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of the two major euphausiid species as part of the NEP-
GLOBEC program in the spring and summer 2000.
Lipofuscins were extracted from neural tissues (eye and
eye-stalk), quantified, and normalized to protein con-
tent to allow comparisons across species and animal
sizes. Multiple fluorescent components from krill were
observed with the major product having a maximum
fluorescence at excitation of 350nm and emission of
470nm. Field-collected krill contained variable levels
of lipofuscins dependent on size. Total lipid content of
seston (as potential diets) ranged from 25 to 108 (mg/g
dry weight) with krill 50 to 152 (mg/g dry weight)
and both mainly composed of phospholipids. The fatty
acids 16:0, 18:1(n-9), 20:5, and 22:6 were major com-
ponents in krill and showed only minor shifts between
seasons and over spatial scales. In seston, the 16:1(n-
7), 16:0, 18:1(n-9), and 18:0 were important fatty acid
components and showed significant seasonal and spatial
compositional changes. Polyunsaturated fatty acids
such as 20:5 (rich in diatoms) and 22:6 (rich in dinoflag-
ellates and chrysophytes), known to be essential fatty
acids for the growth and development of fish larvae and
juveniles were absent or were at low in seston from off-
shore stations. Cholesterol was the dominant sterol in
all animals (up to 89% of total sterols), with furcilia
also containing a number of other sterols from dietary
sources. A suite of 15 other sterols was found in seston,
a number of which represent specific algal taxa. These
results suggest that lipofuscin can be measured among
individual krill, and that animals may show ontogenetic
changes in lipid composition with age.
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Stretching from northeast Africa and India to east
Asia and north Australia lies a vast area highly in-
fluenced by both monsoons and typhoons/hurricanes,
and naturally many aspects of the oceanic environ-
ments of the north Indian Ocean, the East and South
China Seas and the many seas of Southeast Asia are no
less affected. Torrential rains accompanying southwest
monsoons and typhoons, although often raising havoc
on many coastal areas, are for the most part greatly
welcomed by farmers as these nurture the frequently
parched land at the end of the dry, northeast monsoon
season.

It is well known that the southwest monsoon in-
duces upwelling of nutrient-rich subsurface waters off
the eastern coast of a land mass, such as that off Soma-
lia, the Arabian Peninsula and Viet Nam. In so doing,
biological productivity is enhanced. Off the western
coast, on the other hand, the southwest monsoon nor-
mally induces downwelling, but here it is shown that
the increased buoyancy forcing brought on by a larger
runoff in the wet season also seems to have induced a
weak upwelling off Sarawak, Sabah and Brunei Darus-
salam despite unfavorable wind conditions. In other
words, monsoon rains also appear to nourish the coastal
oceans regardless of the direction of the prevailing
winds. As a result, nutrient concentration increases,
while pCO2 decreases presumably due to higher pri-
mary productivity. Similarly, coastal downwelling was

seen to shift to a clear upwelling, and primary produc-
tivity was found to increase off northwestern Taiwan af-
ter a typhoon passed, perhaps also due to the enhanced
buoyancy effect.
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Major economic activities in four coastal water-
sheds in Southeast Asia were assessed for their im-
pacts in terms of nutrient waste generation, their con-
tribution to nutrient loading into and the resulting
metabolic state of associated coastal basins. The study
areas included a section of the Red River Delta (Viet
Nam), Bandon Bay (Thailand), Lingayen Gulf (Philip-
pines), and the Merbok Estuary (Malaysia). Nutrients
released by economic activities were estimated using
an economic input-output modeling approach. Non-
conservative fluxes of dissolved inorganic nitrogen and
phosphorus (DIN, DIP)and system metabolic states
were quantified using the LOICZ Biogeochemical Mod-
elling Guidelines (Gordon et al. 1996)

Results indicate that agriculture contributed the
most to the total DIN (20-80%) and to the total DIP
(20-80%) coming from economic activities in the wa-
tershed. In the two sites (Ban Don Bay and Lingayen
Gulf) where the household sector was endogenized as
an economic sector, sewage was shown to contribute
15-20% of total DIN waste and 15-50% of total DIP
waste. An index ratio between generated nutrient waste
and total nutrient loading, where 1 indicates highest
anthropogenic impact to receiving coastal waters; val-
ues > 1, high assimilative capacity; and values < 1,
high loading and high impact from natural sources, was
used to compare anthropogenic influence on nutrient
(DIN, DIP) loading. The Red River Delta showed high-
est buffering capacity followed by the Merbok Estuary.
Lingayen Gulf received the most impact from human
generated waste. Ban Don Bay showed the most pris-
tine condition in that loading from natural sources ex-
ceeded anthropogenic waste by a factor of 6 in the case
of DIN. Except for the Merbok Estuary, all three basins
were net autotrophic.

The protocols used in this regional study indicate
prospects of assessing anthropogenic influences on bio-
geochemical cycling in coastal waters using relatively
simple but robust approaches that are amenable to it-
erative validation. Scientists in both developed and
developing countries can use these in evaluating their
study sites, thus allowing for more sound comparisons
across wider areas.
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In recent years, pressures to develop watersheds in
the Canadian pacific region have intensified. The Land-
to-Oceans Project is a new initiative that seeks to im-
prove our understanding of coastal watershed processes
to their impacts on the coastal ecosystem. Specifically,

the objectives of the Land-to-Oceans Project are to de-
velop a coastal watershed model that predicts the ex-
port of water and nutrients that can be scaled to other
coastal watersheds in the Strait of Georgia and along
the western coast of Vancouver Island; and to explore
linkages between changes in Land Use or Land Cover
(LU/LC), changes in loadings of dissolved and particu-
late organic matter from the watersheds to the coastal
zone, and the patterns of growth and toxicity of harm-
ful algal blooms. Our initial focus has been on the Car-
nation Creek watershed, the focus of harvesting experi-
ments over the past 30 years, which drains into Barkley
Sound along the west coast of Vancouver Island. In this
watershed, the climate is complex, with multi-temporal
climatic oscillations including El Nino, La Nina and the
Pacific Decadal Oscillation, and thus, the natural vari-
ability in hydrological linkages between the watershed
and the coastal waters had to be established before the
potential impacts of LU/LC changes could be consid-
ered. A coastal watershed model was used to establish
the relationship between return period (ranging from 1
to 100 years) and peak discharges and, in turn, the re-
lationship between peak discharges and their contribut-
ing source areas within catchments of the watershed. A
comparison of these relationships for natural and dis-
turbed conditions indicated that LU/LC activities re-
sulted in an increase in: (1) number of peak flows; (2)
magnitude of smaller peak flows (< 1 yr return period);
and (3) magnitude of associated surface saturated ar-
eas. These relationships and associated maps provide
simple management tools that can be used to minimize
the potential impacts of harvesting activities. By in-
troducing the concept of risk (as defined by the return
period) into harvest plans, the climatically-influenced
susceptibility of catchments to changes in the distribu-
tion of surface saturated areas and the frequency and
magnitude of peak flows to harvesting practices may be
evaluated. By understanding the climatic controls on
the contributing source areas of water to the stream,
we can extend the coastal watershed model to predict
the export of water-soluble nutrients, pollutants or con-
taminants to coastal waters.
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Mesocosm experiments were used to determine the
relationship between nitrogen (N) and phosphorus (P)
loading and the resulting tissue nutrient content (per-
cent dw) of eelgrass shoots (Zostera marina), and two
species of macroalgae, Ulva lactuca and Gracilaria tik-
vahaie. Data were combined from two experiments in
which treatments consisted of high N and high P load-
ing (HNHP), high N and low P loading (HNLP), low N
and low P loading (LNLP) and controls with no added
nutrients. Loading rates (mmol m-2 d-1) for the treat-
ments consisted of 8.24 N and 1.7 P in the HNHP, 8.24
N and 0.22P in the HNLP and 1.94 N and 0.15 P in
the LNLP. Controls received 0.35 N and 0.11 P from
incoming water and wet and dry deposition. The se-
lected macrophytes from highly loaded (N or P) meso-
cosm treatments had significantly higher tissue nutri-
ent concentrations than those from treatments with low
loading or controls. N and P loading rates were signifi-
cantly (p<0.05) correlated with tissue nutrients for all
species during the summer months. The ranges in tis-
sue concentrations in these species along with tissue
nutrient concentrations from the literature were used
to create a preliminary index of nutrient loading. The
index and correlation analysis may provide valuable in-
formation for ecosystem modelers and managers.
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Inputs of anthropogenic nitrogen are altering the
trophic status of estuaries worldwide. New approaches
are needed to assess the onset and magnitude of this ni-
trogen loading, and two approaches have been proposed
in recent years, use of C/N ratios in macroalgae and use
of nitrogen isotope (d15N) measurements in estuarine
sediments and biota. We compared these approaches
with results from more conventional nutrient concen-
tration measurements, testing especially whether d15N
assays were robust indicators of watershed N loading
across different estuarine systems. Four study estu-
aries were chosen that were associated with the Na-
tional Estuarine Research Reserve (NERR) system and
located at widely spaced intervals on the west coast of
the United States: Padilla Bay (Washington), South
Slough (Oregon), Elkhorn Slough (central California),
and Tijuana River (southern California).

None of the estuaries was truly pristine, with all
estuaries receiving varying levels of anthropogenic nu-
trient loading from local watersheds. The DIN (dis-
solved inorganic nitrogen) concentrations ranged from
3 micromolar in streams at the southern end of the
forested South Slough watershed, to 1000 micromolar
in the Elkhorn and Tijuana estuaries that respectively
received high agricultural and sewage inputs. Compar-
isons made within and between estuaries showed that
C/N ratios in green macroalgae were not closely corre-
lated with d15N or DIN levels, and were useful for de-
tecting N loading patterns only in the least impacted
estuary, South Slough. Nitrogen isotope assays failed
to detect N-loading under conditions of very high am-
monium inputs from sewage, but were otherwise useful
indicators of estuarine N status. Overall, using a com-
bination of nutrient and isotope measurements was the
best strategy for detecting watershed N loading. The
combination approach could be used to generate maps
of low, medium and high N loading in each of the four
study estuaries. Such maps can be useful for identify-
ing sites that currently need clean-up efforts, for future
eutrophication monitoring, and for checking N input
budgets developed from land-use models
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Anthropogenic inputs of aromatic hydrocarbons are
a common stress to coastal ecosystems. Petroleum-
derived compounds from point and non point sources
can accumulate in surface sediments and affect changes
in the associated biota. Elevated hydrocarbon concen-
trations can provide a selective pressure for strains that
can metabolize these compounds, but the response of
the assemblage can also be affected by environmental
factors. We examined the effect of various chemical and
physical conditions on bacterial production and aro-
matic hydrocarbon mineralization in surface sediments
of five coastal ecosystems that have significant anthro-
pogenic impacts. The data were gathered during thirty
research cruises over the past four years in Pearl Har-
bor, San Diego Bay, Charleston Harbor Estuary, Chesa-
peake Bay, and Delaware Bay. Sediment from tem-
perate coastal systems had large seasonal variation in
mineralization rates and turnover times of sentinel aro-
matic hydrocarbons (i.e. naphthalene, phenanthrene,
and fluoranthene), though there was little correlation
with temperature. Aromatic hydrocarbon mineraliza-
tion, as measured using 14C-radiotracer additions, was
dramatically reduced when bottom water dissolved oxy-
gen saturation was below 70 percent. Low ambient hy-
drocarbon concentration (below 10 µg per g sediment)
did not appear to support bacterial assemblages capa-
ble of rapid mineralization of the hydrocarbons. Hy-
drocarbon mineralization rates generally ranged from
10E-6 to 10E-4 µg per g sediment per d in both tem-
perate and tropical systems but were highest in chron-
ically impacted sediments in Charleston Harbor (7.0 x
10E-1 µg fluoranthene C per g sediment per d) and
Pearl Harbor (1.21 x 10E-1 µg fluoranthene C per g
sediment per d. Turnover times were often less than
100 d in these latter sediments even though they of-
ten had elevated hydrocarbon concentrations. Despite
its lower molecular weight and relatively high aqueous
solubility, naphthalene generally had lower mineraliza-
tion rates than those for both phenanthrene and flu-
oranthene. Understanding environmental factors that

control hydrocarbon metabolism by the natural bacte-
rial assemblages may help us determine the capacity for
estuarine sediments to assimilate contaminants as well
as identify areas that are at risk of ecological damage.
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The Elizabeth River (ER) is a sub-estuary of the
Chesapeake Bay, the largest, and historically most pro-
ductive estuary in the United States. Two major re-
gional centers of commercial shipping and the world’s
largest naval base are located on the ER, and the ER
supports a diverse mix of heavy industry and chemi-
cal and fertilizer companies. Metal contamination is
a significant issue in the ER. For example, the load-
ing of dissolved Cu to the ER has been estimated at
26,300 kg/yr, of which 68% results from US Navy ac-
tivities, and 25% results from commercial vessel and
shore discharges. Sediment concentrations of Cu, Zn,
Cd, and Pb in the industrialized portions of the ER
are enriched relative to crustal abundances. Sediment
concentrations of Zn and Pb in the ER exceed their
respective Probable Effects Levels, and are therefore
considered to pose considerable risk of adverse effects
to aquatic life. In 1983, the EPA’s Chesapeake Bay
Program identified the ER as one of the most heavily
polluted bodies of water in the Chesapeake Bay wa-
tershed, and subsequently designated it a ”Region of
Concern”.

We are part of a team of investigators performing an
integrated study of the biogeochemical cycling of Cu,
Cd, and Zn in the ER. We are studying the interrela-
tionships among: (1) metal concentrations, complexa-
tion and speciation (Donat, Carrasco, Consolvo); (2)
in situ microbial production of Cu chelators (Gordon,
Donat, Dryden, Ericsson); (3) phytoplankton metal up-
take (Sunda, Huntsman, Donat); and (4) fluxes of met-
als and chelators from sediments (Donat, Burdige, Car-
rasco).

Water column trace metal results from our two field
studies in July 1999 and May 2000 indicate that con-
centrations of total dissolved Cu, Zn, and Cd all in-
creased upriver by factors ranging from 4-fold (Cd) to
165-fold (Zn). In all surface water samples, Cu was
more than 99.9% complexed by one strong organic lig-
and class, L (average log K’= 12.2), while Zn and
Cd were variably organically complexed by two ligand

classes. The concentrations of free Cu2+, Zn2+, and

Cd2+ (the toxic/bioavailable forms of these metals) all

increased upriver by 10-fold (Cu2+ and Cd2+) to 300-

fold (Zn2+). While free Cu2+ and Cd2+ were gen-
erally below literature-reported estuarine phytoplank-

ton toxic response levels, free Zn2+ concentrations up-
stream reached toxic levels.
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The Elizabeth River (ER) is a sub-estuary of the
Chesapeake Bay, the largest, and historically most pro-
ductive estuary in the United States. Two major re-
gional centers of commercial shipping and the world’s
largest naval base are located on the ER, and the ER
supports a diverse mix of heavy industry and chemi-
cal and fertilizer companies. Metal contamination is a
significant issue in the ER. Sediment concentrations of
Cu, Zn, and Cd in the industrialized portions of the ER
are enriched relative to crustal abundances. Sediment

concentrations of Zn in the ER exceed its respective
Probable Effects Levels, and are therefore considered
to pose considerable risk of adverse effects to aquatic
life. In 1983, the EPA’s Chesapeake Bay Program iden-
tified the ER as one of the most heavily polluted bodies
of water in the Chesapeake Bay watershed, and subse-
quently designated it a ”Region of Concern”.

We are part of a team of investigators performing an
integrated study of the biogeochemical cycling of Cu,
Zn and Cd in the ER. We are studying the interrela-
tionships among: (1) metal concentrations, complexa-
tion and speciation (Donat, Carrasco, Consolvo); (2)
in situ microbial production of Cu chelators (Gordon,
Donat, Dryden, Ericsson); (3) phytoplankton metal up-
take (Sunda, Huntsman, Donat); and (4) fluxes of met-
als and chelators from sediments (Donat, Burdige, Car-
rasco).

To further understand the factors controlling the cy-
cling of Cu, Zn and Cd in coastal waters, we have exam-
ined total dissolved metal and total metal complexing
ligand benthic fluxes from sediments of the ER estuary
in two cruises in 1999 and 2000. This work built upon
previous work in which we have shown that such ben-
thic fluxes could potentially supply 10 to 50 % of the
Cu complexing ligands in the mainstem of the Chesa-
peake Bay. At the two sites we studied, near the Nor-
folk Naval Shipyard and the Norfolk Navy Base, we ob-
served that total dissolved Zn fluxes were greater than
total dissolved Cu fluxes, which were greater than to-
tal dissolved Cd fluxes. Such observations are consis-
tent with metal concentrations in the sediments. For
almost all metals, metal complexing ligand fluxes were
much greater that total dissolved metal fluxes in 1999
but not in 2000. More importantly, metal complexing
ligand fluxes appear to be uncoupled from metal fluxes.
When compared with our Chesapeake Bay results, we
see that Cu complexing ligand fluxes are positively cor-
related with the rates of sediment C remineralization.
In this talk we will use these data to begin to examine
the controls on total dissolved metal and metal com-
plexing ligand benthic fluxes.
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In most natural waters, the speciation and bioavail-
ability of copper are determined by its complexation
with organic ligands. Several researchers have hypoth-
esized a biological feedback mechanism involving metal-
responsive ligand production by microorganisms (par-
ticularly picoplankton) in natural waters. We tested
this hypothesis using in situ incubation of the natural
resident microbiota in a major U. S. Naval harbor, the
Elizabeth River (Virginia). In initial laboratory exper-
iments we determined the copper levels and incubation
times required to elicit microbial ligand production.
The presence and absence of a copper addition, addi-
tion of a metabolic inhibitor (sodium azide), a 0.22µm
filtered sample, a 3µm filtered sample and light/dark
bottles were the experimental conditions used in our in
situ studies. We will present results from in situ ex-
periments conducted in May 2000, November 2000 and
May/June 2001. Copper additions to microbial com-
munities incubated in situ increased the concentration
of copper-complexing ligands in all incubations, with
a corresponding decrease in the bioavailable free Cu2+
ion. When microbiota were removed by filtration (0.2
µm) or killed, ligand production was inhibited. Lig-
and dynamics in the light and dark were not signifi-
cantly different suggesting that heterotrophic microor-
ganisms were the major contributors to ligand produc-
tion in this environment. Removal of organisms larger
than 3 µm either increased or did not affect rates of
ligand production in separate experiments indicating
that bacteria-sized microbes were the principal contrib-
utors to ligand production. These results support the
hypothesis that microbial communities in estuarine wa-
ters are capable of buffering their environment against
toxic levels of Cu2+ by producing extracellular copper-
complexing ligands and implicate heterotrophic bacte-
ria as important sources of these ligands.
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Recent studies indicate that groundwater may con-
tribute significant fluxes of dissolved chemical species
to the oceans. The magnitude of such fluxes is in-
fluenced by biogeochemical processes occurring in the
subterranean estuary, defined as the mixing zone be-
tween groundwater and seawater in a coastal aquifer.
In contrast to surface estuaries, little is known about
chemical reactions in subterranean estuaries mainly be-
cause they are difficult to sample due to their sub-
surface location. Here we report the discovery of an
“Iron Curtain” in a subterranean estuary on Cape Cod.
The term “Iron Curtain” refers to the precipitation
of groundwater-borne dissolved ferrous iron and sub-
sequent accumulation of iron oxides onto subsurface
sands at the groundwater-seawa ter interface. The
formation of an Iron Curtain is not likely limited to
the study area of interest; any coastal aquifer bearing
high concentrations of dissolved ferrous iron that in-
tercepts surface water is likely to exhibit this feature.
As naturally-occurring iron oxides are strong adsorbers
and concentrators of many dissolved chemical species,
the occurrence of an Iron Curtain has broad implica-
tions for transport of natural and anthropogenic mate-
rials from aquifers into coastal waters.
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Many coastal inlets and embayments are under con-
stant or increasing pressure to support the compet-
ing requirements of commercial, customary and recre-
ational fisheries, acting as sinks for effluent and pol-
lutants, hosting aquaculture activities; and ribbon
coastal development. Management of these activities
also varies significantly. For example, wild stock fish-
eries are often managed over large spatial scales. By
contrast, aquaculture activities, effluent discharges and
coastal constructions are generally managed over very
small spatial scales (O(100s of metres)). Therefore in
the case of embayments and coastal inlets, often differ-
ent sectors and activities are managed completely in-
dependently of one another. However, in reality many
of these activities are connected through water cur-
rent flows. The traditional method of accounting for
movents in bays and inlets has been to determine the
flushing rate for the entire inlet. However, these cal-
culations almost always contain no spatial information
and the results can be extremely sensitive to differ-
ent forcing processes. Furthermore, the lack of spa-
tial information can lead to implied assumptions about
spatial scales of ecological processes, particularly larval
transport and recruitment. Circulation, and therefore
the distribution of seston in embayments and inlets is
driven primary by tidal processes, local and in some
cases remote winds. Forcing processes acting over sea-
sonal scales also play important roles in many cases.
Therefore the individual and combined responses to
these forcing processes ensures high spatial and tem-
poral viability in flows implying that simplifying flows
and exchange into a single flushing rate calculation is
entirely inappropriate.

The use of high-resolution numerical models has re-
vealed the true complexity of circulation processes in
many coastal embayments and inlets. However the full
implications of this variability is often overlooked, par-
ticularly in the design of environmental impacts assess-
ments and marine ecological investigations. The impli-
cations of high spatial and temporal viability in circu-
lation in embayments and coastal inlets is discussed.
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The coastal waters off southern California are char-
acterized by anthropogenic and naturally occurring
pollution hazards. Pollutant-laden storm water runoff
plumes are common coastal ocean features throughout
the Southern California Bight following winter storms.
In Santa Monica Bay, these plumes have been asso-
ciated with high toxicity and water-borne pathogens.
Natural liquid oil seepage is observed throughout the
year in the Santa Barbara Channel off Coal Oil Point,
and in Santa Monica Bay off Redondo Beach. The
size and episodic nature of these phenomena, however,
make them difficult to characterize by conventional
shipboard sampling. Space-borne synthetic aperture
radar (SAR) sensors are well suited to observing them
since they provide frequent, synoptic, high-resolution,
all-weather observations. The aim of this project is to
initially quantify the frequency of occurrence, spatial
extent, and dynamics of natural oil slicks and storm
water runoff plumes off the coast of southern Califor-
nia using multi-sensor SAR data (e.g., Radarsat, ERS-
1, ERS-2). Surfactants from these pollution hazards
smooth surface waters, making them readily observ-
able by SAR. These SAR observations will be comple-
mented by other satellite (e.g., ocean color, AVHRR)
and coincident field data (e.g., surface currents from
HF coastal radar arrays and buoys, winds, precipi-
tation, discharge) where possible. In particular, we
hope to characterize the time-space response of these
phenomena to variable oceanographic and atmospheric
conditions. In this regard, the observation of natu-
ral oil slicks could provide important insights into the
movement of accidental oil spills, including likely dis-
persal patterns. We expect this research will contribute
to an improved understanding of pollution hazards in
southern California coastal waters, and provide valu-
able information for coastal management.
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Bottom currents and surface gravity waves cause ad-
vective pore water exchange in permeable sandy sedi-
ments. In flume experiments and in in-situ measure-
ments we quantified the advective exchange rates and
used these data to design experiments simulating the
percolation of bottom water through the sediment sur-
face layers. In these column experiments we investi-
gated mineralization of organic matter in permeable
sands of different mineral composition. In carbonate
sands that were characterized by a high specific surface
area the decomposition rates exceeded those in silicate
sands with the same grain size but a relatively lower
specific surface area. We concluded that the sand sedi-
ments acted as biocatalytic filters and that the mineral
composition of the sand and the surface structure of

the grains significantly affected the mineralization effi-
ciency of the sand filters.

URL: http://www.scor-wg114.de/
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The coupled estimation of physical and biological
variabilities and uncertainties in Massachusetts Bay is
carried out for August-September 1998. The multiscale
interdisciplinary data sets were collected during the
LOOPS-98 experiment.The models employed are part
of the Harvard Ocean Prediction System. The phys-
ical model is a 4-d primitive-equation model govern-
ing the velocity, temperature and velocity fields. It is
coupled to a 4-d biochemical model which governs the
interactive evolution and spatial distribution of phyto-
planktons, zooplankton, detritus, nitrate, ammonium
and cholorophyll.

The use of first-order dynamical balance for the ini-
tialization of biological fields and calibration of biolog-
ical parameters is presented. A multiscale methodol-
ogy for the initialization of the dominant components
of error/variability covariances is illustrated. With the
resulting initial fields and error estimates, multivariate
data assimilation via Error Subspace Statistical Esti-
mation is carried out. The skill of the physical and bi-
ological models are evaluated based on classic and new
skill metrics. ESSE smoothing is used to estimate the
initial conditions based on future data and dynamics.
The properties of the error/variability probability den-
sity functions of the coupled state variables are studied.

The impacts of wind-driven advections, buoyancy
circulations and vertical mixing on nutrients and plank-
ton fields are quantified. The different regions of
trophic enrichment and accumulation in late summer
are synthesized and possibly generic coastal biophys-
ical processes outlined. A few dominant dynamical
balances, time and space scales are identified. In the
light of the recent multiscale ASCOT-2001 experiment
in Massachusetts Bay and Gulf of Maine, selected issues
and directions for future work are summarized.
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A 6-compartment biogeochemical model of nitrogen
cycling and plankton productivity has been coupled
with a 3D general circulation model in an enclosed envi-
ronment (the Black Sea) so as to quantify and compare,
on a seasonal and annual scale, the typical internal bio-
geochemical functioning of the shelf and of the deep sea
as well as to estimate the nitrogen and water exchanges
at the shelf break. Model results indicate that, regard-
ing the deep sea, the shelf acts, throughout the year, as
a nutrient source and the total annual nitrogen export
to the deep sea roughly corresponds to the annual load
of nitrogen discharged by the rivers on the shelf.

The model estimated vertically integrated gross an-
nual primary production is 130 gC m-2 year-1 for the
whole basin, 220 gC m-2 year-1 for the shelf and 40 gC
m-2 year-1 for the central basin. In agreement with sed-
iment trap observations, model results indicate a rapid
and efficient recycling of particulate organic matter in
the sub-oxic portion of the water column (60-80 m) of
the open sea. More than 95% of the PON produced in
the euphotic layer is recycled in the upper 100 m of
the water column, 87 % in the upper 80 m and 67 %
in the euphotic layer. The model estimates the annual
export of POC towards the anoxic layer to 4 1010 mol
year-1. This POC is definitely lost for the system and
represents 2 % of the annual primary production of the
open sea.


