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AUTOTROPHIC PICOPLANKTON DISTRIBUTION AND 
ABUNDANCE IN THE CHESAPEAKE BAY, U.S.A.

Harold G. MARSHALL

D epartm ent of Biological Sciences, Old Dominion University, Norfolk, VA 23595-266 U.S.A.

ABSTRACT : The autoprophic picoplankton consists of predom inantly  coccoid cyanobacteria that 
annually  produce a single population  peak in sum m er of 105-10‘ cells m l'. The base population 
rem ains at approxim ately IO3 cells ml ' du ring  the other seasons. The sum m er m axim um  develops 
parallel to the rising w ater tem peratures, then decreases gradually into fall. M ean sub-pycnocline 
concentrations rem ained well below those above the pycnocline between May and Novem ber, but 
were slightly higher during  the colder m onths (December through April). Seasonal spatial diffe
rences and annual variations in  abundance w ere noted.

Introduction

P icop lank ton  cells rep resen t an  u b iq u ito u s  
com ponent of m arine and freshw ater ecosystem 
(Johnson and  Sieburth, 1979; W aterbury  et al., 
1979; Stockner and Antia, 1986). They include 
heterotrophic and autotrophic cells in the w ater 
co lu m n  th a t  a re  b e tw e e n  0.2-2.0 fan in  size  
(Sieburth et al., 1978). These populations have 
been reviewed by Fogg (1986) and Stockner and 
A ntia (1986), w ith  further em phasis placed on 
th e  p h o to tro p h ic  p ic o p la n k to n  by S tockner 
(1988). K now ledge of food w eb re la tionsh ips 
between these cells, the m icrozooplankton and 
other predators are considered necessary for an 
u n d erstan d in g  of carbon p roduc tion  and  u ti
lization in various m arine and freshwater habi
tats (Pomeroy, 1974; Stockner, 1988; Laval-Peuto 
et al., 1986).

The Chesapeake Bay is the largest estuary  in 
the United States, having an area of 6.5 x IO3 km 
2 a n d  a m ean  d e p th  of 8.4 m (S ch u b e l and  
Pritchard, 1987). It is a partially mixed estuary 
having  at tim es conditions th a t range from  a 
stratification and pycnocline formation, to areas 
w here vertical hom ogeneous cond itions m ay 
occur. In general, there is a net surface flow out 
of the estuary, w ith sub-pycnocline w aters hav
ing a net flow into the lower Bay.

The im portance of the smaller phytoplankton

com ponents in the Chesapeake Bay was recog
nized by M cCarthy et al. (1974), Van Valkenburg 
and Flemer (1974) and M arshall and Lacouture 
(1986). Ray et al. (1989) studied the autotrophic 
p ic o p la n k to n  o v e r  a 3 m o n th  p e r io d  in  a 
Chesapeake Bay tributary. They identified cells 
that were phycocyanin-rich and phycoerythrin- 
rich, w hich together m ade u p  7%  of the total 
autotrophic biom ass (July through September). 
The phycocyan in -rich  cells w ere m ost a b u n 
dant, reaching counts of IO5 cells ml '. G row th 
a n d  p ro d u c tiv i ty  w e re  m e a s u re d  fo r th e  
au to tro p h ic  p ico p lan k to n  in  the C hesapeake 
Bay by Affronti and M arshall (1993,1994) over a 
15 m onth study. Their productivity ranged from 
55.6% of the total productivity in July, to 2.3% 
in January. Cell concentrations also varied rang
ing from a sum m er peak of 9.2 x IO8 cells C  to 
7.2 x IO8 cells I ' in winter. These sum m er pop
u lations w ere dom inated by phycocyanin-rich 
Synechococcus sp. M arshall and  N esius (1993) 
also reported  m ajor sum m er peaks of autotro- 
p h ic  p ic o p la n k to n  in  3 t r ib u ta r ie s  to  th e  
Chesapeake Bay. These rivers had sum m er m a
xima from IO8 to KT cells I ’.

Methods

M onthly w ater collections were taken at 7 sta
tions in the lower Chesapeake Bay from August
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1989 th roug t Decem ber 1992 (Figure 1). W ater 
w as collected  in  carboys u sin g  a d iap h rag m  
pum p, w ith a hose that was lowered to specific 
depths. At each station, a series of 3 I samples 
were taken at 5 equidistant depths betw een the 
pycnocline and surface and placed in a carboy 
for a composite sample. After mixing, replicate

(2) 125 ml sub-sam ples were taken from the car
b oy  a n d  p re s e rv e d  im m e d ia te ly  w ith  g lu - 
ta ra ld e h y d e  ( \ %  f in a l c o n c en tra tio n ). T his 
process was then repeated for waters below the 
pycnocline. In cases w here the pycnocline was 
absen t, com posite  sam ples w ere  tak en  from  
waters in the upper third and lower third of the

“O

LE 3.6

CB 6.1

I C.
CB 6.4

•  WE 4.2

CB 7.3E

•  LE 5.5 CB 7.4

Figure 1. Station locations in the Chesapeake Bay.
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w ater column. Ali sam ples were placed in an  ice 
chest and returned to the laboratory for analy
sis, which was com pleted w ithin 10 days.

For microscopic analysis, 1-2 ml (based on cell 
density) of the w ater sam ple was filtered on a 
0.2 fun Nuclepore filter previously stained with 
Irgalan Black, backed w ith a separate 0.45 um fil
ter, at a vacuum  pressure of 10 cm of Fig. Slide 
preparation followed, w ith the N uclepore filter 
exam ined  w ith  a Zeiss A xioskop ep iflu o res- 
cence m icroscope eq u ip p ed  w ith  a 100 w a tt 
m ercury bulb. A green filter set was used (G546, 
FT580, LP590). The picoplankton that autofluo
resced red or orange were counted as au to tro 
phic cells (Davis and  S ieburth, 1982). Tw enty  
random  fields and a m inim um  of 300 cells were 
co u n ted  at lOOOx m ag n ifica tio n , w ith  an  oil 
im m e rs io n  o b jec tiv e  (N e o flu a r  1 0 0 x /1 .3 0 ). 
Counts of the replicated samples were averaged 
for the representative concentrations.

Results

The ranges an d  m ean  values for the w ate r

q u a lity  p a ram ete rs  for the  area  are  g iven  in 
Table 1. The stations were located in mesohaline 
to polyhaline regions of the Bay, w ith  salinity 
ranging from 11.6 to 33.4 ppt. Lowest m ean va
lues were associated w ith  the w estern Bay sta
tions fa rth es t from  the  Bay en tran ce  (CB6.1, 
LE3.6), w ith m eans for all stations between 16.8 
and 26.6 ppt. Total nitrogen (TN) ranged from 
0.12 (CB7.4) to 1.8 (LE5.5) mg ■ l \  The highest val
ues were along the w estern side of the Bay, plus 
station CB6.1, and at all stations in spring. M ean 
concentrations of total phosphorus (TP) ranged 
from 0.026 to 0.040 mg ■ l \  The TN:TP ratios were 
low est at the Bay entrance (10.0), w ith all sta
tions averaging 15.4. In general, TN, TP, silicon, 
chlorophyll a, and total suspended solids (TSS) 
decreased w est to east across the Bay. Secchi 
depths ranged from 1.4 to 2.5 m , being lowest 
along the western Bay.

The abundance pa tte rns for the au to troph ic 
picoplankton are given in Figures 2-8. Microscopic 
examination indicated the vast majority of the flu
orescing cells were coccoid cyanobacteria. Each of 
the stations had a single sum m er pulse annual-

Table 1. Ranges of W ater Q uality M esurem ents and Their M eans for Stations in Chesapeake Bay, 1985-1992.

CB6.1 CB6.4 CB7.3 CB7.4 LE3.6 WE4.2 LE5.5

TP
(mg/1)

•02-.09
.026

.01-.06

.028
.01-.05 
.028

.01-.06

.029
•02-.06
.026

.02-.05

.03
.01-.09 
.04

TN
(mg/1)

.36-1.29

.57
.17-,70 
.39

• 14-.58 
.34

.12-.56

.29
.20-1.29
.56

.34-,93 

.51
.16-1.80
.48

OXYGEN
(mg/1)

5.7-13.6
9.5

6.7-13.4
9.4

6.2-14.4
9.0

6.6-12.1
8.8

6.1-14.1
9.3

5.6-14.0
8.6

6.3-13.6
9.3

TSS
(mg/1)

5.0-31.7
11.5

4.0-52.0
7.7

4.0-60.0
7.8

4.0-86.0
8.0

5.0-37.5
11.8

5.0-48.4
15.5

4.0-160.5
11.2

CHLOR-a
(Fg/1)

3.2-44.3
9.5

1.1-46.0
8.8

1.1-34.7
6.7

.2-28.7
5.01

3.2-79.8
10.0

3.2-25.0
8.2

.37-61.2
11.11

SALINITY
(ppt)

12.3-23.9
17.6

14.6-25.5
20.4

16.7-27.5
23.0

18.0-33.4
26.6

12.1-21.3
16.8

13.2-24.0
20.1

11.6-25.4
20.1

SILICON
(mg/1)

.05-1.5

.26
.02-,88 
.22

.02-.60 

.17
.02-.64
.15

.05-1.42

.34'
.05-1.3
.47

.02-1.52

.55

SECCHI
(m)

0.7-3.5 
2.0

.9-3.5
1.9

1.0-4.3 
2.1

.7-5.8
2.5

.9-4.0
1.8

.6-3.2
1.6

.7-3.1
1.4

N:P 21.9 13.9 12.1 10.0 21.5 17.0 12.0
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ly. Prior to this developm ent the base concentra
tions were approxim ately IO3 cells ml'. The sum 
m er peaks reached IO6 cells ml 1 in 1989, 1990 
and 1991, with the highest concentrations noted 
(CB6.1) in  A ugust 1991 at 2.97 x 10” cells ml ' 
above the pycnocline, and 1.98 x 10” cells ml ' in 
July 1990 below the pycnocline (LE3.6). Station 
LE3.6 w as a ty p ic a l  in  h a v in g  th e  su m m e r 
picoplankton maxima of 1990 and 1991 greater 
below the pycnocline. At each station, the sea
sonal abundance pattern  th roughout the water 
colum n had lowest m ean concentrations in w in
ter. M axim um  su m m er a b u n d a n ce  d iffe red  
am ong the stations each year, w ith highest con
centrations occurring in the central Bay stations 
CB6.1 and CB6.4, and LE3.6 and WE4.2 located 
along the w estern side of the Bay. Lowest con
centrations occurred at the Bay entrance (CB7.4) 
w here nu trien t levels w ere lowest and salinity 
highest. In addition to these differences am ong 
stations, the 1992 sum m er peak at all stations 
was the lowest of the study. The sum m er maxi
m a in 1992 w ere at IO5 cells ml '. D uring each 
year of the study, sum m er developm ent of the 
autotrophic picoplankton paralleled the rise and 
decrease of w ater tem peratu res (Figures 2-8). 
There were approxim ately a 3-4 m onth station 
lag in the relation between rising tem peratures 
and the sum m er picoplankton pulse, w ith peak 
picoplankton developm ent occurring at tem pe
ra tu re s  above 22 °C. A lth o u g h  these p a tte rn s  
w ere closely linked to tem perature changes in 
the w a te r colum n, a varie ty  of w ate r quality  
variables w ould be expected to also influence 
the developm ent of these cells (e.g. light, nutri
ents, predation, residency time, etc.) and are not 
a d d ressed  here  (W aterbury  et aí., 1986). The 
d a ta  sets have been com bined to p resen t the

m ean concentrations and the seasonal develop
m ent patterns for the Chesapeake Bay over the 
41 month study (Figure 9).

The m ean m onthly abundance values for all 
s ta t io n  a re  p re s e n te d  in  T ab le  2. S u m m er 
picoplankton concentrations are charcteristically 
higher above the pycnocline in com parison to 
levels below the pycnocline. This pattern is typi
cal d u rin g  the p e rio d  of m ajor d eve lopm en t 
(M ay-November), bu t below pycnocline levels 
w e re  g re a te r  d u r in g  th e  c o ld e r  m o n th s  
(D ecem ber-A pril) w hen surface g row th  rates 
were m arkedly reduced. Lowest cell concentra
tions occurred in January below the pycnocline, 
and  in F eb ru a ry  above the  p ycnoc line . The 
m ean  m o n th ly  c o n c e n tra tio n s  in d ic a te  the  
p icop lank ton  are at a fairly constan t level of 
abundance from m id-w inter (January) to m id
spring (April). D uring May concentrations rise 
sh arp ly , then  increase rap id ly  in sum m er to 
peak abundance levels in July and August. The 
decline in abundance is m ore gradual into fall, 
before reach ing  the seasonal low s of w inter. 
Above the pycnocline, cell concentration maxi
ma o ccu rred  in June, July  and  A ugust, w ith 
m ean values for these m onths 6.22, 8.88, and 
9.07 x IO5 cells ml'1 respectively (Table 2). The 
lowest concentrations were in February at 9.6 x 
10' cells ml '. Below the pycnocline, June through 
A ugust were also the periods of greatest abun
dance, w ith concentrations betw een 4.19-4.42 x 
10’ ce lls  ml '. L o w est n u m b e rs  o c c u rre d  in 
January at 10.7 x KT cells ml '.

Discussion and Conclusions

T he co n c e n tra tio n s  of the  a u to tro p h ic  
picoplankton in the Chesapeake Bay followed a

Table 2. M onthly m ean cell concentrations (times IO3 m l1) from all Chesapeake Bay stations for autotrophic 
picoplankton, above(Abv) and below  (Blw) the pycnocline, from A ugust 1989 to December 1992.

J F M A M J J A S O N D

Avb 10.5 9.6 12.2 10.8 76.8 622.8 880.6 907.0 333.2 109.7 54.0 38.3
Blw 10.7 14.1 17.1 18.3 66.0 419.9 442.4 426.9 168.5 86.6 37.7 42.4
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Figure 2. Autotrophic picoplankton concentrations above and below the pycnocline, w ith surface w ater tem pera
tures at Station LE3.6.
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Figure 3. A utotrophic picoplankton concentrations above and below  the pycnocline, w ith surface w ater tem pera
tures at Station WE4.2.
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Figure 4. A utotrophic picoplankton concentrations above and below the pycnocline, w ith surface w ater tem pera 
tures at Station LE5.5.
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Figure 5. A utotrophic picoplankton concentrations above and below the pycnocline, w ith surface w ater tem pera 
tures at Station CB6.1.
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Figure 6. A utotrophic picoplankton concentrations above and below the pycnocline, w ith surface w ater tem pera
tures at Station CB6.4.
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Figure 7. A utotrophic picoplankton concentrations above and below the pycnocline, w ith surface w ater tem pera
tures at Station CB7.4.
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Figure 8. Autotrophic picoplankton concentrations above and below the pycnocline, w ith surface w ater tem pera
tures at Station CB7.3E.
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Figure 9. M ean concentrations of autotrophic picoplankton, for all stations, above and below the pycnocline, and 
m ean surface w ater tem peratures.
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unimodal pattern of a sum m er maximum, where 
c o n c e n tra tio n s  re ach e d  105-106 cells m l ' ,  to 
reduced m ean levels of generally  IO3 cells ml~' 
during other seasons. This growth pattern is simi
lar to other marine studies where the m aximum 
summer concentrations may come to IO6cells ml"' 
(W aterbury et al., 1986). At other sites, Jochem 
(1988) studied picocyanobacteria in the Kiel Fjord 
and Kiel Bight. He noted peak concentrations in 
Ju ly  an d  A u g u s t a t 1.4-2.6 x IO8 ce lls  l \  
S o n d erg aard  et al. (1991) found  the  sum m er 
autotrophic picoplankton concentrations in the 
Germ an Bight and Baltic Sea at 6 x IO6 and 4.5 x 
IO8 cells I 1 respectively. The base popu la tion  
levels in the Chesapeake Bay are more characteris
tic of those rep o rted  ou tside  of estuaries. For 
instance, Stockner and  A ntia (1986) ind icated  
increased surface concentrations in the N orth  
Atlantic progress to higher levels from oceanic, 
slope to coastal waters, as IO6, IO7, and IO8 cells I 1 
respectively. Fogg (1986) gave oceanic picophy- 
toplankton concentrations levels at around  IO4 
cells ml ', regardless of salinity, tem perature or 
n u trien t status, although  he indicated  highest 
concentrations w ould be in the more eutrophic 
sea w aters. The p ara lle l d ev e lo p m en t of the 
cy an o b acteria  p ico p lan k to n  w ith  the  rise  of 
w a te r  te m p e ra tu re  h as  b ee n  in d ic a te d  by 
W aterbury et al. (1979), El Hag and Fogg (1986), 
and others.

In conclusion , the  C h esap eak e  Bay h as  an  
abundant and ubiquitous autotrophic picoplank
ton com ponent that is composed of m ainly coc- 
coid cyanobacteria and is present throughout the 
water column. They produce a single m ajor peak 
in sum m er, tha t follows, bu t lags behind , the 
rise of the w ater tem perature. The peak popula
tion  ab u n d an ce  levels in  su m m er are  a t the  
h ig h er range (IO6 cells ml ') of concentrations 
that are com m on for m arine w aters, an d  are 
associated w ith  favorable w ater quality condi
tions. L ow er cell a b u n d a n ce  levels at o th e r 
times in Chesapeake Bay coincided w ith condi
tions th a t d id  not favor g reater p icop lank ton  
developm ent, e.g. reduced w ater tem peratures

of w in ter and  spring . Seasonal spatial d iffe r
ences associated m axim um  picoplankton con
cen tra tio n s  to  h ig h e r te m p e ra tu re s  an d  Bay 
areas having h igher nu trien t levels and  lpw er 
salinities. Annual variations in abundance were 
also found.
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