Old Dominion University

ODU Digital Commons

Biological Sciences Faculty Publications Biological Sciences

1993

Microzooplankton in the Lower Chesapeake Bay,
and the Tidal Elizabeth, James, and York Rivers

Gyung-Soo Park
Old Dominion University

Harold G. Marshall
Old Dominion University, hgmarshal@odu.edu

Follow this and additional works at: https://digitalcommons.odu.edu/biology fac pubs

b Part of the Ecology and Evolutionary Biology Commons, Oceanography and Atmospheric
Sciences and Meteorology Commons, and the Physiology Commons

Repository Citation
Park, Gyung-Soo and Marshall, Harold G., "Microzooplankton in the Lower Chesapeake Bay, and the Tidal Elizabeth, James, and York

Rivers" (1993). Biological Sciences Faculty Publications. 129.
https://digitalcommons.odu.edu/biology_fac_pubs/129

Original Publication Citation

Park, G.-S., & Marshall, H.G. (1993). Microzooplankton in the lower Chesapeake Bay, and the tidal Elizabeth, James, and York rivers.
Virginia Journal of Science, 44(19934), 329-340.

This Article is brought to you for free and open access by the Biological Sciences at ODU Digital Commons. It has been accepted for inclusion in
Biological Sciences Faculty Publications by an authorized administrator of ODU Digital Commons. For more information, please contact

digitalcommons@odu.edu.


https://digitalcommons.odu.edu?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/biology_fac_pubs?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/biology?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/biology_fac_pubs?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/14?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/186?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/186?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/69?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/biology_fac_pubs/129?utm_source=digitalcommons.odu.edu%2Fbiology_fac_pubs%2F129&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@odu.edu

Virginia Journal of Science
Volume 44, Number 4
Winter 1993

Microzooplankton in the Lower Chesapeake Bay, and
the Tidal Elizabeth, James, and York Rivers

Gyung-Soo Park and Harold G. Marshall,
Department of Biological Sciences, Old Dominion University,
Norfolk, Virginia 23529-0266

ABSTRACT
Results of a one year study in the lower Chesapeake Bay and three tidal
rivers indicate an abundant microzooplankton population, with a mean
concentration of 4,231.1/Liter. The most abundant components are the
non-loricate ciliates (2,518.2/L, 59.5% of the annual total) and tintinnids
(1,400.1/L, 33.1%). In lesser abundance were the rotifers (191.4/1.) and
nauplii larvae (121.7/L). Seasonal abundance maxima were highest in
summer, followed by fall, spring and winter.

INTRODUCTION

Microzooplankton includes those planktonic animals from 20 to 200 um in size
(Sieburth et al., 1978). The microzooplankton represent an essential link in specific
food webs and energy transfer steps between the basic trophic levels within
estuarine and other aquatic ecosystems (Laval-Peuto et al, 1986). They are
considered consumers of picoplankton and nanoplankton in various aquatic
habitats and are themselves a common food source for larval fish and other
zooplankters (Rassoulzadegan and Sheldon, 1986; Dolan, 1991). Because the
microzooplankton possess this strategic position within the trophic structure of
estuaries, it is important to know more about this community and specifically its
seasonal patterns of abundance in the lower Chesapeake Bay.

The first microzooplankton observations in the Chesapeake Bay were from
whole water samples studied by Wolfe et al. (1926), with this same material
discussed further by Cowles (1930). Their results included the listing of several
protozoa in a mixed category that also contained dinoflagellates. Other early
plankton studies in the Bay region by Morse (1947) and Whaley and Taylor (1968),
used net collections that contained several groups of microzooplankton (e.g.
tintinnids, rotifers, copepod larvae). More recently, Brownlee and Jacobs (1987)
discussed both mesozooplankton (>200 #m) and microzooplankton (<200 m)
composition, abundance and biomass in the upper Chesapeake Bay.

Dolan and Coats (1991) studied the vertical distribution of microzooplankton
in the upper Chesapeake Bay and noted the ciliate component was dominated by
oligotrichs and tintinnids. Dolan (1991), using whole water samples, discussed the
ciliate populations in the Chesapeake Bay in relation to their role as consumers.
In Back Bay, Virginia, Marshall et al. (1988) conducted a year study of macro-
zooplankton and microzooplankton (<150 #m). Using whole water samples, they
found peak abundance occurred in late spring, with the samples dominated by
tintinnids and non-loricate ciliates.
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To obtain a more accurate estimate of the composition and abundance of the
microzooplankton, several investigators have emphasized the importance of using
whole water samples for analysis over net tow samples. For instance, Beers and
Stewart (1964) noted a loss of 88% of the total microzooplankton when using a 35
um mesh net. Those forms likely to be lost are the ciliated protozoans, which have
been reported as accounting for >95% of the microzooplankton assemblages
(Chang, 1990). In a comparison study on methodology, Brownlee and Jacobs (1987)
used a combination of net sizes (44 #m & 20 um) and whole water samples. Based
on the numbers of organisms present in the samples, the two net samples greatly
underestimated the total microzooplankton. The percentage retained of the total
microzooplankton concentrations in the 44 ym and 20 #m nets were 5% and 26%
respectively for a Choptank River sample and only 2% and 4% respectively for a
Chester River sample. In regard to biomass, the percent loss was 49% and 44%
retained by the 44 «m mesh net for the Choptank and Chester Rivers respectively.
In their monthly sampling, they based their analysis on collections from a 44 ym
mesh net, resulting in counts of "only the larger microzooplankton", with a sig-
nificant amount of microzooplankton lost through their nets.

The results from earlier cruises that sampled microzooplankton composition in
the lower Bay (Wolfe, et al., 1926, Whaley & Taylor, 1968), were incomplete in their
coverage of the non-loricate ciliates. This is in contrast to the upper Bay, where
these ciliates have been investigated by Brownlee and Jacobs (1987), Dolan and
Coats (1991), and Dolan (1991). The present study was undertaken to provide
general information on the abundance of microzooplankton in the lower
Chesapeake Bay (Marshall, 1993). The specific objective of this report is to present
the seasonal abundance patterns of the four major microzooplankton categories at
stations in the lower Chesapeake Bay and the tidal James, York and Elizabeth
Rivers. The four microzooplankton groups are: tintinnids, non-loricate ciliates,
rotifers, and nauplii larvae.

METHODS

Monthly collections were made at 10 stations in the lower Chesapeake Bay and
the James, York and Elizabeth Rivers from July 1992 through June 1993 (Figure
1). Whole water samples were taken in order to collect a more accurate repre-
sentation of the microzooplankton (Brownlee and Jacobs, 1987; Beers and Stewart,
1964; and Chang, 1990). Two 15 liter carboys were filled on station, with composite
water samples, taken from a vertical series of 5 depths above the pycnocline at 4
stations in the Chesapeake Bay (WE4.2, LE5.5, CB6.1, CB7.4), and two stations
from the James River (TF5.5, RET5.2), the York River (TF4.2, RET4.3) and the
Elizabeth River (ER2, ER5). The carboys were thoroughly mixed when filled, and
a 1 liter sub-sample was taken from each and preserved with Lugol’s solution (10
ml). Each sample was settled for 72 hours in the laboratory before a series of two
siphoning and settling steps were taken to obtain a 100 ml concentrate. The analysis
process consisted of analyzing three sub-sets from the 100 ml concentrate from each
replicate sample. The analysis of three sub-groups is necessary to reduce the
problem of silt covering specimens in the samples and to be able to separate the
microzooplankters that vary greatly in size and weight. The first step involves
removing detritus and larger zooplankton from the sample. This is accomplished
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FIGURE 1. Station locations in the Chesapeake Bay, and the Elizabeth, James and York Rivers.

by passing the 100 ml concentrate through an 80 #m mesh screen. In order to count
trapped microzooplankton larger than 80 um, the material on the screen is washed
into a container, transferred to a settling chamber to settle for 24 hours and is then
examined with an inverted plankton microscope for counting the
microzooplankton. This represented the first sub-set counted.

To obtain the other two sub-sets, the 100 ml concentrate is gently swirled and
mixed. Based on the amount of detritus and plankters, a 5 or 10 ml aliquot is taken
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and placed in a second settling chamber, with enough buffered formalin solution
added to the chamber to bring to a 25 ml volume. After 10 minutes, 10 mlisremoved
and placed in a third settling chamber. Both of these chambers (representing the
2nd and 3rd sub-sets) are allowed to settle for 24 hours before examination with
the inverted plankton microscope. Counts from the third chamber represent
mainly the smaller, and lighter non-loricate ciliates and other protozoa that are
often covered with silt if not separated in this fashion. Mid-sized microzooplankters
are common in the second chamber. Multiplication constants for count determina-
tions are made, with replicate counts averaged on samples coming from the two
carboys at each station.

RESULTS

Station Locations

Mean salinities were determined using monthly salinity measurements taken at
each of these stations over a 5 year period (Marshall, 1992). The tidal fresh stations
were TF5.5 and TF4.2, in the James and York Rivers respectively. The James River
station RETS5.2 (1.9%o) is oligohaline, with the York River station RET4.3 (9.6%o)
mesohaline. The Elizabeth River stations (ER2, ERY) are within meso-polyhaline
ranges. All the Chesapeake Bay stations are polyhaline, with mean salinity values
for the stations as follows: WE4.2 at the mouth of the York (21.2%o0), LE5.5 at the
mouth of the James (23.3%0), CB6.1 (19.7 %), and CB7.4 (28.3%o).

Seasonal Microzooplankton Abundance

A. Non-loricate ciliates.

This group represents one of the most abundant components of the
microzooplankton throughout the year at river and Bay stations. Common genera
within this group were Strombidium and Strobilidium (Oligotricha) and Didinium
(Holotricha). Found in every sample throughout the year, the greatest abundance
of ciliates was from mid-summer (July) to early fall (Figure 2). These concentra-
tions decreased into winter and gradually increased in spring, with high concentra-
tions associated with waters across a broad salinity gradient. Concentrations
ranged from a low of 20/L in December at TF4.2 to a high of 19,500/L in June at
ER35. The annual monthly mean was 2,518.2/L (Table 1) across all stations, with a
December mean low of 272/ and a July high of 7,199/L. In general, lowest mean
monthly concentrations occurred at TF4.2 (830/L), but at the other tidal fresh
station (TF5.5), the abundance was greater at 2,181/Liter (Figure 3). Highest mean
station values were at ER5 and RET4.3 at 5,232 and 4,601/L respectively. Brownlee
and Jacobs (1987) reported September counts of non-loricate ciliates for the
Choptank and Chester Rivers as 5,600 and 10,000/L respectively, but did not report
on this group from their Bay samples. Marshall et al. (1988) found high ciliate
counts in Back Bay during winter and spring that ranged from 3-5 x 1041

B. Tintinnids (loricate ciliates).

The tintinnids had two seasonal periods of maximum growth (Figure 4). These
included a spring peak and increased abundance from summer into early fall.
Highest concentrations of 12,913 and 11,253/L were recorded for February at
CB7.4 and April at WE4.2 respectively (Marshall, 1993). The annual monthly mean
was 1,400.1/L (Table 1), ranging from a January low of 216/L to a high of 3,305/
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FIGURE 2. Monthly concentration means (No.L‘l) of non-loricate ciliates at all stations from July
1992 through 1993.
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FIGURE 3. Mean concentrations (No.L’l) of non-loricate ciliates for all stations from July 1992
through June 1993.
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FIGURE 4. Monthly concentrations means (No.L'l) of tintinnids for all stations from July 1992
through June 1992.
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in April. The annual station means for tintinnids ranged from 515/L per month at
TF4.2 to 2,522/L at CB7.4 (Figure 5). This group was a common constituent in all
samples and across a broad salinity gradient throughout the year. The common
genera were Tinfinnopsis, Tintinnidium, and Eutintinnus. Brownlee and Jacobs
(1987) reported the mean concentrations of tintinnids for all stations and dates in
the Chesapeake Bay as 160/L, with September counts in the Choptank and Chester
Rivers of 17,600 and 4,600/L. They found the tintinnids common year round in the
Bay, with peak growth in spring, summer and fall. Marshall et al. (1988) noted
tintinnid abundance in Back Bay ranged from 256/L in winter to a high of 36,825/L
in spring.

Dolan and Coats (1991) determined the concentrations of ciliates at stations in
the upper Chesapeake Bay between the months of April and September. They
noted surface abundance ranged from 1,000 to 90,000/L, with maximum numbers
occurring in late spring to early summer. Dolan (1991), commented further on
these populations, stating the macrophagous microzooplankters (mostly tintinnids
and large oligotrichs) ranged between 1-20 x 10° organisms/L, with the
microphagous components (large scuticociliates and small oligotrichs) between
1-22 x 10° organisms/L. The smaller ciliates increased in abundance from April
through July, with the tintinnids and larger oligotrichs reaching an earlicr peak in
June.

C. Nauplii larvae.

A variety of nauplii (mostly copepod larvae) representing different species and
stages-in-development were present in the samples. All of these forms were
counted within this category. Across all stations, there was a single major develop-
ment that extended from summer through mid-fall (Figure 6). At the Chesapeake
Bay stations there was another pulse that began in February, reached its peak in
April, then declined. This development, however, may represent a pattern of an
extended spring-fall period of development. Only once during the sampling
(December at ER5) were no nauplii found in the samples. The highest counts
occurred in September at RET4.3 with 1,418/l (Marshall, 1993). The mean
monthly count was 121.7/L (Table 1), with January and September having the lowest
and highest values respectively at 17 and 375/L. (Figure 6). In general, the tidal
fresh stations (TF5.5, TF4.2) had the lowest mean concentrations (47 and 22/1), in
contrast to RET4.3 (199/L) and the two stations at the river mouths, LE5.5 and
WE4.2 (176 and 173/L), which had the highest abundance (Figure 7). Brownlce
and Jacobs (1987) reported a concentration mean of copepod nauplii at 39.2/L for
the Chesapeake Bay, with spring and early fall peaks. They also reported nauplii
abundance in the Choptank and Chester Rivers for September at 200 and 100/L
respectively.

D. Rotifers.

A variety of rotifers were in the samples, including representatives from the
genera Synchaeta, Filinia, Brachionus, Keratella, and Trichocerca. Only on 11
occasions were rotifers absent in the samples; concentrations thus ranged from zero
to a maximum of 1,915/L. in August at TF5.5. The seasonal patterns indicated a
spring maximum and a larger summer-fall peak (Figure 8) over a growth period
that began in early spring and extended into early fall. Concentrations were greatest
from mid-summer through early fall. The river stations indicated more of a
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TABLE 1. Mean concentrations and composition percentages of the four microzooplankton com-
ponents from all stations from July 1992 through June 1993. Composition ranges indicate monthly
variations.

Microzooplankton No./L Mean % Z%Ranges
Ciliates* 2,5182 39.5 352 -771
Tintinnids 1,400.1 331 19.6 - 60.5
Rotifers 191.4 4.5 13 -114
Nauplii larvae 1217 29 12 - 44
Total 4,2314

*Non-loricate ciliates

Tintinnids
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FIGURE 5. Mean concentrations (No.L‘l) of tintinnids for all stations from July 1992 through June
1993.
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FIGURE 6. Monthly concentration means (NO‘LJ) of nauplii larvae at all stations from July 1992
through 1993.
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bi-modal growth pattern compared to a rather sporadic appearance in the
Chesapeake Bay, where growth was more consistent during fall and early winter
(Marshall, 1993). The monthly mean was 191.4/L (Table 1), with the lowest (40/L)
concentrations in December and the highest (446/L) in August. Highest mean
concentrations (420 and 470/L) were associated with two stations, both in the
James River (TF5.5, RET5.2), with the lowest concentrations (44/L) at the most
saline site, CB7.4 (Figure 9). Brownlee and Jacobs (1987) reported a mean value
of 476/L. for rotifers in the Chesapeake Bay, with September concentrations of 100
and 500/L for the Choptank and Chester Rivers, and found rotifers more common
in the Bay during the colder months. At Back Bay, concentrations were highest in
spring at 21/L, but low during other seasons (Marshall et al., 1983).

E. Total Microzooplankton

Seasonal microzooplankton concentrations were greatest in summer followed
by fall, spring and winter months (Figure 10). There was a mid-summer maximum
that occurred in July (10.0 x 10%/L), with high concentrations maintained in August
(6.9 x 10°/L) and early fall (7.9 x 10°/L). The overall monthly concentration mean
for the microzooplankton in this study was 4,231.4/L (Table 1). For the Choptank
and Chester Rivers in September, Brownlee and Jacobs (1987) reported total
concentrations of 24.3 and 15.2 x 10é/L respectively. The major component in their
samples were tintinnids. A spring pulse of less magnitude, with microzooplankton
concentrations lowest during December and January (910 and 1,058/L) was ob-
served. They reported a similar pattern for the total microzooplankton in the Bay,
with late summer and fall peaks, with some groups (e.g. tintinnids) having a spring
peak at certain stations.

The distribution of these microzooplankton and their abundance at the Bay
and river stations were not similar over the sampling area (Figs. 3,5,7,9,11). Highest
mean station concentrations were associated with the Chesapeake Bay, RET4.3 in
the York and the stations in the Elizabeth River. The highest numbers were at ERS,
with mean monthly concentrations of 7,292/L.. The lowest figures were at stations
in the York tidal fresh waters (TF4.2) at 1,480/L, and the James River (TF5.5,
RETS5.2) and the Bay station at the mouth of the James (LES.5). Station TF4.2
consistently had low concentrations of each microzooplankton category. The
tintinnids had their lowest abundance in the James River, but were well represented
at the other stations. In contrast, the rotifers were more abundant at the James
River sites. The nauplii larvae consistently had high concentrations in the Bay.

The non-loricate ciliates composed 59.5% of the microzooplankton, ranging
from 35.2% to 77.1% at the different stations (Table 1). The concentrations were
below 50% at only two (RET5.2, CB7.4) of the ten stations, with the highest
percentage (77.1%) at ER5 in the Elizabeth River. The tintinnids were the second
most abundant group, with a range of 19.6% to 60.5% of the total
microzooplankton, and a mean concentration of 33.1%. Their highest concentra-
tions of 50.5% and 60.3% were at RET5.2 and CB7.4 respectively (Marshall, 1993),
with their lowest values of 20.4%, 21.5%, and 19.6% at stations RET4.3,CB6.1and
ERS5 respectively (Marshall, 1993). The nauplii larvae concentrations ranged from
1.2% to 4.4% of the total, with a mean of 2.9% (Table 1). These lowest and highest
percentages were at stations TF5.5 and LE5.5 (Marshall, 1993). Concentrations of
rotifers did not exceed 11.4%, with this value found at station RET5.2. Rotifers
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through June 1993.

represented 4.5% of the total, with a range of 1.3% to 11.4%. The lowest percent-
ages of rotifers were associated with the two Elizabeth River stations (1.8%) and
the Bay entrance, at CB7.4 (1.3%).

SUMMARY

The most common and abundant microzooplankton throughout the study were
the non-loricate ciliates and tintinnids. They had respectively monthly mean
concentrations of 2,518.2 and 1,400.1/L. These two components had the greatest
percentage of microzooplankters in the samples. The non-loricate ciliates repre-
sented 59.5% of the microzooplankton, with the tintinnids 33.1%. The nauphi
larvae had mean monthly concentration of 121.7/L, with rotifers at 191.4/L. In
reference to the total microzooplankton composition, the nauplii larvae and the
rotifers represented 2.9% and 4.5% respectively of the total.

The seasonal abundance pattern for microzooplankton in the lower
Chesapeake Bay indicated a spring and mid-summer to early fall maxima. This

T T T T T T g T
TF6.6 RET6.2 LE6.5 TF4.2 RET4.3 WE4.2 CB7.4 CB8B1 ER2 ERS
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expression is similar to previous findings in the Bay region (Brownlee and Jacobs,
1987; Dolan and Coats, 1991) and elsewhere (Smetacek, 1981; Hargraves, 1981,
Capriulo and Carpenter, 1983; Marshall et al., 1988). Individual concentrations for
the microzooplankton categories were also within those previously reported for the
Bay (Brownlee and Jacobs, 1987; Dolan, 1991; Dolan and Coats, 1991).

The relationship of microzooplankton populations to host and prey associations
has been studied in the Chesapeake Bay (Dolan, 1991), however the role
microzooplankton play as a consumer and as prey for other organisms has not been
clearly defined. The seasonal growth maxima of the microzooplankton com-
ponents occur from early spring to late fall. These peaks coincide with the
development of major phytoplankton pulses within the Bay system (Marshall,
1992). For instance, there are significant floral growth periods occurring during
spring, summer and fall, and these include phytoplankters of nano and
picoplankton sized cells that are available as food for the microzooplankters. The
most dramatic growth of autotrophic picoplankton occurs in summer (June-
August), when they increase from background concentrations of 10° to 107 cells/L.
They reach their peak abundance in July, or early August, and consist of mostly
cyanobacteria (Marshall, 1992). In addition to the year round presence of the
picoplankton (autotrophic and heterotrophic), other smaller phytoplankton exist
in abundance in spring (chlorophytes), summer (phytoflagellates, cyanobacteria),
and fall (phytoflagellates). One would assume there is currently an adequate
supply of phytoplankton year round as a food source for the smaller members within
this group. This opinion is supported by Dolan and Coats (1991) who state the
ciliate component is not linked to the standing phytoplankton crop, with the ciliates
still representing the largest microzooplankton component in the lower
Chesapeake Bay.

In conclusion, the lower Chesapeake Bay and the tidal regions of the three rivers
in this study contain an abundant microzooplankton community that is dominated
by the ciliate protozoa.
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