3 1 4 7 9 1 9 1 5 7 2 7 1 1 3 7 2 6
2 4 3 1 1 2 5 1 5 1 1 5 1 7 1 1 8 4 0 1 3

D a t e

i^jpendix K. Filterable reactive phosphorus (PO4) concentrations (uM) at
Neuse River stations sairpled between i 23 August (23A) and 19
S ^ o n b e r ( 1 9 S ) , 1 9 8 3 .

S t a t i o n D a t e

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 S 5 S 9 S 1 3 S 1 9 S

3 . 9
3 . 2
5 . 8
7 . 1
6 . 1
6 . 5
5 . 2
6 . 1
6 . 8
7 . 1
8 . 4
7 . 4
7 . 7

1 0 . 0
1 1 . 9

3 . 9
3 . 9
5 . 2
6 . 8
6 . 5
6 . 5
6 . 8
7 . 1
7 . 7
7 . 4
7 . 7
7 . 7
8 . 4

1 0 . 3
1 1 . 9

4 . 5
4 . 2
5 . 5
7 . 1
5 . 8
6 . 5
7 . 7
7 . 7
8 . 1
7 . 7
7 . 7
8 . 4
8 . 4

1 1 . 0
1 1 . 6

3 . 2
2 . 9
4 . 2
5 . 2
4 . 5
5 . 2
5 . 2
8 . 1
7 . 1
4 . 8
8 . 7
8 . 7
9 . 7

1 2 . 3
1 4 . 2

3 . 9
2 . 9
5 . 2
5 . 2
5 . 8

1 0 . 0
1 0 . 7

4 . 8
4 . 5
4 . 8

1 1 . 0
1 2 . 3
1 3 . 5
1 5 . 5
1 7 . 4

3 . 2
4 . 5
4 . 8
5 . 2
4 . 2
5 . 2
5 . 2
4 . 8
5 . 2
5 . 2

1 2 . 3
1 3 . 5
1 6 . 1
1 5 . 2
2 3 . 5

4 . 5
4 . 5
7 . 7
7 . 1
6 . 5
8 . 4
7 . 7
9 . 0
9 . 7

1 0 . 0
1 1 . 6
1 3 . 2
1 5 . 5
1 4 . 2
1 1 . 0

3 . 9
4 . 2
4 . 8
4 . 8
4 . 5
4 . 5
5 . 2
4 . 8
5 . 5
5 . 5
5 . 2
5 . 5
5 . 5

1 1 . 9
1 2 . 6

5 . 5
6 . 5
7 . 7
7 . 4
6 . 1
7 . 1
8 . 1
7 . 7
7 . 7
7 . 7

1 0 . 3
1 2 . 3
1 2 . 3
1 5 . 5
1 6 . 1

2 . 6
3 . 9

; 4 . 5
4 . 5

: 3 . 9
9 . 7
6 . 5
6 . 8
6 . 8

I 7.7
9 . 7

1 1 . 0
1 1 . 6
1 4 . 8
1 4 . 8

3 . 9
3 . 9
4 . 8
5 . 2
3 . 9
5 . 2
6 . 8
5 . 2
5 . 8
7 . 4
9 . 7

1 1 . 0
1 1 . 9
1 3 . 9
1 5 . 5

3 . 2
2 . 6
3 . 5
3 . 9
3 . 5
4 . 2
5 . 2

1 0 . 0
1 1 . 0
1 2 . 3
1 5 . 2
1 7 . 4
1 9 . 0
2 1 . 3
2 0 . 0
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i ^ j p e n d i x L . To t a l fi l t e r a b l e p h o s p h o r u s ( T E P ) c o n c e n t r a t i o n s ( u M ) a t N e u s e
R i v e r s t a t i o n s s a m p l e d b e t w e e n 2 3 A u g u s t ( 2 3 A ) a n d 1 9
Septo rber (19S) , 1983 .

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 3 5 3 7 3 9 3 1 3 3 1 9 3

5 . 2 5 . 5
5 . 2 5 . 2

1 1 . 9 1 1 . 6

4 . 8
4 . 8
7 . 1
9 . 7
8 . 7
9 . 7

1 0 . 0
4 5 . 5

9 . 7
7 . 7

1 1 . 0
1 2 . 9
1 5 . 2
1 4 . 5
1 4 . 2

7 . 1
6 . 5

1 1 . 6
1 0 . 3

5 . 8
9 . 0

1 2 . 6
1 4 . 2
1 4 . 2
1 1 . 6
1 2 . 6
1 5 . 2
2 0 . 0
1 9 . 4
1 7 . 4

7 . 7
8 . 1

1 1 . 6
1 3 . 5
1 0 . 0
1 1 . 6
1 2 . 3
1 0 . 3
1 1 . 6
1 1 . 6
1 6 . 8
1 6 . 1
1 6 . 8
1 5 . 2
2 3 . 5

6 . 5
6 . 5
7 . 7
7 . 1
7 . 1
6 . 5
8 . 4
7 . 7
9 . 0

1 0 . 0
9 . 0

1 0 . 0
1 0 . 0
1 2 . 3
1 2 . 6

5 . 2
7 . 1
8 . 4
8 . 1
6 . 1
6 . 8
9 . 0
9 . 7
8 . 4
9 . 0

1 0 . 3
1 2 . 3
1 2 . 6
1 5 . 5
1 6 . 1

3 . 9
4 . 5
4 . 8
4 . 8
4 . 5

1 0 . 3
5 . 2
5 . 2
5 . 5
5 . 5

1 0 . 3
1 1 . 6
1 2 . 6
1 4 . 5
1 4 . 8

3 . 9
5 . 2
4 . 8
5 . 8
3 . 9
7 . 1
8 . 4
7 . 1
7 . 4
7 . 4
9 . 0

1 0 . 3
1 1 . 0
1 3 . 5

5 . 2
5 . 2
6 . 5
6 . 8
5 . 2
6 . 5
9 . 0
6 . 8
6 . 8
7 . 4
9 . 7

1 1 . 0
1 2 . 9
1 4 . 8
1 5 . 5

5 . 2
4 . 5
5 . 5
6 . 1
5 . 5
6 . 5
8 . 4
8 . 1

1 1 . 6
1 1 . 6
1 4 . 5
1 7 . 4
1 9 . 7
2 5 . 5
2 0 . 0

A p p e n d i x M . To t a l p h o s p h o r u s ( T P ) c o n c e n t r a t i o n s ( u M ) a t N e u s e R i v e r
s t a t i o n s s a m p l e d b e t w e e n 2 3 A u g u s t ( 2 3 A ) a n d 1 9 S e t e m b e r
( 1 9 3 ) , 1 9 8 3 .

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A 1 3 3 3 5 3 7 3 9 3 1 3 3 1 9 3

1 0 6 . 1 3 . 9 7 . 1 7 . 1 1 1 . 6 7 . 7 7 . 1 6 . 5 8 . 1 5 . 8 9 . 0
1 1 5 . 5 6 . 1 6 . 5 5 . 5 8 . 1 6 . 5 7 . 1 4 . 5 6 . 5 6 . 8 1 0 . 3
1 2 5 . 2 3 . 9 6 . 5 8 . 1 9 . 0 5 . 2 7 . 7 9 . 0 7 . 4 9 . 0
1 3 6 . 5 5 . 5 1 0 . 0 1 0 . 0 7 . 7 8 . 1 7 . 7 9 . 0 9 . 0 6 . 8 1 0 . 6
1 4 5 . 2 6 . 1 7 . 4 9 . 7 7 . 7 9 . 7 9 . 0 8 . 1 7 . 4 5 . 8 1 0 . 3
1 5 8 . 1 7 . 4 8 . 4 8 . 1 1 4 . 8 1 0 . 0 8 . 1 8 . 1 1 5 . 5 6 . 8 1 1 . 0
1 6 1 4 . 5 6 . 5 1 1 . 6 1 1 . 6 4 4 . 5 1 7 . 1 1 1 . 0 1 1 . 0 4 5 . 2 7 . 7 1 1 . 6
1 7 5 . 5 9 . 0 1 1 . 0 1 3 . 5 9 0 . 3 1 1 . 9 8 . 4 1 1 . 6 1 1 . 6 7 . 7 1 0 . 3
1 8 6 . 1 8 . 4 1 1 . 0 1 0 . 0 9 5 . 5 7 . 1 1 0 . 3 8 . 4 1 0 . 0 9 . 0 1 0 . 3
1 9 7 . 1 1 1 . 0 1 3 . 5 1 7 . 4 9 . 0 1 0 . 3 9 . 0 8 . 4 7 . 7 1 0 . 6
2 0 1 0 . 3 9 . 7 9 . 7 1 2 . 0 1 6 . 1 9 . 0 9 . 7 1 0 . 6 9 . 4 1 2 . 6
2 1 2 8 . 7 7 . 7 1 2 . 3 1 1 . 0 1 3 . 6 1 3 . 6 1 0 . 3 1 1 . 0 1 1 . 0 1 1 . 0 1 4 . 2
2 2 9 . 7 8 . 4 1 1 . 0 1 1 . 0 1 4 . 2 1 4 . 5 1 0 . 3 1 1 . 0 1 1 . 9 1 2 . 3 1 5 . 5
2 3 7 . 7 9 . 7 1 2 . 9 1 2 . 6 1 4 . 2 1 3 . 6 1 2 . 6 1 4 . 2 1 3 . 5 1 3 . 5 1 6 . 1
2 4 1 0 . 3 7 . 1 1 2 . 6 1 4 . 5 2 1 . 6 1 3 . 9 1 4 . 8 1 2 . 9 1 4 . 5 1 6 . 8
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Append ix N . To ta l i no rgan ic ca rbon (T IC) concen t ra t ions (uM) a t Neuse R iver
stations sairpled between 23 August (23A) and 19 September (198), 1983.

S t a t i o n D a t e

2 3 A 2 4 A 2 5 A 2 6 A 2 8 A 3 0 A I S 3 S 5 S 7 S 9 S 1 3 S 1 9 S

0 . 5 6
0 . 5 7
0 . 3 4
0 . 3 5
0 . 3 6
0 . 3 7

0 . 9 5
1 . 0 7
0 . 8 2
0 . 5 3
0 . 4 9
0 . 7 2
0 . 6 4
0 . 6 2
0 . 6 7

1 . 1 4
0 . 8 0
0 . 6 1
0 . 5 9
0 . 5 9
0 . 5 4

0 . 6 0
0 . 6 5
0 . 6 0
0 . 6 0
0 . 5 9

0 . 7 9 1
0 . 8 1 1
0 . 8 4 1
0 . 9 3 1
0 . 7 1 1
0 . 6 3 0
0 . 6 0 1
0 . 5 7 0
0 . 5 9 0
1 . 0 0 0

0
0 . 5 6 0
0 . 5 5 0
0 . 5 6 0
0 . 6 3 0

0 5 1 . 1 1
1 4 1 . 1 7
3 0 1 . 1 7
2 9 1 . 0 8
0 0 0 . 7 4
7 8 0 . 6 2
0 0 0 . 5 5
8 5 0 . 5 4
7 3 0 . 5 1
6 9 0 . 4 9
6 8 0 . 5 1
7 6 0 . 6 0
7 6 0 . 5 8
7 7 0 . 5 5
7 7 0 . 6 0

1 . 1 5
1 . 3 7
1 . 3 7
1 . 3 0
0 . 8 5
0 . 8 3
0 . 7 3
0 . 6 6
0 . 6 7
0 . 7 0
0 . 7 2

0 . 7 0
0 . 7 0
0 . 6 9

1 . 0 9
1 . 1 5
1 . 0 6
0 . 9 8
0 . 7 8
0 . 7 8
0 . 7 0
0 . 6 3
0 . 5 2
0 . 5 1
0 . 4 1
0 . 4 9
0 . 5 0
0 . 5 0
0 . 5 6

1 . 2 2
1 . 1 6
1 . 0 6
1 . 0 1
0 . 6 5
0 . 8 1
0 . 7 0
0 . 5 2
0 . 5 0
0 . 4 7
0 . 4 7
0 . 6 0
0 . 5 9
0 . 6 8
0 . 6 8

1 . 2 1
1 . 2 2
1 . 2 2
1 . 1 3
0 . 9 1
0 . 6 7
0 . 7 1
0 . 6 4
0 . 6 1
0 . 5 5
0 . 5 9
0 . 6 1
0 . 5 9
0 . 6 4
0 . 7 9

1 . 2 8
1 . 0 2
1 . 0 8
1 . 0 3
0 . 7 3
0 . 6 2
0 . 6 0
0 . 5 7
0 . 5 9
0 . 5 2
0 . 6 6
0 . 7 1
0 . 7 5
0 . 7 3
0 . 8 1
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