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Water Problem and Research Need:

Troubling symptoms of nutrient-driven eutrophication are proliferating regionaly and
nationaly. Mogt larger river systems and estuaries in the southeastern U.S. are showing
sgns of water quality degradation. The Neuse River-Estuary, NC is an ecosyst em
experiencing sudden and rapid reduction in water quality and urgently requiresthe
development of effective, attainable, and ecologicaly-sound nutrient management
drategies. Within the past two decades, the Neuse has undergone atransition from aba
anced and productive system to one experiencing unprecedented biogeochemica change
and trophic deterioration. Nuisance dinoflagellate, cryptomonad, and cyanobacterid
blooms, accompanied by hypoxialanoxia, toxicity, fin- and shellfish kills, are growing in
frequency, duration, and ared extent (Paerl 1987, Paerl et a. 1995). The research
outlined in this proposa examines the role of two biologicaly-mediated processes
(denitrification and phytoplanktonic N2 fixation) that are potentially magor regulato rs of
N-cycling characterigtics and rates in riverinc and estuarine habitats. Phytoplankton
primary production in the lower Neuseriver and estuary is controlled by N availability
(i.e,, Ndimited) throughout much of the year (Paerl 1987, Paerl et d. 1995, Boyer et dl.
1994). Excessive N-loading and expanding algdl blooms have promoted eutrophic
conditionsin the lower reaches of the Neuse River (Boyer et a. 1993, Paerl et a. 1995).
Riverine loading of dissolved inorganic nitrogen (DIN) is dominated by nitrate-nitrite
(NO~) which declines non-consarvatively down-estuary under most flow conditions
(Chrigian et d. 1991). While much emphasis has been placed on biotic assmilation and
recycling of nitrogen in the Neuse (Boyer et at. 1995, Chrigtian et d. 1991), an dternative
fate of DIN is microbidly-mediated denitrification in estuarine sediments. Denitrification
is thought to be a substantid annua sink for nitrogen inputs to estuarine systems (Kemp
et d. 1990, Saitzinger 1988, Smith et d. 1985), but no published data exist for the Neuse.
Determining the role of microbidly-mediated denitrification in N cycling and N budgets



of the Neuse River EStuary is critica for a complete understanding of the fate and effects
of nutrient inputs to estuarine ecosystems.

Deteriorating water quality and associated negetive impacts on fisheries and recregtion
have prompted cdlsfor an N input "cgp" and an overadl 30% reduction in N-loading to
the Neuse River (NC DEHNR Draft Neuse Basn Management Plan). However, changes
in Ndoading may result in shiftsin the ratio of dissolved nitrogen to phosphorus (N:P)
loadings and concentrations in the Neuse River. Alterationsin N:P in the river water may
have sgnificant impacts on aguatic communities beyond asmple reduction in
phytoplankton productivity and biomass (standing stock), including shiftsin pecies
composition and possible selection for species adapted to growth in waters with reduced
N:P (Tilman et a. 1982, Smith 1983). The phytoplankton community could conceivab ly
become dominated by N: fixing (diazotrophic) cyanobacteria that may circumvent N-
limitation imposed by the managed N-depletion by “fixing" aimaospheric N into
biologicdly-available forms (Fogg 1974, Paerl 1990). Additiondly, reduction in N
loading may affect the magnitude and digtribution of microbialy-mediated

denitrification.

Compstitive Interactions between cyanobacteria and other phytoplankton species may
reduce food availability for primary and secondary consumers (zooplankton and fish),
atering the trophic structure (food webs) in the Neuse (Fulton & Peaerl 1987a, b). An
assessment of theimpact of N-loading reductions on phytoplankton communitiesis
needed to determine if additiona controls may be necessary to effectively manage
nuisance cyanobacteria growth in the Neuse River- Estuary.

Results and Bene€fits:

Results of thisresearch will provide ingghts into the effects of N-loading reductionson
the phytoplankton community, specificaly on the potential for the enhancement of
nuisance cyanobacteria blooms by lowering N:P ratios. Benefitswill indude a
preliminary assessment of the effects of a proposed 30% N-loading reduction on the
present (existing) phytoplankton community, an evaluaion of the N2 fixing potentid and
rates under reduced N-loading, basdline data for monitoring the effectiv eness of N-
loading reductions, and identification of other factors (e.g., P, timing of loading, etc.) that
may have to be managed to achieve the desired level of phytoplankton productivity and
water quality in the Neuse River-Eduary. Additiondly, this p roject will provide
information on rates of denitrification, an unknown, yet potentidly important fate of
nitrogen in the Neuse River and other mid-Atlantic shalow, N impacted estuaries.
Prgjections will be made regarding the change in magnitude and dis tribution of
microbidly-mediated denitrification following proposed reductionsin N loading.

Severd groups (including the AI's and multidisciplinary teams at the DSGS-Rdeigh
Office, NC State Divison of Water Qudity, NC State University, and UNC-Chapd Hill)
are currently developing two-and three-dimensiona water quality models for the Neu se
River-Estuary. One of the "data gaps' for this effort isthe lack of quantitative

information on the relationship between hydrodynamic conditions, nutrient



loading/concentrations, and phytoplankton community composition and responses.
Additiondly, the modds lack sufficient data on the role of microbidly-mediated
denitrification in N-cycling in the Neuse River Estuary. The proposed research will
provide criticd datafor linking system hydrodynamics with nutrient dynamics and
subsequent impacts on ph ytoplankton responses, dga bloom dynamics, and species
dterations. We will be provide data necessary for modd parameterization, development,
and smulations. These data will dso be very useful for testing and vaidating exigting
water quaity modds (e.g., HY DROQUAL, WASP).



