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-Fig. 1. High-low and mean monthly ri ver discharge rates in the James River (fall line values), 1986 through 

1996. 

as described by Marshall and Nesius 
(1993). A 12-month set of samples from 
1995 were also re-examined for further spe
cies identification using both light and scan
ning electron microscopy. Biomass was cal
culated from cell volume measurements as 
cell carbon (Smayda 1978). Reference to 
seasons uses December, January and Feb
ruary as winter, followed by the sequential 
3-month periods for spring, summer, and 
fall. Water discharge rates were provided 
through the information data bank of the 
U.S. Geological Survey. 

Results 

The tidal fresh station (TF5 .5) main
tained <0.5 ppt salinity during this study. 
A total of 271 taxa were identified within 
the following categories: Bacillariophyceae 
(78), Chlorophyceae (94), cyanobacteria 
(36), Xanthophyceae (19), Euglenophyceae 
(15), Dinophyceae (13), Chrysophyceae 
(9), and Cryptophyceae (7). The autotro
phic picoplankton were collectively com-

piled as a composite group, but consisted 
mainly of single-celled cyanobacteria, but 
these are not included in the cyanobacteria 
concentrations given in Fig. 4. 

The pattern of river discharge in the 
James river is maximum flow in spring, re
duced discharge during summer, and an in
crease during fall and winter (Fig. 1). The 
greatest monthly ranges for flow occurred 
during the period of spring rains in March 
and April, and least during summer. During 
the 10.5-year study, annual mean monthly 
flows ranged from 4495 (1988) to 13,192 
(1996) ft3 sec- 1• Many of the high monthly 
ranges represented extreme, and not com
mon occurrences; therefore the mean flow 
rate is considered here more typical for 
each month. The most consistent and least 
variable months of flow were July and Au
gust. During these months the salinity gra
dients would move farther upstream and 
more stratified water column conditions 
would exist in the river, in contrast to the 
high discharge periods of spring. Consid-
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Fig. 2. Mean monthly productivity rates at the tidal freshwater station (TF5.5) from July 1989 through 
December 1996. 

erable variability in the amount and timing 
of river discharge occurred, which influ
enced the residency time and period of de
velopment for phytoplankton in the water 
column. 

The mean monthly productivity for this 
site is given in Fig. 2. The period of highest 
productivity occurred between mid-spring 
(April) and continued into mid-fall (Octo
ber). These values decreased into winter. 
The lowest production levels were in Jan
uary at 2.3 mgC m3 hr- 1 (Fig. 2). In sum
mer, they reached 71-77 mgC m3 hr- 1. This 
period coincided with maximum develop
ment of the total phytoplankton and auto
trophic picoplankton components. The 
spring and fall pulses were dominated by 
diatoms, whereas the summer months con
tained a diverse assemblage of phytoplank
ton that contributed to this productivity. 

The phytoplankton composition was 
dominated by freshwater diatoms, chloro
phytes, cyanobacteria, and cryptomonads. 
Maximum total phytoplankton abundance 
occurred during April ( 64 X 106 cells 1 - 1) 

and from July through October (79-109 X 

106 cells 1 - 1) , after which came a sharp de
crease into winter (Figs. 3, 4). The spring 
development was a product of the diatom 
pulse, whereas a combination of chloro
phytes, diatoms, and cyanobacteria were 
mainly responsible for the summer and fall 
growth. The mean monthly biomass pattern 
was similar to phytoplankton concentra
tions, having greater biomass occurring in 
spring and from mid-summer through fall 
(Fig. 3). In addition to the primary cate
gories responsible for the cellular abun
dance mentioned above, the biomass levels 
were enhanced by euglenophytes during 
their peak time of development in July and 
August (Fig. 4). 

Bacillariophyceae.- The lowest diatom 
concentrations (3 X 106 cells 1- 1) were in 
winter and early spring (Fig. 3). Cell num
bers increased with peak abundance occur
ring during the spring pulse (April and 
May), when mean concentrations reached 
41 X 106 cells 1 - 1• The maximum diatom 
development also coincided with the peak 
discharge period of April. There were re
duced diatom concentrations in summer, 
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Fig. 3. Mean monthly abundance for total phytoplankton, diatoms, and chlorophytes, and the mean monthly 
phytoplankton biomass at the tidal freshwater station, (TF5.5), July 1986-December I 996. 
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Fig . 4 . Mean monthly abundance at the tidal freshwater station (TF5.5) for cyanobacteria, cr yptophytes, and 
euglenoids from July 1986-December 1996, and for the auto trophic picoplankton July 1989- December 1996. 
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during a time of reduced river flow, which 
was then fallowed by a less developed fall 
pulse (20-25 X 106 cells 1- 1) in October. 
The species most responsible for the spring 
and fall maxima were freshwater centric di
atoms: Actinocyclus normanii, Aulacoseira 
granulata, A. granulata v. angustissima, 
Cyclotella striata, C. meneghiniana, Cy
clostephanos spp., Melosira varians, Ske
letonema potamos, Stephanodiscus hantz
schii, and Thalassiosira lacustris. Of these, 
Skeletonema potamos was most abundant 
during seasonal maxima and present 
throughout the year. In addition, the abun
dant pennate diatoms included Cymbella a/
finis, Nitzschia acicularis, several other 
Nitzschia spp., Staurosirella leptostauron, 
and Surirella elegans. Many of these cen
tric and pennate species have also been re
corded downstream in the James River, but 
decreasing in their abundance with in
creased salinity (Marshall 1994). The ma
jority of the estuarine diatoms recorded for 
this site were noted in <2% of the samples. 
More frequently recorded (13-19% of the 
collections) were Skeletonema costatum, 
Leptocylindrus danicus, and L. minimus. 

Chlorophyceae. - The chlorophytes had 
the largest number of taxa (94) among the 
algae, with their greatest abundance in sum
mer and fall (Fig. 3). Development coincid
ed with the decrease of the spring diatom 
bloom, reduced river flow, and accompa
nied the increase of cyanobacteria. Highest 
numbers were recorded during this period 
(4-5 X 106 cells 1- 1) , with reduced concen
trations during winter and spring. The most 
widely represented genera included: Ankis
trodesmus, Crucigenia, Kirchneriella, Mon
oraphidium, Scenedesmus, Staurastrum, 
Tetraedron, and Tetrastrum. None of the 
chlorophytes dominated the phytoplankton 
in abundance; however, they were common 
constituents of the algal community 
throughout the year. 

Cyanobacteria.-This category was rep
resented by a variety of filamentous and co
lonial species that were most abundant (Fig. 
4) from early summer (June) to mid-fall · 
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(October). Their peak development was at 
50 X 106 cells 1 - 1 (August- October). Cell 
abundance then declined rapidly into winter 
and remained low through spring. The most 
common species throughout the year were 
Chroococcus minor, Dactylococcopsis aci
c ularis, D. raphidioides, Merismopedia 
punctata, Oscillatoria agardhii, and 0. lim
netica. These taxa were major contributors 
to the summer-fall maximum. Other spe
cies in abundance included Anabaena soli
taria, A. affinis, Gomphosphaeria lacustris, 
Merismopedia tenuissima, and M. glauca. 
This group was associated with a more 
stratified water column, increased water 
temperatures, and reduced river discharge. 

Cryptophyceae.- The cryptomonads 
represented a ubiquitous and abundant 
component of the phytoplankton assem
blages throughout the year, and are also 
common in the downstream tidal sectors of 
the James River (Marshall & Alden 1990). 
Their mean monthly concentrations for the 
year ranged from 5- 15 X 105 cells 1- 1 (Fig. 
4 ). They were most abundant in winter 
(Dec.), late spring (May), and mid-summer 
(July). Cryptomonas marssoni was present 
during each season. Other widely distrib
uted species were Cryptomonas ovata and 
Rhodomonas minuta. The peak abundance 
of cryptomonads was associated with re
duced river discharge and summer. 

Autotrophic picoplankton.-The autotro
phic picoplankton consisted of mainly sin
gle cell cyanobacteria 0.5-1.5 µm in size 
(e.g. Synechococcus sp.) and represent a 
ubiquitous component of the James River 
and Chesapeake Bay (Marshall & Nesius 
1993, Marshall 1995). Their peak abun
dance was during the summer months at 
26- 60 X 107 cells 1- 1 (Fig. 4). Their lowest 
concentrations occurred in February and 
March (3- 5 X 106 cells 1- 1

). Some chlo
rophytes were also present in this group, 
but they represented only a small fraction 
of the composition. A major importance of 
the autotrophic picoplankton in the James 
River and the lower Chesapeake Bay is 


