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PHYTOPLANKTON DYNAMICS [N TUD MORTH CAROLIMNA COASTAL PLAIN SUAHPS:
SPECIES COMPOSITION, SEASONAL PERIQDICITY, AND RESPONSE TO WASTEWATER DISCHARGE

Mary Beth H. Suttonm

IHTRODUCT 1OM
Wetland Values

. Vetlands are valuable ecosysteas which serve to interface land and water
gystems. Saturatlion of the soll and type of vegetation are sajor criteria
which define wetlands (Cowardin, et al. 1879). These ecosysteas support
diverse plant and anieal cosmunities and the sagnltude of prisary productivity
in wetlands is of global importance. Im addition, wetlands provide sanctuary
to many threatened and endangered speclies of plants and animals. Wetland
ecosysteas alse have many valuvable hydrologie fumctions. In palustrine
forested weklands, cosmonly called swamps, the [nundation of the soll varles
with the season and the asount of precipitation and runoff. One of the
predoninant values of wetlands [s thelr capacity to serve as sites of water
retention and flood control. They are also traps for suspended sedisents and
nutrients, thus improving the water quality downstream (Carter, et al.,1878}.
Because of their potential to {mprove water quality, vetlands have also been
used as tertiary treatment for sunicipal wastewater discharge (Brinson and
Westall., 1983; Richardson and Nichols, 19856). However, such uses are
inappropriate if using the wetland as a slte for sewvage treatsent will alter

the valuable ecologic and hydrologic functioms of the wetland.

Hutrient Removal By VWetlands
Hany studies have been done on wetlands receiving sewage effluent, but none has

conclusively shown that any wetland has the unlimited capabllity to remove
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nutrients and suspended solids from wastewvater without detrimental effects on

the wetland itself. Hany studies have shown that the concentrations of
nutrients in the water are reduced downstream of wetlands, although the
wetlands seem to have a lialted capacity to retaln the nutrients. For exaasple,
soge wetlands have becose phosphorus-saturated and have last their nutrient
retentlion capacity (Dodd, et al., 1385; Hichols, 1283). Other wetlands are not
5uitad faor tertiary treatosent and will export nutrlents in similar
concentrations to those entering the wetland (Schwartz and Gruend!ing, 1983}).
The sechanises of nutrient removal are physlcal and chemical as well as
blological. Simple dilution plays a major role In many cases. Interaction
with the sediments Is thought to be one of the =most [mpertant processes
involved, but perhaps this mechanisas may be |laited by the asount aof nutrients
the sedizent can adsorb (Michols, 1983}, Biologiecal uptake can also be an
important mechanisza, but this s also limited to certaln types vetlands or the
tlee of year supporting the highest rates of prisary productivity (Klopatek,
1978; Hudroch and Capoblance, 1978). Uptake by non-woody sacraophytes {(e.g.
Carex sp., Tyeha sp., Sclirpus sp.) occurs at a higher rate than by trees, and
springtine blooms of attached filamentous algae can take up nutrients at a rate
comparable to macrophytes. Both Atchue, et al. (1983) and Brimson, et al.
(196811 found that the late winterfearly spring filasentous algae biooa in
swamps accounted for as such nutrient uptake as the herbaceous sacrophytes.
This finding is particularly significant since it would allow swamps to retain
nutrients before the susser growing season began (Atchua,et al., 1983).
Kuenzler, et al. (1980) and Yarbro, et al. (1884} also found a significant
phosphorus retention by the fi{lamentous algae in Creeping Swamp on the Coastal
Plain of Morth Carolina. |In contrast, phytoplankton is generally not a sajor

factor In nutrient uptake.
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Blolaglcal uptake occurds during the growlng season. After fall dleback af
leaves and esergent sacrophytes occurs, the nutrients are once agaln returned
to the water, although at this time the nutrients are typically released in a
different chemfcal fors than at the tise of uptake. The retention and
subsequent release of nutrlents by esergent vegetation are benefleial In
improving water quallty. The nutrients retalned In the esergent vegetation are
nai.aua[l:bln for excessive algal growth In the growing season, there ls
typlcally more water avallable for dilution in the dormant season, and the
nutrients are often re-released In foras unavallable to algae, such as In
[ignins; cellulose or other plant saterial (Michals, 1983).

It appears that the hydrology of the wetland is one of the most lmportant
factors i{n deteraining the capacity of a wetland to take up nutrients since [t
detersines, among other things, the contact time between the Incoming
nutrients, the biota and the sediments. Unfortunately, wetland hydrology can
also be difficult to quantify. It ls particularly difflcult In swamps with
pany braided channels which can flood a width of several kilometers with a few
centimeters of water. Every wetland has [ts own hydrologlecal system; sa It
appears that to detersine the feasibillty of sewvage disposal {n a particular

wetland one sust flrst study Ltz hydrelogy, chemlstry, and biolagy.

Algal Response to Nutrient Loading

In other water bodies, particularly lakes and rivers, the respaonse of
biologiecal comaunities to pollutant loading has been well studied. Hany
investigators have found that nutrient Inputs, such as from a wastewater
discharge, cause an increase in the bloeass of the phytoplankton and attached

filasentous algae. For example, Wager and Schumacher (1570) found an Increase
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ey
im the suspended algzal blosass, particularly In eyvanophytes and chlorophytes,

dounstreas of a sewage effluent discharge Into the Susqiehanna River (New
Yorkd., Olsen and Willen (19800 found that the phytoplankton biomass in Lake
Vattern {(Sweden) increased with increased nutrient loading but decreased after
improved sewage Ltreatsent reduced the wastowater and nutrient loads. The
changes in algal blosass were also accompanied by shifts In species
:n;pniitlﬂn. from oligotrophic species, mainly diateas, to eutrophic speciles,
primarlly blue greens, and then back to oligotrophlic species following nutrient
diversion. The well knovn ecutrophication and subsequent decrease in
phytoplankton bipmass of Lake Washington were also due to {ncreased and
decreased wastevater and nutrient loading (Edaondson and Lehman, 19BL). A
nugber of investigators artificially increased the nutrient concentrations im
ponds and lakes and found higher suspended algal biomass after Increasing the

nutrients {for example, Schindler, 1974; DeMoyelles and 0"Brien, 1978).

Prodictive Hodels: Eutrophication, evidenced by Iincreased nutriemts and

phytoplankton blomass, has become a priee concern of those Invelved In lake
panagement. Hany of the sutrophication studies use the phytoplankton blomass
as estipated by chlerophyll a ichla} concentrations and correlate the changes
in chla to changes In nutrients and other factors (DECD, 1982). Dillon and
Bigler (1974}, Canfield (1983), and Smith (1582) developed sodels which predict
chla concentrations from changes in nutrient concentration or nuirient loading
in the lake. Jones, et al. (1984) have developed simllar models for prediction
of chla concentrations in streams. Hodels predicting sumseér biomass (Saith
1985, Smith, et al. 1987) and relative biomass (Saith 198&) of nuisance blue-

green algae In lakes have also boen developed.
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Vetland Al gae

Community Structure: Studies of wetland phytoplankton, on the other hand, are
very rare, particularly for the Coastal Plain blackvater swamps. In twa
studies in glaciaily foroed peat bogs, dlatoes and deselds dealnated the
phytoplankton [(Hayward, 1957; Duthle, 19585). A Lake Chamsplain esarsh was
similarly dominated by diatoas (Schwartz and Gruendling, 1985). The
phytoplankton in the Porter Ranch Peatland (Hichigan) was dominated by desmids
and other chlorophytes {(Kaslschke, 1974). Two studies have been done on the
phytoplankton of the Great Dismal Swamp In Virginia and North Carolima.
Harshall and Poore (1871} found desaids and diatoes dominated the summer
phytoplankton comaunity while Atchue, et al. (1983) found the phytoplankton In
1580 to be dominated by diatoms (Plnnularia sp.; Eunotia sp.; Cymbella sp.;
Tabellaria sp.). Other abundant algae which they found Encluded cvanophytes.
(0scillatoria sp.; Lyngbya sp.}, the chlorophyte, Closterius sp., and the
chrysophyte, Mallosonas sp. Whitford and Schumacher (1863) did an extensive
survey of the phytoplankton of Morth Carolina rivers and streass including the
glow-floving brown vater streaas in the Coastal Plain. They also found diatoas
and dessids dominated the phytoplankton cosaunity although chrysophytes
(Dinobryon sp. and Synura sp.) and chlorophytes (Eudorina sp. and Pandorina
sp.} were also fairly abundant. Cryptophytes were abundant in shallew, acidic,
blackwater lakes in Finland which have slmilar water quality to swamps

(llamvirta, 1983;: Arvola, [983).

Biological Response to Follution: Studies of the effect of pollution on the

phytoplankton of wetlands are also very uncommon. Stevens Hrook Harsh
{northern MNew York), which received sewage effluent discharge, was dominated by

greens, bluegreens, and suglencids (Schwartz and Gruendling, 1985). A nuaber
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&
of studies, hovever, have examined the effects of wastewater on the growth of

filapgntous algae. Richardson and Schwegler (1988} performed bicassays inm situ
using the attached filaeentous alga Cladophora sp., and found signiffcantiy

increased growth rates near the sewage outfall.

Fractical laplications
In the coastal plain of North Carolina and many other coastal states,
small communlties do not have the fimanclal resources necessary to upgrade

thelr sevage treatment facilitles, although the Clean Water Act requires that

they have tertiary treatment of their sewage. Since many of these comsunities [
are sltuated near svasps, the possibliity of using the swvamps as tertiary
treatesent would be a financlally feasible way of meeting the EPA standards for
effluent water quality. The state of Florida grants wetland disposal permits
only after the state Departaent of NHatural Resocurces has sade a l-year study teo
deteraine the potential effects the effluent disposal might have on the wetland
{Larry Schwartz, Florida DNR, pers. comm. 1986). Although the blackwaters of
the coastal plaln swazps generally have low concentrations of nutrients, low
conductivity, and low productivity {(Kuenzler, et al. 1980}, the dissolwved
oxygen concentrations are naturally se lew that the addition of wastewater
could cause anoxic conditions to occur. The lovest natural ocxygen conditlions
also occyr during the susmer when the flew rate of the svaap streams sight be
zero. The ecolegical laplications of wastewater discharge inte specific svamps
and the possibility of nutrient saturation also sust be Investigated.

The state of North Carolina has been considering persitting of wetland
discharge for some time and has been studying a nuaber of sites which were
granted temporary wvetland dlscharge as research sites. The EPA detersined

there vere sany more wetland dischargers in Morth Caralina than are persitted
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as such (EPA, 1983). Two of the sites speclally permitited to allow for
rescarch on the effectiveness of Coastal Plaln svasps for tertiary treatsent
were the subjects of study by researchers at the University of Morth Carolina.
One study investigated the nutrient retention by the swamp and the effect on
the woody vegetation Im one swamp (Kuenzler, 1987V). The research presented
here was conducted in comjunction with the study by Kuenzler (158Y) sentlioned
ahéue. The goals of thils report were:

1. Characterization of the species composition and seasonal distribution
aof phytoplankton in twa Coastal Plaln swamps.

2, Characterization of the specles cosposition and seasonal distribution
of algae in the oxidation pond at Clarkton, MHC.

3. Determination of the spatlal wvariation In phytoplankton downstream of
the effluent input and the relation of the varfation to physical and chealcal
factors.

4, Comparison of the relation of the chlorophyll and nutrients in swamps
to other water bodies via use of eapirical models.

5. Determinatfon of the importance of the phytoplankton cossunity

structure and algal biomass in swamp wvater quality management.
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HETHODS

Sagples were collected once a month from all stations. One grab saaple
was collectod for cach of the nutrient analyses. Dissolved oxygen, pH, water
toemporature and alr tesperature vere determined while in the field. HNutriemt
analyses of filterable reactive phosphorus, niteltetnitrate, and asmenium via
E.P.A. approved spectrophotomctric sethods were perforsed in our laboratory
until after August 10, 1985, after which they vere done in the analytical
laboratory of the N.C. Department of Environmental Hanagement. Additional
analyses poerforméd by the D.E.H Included total phosphorus, total kjeldahl
nitrogen, chleride, bicleogical pxygen desand, and fecal colifores. A detafled
explanation of the methods and the results of the nutrient data can be found Imn

the report by Kuenzler (1987).

Phytoplankton Counting Methods

Collection: AL each station, two grab sasples in 125 al containers were
collected from just benmeath the wvater's surface. Within one hour, one of the
bottles was preserved vwith Lugel's solution. The other sasple was kept alive.
Both sapples were kept on ice and In the dark until analvsis.

Examination: The live samples were examined within 3 days. 15 al of the live
sapple was spun down in the centrifuge at the highest speed. The supermatant
was decanted off the material at the bottoms. The algae were resuspended in the
remaining drop left in the tube which was then placed on a microscope slide to

identity the live algae, espcoccially the flagellates.
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The dead samples were examined using settling chamberz. 1-30 al af the
fixed saomple was setitled for gquantitative [dentiflcatlons. The zasples vere
settled at least 1 hour for every 5 ml to insure coosplete settling. (Lund, et

al., 1858).

Counting Hethods: After settling, the samples were examined using a Unitron

fnverted microscope. First, the bottom of the chamber was scanned at a low
power te search for large, infreguent species. Then at a higher power (200x-
450x), the phytoplankton along transects of the bottom were Identiflied and
counted until at least 100 specimens of the domimant specles had been counted
or at least 300 specieens had been counted. If the phytoplankton was very
sparse and 300 specimens were not [ikely to be found; elither one hal! or the
entire bottoe would be counted. The number of fields were counted and the
counts converted to the nusber of cells/al.

Blovoluse estimates of most species were detersined by efither Dr. Peter
Campbell or the blologlcal lab at the DEM. Those biovoluaes not avallable from
these sources were determimed seasuring the dizensions of the algal cell and
estisating its voluee using standard gecsetric formulas. The total blovolume
at each statlom was determimed by sultipiving the cells/ml by volune estimates
of the cells (Lund, et al., 1958).

Verification of the counting was sade by recounting a nusber of sapples
and comparing the results with the flrst count. Ald In ldentiffcation was
obtained from Drs. Edward J. Kuenzier, Hax Hosszersand and Peter C. Campbell.
Phytoplankton keys used Included those of Frescott (1562), Whitford and
Schusacher (1984); Cocke (19567), Reimer and Patrick (19B66)1; Huber-Pestalozzi

{1951), and an unpublished work by Dr. Ceaopbell.
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of studies, however, have examined the effects of wastewater on the grovth of

filasentous algae. Riechardson and Schwegler (1988) performed bicassays in sity
using the attached filamentous alga Cladophora sp., and found significantly

increased growth rates near the sewage outfall.

Practical laplications

| In the coastal plain of MNorth Carolina and sany other coastal states,
sgall comsunities do not have the financlal resources necessary Lo upgrade
their sevage treatment facilitles; although the Clean Water Act requires that
they have tertlary treatment of thelr sewage. Since many of these comsunities
are sltuated near svamps, the possibllity of using the svamps as tertiary
treataent wvould be a fimanclally feasible way of meeting the EPA standards for
ef f luent wvater quality. The state of Florida grants wetland disposal peraits
only after the state Departsent of MNatural Resources has made a l-year study to
detersine Lthe potential effects the effluent disposal sight have on the wetland
fLarry Schwartz, Florida DHR, pers. comas. 19BB). Although the blackwaters of
the coastal plaln swaops generally have low concentratlons of nutrients, low
conductivity, and low productivity (Kuenzler, et al. 13B0}, the dissolved
oxygien concentrations are naturally so low that the additionm of vastewater
could cause anoxic conditions te eccur. The lowest natural oxygen conditions
also occur during the summer when the flow rate of the svanp streass sight be
zero. The ecological implications of wastewater discharge Into specific svamps
and the possibility of nutrient saturation alse sust be investlgated.

The state of Morth Carolina has been considering permitting of wetland

discharge for some time and has been studying a nusber of sites which were
granted temporary wetland discharge as research sites. The EPA detersined

there were many more wetland dischargers in MNorth Carolina than are peraltted
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as such (EPA, 19B3). Two of the sites specially persitted to allov for
research on the effectiveness of Coastal Plain svamps for tertiary treatment
were the subjeocts of study by researchers at the University of Horth Carolina.
One study investigated the nutrient retentiom by the swasp and the effect omn
the woody wegetation in one svamp (Kuenmzler, 1987). The research presented
here was conducted In conjunction with the study by EKuenzler (1987) mentioned
lhﬁve- The goals of this report were:

1. Characterization of the species composition and seasonal distribution
of phytoplankton In two Coastal Plain swamps.

2: Characterization of the species composition and seasonal distribution
of algae In the oxidation pond at Clarkton, MHC.

3. Determination of the spatial wvarlation in phytoplankton downstream of
the effluent input and the relation of the varlation to physical and chemical
factors.

4. Comparison of the relation of the chlorophyll and nutrients In swamps
to other vater bodies via use of eapirical models.

5. Determination of the laportance of the phytoplankton cossunity

structure and algal biomass in svamp water quality sanagesent.
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HETHODS

Samples werc collected once a sonth from ail stations. One grab saaple
was collectad for cach of the nutrient analyses. Dissolved oxygen, pH, water
temperature and alr tesperature vere determined while in the field. MHutrient
analyses of filterable reactive phosphorus, nitritetnitrate, and ammonium via
E:P.A. approvied spectrophotosetric sethods were perforsed in our laboratory
until after August 10, 1985, after which they vere done In the analytical
laboratory of the MN.C. Departaent of Environmental Hanagcaent. Additional
analyses performed by the D.E.H I[ncluded total phoesphorus, total kjeldahl
nitrogen, chloride, biological oxygen demand, and fecal coliforms. A detalled
gxplanation of the methods and the results of the nutrient data can be found In

the report by Kuenzler (1287},

Phytoplankten Counting Hethods

Collection: At each station, twe grab saosples in 125 m] containers were
collected fros just beneath the water's surface. Within one hour, one of the
bottles was preserved with Lugel's solutions The other sample was kept alive.
Both szamples were kopt om ice and in the dark wntil analysis.

Examination: The |ive sasples were examined within 3 days. 15 al of the live
sagple was spun down inm the centrifuge at the highest speed. The supermatant
was decanted off the material at the bottem. The algae vere resuspended in the
remaining drop left in the tube which was then placed on a alcroscope slide to

identify the live algae, espeocially the flagellates.
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Diatoms: 15 ml of samples In which dlatoms were among the domlnant specles

were spun down at high speed In the centrifuge. The supernatant was decanted
and the resaining erganic matter was placed on a slide and burned off at high
tesperature. A drop of Hyrax and a coversllip were Lhen added te the slide.
After the slldes were cooled, the dominant specles of diateoms were idemtlfled.
The proportions of the different specles were deterained from the guantitative

counts {(Peter Caopbell, pers. comm., 1986),

Data Analysis

Data handling and graphics were done on a Leading Edge Model D personal
copputer wusing LE Twin, Lotus 1-2-3 and Systat software packages.

The percent change In diluetion of the sewage in the swasps was estieated
to give an approximation of the varfation In water volume In the swamp stream.
This was accooplished by comparing the chloride concentration at stations
downstream of the effluent Input to those of the effluent. The equation used
to estimate the percent change in dilution was:

HUEL={I‘{El‘ﬂchE-ﬂEIIllﬂﬂ
where CI is the chloride concentration at the station, CE is the chloride
concentration of the control station, and E& the chloride concentration of the
effluent. This calculation gave the change In dilution of the chloride.

Similarity indices wvere calculated to glve an Indlcation of the bilological
similarity asong stations. - The calculation used the total blovolumes of the
phytoplankton species present at each station. The eguation 13 the P5C percent
slmilarity index sodified to Include bilovolume (Washington, 18984).

P5C=100-=0.5 ia-=b!
where a and b are, for a given species, the percentages of the total sample

biovolupes, A and B, vhich each specles represents.



NEATPAGEINFO:id=C86A111B-5C33-41A1-9BA5-E8936EE587ED

NEATPAGEINFO:id=C86A111B-5C33-41A1-9BA5-E8936EE587ED


ii
Stopuwise aultiple regression analyses were parformed on the two vear data

set to see If any of the physical or chemical parameters which vere measured,
such as vater teaperature, the variation In water volume present Iin the svasp,
or different species of phosphorus and nitrogen, could account for most of the
varlancge in cehlorophyll a concentrations. Systat software was used for these

procedures.

SITE DESCRIPTIONS

Lewlston-Woodville

The Lewiston-Woodville sewage treatment plant i3 lacated beside Highway
42511 in Bertle County and discharges approxisately 0.1 HGD of effluent
directly Inte the Cashle River. The sevage treateent plant s an extended
aefaijnn package plant designed to overtreat the sewage by having low loading
rates and long detention tises during the aeration treatment. It is a simple
activated sludge plant which, when operated properly, can give very
satisfactory treatmenmt (J.C.Lamb,1!l personal comsunication,1886). However,
when the sludge Is not removed from the plant on a regular basis, [t will be
discharged with the effluent. This can cause prebless for swamp dischargers.

A new sevage treatment facility {s planned to be constructed between the
supgper of 1986 and the sumser of 1987. 1t will be an activated sludge plant
which discharges its effluent Inte the swamp using a perforated plpe.

The Cashie River at the point of "effluent input Is actually a cypress-gum
swagp which is Inundated for sost of the year. During susmer drydown, the
stream becomes Iintormittent and sewage accounts for all of the flow faor
approxigately 300 seters below the effluent Ilnput. The forest is domlnated by
tupelo guam, black gum and red maple. Bald cypress is alse present, as is
suget gum, cottonvood, green ash, and holly. Sauvrurus cernuus (Lizard's
Tail), Palygonum sp. and Carex lupulina are the 3o0st abundant herbacesus
sacrophytes.

The Cashie River interconnects with the Roancke River as they both espty
into the Albesarle Sound. The area of the watershed above the effluent Input

is 62.1 knz and the river's watershed area above the sampling site farthest

downstream is 110 HIE.
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There were up to 9 statlons sampled around the effluent input cn the

Cashie River and on its tributaries (Flgure 1}.

1) Station 1 was 120 m wpstream of the sewage input above Hwy 42511. The
swapp was clesely bounded and encroached upon by agricultural flields to Lhe
cast and extensive tigber cutting to the west. Slince the cutting cecurred,
the swanp forest was reduced t; approxlioately 50 m wide. There was no water
prézént at this statlon during the summer drydown.

2 & 2A) Station 2 was in the svaep directly in the path of the sewage flaw,
about 2 @ avay from the effluent pipe. It was I{n one of the braided channels
of the swapp. For about four sonths, the sewvage flow was hlocked by a fallen
tree which diverted the flow to another channel. Durlng this time we sampled
the new sewage route as Statlon 2A, also about 2 m fros the effluent plpe.
When the sludge bullt up so such that [t blocked the sewage flow to Statlonm
2A, the sevage streas was rediverted back to Station 2. During dry weather,
sose of the sowage alse flows upstream and under the highway bridge. as
evidenced by a dye study performed by the DEM {Lewiston-Woodville speclal
study report,1985) and by our water quallty data (Kuenzler,1987).

3) Station 3 was about 20 seters downstreaz of the offluent input. The
vagetation was such the same, but more cypress Lrees were present. The maln
stream is very shallow here (<0.3m). When flooded, the swvasp it nearly 1 ko
wide.

4) Station & was about 200 meters downstream of the effluent input in the =ain
channel of the swamp, which was up to 0.7 & deep. Hacrophytes vere comman,
particularly Saururus cernuus. The stream and forest here contained many
figh, turtles, dragonflies, damselflies, and numerous blrds {e.g. kingfishers,

herons, gnatcatchers, vireos, and anhingas).
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5) Statlon 5 vas about 3.2 km dovwnstream of the effluent lnput and was near

the junctions of aany tributarles. Therefore, the swasp wvas very wide and
deep at this polnt. This site was less encroached upon by agricultural flelds
and seeped undisturbed. This site Is approximately 50 o upstreas of the
junetion of the Cashie River and the Whatom Swamp. It was also about E00 a
downstreas of the joining of the LD tributary from the west. We observed that
the swasp here provided habitat for sany anieals and birds such as suskrat,
raccoon, deer, heron, prothonotary warblers, kingfishers, anhingas, plleated
woodpeckers, vellow bellled sapsuckers, red headed woodpeckers, red eyed
vireos, blue gray gnatcatchers, barred ovls, and many others.

B} WE wags the station at which we.monitor the Whatoe Swamp. 1%t wvas about 50 =
upstreas of the bridge om 5R1205. Hany trees had recently fallen, presusably
because of strong winds, and the iuanp was closely bounded by corn flelds.

T) Stationm 5 was the furthest station downstream and was 4.5 ks from the
sewvage Input. It appeared to be falrly undisturbed by husans since theres were
many very large tupelo and cypress trees here draped with spanish moss. The
flow was affected for a nusber of months at the end of the study whem a beaver
das backed up the water considerably. The dam also caused a significant rise
in water level at Station 5, The site was 30 2 upstreas of the bridge over
SR1218.

8) Station LD was a dredged tributary to the Cashie which drained part of
Lewiston-Woodvllle and all of the N.C. Agricultural Experlaent Statiom and its
fields. It was a seall tributary whose flow doubled or trebled during heavy
runof{ from the adjacent conerete roadside ditehes. [t was about 30 =

downstrean of Huy &42/11 in the field beside the highway.
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Clarkton

The sevage treataent facility at Clarkton ls an oxidation pond which
previously discharged Into a ssall ditch at a rate of about 0.1 HGD. The
diteh joined the swvaep syvstem about 750 & downsireas. The discharge systes
was altered In Hay, 1585 when plpes and pusps were [nstalled to carry the
gf f luent to Brown Marsh Swasp where It was being discharged by a spray
acration systea.

An oxfdation pond is generally 3 to 5 feet deep and canm reduce the BOD
and suspended solids in the wastewater by 75 to B5% utilizing a complex
combination of treat=ent sethods. The detention tise for a sisple oxidation
pand should be as long as 30 days with a one acre pond serving 200 to 300
people. Processes Included in this treatment include settling of suspended
patter; aeroblc and anaercbic digestion of organic satter, and further
reduction inm BOD by blochemical reactions. Oxygen {s priesarily provided by the
photosynthetic activities of the algae which growv abundantly in the pond.
{1.C. Lamb, pers. coes., 1586)}. The single lagoon at Clarkton 1ls also
sporadically aerated by a seall boat belng driven arocund {t. The abundance of
algae proves Lo be a problesm inm small streams and swamps where discharge of
great amounts of algae increases the stress on the discharge ecosystea.

The Brown Marsh/Elkton Swamp system forms the Red Hill Swaep which is a
tributary to the Waceamaw River. The area of the wvatershed above the effluent
input is 235 knz and the river's wvatershed to the last saspling station Is
approxieately 300 kli.

There were up to 12 stations saspled around the previous dilscharge site
and along the swasp system and Its tributaries (Figure 1).

1Y BHS5 waz on the Brown Harsh Swasp approxisately 0.8 ks uwpstreas of the spray

aeration system. It Is a gue-cypress svamp with an abundance of red maple,
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tupelo gus, black gue and ash vith sose cypress; detalls of tree abundances
are given in Kuenzler (1987). The saspling 3ite wvas about 40 @ north of Hey
211. The swasp was very shallov here, never exceeding 0.3 o deep during our
sappling and often being completely dry.

2) E5 was on Elkton Swamp about 45 @ north of Hwy 211. Ve saopled near Lhe
head of a deep pool which often still had water when the swaap becanme
intermittent during sumeer drydown. The Elkton and Brown Harsh Swamps are
probably Joined upstream of these sites at a rallroad bridge. Therefore, both
were considered to be control statlenms for the study.

3)EFF was the effluent sample taken directly froa the wvetwell of the treatsent
plant.

4) Station A was the first station sampled dovnstrean of the sprayers in the
swamp. It was approximately 30 ® south of the cross in the sprayer plpes.

The swasp here [z prisarily tupelo gus, black gum, cottonvood. ash, red maple
and cypress. BHBefore the spraying began, a lush undergrowth of macrophytés was
also present. The sagpling occcurred in the deepest part of the streas; which
reached a saxiouve depth of 0.4 @. The sludge froe the effluent accumulated
here in an unbroken blanket. .

SiStation 1A was a small channel which forsed durlng periods of higher water
and branched off Brown Marsh Svamp just below the maln plpe of the spray
systes. At tiees this channel also received part of the effluent, but on most
sappling dates this statlon appears to be undisturbed. The sampling point vas
marked by a break in a raised rail|way bed and the swamp forest here was
comprised of tupelo gum, red maple and some cypress.

B} Station B was 170 o downstreas of the effluent discharge in a shallow
(paxioua depth of 0.4 m) tupelo gum-dominated area. The sludge also foreed a

blanket beyond this point until this stream rejoined the Elkton Stream again
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at 228 o below the spravers.

71 Station C was 320 o downstreas from the sprayers, after the junction of the
two branches and below a deep pool abt the junctlion. The tupelo gum/cypress
swapp was wider and the water deeper here. Am old raised rallwvay bed with big
gaps In It marked the slte. Ewven the deeper sections of thils part of the
swapp became isolated pools during the drought of the study year.

Ei-HHS was 4.5 km downstreaa of the sprayers on the Hed Hill Swamp. The swaap
systeo is about 1.5 ka wide at this point and has many braided channels. The
sanpling point was on the pain channel about 50 m above the second bridge from
the east on SR 1700. Tupelo gum, cypress, and red saple doeinated and sany of
the cypress knees reached a hefight of 1.4 &. Haerophytes Include Cyperus sp.

and Ssururus cernuus. One time during the saspling period, thls svamp was

reduced to a series of ssall pools.
8) 55 was the saepling station on a tributary to the Brown Harsh Svamp called

2

Slades Swamp. It has a watershed area of 41 ke and the Jolning of Slades and
Brown Harsh Swamps forms the Red Hil)] Swasp. Slades Swamp is a very shallow

swamp vwith abundant Saururus ¢ernuus. The trees are mostly tupelo gue and red

maple. The sampling site is about 40 = upstream of the bridge on SE 1758.

101 UT was the statlen om the unnamed telbutary which floved beside the sevage
lagoon and Into which the effluent was previously discharged. It s a dredged
ditch which also dralns a number of agricultural fields.

11) BFCR was the station on Big Foot Creek which previously flowed through a
forest which had been clear cut near the beginning of our saapling period
{probably winter 1985). It is a shallow, blackvater creek and is very
responsive to heavy rainfall events which cause surges In its flow. BFCR and
UT join te form Big Foot Swamp. It Is a small swamp and was only flooded once

during the saapling perlod.
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12y BFB was the statlon on the main channel of Big Foot Svamp about 15 m below
I

the junction of UT and BFCR. I[ts sediments are very deep and sticky and we _
often sunk up to our knees while Erying to sample. Part of the sedioents are
Iikely residual sliudge from the sevage effluent. The channel ls dredged out
past our saapling point. The Big Foot Swamp jolns Brown MHarsh Svapp about 1

km above its junction with Slades Swaap.



NEATPAGEINFO:id=663C0AAC-A1E1-48A7-9E1D-99F82E28C244

NEATPAGEINFO:id=663C0AAC-A1E1-48A7-9E1D-99F82E28C244


e ELHTON 5. CASHIE
= 101 kmd RIVER
134 kem LEHIS:;‘CIH £7.1 km?d WHATOH 5W.
e T i
k=

BHS § E5 -0.80

I ;
$ A 8.03 el e

BIC FOOT
EH'LH kmd

1] Q.17

HOT TO SCALE

= .3z

HOT TO SCALE

ED. 121%

RS 4.42 ¥
[ RD. 1700

Figure 1. Diagrammatic maps of the Brown Marsh Swamp, the cashie
River, and their tributaries, with watershed arcas,

sampling stations, and distances between stations. f(Kuenzler, 1987)
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RESULTS

Hatural Swagp Phytoplankton Cosmunity Structure
Total phytoplankton voluses were generally low in the two blackwater SWADP
streams. For the Cashie River control stations. 1 and 6, the phytoplankton
biovaoluae ranged freoe E.ltlﬂa unafml in Hovembor to a maxisum of liﬁnrlﬂT
ua® ral in Jupe. The sedian value was 511:1D5 unafll. the mean value vas
quxlﬂF u:afll. and all of the values aver 111dE unafnl geccurred from May
through September. The lowest blovoluses occcurred during the winter sonths
when the aeount of water In the swamps was high. For the Brown Harsh Swamp
control statioms, BHS, E5 and RHS, the phytoplankton biovoluee ranged freo

?,2:10¢ u:afm] In August to 1.¢:Iﬂ? uua

fal In Septecber. The pedian value wvasg
E-DIIQE uuafml and the mean was l.E:lﬂE unafnl « There was such more scaktter
in the biovoluse data in the Cashie River, but lower values generally occcurred
in the cooler months, except for June and August, when sore water than the
summertiee noras was in the swaaps.

Bath swamps also exhibited seasonal patterns In the speclies composition of
the phytoplankton communities. The Cashie River phytoplankton was dominated by
the Euglenophyceae fros Hay through October, but the dominance pattern was asore
copplicated in the cooler sonths when sealler cryptophytes, chrysophytes and
chlorophytes vied for dominance (Figure 2A)}. One species of the
Chloromenadophyceae dominated in April. The same general pattern was exhibited
by the comsunity of the Brown Marsh Swanp [Figure 2B). However, In summer the
euglenophytes shared dominance with other classes, primarily eryptophytes and
chrysophytes. The winter assesblages were dosinated by cryptophytes and

chrysophytes, but they were sore coaplex, and euglencphytes, bacillariophytes,

and chlorophytes were also isportant.
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Analysls of the control site specles composition In both swamps showed

that the sost important genera by percent composition by Biovoluse were

Trachelosonag sp.., Cryptosonas sp.. Euglema sp.., and Synura sp. (Figures 3, 4,

and 5); they often comprised aver 75X of the total blevoluse saspled. Certaln
gpecles within theze gonera were consistently lmportant at beth swamps. These

incliude Trachelomanas vaolwvocina, Trachelceocnas hisplda, Cryptosonas sarssonii,

Cryptomonas erosa, Euglena chlamydosorpha, and Synura uvella. Other genora

which played an lspertant role in the Brown Marsh Swasp were Chrosulina sp.,
Phacus sp., Mitzschia sp., Polycystis sp., Chllomonas sp., Closterium sp.,
Chlamvdoponas sp., Hallooonas sp. and Pheaster sp.(Figure 4), The spring was a
time of major transition, partlicularly at the Cashie River. From January to
April, 1986, the dominant genus im the Cashie River phytoplankton comsunity
changed every month (Figure 5). These doainants included Synura sp., Bheaster
gp.; Pleurotagnius sp., and Gonyostomsus sp. When up Lo eight genera were
included, they nearly always accounted for over 75% of the total biovoluze
sappled. In the Cashic River, other {mpportant genera Include Phacus sp.,
Mitzschia sp. and Chlamydoponas sp.(Figure 31,

Although filamentous and attached algae were not systesatlcally exasined
in this study, they were very jsportant in both swamps in the spring. Some of
the genera which grew extensively before canopy closure in the spring were the
ehlorophytes Oedogonium sp., Spirogyra sp., Zygnesa sp., and Mougeotia sp. and

the xanthophvte Tribonema sp.

Sewage Lagoon Phytoplankton Copeunity Structure
The sevage lagoon at Clarkton alse displayed sarked seasomal variatien.
Excluding the April sample which was taken In the stream into which the

8 3 :
gf f luent was discharged, phytoplankton blozass varied from 1.9&x10" ua /&l in
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. September to :1-.|:1'|Z|E una.'ll: in Harch. The mean af the 11 sonths was 5;2:11]?

and the sedian vas 4.0:Iﬁ?. ALl of the values over s.uniu? peeurred in the
warm season, between June and September. The Euglenophyceae dominated the
lagoon phytoplankton cossunity for half of the year, in the sonths of January,
Hay, Jung, October, Hovesber, and December. [n July through Septeaber, the
Cyancphyceae doainated the cosmunity and in February, Harch, and April the
Eth}uphyneaE dominated {(Flgure 6). In every month eicept August, one class
constituted over half of the blovoluae of the lageon phytoplankton community.
Analysls of the lagoon data showed that the sost {aportant genera, by
biovoluse percent cosposition, were Euglena sp., Oocystis sp., Oscillatoria
Sp«y Arthrospira sp. and; in June only, Pandorina sp. (Flgure 7). The species
within these genera which securred most frequently were: Euglena gracilis, E.
pisciforais, Oocystis parva, Oscilllatoria lisosa, 0. chlorina, Arthrospira

. jgennerl, and Pandorina sarus. Other gemoera vhich vere isportant in the lagoen

phytoplankton community include the chlarophytes Actlnastrue sp.,

Ankistrodesmus sp., Coelastrum sp., Chlorella sp., and the colorless
eug lenophyte Henoldiuva sp. The specles which were most cosmon in these genera

were Actinastrum hantzacshil, Anklstrodesmus falcatus, Coslastrum sicroporus,

Chlorella vulgaris, and Menofdiue pellucidun, Hany specles of Lhe genus

Scenedesaus sp. were also commonly present, including §. quadricauda, 3.

opoliensis, 5. bijuga var.alternans, 5. acuminatus, and 5. disorphus.

Mitzschia sp. was only important in the saople taken from the receiving stream.

Spatial Variatlon Within the Ispacted Swamps

Each of these svasp systems received a point source input of sevage

. effluent from a different type of treatment plant. The Leviston-Woodville
treatment plant priparily added nutrients and suspended solids to the Cashle

River swamp stream while the Clarkton plant also added larfe amounts of algae

e
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to the Brown Harsh Swamp from fts oxidation pond. These differences in the

treatment systess shouwld result in different phytoplankton comamunitias

downstream aof Lhe Input.

hie Riwv
Biomase: AL the Cashie River, the effluent had little effect on the
ph%tnplanktun relative to the control site. Although there was rarely such
phytoplankton within 2 @ of the effluent pipe, higher total blovoluses were
found further downstream after the effluent streas becase more fully sixed with
the swamp waters (Figure B)1. The bicmass of phytoplankton did not appear to be
avertly affected by the wastewater input since total blovolumes at slites up-
and down-stream of the effluent input wvere nearly alvays greater than the
effluent site, suggesting simple dilution. In addition, the patterns of total
blovoluse varied widely with the highest biovolumes occurring at various
stations and szaspling dates. The particular sonths when the biovolume of one

genus or spocles at a station was greater than 40X of the total blovoluae for

that station were:

OCTOBER 1985 Station | 44% Cryptomonas
MOVEHBER 1385 Station 2 85% Chlasydomonas
HARCH 1986 Station 5 48% Fleurotaenium
APRIL 1986 Station 5 48% Nitschia

In the winter months, there was less blovolume found at the staticns, amd the
blovolume at Statlon 2 was commonly close to or slightly larger than the next
station downstream. However, in many months of the year, two sain patterns
emerged in the blovolumes downstream of the effluent input. In June, August,
September, January, and March, the total blovoluse had a graduel increase to

Station 6. the last station downstream of the wastewvater input. In July,
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Dctober, and April, the saxioum biovolume was found at Statlon 5. However, Ehe

patterns in total blovolume were not comsistent for sore than two consecutive

sanths.

Community Structure: The structure of the phytoplankton comeunity of the Cashie

River did not shovw any consistent varlation downstream from the effluent
Input. Slallarity Indices based on all species showed Lhat Stations L, 3, and
4 were very sigilar as were Stations 5 and 6, whereas Station 2 was very

different from the others.

Brown Harsh Swasp

Biomass: At Brown Marsh Swamp, where the sewage treatzment system continually
discharged algae as well as suspended solids and nutrients I[nto the swaap
streas, a clear pattérn of biovoluame change was seen downsiream of the sewage
input by the spray diffuser system. Im all =onths sampled, except the flrst
sonth that sevage vas discharged Into the svasp, the algal blovaluse found in
the swamp decreased downstrean of the input (Figure 9). In the cooler aonths,
the drop in phytoplankton biovolume downstreaa from the sprayvers occurced very
rapidly and often dropped down to background swaep stream conditlions within 300

o downstream of the sprayers .

Community Structure: The spray diffuser systes began distributing effluent

into the Brown Harsh Swamp In early Hay, 1985. The initial lmpact on the the
phytoplankton cosaunity structure was that the natural phytoplankton comaunity
was displaced by the lagoon phytoplankton. The contrast of the zimilarity of
statlion A to the effluent and controls from April to Hay i{llustrates the change
in specles composition (Figures 10 and 11}. |In Aprll, the sample fros station

A contained a sixed, diverse community very sisllar to upstream or contrel
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stations (Flgure 10), After the spraying began in Hay, the community was

coaposed prisarily of Euglena gracilis, E.pisciforeis, and other gesbers of the
lagoon communlty (Flgure 10). The percent slallarity of station A to the
control stationz In Aprll wvag 47% whereas In Hay the similarity to the control
stations was only 8%, Conversely, the slallarity of statiom A to the effluent
in April wvags only 12% but in May it vas 76X similar to the effluent.

The species composition of the phytoplankton displaved a marked pattern
downstreas of the sprayers. While the area within 100 was generally dominated
by specles found in the sewage lagoon, farther downstreaz the natural
phytoplankton community of the swasp again became dominant (Figure 12). In the
susmer; Lthe change Iin algal domlinants downstreas {5 not e#vident at the class
level sinece the euglenophytes dominate both the lagoon and the swasp stream. A
change from only the genus Euglena to a cosbination of sany specles of

Trachelosonas and Euglena occurs in the swamp stream. A number of specles of

the genera Phacus and Lepocinclis were also present in the swamp stream in
lower numbers. In addition; only two species of Euglena were found im the
lagoon, Euglepa gracllis and E. pisciforsis while there were many species of
the four euglenophyte genera found In the swasp stream. Among those species

copmonly found inm the swanp stream are Trachelomanag volvacina, T.hispida,

T.granulosa, T.lacustris, T.acanthostosa, T.horrida, Euglena proxisa, E.acus,

E.tripteris, E.chlamydomorpha, E.sprirogyra, Phacus longicauda, P.orbicularis,

P.curvigauda, P.inflexus, P.acuminatus, P.hellkaides, P.pleuronectes,

Lepocinelis avus, L.stefnifi, and L.fusiforsis.

In the cooler months, the effluent algae did not dominate as far
downsktreas as in the warmer months. Percent similarity of phytoplankton
cosmunities at different stations to the effluent alsc shows the change in

gpecies composition downstream of the sprayers (Figure 11}. [In the varaer
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months, the statlons within 300m of the effluent were generally more than 75%

similar to the lagoon but that dropped to abouwt 50% sisilar or less in the
cooler senths. Sliailarity to control statlons show the opposite pattern
{(Figure 10}.

Blooss of cyanobacteria (Oscillatoria sp.) and purple photosynthetic
sulfur bacterfa (Chromatlus sp.) cossonly occurred below the sprayers in the
spiiﬁg and susmer, coverimg the bottom aof the swamp with dark blue-green mats
or pink patches. The cyanobacterial bloops cosmonly extended for over S50a. In
July at station B, Osefilatoria spp. (prisarily QOsclillatoria lisosa) accounted
for 48% of the total phytoplankton saeple collected. Another bacteria present
in the svamp streas below the sprayers vas the "sevage fungus”, Sphaerctilus
natans, which vould fore long white filaments on top of the water and on the
bottom of the stream. There were also occasional phytoplankton blooss of
species not found in the sewage lagoom. For exasple, at RHS im June and ES im
October, Hicrocystis sp. respectively accounted for 49% and 45% of the total

phytoplankton sample at that statiom.

Varfation in Chlorophylla Cancentrations

Stepwise pultiple regression analysis was performed on the chlorophyll and
physical and chemical data, in order to determine if the concentratlion of
chlorophyl| covaried with any of the water quality parameters which were
aeasured and to see If predictive models could be forsulated for swamp stream

chlorophyl|l concentrations.
Caghie River: The Cashie River chlorophyll values were generally very low. A

relatively ssall amount of the the varfation in the chlerophyll concentrations

was accounted for by any of the different nutrient concentrations and physical

!
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characteristics which were asaszured. Water temperature was a significant
(p<0.01) factor, which alone accounted for 31.3% of the chlorophyll variance.
The varfatfion Iin two nutrient concentratlaons, those of total phosphorus amnd
nitritesnitrate, vere also significant factors. The sultiple regression model

obtained wtilizing all three factors {5 Equation 1.

(1 LOGCHLA= -0.141 + 0.467 TOTP - 0.309 LOGNOX + 0.039 UTEHP Hzlﬂ.ﬂEi FL.05

The season of the year and the nutrlent cosbined to account for about half of

the varlance In the chlerophyll concentrations of the Cashie River.

Brown HMarsh Swaspr The varfance {n the Brown Harsh Swasp chlorophyll
concentrations was also significantly related to total phosphorus (p<0.05).
Total phosphorus(TP) alone accounted for 51% of the chlorophyll variance for

all stations and sampling dates (Equation 2)

(2y LOGCHLA = 1.T&B + 0, 7BELOGTP R2=E.El

When only the data froe the sain steas sasmpling stations were used, the sodel
obtained included phosphate and nitrite+nitrate (Equatiom 3}. Both total
phosphorus and total nitrogen were also significant, but more varfance was

accounted for by phosphate and nitrite+nitrate.

(3) LOGCHLA = 2.S71 + 0.454LOGNOX + O.394LOGPO4 rZ0.85

Far further analyses, the data was then divided Into susmer and winter data

gets; the summer being defllned by water tesperatures »= 20 €, but no
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slgnificantliy different models were obtained. The varfation In wvater volume,

as estisated by chloride concentration, also was a significant factor and alone
accounted for 2V% of the chlorophyl! varlance. When [t was added to the
aultiple regression sodel, however, It was not significant. The nutrients,
particularly nitritesnitrate and orthophosphate, plaved the major role in

accounting for the varlance In the chlorophyl! concentrations (n the Brown

Marsh Swaep.
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a4
DISCUSS ION

Phytoplankton Species Composition af the Uniespacted Swamps

Comparison to Previous Studies: Similarities observed in phytoplankton

comgunity composition between the Brown Marsh Swamp and the Cashie River
differed from those comsunities observed in other wetlands. In the Cashie
RKiver and other blackwater rivers in the Coastal Plain of Marth Caralina,
Whitford and Schumacher {1983}, In the only other study of wetlands with
flowing water, found many of the same genera as found in this study, although
in different frequencies. However, other studles, Including twe in the Great
Dismal| Swamp, described very different phytoplankton communities (Table 1).
Other studies consistently found that dlatoms played major role in the algal
flora whereas in the Brown Marsh Swaap and the Cashle River, they only were
abundant for a short time in the spring (Figures 2A and 2B). Only one statlon
on the Cashlie River, Station 5, always had diatoms, maimly leng filaments of

Eunotia pectinalis. This species was commonly found by Whitford and Schumacher

(19635, Im addition, the Cryptophyceae dominated [n both szwvamps many months
af the study year but were not even mentioned by Whitford and Schusacher.
However, thelr enumeration methods did net allew for ldentification of wvery
sgall flagellates, so it is possible cryptophytes were missed in the counting.
| lmavirta (13982} and Arvola (1983) found cryplophytes dominated the
phytoplankton of shallow, acidie, brownwater lakes in Finland, whose summer
water chemistry is very similar to the winter water cheslstry in these swamps.
The euglenophyte domlnance found in the Cashie River and the Brown Marsh Swamp
in the susser (Figures 2A and 2B} has not been noted In other awvamp
phytoplankton communities, although Dawes and Jewett-Smith (18985) did find

Euglena acus to be common in the sumser marsh drydown in Florida (Table 1.
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Since the Brown Marsh Seamp and the Cashlie River also expérience summer

drydown, the warm tesperatures and shallow water could allov for doalnance by

the euglenophytes.

Phytoplankton compunity succeggian: |[n community succession, the species which

can saintain the highest rate of net lncrease under the glven environmental
conditlons iz the one which {3 most likely to dominate (Harris, L9881, Im
phytoplankton community dynamics, some of the many factors which work together
to determine what species willl domimate a certain environment include light
aval labillty, including penetration Into the water, insolation, and day length,
nutrient avallability, flushing rate, and competition between the species
{Reynolds, 1984). Because no two swamps are the sase, these variables provide
different combinations of factors which affect the viability of particular
phytoplankton species.

In summer, the water in both the Cashie River and the Brown Marsh Swvamp
was wery warm, up to 27 C, and the flow was very slow or completely stopped,
evidenced by crude flow measurements and, in many cases, an intermittent
stream. The swampg dried down to the point that scme of the sampling 2tatliong
were without water. The water in the svamp often becase a series of above-
ground poals only connected by subsurface water. [t became highly concentrated
with organic acids as evidenced by very dark color. During these conditlons,
often in very shal low warm water, euglenophytes dominated (Figures 2& and 2B).
They are known to thrive in highly organic conditions and need plenty of |ight
for their larger-sized cells to survive (Fogg, 19685). Paleser (1969) noted

certain specles of Euglena and Phacus were highly tolerant of organic pollution

and may therefore find the highly organic swamp waters suitable habitats.
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Durlng the colder months, sore water was present in the swvaamps resulting

in more diiuted arganics, evidenced by less color, higher flushing rates, and
less nutrients (Figure 13). The days were also shorter and insolation was
lower than in summer. When these conditions occurred, the ssaller-celled,
flagellated cryptophytes and chrysophytes domlinated (Figures 24 and 2B). [Due
ta thelr larger surface area to voluse ratios and lower |ight and metabolic
requiresents, these taxa fypically are capable of surviving harsher winter
conditions (Reynolds, 1984). Cryptomonas, Pheaster, and sometimes Synura were
in the water when no other genus was present in any signmifficant number (Flgures
3 and 4). When the days becase longer and the water warser, certain
chlorophytes, including Chlamydomonas and Closteriue appeared. Diatoms peaked
in abundance and blovolume in the |ate winter/early spring when phytoplankton
typically experience an increase with the lengthening days and wvarming wvaters
(Figures 2& and 2B}, Dlatos abundance in lakes has been shown to be inversely
related to tesperature (Tilman and Kiesling, 1984). This seeaed to be Lhe case
in the swamps since the highest nusbers of diatoss vere found in the colder
early spring. Diatoms often occupy this niche in water bodies because of their
capacity for overwintering, thelir somewhat higher surface area to volume ratics
and their capacity for growth at |ower temperatures and insoclation (Reynolds,
1384). The chloromonad, Gonyostomum semen, also dominated for a periocd later
in the spring (Figure 3}.

Anather factor leportant to phytoplankton community dynamics is the
springtime growth of fllamentous algae which typically occurs in swamps before
the cancpy closes. Brilngon, et al. (1981} and Atchue, et al. (1983) bath found
that the preductivity and nutrient eycling of this spring growth of Tllamentous
algae vas comparable to that of emergent macrophytes. Because of their growth

habit and larger size, these extensive masses of filamentous algae would sees
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have a high light regquirement for growth which would restrict their appearance

to times im the spring whem the temperatures and day lengths combine to forme
optimal conditions before the cancpy closes. Inm this period they are perhaps

the most isportant producers in the swasp (Atchue, et al., 18983}.

Oxidation Pond Specles Composition and Seasonal Varilatlen

The phytoplankton community of the oxidation pond at Clarkton also
displayed seasonal wvarflation, though the community was mot as complex as the
natural swamp stream cosmunities. Wledeman (1965) found similar species in
oxidation ponds In Texas. Palmer®s (1963} |ist of algal species tolerant of
highly organic conditions included nearly all of the species found in the
ouidation pond. The seasonal varfiation of the dominating species is also
dependent on algal growth limiting factors. Wiedeman (1565} concliuded that
tesperature was the most important factor Influencing the seasonal succession
of algae in oxidation ponds. Light avallability, as estimated by day lenghh
and insclation, also varles seaszonally, as does the amount of precipitation
which could dilute the nutrients in the pond. Tilman and Kiesling (19B4)
showed that bluegreen blovolume increased with increasing tesperature but that
greens reached a saximum at about 15 C. They also showed the importance of the
interaction of many factors which influence species successiom. The abseénce of
OQocystis in the summer relative to ites dominance all winter could be due imn
part to competition for light, as well as to the increasing temperature [Figure
71, The cyanophvtes and euglenophytes could also thrive in the higher

tesperatures i{Reynolds, 1584; Palmer, 1565].

Spatial Variation of Phytoplankton Taxa

Cashig River: Spatial variation asong the sampling stations is also
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affected by the interaction of varigus factors which lialt the growtih or

survival af the phytoplanktan. The input of sewage effluent inta the Cashie
River supplies an overabundance of nutrients which could possibly result in an
algal bloom, but blooms did not occur just downstream of the effluent input
{Flgure B). Other factors at the Cashic River seemed to offset or delay the
possible effects of the nutrients. The river i relatively shallow ({la deepl
and I3 susceptible to wide variations in flow due to runoff from precipitatlion
.v;ﬁt;- The reaction of the river to precipltation was rapld (within two hours}
and caused the clear, slow-flowing brown water siream to become deeper, swifter
and muddier than before the storm. An lncreased flow rate over the typically
Slow-flowing swamp stream could wash out the established phytoplankton
comaunity ag well as the sludge deposited on the swasp floor by tLhe
wastewater., Increased flow also would dilute the nutrient concentrations Below
the outfall. The sedisment locad of the stream ismediately after a stors was
enough to shade ocut the algag., The sewage effluent contained a large load of
suspended salids which caused the water turbidity to be wvery high just
downstream of the effluent input. Secchl disk readings were usually between
2.05 and 0.15%5 meters and saximum turbidity was 171 NTU at Station 2. This
could block out some of tho light required for am algal bloom. In a number of
months, higher algal biomass occurred at Stations S and &, the farthest ones
downstream (Figure 8). These blovalume Increases could be due Lo the increased
ndtrient load on the swamp and a slower response bime of the phytoplankton
communily because of the high turbidity of the water near the sutfall and flaw
variationg.

The growth of phytoplankton at the Cashie River did not seem to be
stimulateod or retarded by the lnput of the wastewater, esxcept at Stations 5
and 6. The change in community structure from station to station was minimal

and more likely due to the individua] zonditions at each station. As Jones, et
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al.{11384) noted for streams in the Mlidwest, phvsiczal conditions in latle

systems often account for mare af the chlorophyl! variance than do nutrient
concentrations and during high flow z{tuations, nutrients may not be limiting.
For example, Station 5 was at the confluence of a number of tributaries, it was
fafirly deep, and I{ts community structure more closely resembled those of black-
water rivers as described by Whitford and Schumacher (13631 than dld Statfon 1,
upstream of the effiuent input, where the river was very shallow and closely
bordered by agricuitural fields. Lumbering had recently moved closer ko the
channel at Statiom 1. This station was much more subject to variation in
streamf low due to rainfall events than Statfon 5, most likely because of a
combination of smaller size and encroachment of agriculture and lumbering. In
addition, a beaver dam bwilt about & ks downstreasm of Station & and 300 &
downstreas of Station 6 affected both of these stations after January 18586.
Both stations continually contained sore water and had slower flows after this
Lime and their phytoplankton communities became wery similar to each other.

The slower flows at these stations all year could contribute to the higher
phy¥toplankton concentrations found here, since longer resldence times allow for
gore <cell doubling and use of avallable nutrfients. Overall, it appeared that
the possibie effects due to the nutrient input were balanced or delayed by
other factors, reducing the effects an the phytoplankton community structure at

the various stations on the Cashie River.

Brown Marsh Swamp: The input of the algae from the cxidation pond made

Brown Harsh Swamp water very different from the Cashie River water. As noted
by Tilman and Kiesling (19841, however, the effects of various environmental

factors combine to determine which species will have the greatest coppetitlve
advantage. Since the lagoon algae were primarily nonmotile, it seems logical

that losses due to sedimentation would be {mportant in determining how far
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downttream the lagfoon speclies would dominate. At Lises, however, |t was obvlous

that lagoon algae became establilshed in the shallows af the svamp and the swamp
came to resesblée another axidation pond rather than a swamp stream (for
exasple, the blooms of Osclllatoria |limcsa at Statiom B). At statfonm A, lagoon
algal species doainated the phytoplankton community to the esclusion of the
swamp stireas phyioplankton. Occasionally, taxa found in the natural stream
would be present in countable numbers. During & to & months of the year,
Station BMS, the station just upstreae of the sprayers, was dried aut; thus the
eff luent sprayed into the swamp provided a greater volume of water than did the
swamp stream. Therefore, the effluent's abundant algae would also dominate the
phytoplankton community at Station A. Farther downstream, at Stations B and C,
other factors became important. At 5S5tation B, Lhe svasp stream was shallow and
such of the suspended salids sedimented out along this stretch to form a layer
of sludge, averaging about 20 ca, on the bottom of the stream. Blcoms of Lhe
cyanophyte, Dscillatorfa sp., occurred here in the warmer months, indicating
the high nutrient status of these waters. Cyanophytes require fairly abundant
nutrients, particularly phosphorus, to galn competitive advantage. [t has been
ghown that bluegreens tend ta dominate when nitrogen to phosphorus ratios are
low (Smith 13831, Although a low N to P ratic was not present far the swaap
stream, blooms of cyvanophytes could be supported below the sprayvers in the
Brown Marsh Swamp where phosphorus and nitrogen were both plentiful, This
happened particularly during times of low flow conditions, which generally
gocurred from July through October resulbting im total mitrogen conmcentrations
ranging from 2 to 9 mgsl and total phesphorus concentrations canging from 1 to
7 omg/l.

The blooms of Chromatiusm sp., the photogynthetic purple sulfur bacterius,
were indicative of stagnant, anoxic conditionms rich in reduced sulfur and

organic satter {(Jorgensen 1377; 19B8Z: Jorgensen and Fenchel, 1374}, During
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times of Chromatiun Sp. growth, Lthe only noticeable flow nrl‘lﬁlll-ﬂ from the

sprayers. The presence of Sphaerotilus natans, the bacterium often erroneously
called "sewage fungus" because [t lfores wlsible fllaments, {s also indicative
of highly organic conditions where oxygen Is available. [t grows best at
tesperatures between 5 and 20 C and will form white mats covering the bottom of
highly polluted watérs (Rhelinheimer, 197a). At the Brown Marsh Swamp., white
mats of Sphaerotilus natans were viglble on the bottom of the stream and
filaments were floating on the water"s surface from about 30 @ below Lhe
gprayers to over 200 m downstream of the sprayers from May to October. This
was one indication the swamp had come to resemble a sevage |agoon.

The wvarlation in the flow rate and the volume of water in Lhe swamp sireas
appeared to be very [mportant factors in determining the phytoplanktion
comsunity and the extent of lagoon algal dominance downstream of the sprayers.
The maln factors which seemed to determine the phytoplankton community at
Station ¢ were Ethe flow rate and sedimentatlion rate of the lagoon algae. Where
the branch of Brown Marsh Swamp which received the sewage joined with the main
stem of the swamp about 50 m above station €, the swvamp stream became more Lthan
a meter deep, af compared with 20 to 30 ca deep in the other bramch. Since
retention times are longer in deeper walers, given a constant width, and since
lagoon algae were only present at Station € in tiaes af high flow (Figures 10,
11, and 13; Appendix), sedimentaktion of lagoonm algae was probably an important
loss process at this point in the svasp stream. Hany authors have found that
water retention tiee is a major factor in detersining the phytoplankton
abundance in water bodies. Dillon (1975) found that high flushing rates and
short retention times could counteract the positive effects of high phosphorus
lcadings on chlorophyl|l concentrations. Schindler (1978) also found a high

proportion of the variance inm chlorophyll concentrations In the IBP lakes could
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be acccunted fTor once water renewal time was included In hiz model. Jones, et
dl. L1984 found that the concentration of algal cells in Midwestern streass
was fairly constant throughaut Lthe year when change in the water voluse in the
streams was congsidered, but that cell density was not constant due to the
varlation in stream discharge among scagons. WMUnfortunately, the hydrology of
swamps i% extremely hard to quantify. For these swamsps, the variation in water
volume vas estimated from conservative factors, such as chloerlide concentration
and conductivity (Figure 13; Kuenzler,l987). The hydrolegy of every swvamp (s
different and is one of the most lmportant factors in determining a swamp®s

suitabllity for recelving wastewater effluvent (Carter, et al., 1373).

Model | ing of Chlorophyll Concentrations and Other Parameters

Caghig River: The regressions of chlorophyll against gseveral physical and
chemical parameters added imsight to the variance in the phytoplankton voluaes.
At the Cashie River, nearly half of the variance in chlorophyll was accounted
far by teo nutrlents, total phosphorus amd nitrite+nitrate, and water
tesperature. The saspling stations were falrly close to the headwaters of the
Cashie River. The station upstream of the sewage itreatment plant had mo
surface water for most of the sumser. There woere alzo a nueber of seeps and
springs associated with this river (Jay Sauber, NCDEM. personal communication).
Due to the low stream order and proximity of foresting and farming, the
stations were subjected to rapid flushing after an intense rainfall event. The
water temperature variation is also associated with the change in the valume of
water in the stream since the highest temperatures, lowest water volumes, and
highest phytoplankton volume occurred in the sumser. Variation In water volume
was not significant when added to this multiple regressian. Since the nitrogen

to phosphorus ratios were general |y above [0 (see data in Kuenzler, 1387,



NEATPAGEINFO:id=36D546BC-4BF6-4A6A-BF36-3676ED3FB49E

NEATPAGEINFO:id=36D546BC-4BF6-4A6A-BF36-3676ED3FB49E


55
indicating phosphorus [[mitation, it is reasonable that total phosphorus is a

significant factor In accounting for the varfance in chlorophyll
concentrations., The water tesperature and phosphorus avallabllity are |lkely
the sajor linfting factors In the phytoplankton growth in this part of the

Cashie Rlver.

Brown Harsh Swampi At the Brownm Harsh Swasp, the varfance In chlorophyll was
;lsn aceounted for primarily by nutrient concentrations. Although variation In
water volume alone explains 27% of the variance, vhen coupled with any of the
nutrients, it ls not significant. Total phosphorus alone accounts for &0% of
the variance in chlorophyll of all the saspling stations and crthophosphate
alone accounts for 57% of the warlance. Two models were developed using
nitritesnitrate and these two phosphorus concentrations and they were not
significantly different. The model with orthophosphate and nitritesnitrate
accounted for more of the varfance in the main stee statlons. However, vhen
the data is split up by season, total phosphorus agaln becomes more ieportant
and is coupled with nltrate-nitrite nitrogen to explain between 55% and 67% of
the chlorophyll variance. It is not evident whether these parameters sleply
covary ar 1f there s Indeed a causal relationshlp between the nutrients and
chloraphyll. It [s more likely the former, particularly since phosphate and
nitrate are the sost reactive foras of the nutrients and are resoved from the
swapp stream faster than other nutrient forms and also because both the
chlorophyl]l and nutrients are being diluted downstream. This nutrient resoval
is accompanied by the loss of lagoon algae from the water coluan (Figures 9 and
11}, thus the decrease In chlorophyll concentrations. The isportance of water

voluae §is highly related to flushing rate which affects the distance the lagoon

algae dominate downstream of the sprayers.
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Copparison ko Published Hodels: Since flushing rate and the amount of water in

the swamp appear to be such [mportant factors in determining the fate of the
phytoplankton copeunities, a comparl{son was done between the measured
chlarophyll concentrations In the svamp and predicted concentratlions from a
nuaber of chlorophyll nutrient models developed for lakes and streaos.
Conceptually, the variation In chlerophyl! concentrations im swasp waters would
be more like the variatien found in latlc than lentlc systems due to the slow
;tushinl action. The models tested are susmarized in Table 2. Since the lake
sodels tested were based on growing season data, the svaop strean data from the
growing season was also cospared to the lake oodels resulting in relationships
not significantly different frem ones found using the entire data set, which
are presented here.

At the Cashie River, none of the sodels tested vere approprlate predictors
of the swvasp streasm phytoplankton concentratlions (Figure 14). All of thes
predicted much higher concentrations than were actually present. The =odel
Including only total phosphorus by Jones, et al. (1984) was the best predlctor,
although it accounted for less than 20% of the varlance and consistently
predicted values bigger than those observed. This finding Is consistent with
the Cashie River modelling since most of the varlance In the Cashie River
chlorophyll was accounted for by tesperature and nutrients. Similarly, for the
Brown Marsh Swagp, the sodel of Janes, et al. (1984) was the best pradictor
{Figure 15). The regresslion between the actual and predicted chlorophyll
values had an Hz of 0.62. The Jones TP model was alse acst like the one
generated from this svasp data set (Equation 2 in text). All of the other
models predicted the chlorophy!l values to be much larger than the observed

values. The other meodels did, however, significantly account fer a large

aonount of Lhe swvamp stream chlorophyll warlance, although not as accurately as
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Jones' msodel. Since Jones' model for streams prediets the swamp ehlasaphyl |

values better than the other models tested, [t seems these awaep waters
resemble stroams sore than lakes, although they do have characteristics of both
lentic and lotic systens.

Jones, et al. (1984) states that stream chlorophyll concentrations are
less predictable by the nutrient comcentrations than lake and reservolr
chlorophyll concentrations because the physical varlabllity of the stream plays
a major role In the growth of phytoplankton. Thelir data Indlcates that export
processes in streams would have a large effect on the nutrient assimilation
capacity of the phytoplankton. With this In eind, the variablility In swamp
stroas phytoplankton concentrations should also be affected by export processes
oceurring in the stream. Wylle and Jones (1986) found that chserved
chlorophyll concentrations in Missouril wetlands wvere much lower than
concentrations predicted by chlorophyll-nutrient models for lakes. Although
the vetlandas studied were greentree reservolrs which were perfodically
Inundated and contained high concentrations of suspended sollds, the study alse
shows that wetland chlorophyll concentrations are not dependent cnly om
nutrients, as the present study also shows. For sanagers to sufflciently
predict algal response to nutrient loading in wetland waters, such more data is
needed so that the major factors, other than nutrients, which affect variation

in chlorophy!ll concentration can be elucidated and added to predictive models.
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CONCLUS | ONS

1. SEASONAL VARIATION OCCURS IN SWAHP STREAH PHYTOPLAMETOM COHHUMITIES.
DIFFERENT SWAHPS HMAY HAVE SIHILAR BUT MOT EXACTLY THE SAHE COHHUNITIES DUE TO
THE UNIQUE CHARACTERS OF SWAHP SYSTEHS. THE TWO SWAMPS STUDIES HAVE DIVERSE
FHYTOPLAMKTON COMMUNITIES WITH THE CLASSES EUGLENOPHYCEAE, CRYPTOPHYCEAE, AND
CHRYSOFHYCEAE BEING THE HOST IHFORTANT.

2. OXIDATION POMDS ALSO EXHIBIT SEASOMAL WARIATION IN THE ALGAL COHHUNITY
STRUCTURE AND ARE DOWMINATED BY FEW SPECIES IN THE CLASSES CHLOROPHYCEAE,
EUGLENOPHYCEAE AND CYAMOPHYCEAE.

d. THE CHANGES IN THE PHYTOPLANKTON COHHUNITIES IN EACH SWAHP DOWNSTREAH
OF THE EFFLUENT INPUT SITE WERE HOSTLY DEPENDENT ON THE TYPE OF SEWAGE
TREATHENT AND THE INDIVIDUAL PHYSICAL AND CHEHICAL CHARACTERISTICS OF EACH
SWAHP. REGRESSION MODELS INDICATE THAT PHYSICAL AND CHEMICAL FACTORS COMBIMED
TO ACCOUNT FOR MOST OF THE VARIANCE IN THE PHYTOPLANKTON BIOHMASS AS ESTIMATED
BY CHLOROPHYLLa. MORE OF THE VARIAMCE IN CHLOROPHYLL WAS ACCOUNTED FOR BY
HUTRIENTS IN THE BROWN MARSH SWAHP THAN IN THE CASHIE RIVER.

4. THE SWAHPF STREAHS IN THIS STUDY REACTED HORE LIKE STREAMS THAN LAKES
IN THE ALGAL RESFONSE TO NMUTRIENTS WHEN COMPARED TO PUBLISHED HODELS. FOR
USEFUL PREDICTIVE MODELS TO BE DEVELOPED, MORE DATA 1S MEEDED TO DETERMINE THE
FACTORS WHICH COMBINE WITH NUTRIENT CONCENTRATIONS TO ACCOUNT FOR THE VARIATION

OF CHLOROPHYLLa CONCENTRATIONS IN WETLAND WATERS.
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Figure 14. Cashie River. Prediction of chla in swamp streams by publishad
models. Concentrations of chla found in the swaep streans were regressed

against chla concentrations predicted by published models.
LOGCHLA = logi(measured chla) (Table 2).
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Figure 15. Brown Marsh Swamp. Predletion of chla In svamp streams by

published models.  Concontrations of chia found In

regressed against chla concentrations predicted by published models.

LOGCHLA = log({measured chla) (Table 2).
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the swamp streams were
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TABLE 1
DOMIMANT PHYTOPLANKTON GENERA OF UMIHPACTED SWAHMPS

CASHIE RIVER AND BROWM HMARSH SWAMPS, HORTH CAROLINA, 1585-&

WINTER: SPRING: SUMMER:
Cryptomonas Hallomonas Euglena
Euglena Hitzschla Trachelomonas
Chlaaydoaonas Eunotia Cryptomonas
Synura Chlasydomonas Fhacus
Pheaster Cryptosonas Synura

Phacus Closterium Hicrocystls

Pleurotaeniua

COASTAL PLAIN BLACKWATER RIVERS/SWAMPS MNORTH CAROLINA

(Whitfard and Sehusacher, 1963}
WINTER/SPRING SUHMER:
Helosira Helosira
Eunatia Eunotla
Asterionella Eudorina
Synedra Closterium
Tabellaria Fleurotaeniua
Synura Staurastrus
Dinobryon Synura
Fragillarla Dinobryon

GREAT DISHAL SWAHP-LAKE DAUMMOND SUMHER 1970
(Marshall and Poore, 1871}

DOMIMANT : OTHERS FOUMD:
Asterfonella Scenadesmus
Helosira Ankistrodeseus
Closterium Arthrodesmus
Stavurastrus Coelastrum
Pinnularia
Synadra
Cryptoponas
Phacus
GREAT DISHAL SWAHP JAN-HOW, 1980
{Atchue, Day and Marshall, 19B83)
DOHIMNANT: OTHERS FOUMD:
Eunotia Cvebella
Pinnularia Tabellarla
Hal lomonasg Lynghya

Ozeillatoria periphytic algae

ACID HARSH WEST-CENTRAL FLORIDA 1881
{Dawes and Jewett=-Saith, 1985)

WINTER: EPRING: SUMMER:
Hyalotheca Closterium Chlasydomonas
Dinabryon Zygnesa Euglena
Zygnesa dlatoms Eudorina
Gyanodiniue eryptononads Hallomonas
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MODELS PREDICTING CHLOROPHYLLa CONCENTRATION WITH NUTRIENT CONCENTRATIONS

Hodel

1) Log CHLa
2} Log CHLa
3] Lng.FHLg
&) Lu; CHLa
5) Log CHLa

#=models for streams

KEY (for graphs):

HODEL

i

=

1}
2]
3}
4]
g

=1.517 + 0.653 log TP + 0.548 log TN
=2.4B8 + 0.374 log TP + 0.935 log TH
=2.49 + D.269 log TP + 1.06 log TH Canfield, 1983
0.1 # 0,39 log TP #+ 0.34 log TN Jones,et al., 1984
=0.08 + 0.39 log TP

Jones,et al.,

¥=models for lakes

B oE W oW

Prediction
suager/fall o
annual mean #
annual =ean 1
sumser/fall ®

sugmer/fall »
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