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Impacts of Municipal Wastewater
Effluent on Benthic Algal
Assemblages in a Second Order
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Municipal wastewater treatment plant effluent can
alter the receiving streams algal community structure
and production by affecting natural hydrologic patterns
and nutrient levels. Benthic algal standing biomass,
colonization rate, and species diversity are currently
under investigation at six sites along a sewage-impacted
stream to asses the spatial and temporal impacts of the
effluent on the algae. An artificial substrate consisting
of PVC pipe is being used to collect samples of benthic
algae. Monthly standing biomass measurements show
an increased accumulation from spring (38 to 860 mg-

chl m−2, Apr-01 range) to summer (410 to 3400 mg-
chl m−2, Aug-01 range), with a decrease in fall (1.3 to
310 mg-chl m−2, Oct-01 range). Spatially, maximum
biomass occurs just below the sewage effluent outfall
and a minimum accumulation occurs at the most down-
stream site. Benthic algal colonization rate follows a
similar seasonal trend, with higher rates during the

summer (45 mg-chl m−2 day−1, Aug-01 average) than
in the spring (21 mg-chl m−2 day−1, Apr-01 average).
Algal species composition of both standing biomass and
colonization rate samples are currently being assessed
to determine differences between upstream and down-
stream sites regarding the presence and absence of pol-
lution tolerant and grazing resistant species. Nutrient
limitation of algal growth in this stream is unlikely.
Both DIN and SRP were consistently high ranging from
86 to 940 uM, and 28 to 99 uM respectively. In addi-
tion, algal standing biomass and colonization rates do
not correlate with either DIN or SRP concentrations.
As the only continuous source of water, the two munic-
ipal wastewater effluents produce a constant perennial
stream discharge. However, high watershed runoff af-
ter precipitation creates a significant increase in stream
flow. For example, after a 6.7 cm rainfall, flow in-
creased from 19 to 2200 cfs. Scouring of all benthic al-
gae from the sand substrate was observed after as little
as 1.0 cm of rainfall. The benthic algae in this stream
appear to be limited by light availability (seasonal vari-
ability in day length), periodic scouring events, and po-
tentially, grazing pressure.
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Ground water discharge into coastal lagoons can be
a significant source of fresh water and nutrients to these
systems, influencing many factors such as salinity gra-
dient, primary productivity, ecosystem structure, dis-
solved gas concentration, and exchange rate of water.

However, it is often difficult to estimate ground water
input due to mixing of saline and fresh water within
shallow aquifers and the presence of small ground water
discharge points throughout a given lagoon. We used
the activities of two radium isotopes, 223-Ra (half life
11.4 days) and 224-Ra (half life 3.66 days) to calcu-
late the residence time of water in Celestun, a tropical
coastal lagoon on the Yucatan Peninsula, Mexico, and
to estimate the ground water flux into this lagoon.

The northern Yucatan Peninsula is dominated by
karst topography with exceptionally high permeability,
resulting in rapid infiltration of precipitation and prac-
tically no surface streams. The ground water is char-
acterized by a thin fresh water lens underline by a ma-
rine saline intrusion and the water table is relatively
shallow (Perry et al., 1995). Since Celestun Lagoon
receives little to no surface or riverine input of fresh-
water, the majority of fresh water input to this lagoon
comes from seasonally variable groundwater discharge.
This groundwater discharge produces a strong horizon-
tal salinity gradient in the lagoon throughout the year,
and also provides a significant source of nutrients to
the lagoon. Ra isotopes activities were measured along
the length of the lagoon (following the horizontal salin-
ity gradient), at several known groundwater discharge
points within the lagoon, at several wells in the area
around the lagoon, and along a coastal transect at the
mouth of the lagoon. Preliminary results indicate that
radium activities in the saline groundwater are very
high compared to the activities found in the fresh wa-
ter lens, coastal ocean water, and surface run-off. Data
will be used to estimate the ground water flux into the
lagoon and the residence time of water in the lagoon.
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Modeling the Influence of Danube River
Nutrients on the Northwest Black Sea
Shelf Ecosystem
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We employ a three-dimensional hydrodynamic
model and a one-dimensional physical and biological
model to address the impact of the Danube River out-
flow on the ecosystem of the NW Black Sea Shelf. The
study is part of the DANUBS project (NUtrient man-
agement in the DAnube basin and its impact on the
Black Sea). We pay particular attention to the param-
eterization of river plume dynamics (Danube and neigh-
boring major rivers) and to the air-sea interaction pa-
rameters. We address the impact of the meteorological
forcing as well as of the vertical stratification on the
functioning of the biological system.

The numerical simulations show that the coastal cir-
culation is greatly influenced by river runoff and es-
pecially that of the Danube, which is dominant with
monthly averaged values ranging from 5,000 to 10,000
m3/s. The transport of low-salinity waters and nutri-
ents associated with the Danube runoff is greatly in-
fluenced by wind stress and topographic effects. We
demonstrate that the seasonal cycle in the biological
system is strongly controlled by the seasonal variabil-
ity of mixed layer dynamics. About half of the vari-
ance in the primary production can be attributed to
the spring weather conditions. Horizontal advection
and basinscale/mesoscale processes contribute substan-
tially to the physical and biogeochemical variability. It
is shown that the topography of the Black Sea pycn-
ocline presents an important physical factor governing
the primary production in the biological model.
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Sediment Resuspension in the Pamlico
and Neuse River Estuaries: A
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The Neuse and Pamlico river estuaries are shallow,
dynamic systems that have been plagued with symp-
toms of eutrophication over the past two decades. Ex-
tensive research has been conducted over the last 5-10
years to better understand the complex nutrient dy-
namics of these systems. However, most of these stud-
ies have concentrated on nutrient cycling in the wa-
ter column. Only recently have studies focused on the
benthic environment, and most sediment studies have
neglected the dynamic nature of the benthos, focusing
instead on diffusion as the dominant transport process
delivering nutrients to the water column. Although dif-
fusion of nutrients across the sediment/water interface

may be important during quiescent periods of sediment
deposition and short-term storage, wind events associ-
ated with storms throughout the year will resuspend
newly deposited sediments resulting in the advective
transport of sediment porewater, rich with nitrogen,
phosphorus and carbon, into the water column. Sed-
iment resuspension may increase water column nutri-
ent concentrations, and therefore present estimates of
nutrient and carbon inputs from the sediments may be
too low.

An on-going project is attempting to estimate short-
term sediment dynamics and flux of nutrients released
to the water column from natural resuspension events
in these two estuaries. Sediment cores at 9 sites in the
estuaries have been collected at least bi-monthly since
May 2001. The short-term rate of sediment deposition
is being evaluated using naturally-occurring radionu-
clides (Be-7, Th-234, and Cs-137). Porewater nutrient
inventories at all sites have also be determined. This
technique will allow evaluation of the depth to which
sediments have been disturbed and the advective flux
of nutrients to the water column. Evaluating this ad-
vective flux of nutrients to the water column is crucial
to understand estuarine nutrient cycling. The tempo-
ral and spatial relationships of sediment deposition and
porewater concentration in both estuaries will be dis-
cussed.
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The degree to which shallow coastal lagoons can re-
tard or remove nutrients during their transport across
the land margin will depend both upon the relative
rates of biological and physical processes and position
within the system. This relationship is especially im-
portant for biological processes enhanced by benthic
pelagic coupling. We have performed a study relating
nitrogen cycling process rates to tidal flushing in Hog
Island Bay, a coastal lagoon located on the ocean-side
of Virginias Delmarva Peninsula. Groundwater, con-
taminated by nutrients derived from agriculture, is a
major source of nitrogen to the system. The lagoon,
drained by a narrow, deep channel, is intersected by
extensive intertidal areas; average depth is 1 m. The
system is dominated by benthic micro- and macroal-
gae which temporarily sequester N entering the sys-
tem during spring and early summer. Decomposition
of macroalgal blooms and resulting sedimentary detri-
tal material in late summer may release both DIN and
DON to the water column. Coupling of N mineraliza-
tion in the sediments and water column to processes
such as nitrification denitrification, benthic microalgal
or phytoplankton uptake, and immobilization, which
can remove or retard export of N from the system re-
quires that the time scales of water transport and bi-
ological process rates be similar. Using a coupled hy-
drodynamic and particle-tracking model Fugate et al.
(see adjacent poster) determined that residence times
within the lagoon were spatially variable. Biological
observations indicated that storage of nitrogen in sedi-
ment organic matter was highest in sites that the model
predicted to have relatively long residence times. Given
a pulsed decomposition event, we will relate rates of
DON release and mineralization to subsequent uptake
given various transport times.
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Hydrodynamic modelling of shallow lagoons with
extensive intertidal areas requires special attention to
elemental areas which go dry during low water. A verti-
cally averaged finite element model is used to simulate
tidal flooding and dewatering of tidal flats in which
a porous medium beneath the sediment water inter-
face is used to simulate natural slow drainage in in-
tertidal areas. The water’s residence time in shallow
bodies of water determines the extent to which micro-
bial nutrient cycling or tidal flushing affects the nutri-
ent budget for the water (Anderson et al., see adjacent
poster). Results from sediment particle tracking show
that residence time varies spatially within the lagoon
and also show the importance of wind events in shallow
lagoons.
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A finite element hydrodynamic model, an ener-
getic model, and an ecological model have been inter-
nally coupled in order to test the responses of the La-
goon of Venice ecosystem to different scenario of ex-
ternal forcing. The transport model is a barotropic bi-
dimensional model based on a finite element discretiza-
tion of the spatial domain, which allows for very good
spatial resolution of the lagoon morphology while keep-
ing at a low level the computational demand. The ener-
getic model computes water temperature starting from
meteorological daily measurement, by using standard
heat fluxes formulation. The ecological model simu-
lates the dynamic of phytoplankton, zooplankton, nu-
trients (ammonia, nitrate and phosphate) organic detri-
tus (organic nitrogen, organic phosphorous and CBOD)
and dissolved oxygen. It is based on the ecological mod-
ule EUTRO of WASP (Water Analysis Simulation Sys-
tem released by US-EPA), which has been modified in
order to cope with the peculiarities of the Lagoon of
Venice. The coupled model, the Venice Lagoon Finite
Element Ecological Model (VELFEEM), has been ver-
ified to be coherent from both physical and ecological
points of view. A reference condition has been identi-
fied by running a one year long simulation under clima-
tologic condition. The sensitivity to physical forcings
(tide, wind, and solar irradiation) and to the input of
macronutrients has then been investigated, by compar-
ing model predictions of spatial and temporal evolution
of major state variables and of an aggregate index of
water quality (TRIX).
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The Irish Sea presents an ideal location for devel-
oping coupled physical-biological models. It is semi-
enclosed, contains stratified and well-mixed regions
controlled by tidal currents, has nutrient enrichment
from river inputs, and a biological system not domi-
nated by a single plankton or zooplankton species. A

computationally efficient 3-dimensional modelling sys-
tem (POLCOMS) has been developed which acts as
‘host’ to ecosystem dynamics. This system has been
applied at eddy-resolving lengthscales (1.2 km) to the
Irish Sea and the annual cycle of nutrients, primary
and secondary production investigated. The structure
of the modelling system allows different ecosystem for-
mulations to be explored and 2 different approaches - a
model with two compartments each for phytoplankton
and zooplankton based on the ecosystem model of An-
derson & Williams 1998 (Est. Coastal Shelf Sci., 46, 93-
109) and the more complex multi-compartment Euro-
pean Regional Seas Ecosystem Model based on Baretta
et al, 1995 (Neth. J Sea Res., 33, (3/4), 233-246). From
direct comparisons of the two approaches with data we
can investigate the complexity required of ecosystem
models to reproduce the observed biological functioning
and explore the (sometimes subtle) physical-biological
interactions occurring in the Irish Sea.

URL: http://www.pol.ac.uk/home/research/polcoms/
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Coastal systems such as Hog Island Bay (HIB) in
the Virginia Coast Reserve LTER and the Plum Is-
land Sound (PIS) LTER in Massachusetts may play im-
portant roles in retarding and removing dissolved in-
organic and organic nutrients during their transport
to the coastal ocean. The DOM in HIB is primar-
ily autochthonous in origin and is produced during de-
composition of macroalgal blooms during midsummer,
whereas in PIS, the nitrogen source is mainly terrestrial
in origin-DON from forests or DIN from residential/
suburban areas. Three replicate water column samples
from each of three stations along a transect from the
land to the sea were taken bimonthly from February to
October in HIB and from May to September in PIS.
Samples were filtered using pre-combusted glass fiber
filters (1.0um) in order to remove most phytoplankton
and most grazers, and were then partitioned into three
subsamples for determinations of net metabolism, gross
nitrogen mineralization, and nitrification. Net DOM
metabolism was measured using 21-day dark incuba-
tions at in situ temperature, and subsamples were an-
alyzed for dissolved inorganic nutrients, dissolved or-
ganic carbon, and dissolved organic nitrogen concen-
trations. Gross nitrogen mineralization and nitrifi-
cation were measured using the isotope pool dilution
technique with 15NH4+ and 15NO3- additions, respec-
tively. These data suggest that the DOC in HIB is more
labile than that in PIS: 14.7% of the initial DOC was
utilized within the first week at HIB and 4.9% in PIS.
The lability of the DOC in HIB correlated with the ini-
tial C:N ratio of the DOM in an unexpected manner in
that increasing C:N ratios corresponded with increas-
ing DOM utilization rates (slope=3.0, r2= 70%). The
DOC lability in PIS did not appear to correlate with
the C:N ratio. Average net nitrogen mineralization was
45% of gross mineralization in HIB samples and 64% in
PIS samples suggesting that one third to one half of
the ammonium produced by mineralization was imme-
diately consumed. Potential mechanisms for consump-
tion include nitrification and immobilization into mi-
crobial biomass. Nitrification rates ranged from 11%
to 500% of gross mineralization, suggesting that nitri-
fication was a significant fate for ammonium in the sys-
tems, but the level of importance varied with season
and sampling location.
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We apply routine techniques of diffuse reflectance
spectroscopy to establish a systematic procedure for
global analysis of the in-situ reflectance from coastal
water over the 400-900 nm region of the spectrum.
Starting with the critical 750-900 nm near-infrared
range of the spectrum, the technique provides a sequen-
tial multi-parameter fit to bulk reflectance in the 810,
600, 400, and 676 nm regions of the spectrum. In these
spectral regions bulk reflectance from coastal water can

be linked to the inherent optical properties of its main
constituents: pure water, inorganic suspended solids,
dissolved organic matter, and phytoplankton pigment.
Using the in-situ reflectance alone, we are able to es-
timate the volume scattering coefficient for suspended
particles and determine the spectral volume absorption
coefficients attributable to dissolved organic matter,
inorganic particles, and phytoplankton pigment. The
predicted results for the total absorption and total scat-
tering coefficients agree to within 15 percent of the
measured values for the Mississippi Sound, Lake Su-
perior, and Great Bay, New Jersey.
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Spatial and temporal variability of carbon and nu-
trients were studied in the Tapong Bay, a small semi-
enclosed lagoon surrounded largely by urbanized wa-
tershed in southwestern Taiwan. Dissolved and partic-
ulate phases of carbon (DIC, DOC, POC) and nutri-
ents (DIN, DIP, Dsi, DON, DOP, PN, PP) were inves-
tigated bimonthly from August 1999 to August 2000.
There is only one tidal inlet for exchanging water be-
tween the Tapong Bay and Taiwan Strait, which re-
sults in a low water exchange rate and oxygen deficient
condition in the bottom water of the inner bay during
warm seasons. Water exchange time of the Tapong bay
ranges from 7.1 d (summer) to 13.2 d (winter) with a
mean of 10.6 days. Nutrient dynamics is largely con-
trolled by allochthonous inputs and biological removals
in the bay. Diffusion fluxes from sediments to overly-
ing water account for only about 7.6% of annual DIN
inputs and 1.0% of annual DIP inputs. Abundant nu-
trients support high primary productivity (1380 g C

m−2 yr−1) which primarily drives the bay into highly
eutrophic condition as particulate organic matter is
derived mainly from biological production. Excess of
DIP appears to occur throughout the study period in
the bay. Seasonal variations of primary productivity
are therefore controlled by temperature, solar radiation
and turbidity, rather than nutrients. Net CO2 invasion
occurred during the study period despite the calcifica-
tion was pronounced in the lagoon. The net ecosystem
production (NEP) derived from daily changes of DOC

and POC is about 6.29 mmole C m−2 d−1 that is close
to 6.65 mmole C m−2 d−1 simulated from the biogeo-
chemical modeling. Although carbon and nitrogen bud-
gets are temporally variable, the net annual production
rate of organic carbon estimated from the biogeochem-

ical model is 5.8 mole C m−2 yr−1, implying that the
Tapong Bay is an autotrophic system. The annual ni-
trogen fixation also exceeds the annual denitrification

with a magnitude of 1.30 mole N m−2 yr−1.

OS22C-188 1330h POSTER

Nutrient Dynamics in Coastal
Ecosystem: Modelling Nitrogen
Fluxes in the Lagoon of Venice

Cosimo Solidoro1 (39-040-2140111;
csolidoro@ogs.trieste.it)

Gianpiero Cossarini1 (39-040-2140111;
gcossarini@ogs.trieste.it)

Roberto Pastres2 (39-041-2348674; pastres@unive.it)

1Istituto Nazionale di Oceanografia e di Geofisica
Sperimentale OGS, Borgo Grotta Gigante 42/c,
Sgonico, TS 34010, Italy

2univerity of Venice, Dorsoduro 2137, Venezia 32100,
Italy

A 3D model is used to investigate water quality, pri-
mary production and nitrogen cycle in the lagoon of
Venice. The lagoon has buffered human impact from
century, but in the last few decades the pressure of hu-
man activities has been growing greater and greater,
modifying physical, chemical and ecological equilib-
rium of the ecosystem. Examples of sources affecting
the ecosystem are discharge of polluting/eutrophicating
substances, overfishing, hydrological changes due to ge-
omorfological modifications. On account of the fact
that the hydrodynamic regime of the Venice lagoon is
predominantly governed by tidal movement, transport
process is described by anisotrophic eddy-diffusion.
The biological compartment includes dissolved oxy-
gen, nitrate, ammonium, phosphate, phytoplankton
and zooplankton biomass, plus carbon, nitrogen and
phosphorous in the suspended organic matter and in
the sediment. The system exchanges energy and matter
through its open boundaries. Mean daily experimen-
tal meteoclimatic data have been used to estimate the
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water temperature and the average daily light inten-
sity, which is modulate in order to simulate the night-
day cycle. Nutrient are discharged from point (indus-
trial area, rivers) and non-point sources (the sewage of
the city of Venice and the major islands), estimated
from monitoring program and by land-use model. Sed-
iment burying and denitrification process are included,
too. The model has been corroborated by the com-
parison with experimental data from a water quality
monitoring program, and utilised to investigate the ni-
trogen cycle. Nutrient budget are computed for each
month of the year, and for each one of the three sub-
basin of the lagoon. Analysis of model results shows
as differences in ecosystem response and water quality
between the three sub-basin arise as a consequence of
no-homogeneous distribution of discharge point sources
along the lagoon edge and of differences in water ex-
changes through the different inlets induce
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There is concern that nutrients discharged to the
North Sea have an adverse impact on the health of
the ecosystem. Much of the nutrient load enters the
regional circulation through estuaries, but uncertainty
about the marine transport pathways makes it difficult
to arrive at a clear consensus about the fate of any par-
ticular input.

For example, it has recently been suggested that an
area of high phytoplankton productivity at the Frisian
Front (the so-called green curtain) might be fuelled
partly by nutrients emanating from the western sec-
tor of the North Sea. It is proposed that high turbid-
ity UK coastal waters inhibit utilisation of the nutrient
load which is then available to support phytoplankton
growth once sediment settles out of the water in the
lower tidal energy environment off the north of Hol-
land.

A comprehensive field program deploying a vari-
ety of instrumentation and techniques (moored cur-
rent meters; sediment landers; towed undulating and
CTD; continuous nutrient determinations; Lagrangian
drifters; primary productivity experiments) was under-
taken between January 2000 and August 2000. This
program has quantified the east-west flux of water
and nutrients and examined nutrient/phytoplankton
dynamics in the region.

It is clear that nitrogen (NO3 and NH4) is trans-
ported from the western North Sea towards the east.
However this study has shown that while the suspended
load affects the light climate it does not significantly
inhibit production. Results also show that following
the spring bloom the ammonia turnover rate is much
greater than that of nitrate. These high turnover rates
coupled with the inhibitory effects of ammonium on ni-
trate uptake may limit the rate of nitrate depletion in
nutrient rich grazing balanced ecosystems
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Vertical Distribution of Dissolved and
Particulate Organic Phosphorus in
the Western Pacific Ocean.
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Technology (AIST), AIST Tsukuba West, Onogawa,
Tsukuba 305-8569, Japan

Vertical profiles of dissolved and particulate organic
phosphorus (DOP and POP) were investigated at one
coastal and two pelagic locations near Japan Honsyu Is-
land in the western Pacific Ocean. DOP exhibited high
concentrations (∼0.5 µM) in the upper ocean (< 1,000
m). The DOP concentration decreased gradually with
depth and reached around the minimum detection limit
in deep layers. POP concentrations were extremely low
(< 0.1 µM) and decreased considerably within the up-
per 100 m depth. There was a good correlation be-
tween POP and chlorophyll a concentrations, indicat-
ing that planktonic biomass is a significant source of
POP. However, some analytical difficulties were found
in POP measurement; the estimated POP concentra-
tion increased with the filtration volume of sample wa-
ters. This was likely due to adsorption of DOP onto
the matrix of a glass fiber filter (GF/F).

At depth intervals, some samples were analyzed for
solvent extractable, hydrophobic fraction of organic P,
namely lipid P. The highest concentration of particu-
late lipid P was observed at the surface, while dissolved

lipid P concentrations increased with depth. Lipid P
was a minor component of organic P in surface sea-
water, accounting for less than 3% of total organic P.
The contribution of lipid P increased with depth, es-
pecially in dissolved fraction, and reached 36% of total
organic P at 2,000 m depth. These results suggested
that a significant proportion of organic P produced in
the surface euphotic layer is composed of labile com-
pounds and that lipid P is an important component of
refractory organic P that withstands diagenetic decom-
position in the water column.
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Exploring Nitrogen Sources in an
Oligotrophic Shallow Water
Carbonate Marine System Using δ15N
of Marine Plants, San Salvador,
Bahamas

Scott D Wankel (650-329-4303; sdwankel@usgs.gov)

Stanford University, Building 320, Stanford, CA
94305-2115, United States

Recently there has been increasing concern re-
garding the role of terrestrial anthropogenic nutri-
ent sources in the ecology of oligotrophic marine sys-
tems. San Salvador Island, Bahamas, represents a
nutrient-depleted marine system that derives much of
its nitrogen from nitrogen fixing epiphytic and sub-
surface cyanobacteria. Because San Salvador does not
have freshwater streams able to transport significant
amounts of terrestrial nitrogen, riverine inputs do not
contribute significantly to marine dissolved inorganic
nitrogen (DIN). On the north end of the island, how-
ever, a domestic sewage outfall represents a potentially

significant anthropogenic source of DIN. The δ15N
value of a sewage source is usually higher than organic
N or DIN from N fixation. The aim of this pilot study

was to assess the usefulness of δ15N analysis of various
marine plant species to identify and characterize the
distribution of terrestrial and anthropogenic nutrient
sources in the coastal region of San Salvador.

Macroalgae and seagrass are sessile, and therefore
represent relatively long-term indicators of nutrient
sources in the water column. Accordingly, it was hy-

pothesized that the δ15N of the marine plants grow-

ing in areas receiving relatively 15N-enriched terres-
trial nutrients (i.e. sewage inputs, etc.) would reflect
this source of DIN. In June 2000, a pilot study was

conducted to assess the usefulness of δ15N for differen-
tiating among deep marine, coastal marine, terrestrial,
and anthropogenic nitrogen sources. The results of this
pilot study not only demonstrated the effectiveness of

δ15N as a tracer for anthropogenic sewage inputs, but
also revealed interesting biogeochemical patterns in the
Pigeon Creek tidal estuary on the south end of the is-
land.

Based on the pilot study’s results, a second, more
focused, sampling effort was conducted in June 2001.
This effort incorporated previous sampling locations as
well as several new sites, including the northern arm of
Pigeon Creek tidal estuary and two interior mesohaline
lakes. Results will be interpreted in terms of temporal
intra-site variability and possible biogeochemical pro-
cesses occurring with Pigeon Creek estuary. Further-
more, differences in isotopic composition of subsurface
and exposed plant biomass will be explored - revealing
differences in porewater vs. water column nitrogen cy-
cling in the shallow, nutrient poor waters surrounding
San Salvador.
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Physiological ecology and seasonality of
Ulva mats in a temperate rocky shore

Tae Seob Choi (82-62-530-3465;
tschoi67@hotmail.com)

Kwang Young Kim (82-62-530-3465;
kykim@chonnam.ac.kr)

The seasonal fluctuations in biomass, photosynthetic
performance and chemical composition of the green-
tide forming Ulva species (mostly U. pertusa) were
investigated in a rocky intertidal zone, southern coast
of Korea. Water temperature, salinity, inorganic nutri-
ent and precipitation influencing Ulva dynamics were
also monitored over a 15-month period. There was very
pronounced seasonality not only in the biomass of Ulva
species but also in photosynthetic performance, and in
variation in tissue pigments and nutrients. In addition
to a primary seasonal response, significant variation in
biomass was correlated with nutrient inputs from the
surrounding watershed, heavy rain events and thermal
desiccation. There was a unimodal seasonal pattern

in which biomass peaked in May (2.0 kg FW m−2)
and dropped significantly from June to September.
Recovery of Ulva mats, as indicated by recruitment of
new plant, began during fall. Photosynthetic rates,
maximum photosynthesis (Pmax) and photosynthetic
efficiency (α) were highest during the growth period
and were lowest when biomass peaked or declined in
May and July. Tissue pigments had a less clear sea-

sonal pattern, with maximum Chl a (3.17 mg mg−1

FW), Chl b (2.14 mg mg−1 FW) and carotenoids (1.40
mg mg−1 FW) observed in October. Relative amount
of nitrogen and phosphorus bound in Ulva species also
displayed an obscure seasonal trend, with lowest value
(1.80% and 0.05%, respectively) in May and highest in
late November (3.16% N) and in late December (0.14%
P).

URL: http://altair.chonnam.ac.kr/˜eses/ocean/
proffesors/kykim/welcome.html
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Epiphytic Algae as UV-B Filters on
Seagrass Leaves.

Leslie A. Brandt1

Evamaria W. Koch2 (410-221-8418)

1Gustavus Adolphus College, 800 W. College Av., St.
Peter, MN 56082, United States

2University of Maryland Center for Environmental
Science, Horn Point Lab, P.O. Box 775, Cambridge,
MD 21613, United States

Epiphytes are considered detrimental to seagrasses
as they reduce the amount of light, i.e. photosynthet-
ically available radiation (PAR) that reaches the plant
surface. We evaluated the possibility that epiphytes
can also be beneficial to seagrasses by reducing the
amount of ultraviolet (UV)-B radiation that reaches
seagrass leaves. Epiphytes on UV-B transparent artifi-
cial leaves transmitted a significantly lower amount of
radiation in the UV-B than in the PAR range. There-
fore, epiphytic layers are effective UV-B filters on sea-
grass leaves. This benefit is lost when PAR transmis-
sion is reduced to levels below the compensation point.
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Phytoplankton Nutrient Status and
Variable Fluorescence Measurements
in a Gulf of Mexico Estuary.

Andrew R Juhl1 (850-934-9304; juhl.andy@epa.gov)

Michael R Murrell1 (850-934-2433;
murrell.michael@epa.gov)

1US EPA, ORD, NHEERL, Gulf Ecology Division, 1
Sabine Island Dr., Gulf Breeze, FL 32561, United
States

Development of rapid techniques to determine in
situ phytoplankton nutrient status could facilitate un-
derstanding of phytoplankton growth and species suc-
cession. Variable fluorescence parameters of phyto-
plankton communities can be easily and rapidly mea-
sured, and changes in parameters such as the maximum
quantum yield of fluorescence (Fv/Fm) have been re-
lated to nutrient status in single-species cultures. To
test if changes in Fv/Fm are useful in assessing nutri-
ent status of mixed natural assemblages, variable flu-
orescence parameters were measured during nutrient-
addition bioassays. Assays were conducted on samples
collected during 2001 in Santa Rosa Sound, a compo-
nent of the Pensacola Bay estuarine system, located
along the northern Gulf of Mexico (Florida, USA).

During the study, nutrient additions always stim-
ulated phytoplankton net growth. Nitrogen appeared
to be the primary limiting nutrient in summer and
fall, phosphorus was sometimes limiting in winter and
spring. Combined N and P addition generally had a
greater stimulatory effect than either nutrient alone.
Trace metal or iron additions never had a stimulatory
effect, either alone or in combination with other nu-
trients. Initial values of Fv/Fm were frequently high
(>0.55) but generally increased after addition of the
primary limiting nutrient. One might interpret in-
creased Fv/Fm and higher growth following nutrient
addition to indicate enhanced physiological condition
of the entire community. However, our observations
suggest that changes in Fv/Fm were related to changes
in community composition. Variable fluorescence mea-
surements on different size fractions suggest that nu-
trient addition had relatively little effect on large por-
tions of the phytoplankton but promoted overgrowth
of the community by large cells with high Fv/Fm val-
ues. Large increases in Fv/Fm following nutrient ad-
dition coincided with large shifts in community size
structure. When size structure changed little, nutrient
additions had little effect on Fv/Fm, despite increased
net growth. Interpreting variable fluorescence measure-
ments within a mixed community can be complicated
by such shifts in community composition.
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Phytoplankton Size Structure,
Nutrients, Variable Fluorescence, and
Algal Phosphatase Activity in a Gulf
of Mexico Estuary.

Michael C Murrell1 (850-934-2433;
murrell.michael@epa.gov)

Andrew R Juhl1 (850-934-9304; juhl.andy@epa.gov)

1US EPA, ORD, NHEERL, Gulf Ecology Division, 1
Sabine Island Dr., Gulf Breeze, FL 32561, United
States
Relationships between phytoplankton dynamics and

physiology, and environmental conditions were studied
in Santa Rosa Sound, Florida, USA, at near-weekly in-
tervals during 2001. Santa Rosa Sound is a compo-
nent of the Pensacola Bay estuary in the northern Gulf
of Mexico. Parameters measured included tempera-
ture, salinity, inorganic nutrients, and size-fractionated
chlorophyll. Phytoplankton variable fluorescence pa-
rameters were measured to evaluate their potential for
assessing in situ phytoplankton nutrient status. Algal
phosphatase (Pase) activities were used to examine rel-
ative phosphorus stress.

During the study, dissolved inorganic nitrogen
(DIN, mostly as NH4) concentrations ranged <0.5-5.2
uM, dissolved inorganic phosphorus (DIP) concentra-
tions ranged <0.03-0.3 uM, and dissolved silica (DSi)
concentrations ranged 6-32 uM. DIN and DSi nega-
tively correlated with salinity, suggesting that rain-
fall and runoff were primary sources. Chlorophyll con-
centrations peaked during spring (10-15 ug/L), then
dropped about 50% and remained low through summer
and fall. Phytoplankton size structure typically was
evenly distributed between large (>5 um) and small
(<5 um) size fractions, except in late summer/fall when
small cells often dominated. Maximum quantum yield
of chlorophyll fluorescence (Fv/Fm) for the bulk com-
munity varied from 0.54 to 0.62 with lowest values
during spring. Fv/Fm was more strongly related to
DIP than DIN. The high values of bulk Fv/Fm sug-
gested a phytoplankton community in balanced growth
with respect to nutrients. However, a companion study
found that nutrient additions always stimulated phy-
toplankton growth, suggesting that at least a portion
of the community was nutrient limited. The large
size fraction consistently had higher Fv/Fm values, al-
though the difference was usually small. Lower Fv/Fm
in the small fractions may indicate greater nutrient
stress. However, abundant cyanobacteria could have
biased Fv/Fm in the small fraction towards low values.
Chlorophyll-normalized Pase activity positively corre-
lated with DIN concentration, suggesting that phyto-
plankton were driven towards P stress when DIN was
supplied. In general, parameters related to phytoplank-
ton physiology varied little and suggested a community
acclimated to ambient conditions.
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Nitrogen Limitation of Primary
Production and the Potential Role of
Nitrogen Fixation in a Naturally
Developing Salt Marsh

Anna Christina Tyler1 (434-924-0554;

tyler@virginia.edu)

Karen J McGlathery1 (434-924-0558;
kjm4k@virginia.edu)

Tracie A Mastronicola1 (tam7c@hotmail.com)

1Department of Environmental Sciences University
of Virginia, P.O. Box 400123, Charlottesville, VA
22903, United States

Nitrogen (N) is commonly the element limiting pro-
ductivity in temperate salt marshes. This limitation
may be more severe in immature marshes that have low
standing stocks of N. Nitrogen fixation in salt marshes
is generally high in comparison to other marine ecosys-
tems, and can be an important source of N for primary
production. In this study we measured the effect of
N fertilization on Spartina alterniflora and benthic mi-
croalgal chlorophyll a (chl a) in one mature (>150 yr)
and two young (7 and 15 yr) naturally developing bar-
rier island salt marshes along a chronosequence at the
Virginia Coast Reserve LTER site. N fixation in the
light and dark was also measured seasonally for one
year in these three marshes. While S. alterniflora above
ground biomass was highest in the older marsh, there
was a significant increase in biomass as a result of N fer-
tilization only in the 2 younger marshes. An increase
in areal above ground N of S. alterniflora was observed
only in the youngest marsh. Benthic microalgal chl a
was highest in the youngest marsh. However, N fer-
tilization led to a significant increase in chl a at the
youngest and oldest sites, but not at the intermediate
aged site. These results suggest that primary produc-
tivity, of both micro- and macrophytes, in these devel-
oping salt marshes may be limited by N availability.
Light availability at the sediment surface did not ap-
pear to be a factor controlling benthic chl a in any of
the marshes. There was not a clear pattern of N fix-
ation relative to marsh age in fall, winter, or spring.

During the summer, however, we measured the highest
rates of N fixation at all sites, with young > interme-
diate > mature. Light rates were consistently higher
than dark rates at all sites in summer and at the 2
young sites in winter, suggesting that phototrophic N
fixation was important at these times of year. Annual
N fixation, calculated from integrated light and dark
measurements made during each season, was 2-3 fold
higher in the youngest marsh (18.3 g N m-2 y-1), than
in the intermediate-aged (9.0 g N m-2 y-1) or the ma-
ture marsh (6.1 g N m-2 y-1). This high rate of N fixa-
tion in the young marsh is likely to be relatively more
important in supplying N to nutrient-limited primary
producers than in mature marshes that have higher
standing stocks of organic matter and nutrients in the
sediments. N fixation appears to be important in the
early establishment and success of primary producers
on bare substrate, and will contribute to the further
development of a mature marsh by building substrate
nutrient reserves.

OS22C-197 1330h POSTER

An Analysis of Factors Effecting the
Growth of Benthic Microalgae
Following the Decline of a Surface
Phytoplankton Bloom

Brian P Darrow (727-553-1112;
bdarrow@seas.marine.usf.edu)

College of Marine Science, University of South
Florida, 140 7th Ave. S., St. Petersburg, FL 33701,
United States

The West Florida continental shelf is an olig-
otrophic system for most of the year. An episodic
chlorophyll plume often occurs on the northern portion
of the shelf during the spring months. The fate of the
plume’s nutrients upon its decline in the late spring
and early summer is unknown. Decreased chlorophyll
levels and sustained nutrient stocks may be explained
by sediment/water-column interactions, including the
presence of benthic microalgae.

A one-dimensional model of 16 state variables was
constructed to simulate the decline of a surface chloro-
phyll bloom in the northeastern Gulf of Mexico as
measured during the Florida Shelf Lagrangian Experi-
ment (FSLE). Remineralized nutrients from the declin-
ing bloom were taken up by heterotrophic bacteria in
the water-column and by benthic microalgae in the sed-
iments.

Perturbation experiments revealed that low light
levels due to increased CDOM did not have significant
effects on the benthic microfloral community, while in-
creased diffusion coefficients at the sediment/water in-
terface adversely effected the microphytobenthos.
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The Distribution of Phytoplankton
Standing Stock and Primary
Productivity in Association with
Observed Nutrient and Hydrographic
Conditions Prevalent in the Laguna
Madre of South Texas: A Multi-year
Picture.

Terry E. Whitledge1 (907 474 7229;
terry@ims.uaf.edu)

Dean A. Stockwell1 (907 474 5556;
dean@ims.uaf.edu)

1University of Alaska Fairbanks, Institute of Marine
Science School of Fisheries & Marine Sciences 245
O’Neill Building P.O. Box 757220, Fairbanks, AK
99775-7220, United States

The Laguna Madre of Texas is part of an exten-
sive barrier beach island and lagoon complex, extend-
ing from Corpus Christi south to the Rio Grande River.
Laguna Madre is divided into upper and lower sections
by sand flats, with the only connection being a dredged
channel through the area called “Land Cut”. Overly-
ing extensive seagrass beds, waters of this shallow, hy-
persaline bay system tend to be low in nutrients and
relatively clear. Strong winds, high temperatures and
the lack of rainfall (mean = 25 inches per year) drive
a loss of water by evaporation as high as 60 inches per
year. The resulting salinities of this lagoon can be as
high as 75 parts per thousand. Monthly hydrographic,
nutrient and pigment measurements were collected over
several years. Estimates of primary productivity were
also obtained at selected stations during monthly sam-
plings. The hydrographic distributions showed north
to south gradients of salinity in Laguna Madre, with
maximum values in the upper reaches of Baffin Bay.
The dissolved inorganic nitrogen (DIN) concentrations
also displayed maximum concentrations in Baffin Bay,
with ammonium accounting for 60-95 % of the total ni-
trogen. The concentrations of nitrate and chlorophyll
a, within the Laguna Madre correspond closely with
salinity and sustain the relatively high rates of primary
productivity.
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Alkaline Phosphatase Activity in
Monterey Bay

David P Nicholson1 ((650) 736-0655;
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Adina Paytan ((650) 724-4023;
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Barbara Cade-Menun (bjcm@pangea.stanford.edu)

1Stanford University, Geological and Environmental
Sciences, Stanford, CA 94305-2115

Phosphorus (P) is an essential nutrient utilized by
all living organisms, and has been recognized as a lim-
iting nutrient in some oceanic systems (Cotner et al.,
1997; Karl et al., 1995; Michaels et al., 1996; Wu et
al., 2000). However, relatively little is known about
the extent of P limitation in natural environments, how
P limitation varies spatially and temporally, and what
determines how and when P becomes limiting (Benitez-
Nelson, 2000). A more direct estimate of the degree of
P limitation in a variety of oceanic systems is needed to
better understand P cycling and dynamics within the
ocean and how these have and will change in response
to global climate and environmental perturbation. Ac-
cordingly, the objective this study is to assess the P-
status of marine planktonic communities in Monterey
Bay using the activity of alkaline phosphatase in the
water column.

Alkaline Phosphatase (AP) is the most widely used
enzyme by marine organisms to hydrolize organic P
compounds to biologically available orthophosphate.
Accordingly it is expected that in areas where P is a
limiting nutrient organisms will produce and release
more AP to seawater so they can utilize the dissolved
and particulate organic P compounds. Indeed it has
been suggested that the AP activity is a reliable indi-
cator of P-availability to planktonic communities (Am-
merman and Azam, 1985; Cotner and Wetzel, 1991;
Hong et al., 1998). High enzyme activities indicate low
Dissolved Inorganic Phosphate (DIP) availability while
low levels suggest that DIP supply satisfies the com-
munity P-demand.

We will assess the utility of alkaline phosphatase
activity in seawater as an indicator of the degree of
P-limitation and evaluate the causes for differences in
the activity as well as the degree of spatial and tem-
poral variability in P-status. We will determine the
P-hydrolyzing enzyme activities in solution and in dif-
ferent plankton size fractions. The study encompasses
data from a three-station transect in Monterey Bay,
ranging from coastal waters to open ocean depths of
several thousand meters, and a coastal station in San
Francisco Bay. As this study is primarily interested
in AP activity within the euphotic zone, AP activity
will be presented for the upper 200 meters for each
station. Preliminary work has shown measurable AP
activity levels that will be correlated temporally and
spatially. Ancillary parameters such as nutrient con-
centrations, primary productivity, and species compo-
sition, will also be obtained from time series data col-
lected by Monterey Bay Aquarium Research Institute
(MBARI).
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Influence of CO2, Iron, Nitrogen and
Phosphate Limitation on Intracellular
DMSP Concentrations in a Coastal
Diatom.

Eva Bucciarelli1 (Eva.Bucciarelli@noaa.gov)

William G Sunda1 (bill.sunda@noaa.gov)

1Beaufort Laboratory, NOAA, 101 Pivers Island
Road, Beaufort 28516, United States

DMS (dimethylsulfide) is a significant source of sul-
fur to the marine atmosphere. Its atmospheric oxi-
dation to acidic sulfur species (eg H2SO4) influences
cloud nucleation and the planetary heat balance. DMS
is derived from enzymatic cleavage of DMSP (dimethyl-
sulfoniopropionate), which is produced in high concen-
trations by certain groups of phytoplankton. DMSP is
thought to function in phytoplankton as an osmolyte.
However several studies suggest that there may be
other functions for this molecule. Sunda et al. have
proposed that DMSP may also function as the first
link of an antioxidant system: DMSP/DMS/DMSO. To
further examine this hypothesis, we have conducted
batch culture growth studies with the coastal diatom
Thalassiosira pseudonana under different nutrient limita-
tions that can disrupt photosynthesis and thereby in-
crease cellular oxidative stress. We observed that lim-
itation by CO2, nitrogen and iron (under both nitrate
and ammonium supported growth) increases intracellu-
lar DMSP concentrations by up to 30 fold. Thus, lim-
itation by a variety of nutrients may influence DMSP
dynamics in marine systems.
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The Effect of Nitrate and Irradiance on
Natural Fluorescence

Samuel Laney1,2 (207 581 4413;
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1University of Maine, School of Marine Sciences Libby
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2Oregon State University, COAS 104 Ocean Ad-
min Oregon State University, Corvallis, OR 99331,
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Estimating chlorophyll biomass from remotely
sensed natural fluorescence relies on empirical relation-
ships that simplify the physiological relationship be-
tween chlorophyll biomass and the natural fluorescence
quantum yield. A number of environmental factors can
elicit physiological responses that change this relation-
ship, and two such factors, nitrate availability and ir-
radiance intensity, vary widely in the ocean both spa-
tially and temporally. The influence of these two fac-
tors on natural fluorescence radiance was examined in
continuous culture experiments. In cultures of Thal-
lasiosira weissflogii grown under different irradiances
and growth rates, fluorescence per unit ambient ir-
radiance correlated broadly with chlorophyll biomass.
However, specific combinations of irradiance intensity
and growth rate demonstrated very poor correlation,
particularly at high irradiances. These poor correla-
tions can be improved in some cases by varying the
time at which natural fluorescence is sampled; corre-
lations made at or 2 hours after solar noon were less
robust than those made in the forenoon. Diurnal vari-
ability in natural fluorescence appeared to be corre-
lated to the perceived level of nitrate availability, and
simple metrics that quantify this variability may have
potential in remote sensing studies. Diurnal fluores-
cence action spectra and pigment data were examined
to identify the mechanisms that dominate the observed
diurnal changes natural fluorescence. Potential physio-
logical interpretations of this variability are discussed.
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The effect of light stress on the production of trans-
parent exopolymer particles (TEP) was studied in nat-
ural phytoplankton populations off the New Jersey
coast during the 2001HyCODE/COMOP Coastal Pre-
dictive Skill Experiments. Nearshore waters generally
are optically turbid and the resident phytoplankton
populations are often low-light adapted. TEP produc-
tion is generally enhanced when cells are photoinhib-
ited. Given this, we hypothesized that coastal com-
munities should be particularly sensitive to high light
stress and thus potentially produce a great deal of TEP
when they are mixed to surface waters. Secondarily, we
predicted that surface light stress should be greater for
inshore communities compared to offshore communities
who reside in clearer waters. Discrete samples were col-
lected from offshore and inshore stations at 8 m depth,
and were incubated for 24 hours outdoors under ambi-
ent light. Ambient light levels were comparable to light
levels just below the surface at both offshore and in-
shore sampling sites. Nearshore populations were very
low light adapted as indicated by significantly lower
Ik values (factor of 2) and were heavily light stressed,
compared to their offshore counterparts, by surface ir-
radiance. The TEP abundance and TEP production
rates were an order of magnitude greater than the off-
shore community. This confirmed that light stress is
positively correlated with TEP production in natural
populations. In this area, topographic variations asso-
ciated with ancient river deltas cause upwelled water
to evolve into an alongshore line of three recurrent up-
welling centers that are co-located with historical re-
gions of low Dissolved Oxygen (DO). Upwelling results
in the Ekman transport of water offshore and the trans-
port of mid- and bottom water phytoplankton com-
munities to the surface. Satellite and ship data con-
firm that significant phytoplankton blooms are associ-
ated with these upwelling events. Furthermore, SCUBA

divers often observe marine snow. Given our findings
of the potentially large TEP production rates in the
nearshore populations, we hypothesize that TEP for-
mation, via light-stressed populations, may strongly in-
fluence the hypoxic/anoxic zones off the coast of New
Jersey.

URL: http://marine.rutgers.edu/cool/
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Spatial Variability of Benthic Microalgal
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Reflectance of Sediment Surfaces
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The study area is characterized by optically shallow
water and a mosaic of carbonate sediment types and
habitats. Multiple sediment cores were collected within

a 0.25 m2 grid at 11 sites around Lee Stocking Island,
Bahamas. Sampling sites included an area with high
tidal flow and shoaling ooid sand, grapestone sand
(clusters of cemented sand grains), sediments covered
with a dense biofilm, sand in and around seagrass
beds, and sand on the surface of and around a mound
created by burrowing shrimp. Spectral reflectance
(wavelengths 400-710 nm; approximately 0.3 nm reso-
lution) was measured 25 mm above the surface of each
core. Microalgal pigments in the top 5 mm of each core
were identified and quantified by high performance
liquid chromatography.

Microalgal biomass, as indicted by chlorophyll a,
varied dramatically within and among sampling sites.
Differences in the ratios of taxonomically significant
pigments to chlorophyll a indicate diverse microalgal
community structures both within and among sampling
sites. The shape and magnitude of reflectance spectra
were variable both within and among sampling sites.
Subtle differences in shapes of reflectance spectra were
enhanced by second derivative analyses and provide in-
formation about microalgal community structure. Re-
sults of these studies indicate that the types of ben-
thic microalgae and their distributions on or near sedi-
ment surfaces affect reflectance properties of sediments
in three ways. First, microalgal biomass causes a de-
crease in the magnitude of reflectance across the visible
spectrum because of the combined absorptive proper-
ties of their photosynthetic and photoprotective pig-
ments. Second, microalgal community structure affects
the shape of reflectance spectra because different pig-
ments that are characteristic of specific types of mi-
croalgae have unique absorptive properties. Third, ex-
tracellular polysaccharide produced by microalgae and
bacteria living on and near sediment surfaces, and
within which the microalgae are embedded, increases
sand grain spacing and enhances the probability of
photons being absorbed so that reflectance is reduced
across the spectrum.
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Mycosporine-like amino acids (MAAs) are a group
of compounds that absorb strongly in the UV range
(absorption maxima 310-360nm) and are present in
many marine organisms including dinoflagellates. Sev-
eral species of dinoflagellates form large, monospecific
near-surface blooms where they are exposed to high
doses of ultraviolet and visible radiation. Possession of
UV-absorbing compounds like MAAs may be one fac-
tor that allows these species to form such blooms. Ex-
periments involving two toxic bloom-forming species,
Alexandrium tamarense and Gymnodinium breve, were con-
ducted to investigate the role of nutrient status and
light (UVR and PAR) on MAA production. Two nu-
trient regimes, nitrogen replete and nitrogen starved,
were used to determine how increases in nitrogen due
to coastal eutrophication might influence MAA produc-
tion. Cultures from both nitrogen states were exposed
to environmentally realistic levels of UVR + PAR or
PAR-only and monitored for MAA content, in-vivo and

extracted UV/VIS absorption, Fv/Fm, chlorophyll con-
tent, cell concentration and cell size.

The results of these experiments showed that
strong UV-induced MAA synthesis occurred under both
nitrogen-replete and nitrogen-starved conditions. How-
ever, the specific composition of MAAs produced dif-
fered between the two nitrogen treatments. The fact
that these cells continue to produce MAAs when nitro-
gen is scarce may indicate that MAAs play an impor-
tant functional role, such as photoprotection.
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In permeable sediments such as those found on con-
tinental shelves, the interaction of near-bed currents
with bottom topography creates pressure gradients that
can induce interstitial flows that enhance the exchange
between sediments and the water column. Previous
studies conducted in steady unidirectional flows with
isolated roughness elements have demonstrated that
this process greatly increases the incorporation of fine-
grained organic matter into the sediment. In this study
we examined uptake and release of phytoplankton by
rippled sand beds under simulated wave boundary layer
flows–conditions that are more representative of shelf
environments. Using an oscillatory water tunnel, the
deposition of a cultured diatom to a well-sorted coarse
sand under non-eroding flows (peak velocity = 12 cm

s−1) was determined for a flat bed and beds consisting
of numerous small (λ = 10 cm, H = 4 cm) or large (λ
= 20 cm, H = 8 cm) ripples. Deposition experiments
were run overnight, and sectioned syringe cores used
to quantify bed diatom distribution. For flat bed ex-
periments, there was little horizontal variation in the
depth-integrated bed diatom density, and 85 % of the
cells were found in the surface layer (0-1 cm). In other
treatments, ripple geometry controlled diatom depo-
sitional patterns in a manner consistent with the ex-
pected direction and magnitude of interstitial flows.
Depth-integrated diatom concentrations were highest
in the troughs where pressure gradients force water into
the sediment and lowest on the crests where water exits
the bed. Not surprisingly the depth of diatom penetra-
tion was greater in the troughs than the crests. Differ-
ences between troughs and crests also scaled with rip-
ple size. For example, trough depth-integrated diatom
density was 2.5 × higher than that occurring in crests
for small ripples and increased to 3.8 × for the large
ripples. Similar trends in the depth of diatom penetra-
tion were also observed. When flow speed was increased
to form large ripples from a previously phytoplankton-
impregnated small rippled bed, up to 65 % of the bed
diatoms were resuspended in the first several minutes
of sediment movement. Sampling of the newly-formed
large ripples showed that sediment transport had ho-
mogenised diatom distribution in the surface layers (0-
5 cm) except under ripple crests where rapid burial had
protected a layer of diatoms some 2-4 cm beneath the
surface. Thus, while sediment topography such as rip-
ples clearly influences the spatial distribution and flux
of organic matter into the bed, changing bed morphol-
ogy ultimately controls the amount of burial or resus-
pension to the water column.
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Beds of the small kelp Ecklonia radiata are a dom-
inant feature of temperate reefs in Western Australia.
These kelp beds are best described by an alternative
states model as a mosaic of kelp patches and gaps which
are usually dominated by Sargassum spp. or foliose red
algae. In a recent review of experimental approaches
to investigating alternative states in communities Pe-
traitis and Latham (Ecology 1999 80(2):429-442) em-
phasized the importance of distinguishing between pro-
cesses initiating and processes maintaining alternative
states. Contrary to many other kelp-dominated sys-
tems grazing does not seem to play a significant role
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in structuring kelp assemblages in Western Australia.
Physical disturbance in the form of winter storms and
swell events is the major forcing agent, creating gaps in
the dominant kelp canopy. Studies have shown that E.
radiata control kelp bed assemblage structure by mod-
ifying the surrounding physical environment. It has
however also been shown that physical environment and
turf algae in gaps may control E. radiata distribution.
Consequently, there is now good evidence for mecha-
nisms maintaining alternative states in West Australian
kelp beds. Petraitis and Latham (op. cit.) also empha-
sized the importance of spatial scale in alternative state
initiation, i.e. the presence of disturbance size thresh-
olds needed to change from one state to another. This
idea is implicitly included in most alternative states
models, but it remains largely untested experimentally.
Results will be presented from an experiment where we
tested the hypothesis that there is a threshold level of
disturbance (gap size) above which gaps will persist
and that this threshold is lower in more stressful en-
vironments (higher wave exposure). Clearings ranging
in size from 0 - 200 m2, covering the range of naturally
occurring gaps, were made in kelp beds on exposed and
sheltered reefs and kelp recruitment monitored for 18
months including two annually occurring recruitment
events.
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Tomales Bay, Northern California, is situated just
north of Point Reyes, in the Gulf of the Farallons Na-
tional Marine Sanctuary. Previous studies made as part
of the Land Margin Ecosystem Research Study showed
Tomales Bay to receive oceanic inputs from both the
Gulf of the Farallons, and near-shore sources. Up-
welling fronts in the Gulf move shoreward during relax-
ation events bringing planktonic larvae in contact with
warmer, low salinity waters. At this interface, mixing
of waters from Tomales Bay, and upwelled coastal wa-
ters, may provide phytoplankton seed for bloom events,
and a food source for planktonic larvae. As part of the
LMER project, the phytoplankton community struc-
ture was described for a single annual cycle in a dry
year. How community structure changes with inter
annual cycles and as a result of upwelling events is
yet unknown. This study describes the phytoplankton
community structure and seasonal succession in Toma-
les Bay at two sites, over an eighteen-month period,
from April 2000 to October 2001. Phytoplankton were
identified and counted using the Utermohl technique
and inverted microscopy, along with measurements of
chlorophyll a. Peaks in phytoplankton abundance oc-
curred in summer of both years with different taxa
dominating each year. Samples for hydrographic and
nutrient analyses were made during these bloom times.
This poster focuses on phytoplankton community struc-
ture and bay nutrient regimes, as they may compare to
near-shore biologic and oceanographic conditions.
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Nutrients and phytoplankton uptake rates of ni-
trate and ammonium were measured in the upwelling
region off Bodega Bay in Northern California as part
of the NSF CoOP-WEST interdisciplinary study. Wa-
ter samples were collected over the continental shelf
and offshore during the upwelling season in late spring
2000 and 2001. To assess the contribution of differ-
ent phytoplankton size classes to the uptake of nitrate
and ammonium, samples of water incubated with either
15N-nitrate or 15N-ammonium were filtered on either
GF/F filters for total phytoplankton community or on
5um silver filters to sample the larger phytoplankton
cells. Upwelling areas are typically high new produc-
tion ecosystems and nitrate uptake is expected to be
greater than ammonium uptake. Also, the larger phy-
toplankton cells tend to dominate both the nitrate up-
take rates and the total biomass. In both years of the
present study, strong wind-driven upwelling resulted in
high concentrations of surface nitrate and silicate near
the coast from a source depth of 200m. During the sub-
sequent relaxation period, nitrate uptake increased and
was dominated by the larger phytoplankton cells. In
contrast, the lower nutrient offshore waters contained
a larger concentration of smaller cells taking up ammo-
nium. The relationship between wind events and relax-
ation plays a crucial role in the realization of produc-
tivity in this upwelling ecosystem.

URL: http://userwww.sfsu.edu/˜phytopl
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As part of a NSF funded project (Coastal Ocean
Processes; Wind Events and Shelf Transport - CoOP
WEST) to determine the fate of upwelled nutrients and
primary productivity, the composition of the phyto-
plankton assemblage was examined off northern Cal-
ifornia during June, 2000 and May/June, 2001 dur-
ing upwelling season. Phytoplankton were enumer-
ated using the Utermohl technique, and biomass (as
chlorophyll a) was measured for the community as a
whole and for cells greater than 5um in diameter. For
both years, high levels of chlorophyll and phytoplank-
ton cells occurred following upwelling events. At the
height of the blooms, total chlorophyll concentrations
and phytoplankton biomass were approximately twice
as high in 2000 as in 2001, as were the concentrations
of available silicate and nitrate just prior to the blooms.
Taxonomic observations for each year show that di-
atoms (especially Chaetoceros spp.) dominated when
larger cells were the major contributors to total phyto-
plankton biomass. As nutrients were consumed during
periods of relaxation, diatom cell numbers increased in
populations over the shelf and closer to the coast. In
2000 the off shore population in less nutrient rich wa-
ters was dominated by smaller, flagellated phytoplank-
ton. In 2001 the spatial shift seen in 2000 from an in-
shore community dominated by diatoms to an offshore
community dominated by flagellates was not observed.
Also different in 2001 was the appearance of picoplank-
ton such as Synechoccocus sp. that were observed to-
wards the end of the field study. These differences in
the phytoplankton assemblages are likely attributable
to different wind event patterns between the two study
years.

URL: http://userwww.sfsu.edu/˜phytopl
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Nitrogen is not limiting in Lake Michigan, but it
can be a “currency” to assess microbial food web pro-
cesses and carbon sources. Nutrient-addition experi-
ments were conducted in March and June 1999 and
March and May 2000 to measure net direction and mag-
nitude of NH4+ fluxes and relate the results to micro-
bial food web composition. Lake water was fortified
with four mM (final concentration) 15NH4+, or a 15N
labeled amino acid mixture, and incubated for 24 h in
70-ml bottles to observe net fluxes of these dissolved
nitrogen compounds under natural light and dark con-
ditions. Microbial food web components were quanti-
fied at the same stations. Net ammonium uptake in
the light occurred at most (57 to 86%) of the stations
in the different cruises. Net ammonium production was
observed in zero to 29% of stations in the four cruises,
and no significant change in ammonium concentrations
occurred in 13 to 25% of stations. The presence of nat-
ural light affected fluxes in 29-75% of the stations, but
the remaining stations did not show significant differ-
ences. Addition of phosphorus had a moderate but sig-
nificant effect on ammonium uptake in 43 to 63% of the
stations. Amino acid concentrations in lighted bottles
showed a net uptake in 13 to 42% of the stations, net
production in 25-63% of the stations, and no signifi-
cant change in 17 to 38% of stations. Overall, amino
acid demand was negligible except for a few stations.
Light affected amino acid uptake in 5 to 50% of sta-
tions. Chlorophyll levels and microbial food web abun-
dance were higher at stations near the St. Joseph River
mouth than other stations. Likewise, uptake rates of
ammonium and amino acids were higher and rates dif-
fered more between light and dark bottles at the St.
Joseph River mouth stations. Correlation significance
between uptake rates and food web characteristics at
the different stations depended on the inclusion of St.
Joseph River mouth stations. We conclude that win-
ter/spring microbial food web abundance and nitrogen
cycling activity were higher in the river plume region
than other regions of the southern lake.
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Phosphorus is the limiting nutrient for biological
production in many lacustrine ecosystems, including
oligotrophic Lake Superior. In the past, surveillance
programs and other investigations have focused primar-
ily on the measurement of total phosphorus (TP) at the
lake surface as a measure of the trophic state of Lake
Superior. Although TP concentrations are useful for
this purpose, these data alone tell us nothing about
the biogeochemical cycling of this important nutrient.
At present, little is known about the spatial and tem-
poral distribution of phosphorus and its speciation in
Lake Superior. This lack of knowledge stems, in part,
from the inability of many standard techniques to re-
solve low concentrations of soluble reactive phospho-
rus (SRP). Moreover, total dissolved phosphorus (TDP)
has not been routinely measured. Over the last two
years, we have sampled the water column at several sta-
tions along a transect from the shallow bay waters near
Duluth-Superior Harbor to the deep coastal waters.
The detailed profiles of TP, TDP, and SRP show that
the distribution of phosphorus in its dissolved and par-
ticulate pools can vary significantly spatially and sea-
sonally. The data suggest that the soluble non-reactive
phosphorus (SNP) pool, which is comprised primarily
of dissolved organic phosphorus and is calculated as the


