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which is consistent with growing evidences of enhanced
El Nino activities after 1976/77. During cooling phase
of PDO, the equatorial system shows reversed patterns.
As a consequence, the primary production tends to
have stronger positive anomalies during La Nina be-
fore 1976/77 and stronger negative anomalies during El
Ninos after 1976/77. Therefore, the mean primary pro-
duction in the equatorial Pacific during cooling phase
of PDO is higher than during the warm phase. Another
manifestation of PDO in the equatorial Pacific is that
during the cooling phase of PDO, the modeled SST and
nutrient anomalies in eastern equatorial Pacific tend to
lead its anomalies in the central equatorial Pacific by 4-
5 months before the peak of El Nino, whereas no signif-
icant difference in timing of anomalies can be observed
during the warm phase of PDO.
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Interdecadal variability of the environment and ma-
rine ecosystem responses are well-known in the North
Pacific, where long time series of oceanographic data
and fish catch are available, but not in the tropical Pa-
cific. The eastern tropical Pacific supports a large, but
poorly observed, ecosystem that is subject to substan-
tial variability at periods of 2-6 years. Yearly surveys
of the eastern tropical Pacific Ocean in 1986-1990 and
1998-2000 show physical and biological variability be-
tween years related to the El Niño/Southern Oscilla-
tion. Time series of surface temperature and thermo-
cline depth show little or no change corresponding to
the 1988-89 regime shift in the North Pacific, although
large interdecadal changes occurred in this region ear-
lier in the century. Plankton, seabird, and flyingfish
data are examined for changes in abundance, diversity,
and distribution that might indicate an ecosystem re-
sponse to longer-term climate change.
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Among the principal forces affecting marine ecosys-
tems are surface winds - driven by pressure disparities,
the results of various sources of lagged seasonal tem-
perature gradients - over longer-term patterned forces.
Equatorial ocean-atmosphere energetics captured many
researchers attention over the recent decades. Oth-
ers have stepped back to larger time and space scales
in order to understand these dynamics - and their
upstream forcings. A.A. Girs monitored and defined
specific Atmospheric Circulation Indices (ACI) for the
Asian-Pacific region (as well as Wangengeim’s Atlantic-
Eurasian ACI classifications) that appear to reflect
general trends and processes that affect regional cli-
mate, and in turn, regional ecosystems measured via
regional species responses - are of general ecosystem
and economic interests to many societal sectors. Mar-
cel Leroux’s 1998 ”Dynamic Analysis of Climate and
Weather” focused on observations of the consequences
of Mobile Polar Highs (MPH) on terrain/ocean sur-
face temperatures and surface winds that control up-
per ocean heating and cooling. With this in mind, we
returned to early 1990s studies of ocean ENSO Warm
Event surface heat content reflected at both sides of
the Pacific Ocean, as planetary waves progress over
years from the equator to higher latitudes - west, then
east, then back west again - until they are dissipated
near the poles. All of these processes are linked, and
over decades, result in the 45-60 year or so ecosystem
response cycle(s) evidenced in paleosediments beneath
the world’s more productive coastal fisheries.

’Traditional’ fisheries stock assessment logic pre-
sumes that there is a somewhat stable ’mean’ state (a

single target) that can be managed toward. The real-
ity is that there are at least four (4) obvious states,
within these decadal scale coming-and-going fugues in
response to these atmospheric changes within each dou-
ble peaked fishery production cycle. Optimal fishing
practices will produce the greatest yields from each
of the two major (so-called Warm/Cold) periods only
if there is considerable restraint in the second and
fourth stages when Neither populations/species group
is in good shape - as both are vulnerable to over-
exploitation, and the growth of the incoming species
complex can be compromised. Understanding these
transition periods is critical to resource management.
Recent history provides excellent examples.

Patterns of ACI and Length of Day are now tracked,
and used in forecasts of each phase of these ocean
ecosystem processes, particularly the all-important
transitions - useful not only in fisheries management,
but also in regional rainfall forecasting for agricultural
planning purposes. Linkages will be made and pro-
cesses followed from initial polar Subsidence Events,
to the equator, and back - and subsequent ecosystem
responses related.

URL: http://www.john-daly.com/sharp.htm
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This paper compares long-term changes in Pa-
cific halibut Hippoglossus stenolepis recruitment and
growth with long-term changes in climate and stock
size. It appears that environmental variability?both in-
terdecadal and interannual?is responsible for most of
the observed variation in Pacific halibut recruitment.
The large changes in growth rates that occurred dur-
ing the twentieth century appear to have been density
dependent responses to changes in stock size, with vir-
tually no environmental influence.

URL: http://www.iphc.washington.edu/Staff/hare/
html/papers/hist-hal/abst-najfm.html
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To better understand the mechanisms driving vari-
ability in Oregon coho (Oncorhynchus kisutch) marine
survival, we developed a conceptual model of four en-
vironmental bottlenecks through which coho must pass
during early marine life: 1) winter climate prior to
smolt migration from freshwater to ocean, 2) the date
of the spring transition from winter downwelling to
spring/summer upwelling, 3) the spring upwelling sea-
son and 4) winter ocean conditions near the end of the
maturing coho’s first year at sea. We then parame-
terized a General Additive Model (GAM) with Oregon
Production Index (OPI) coho smolt-to-adult survival
estimates from 1969 to 1998 and environmental data
representing each bottleneck (pre-smolt winter SST,
spring transition date, spring upwelling wind indices,
and post-smolt winter SST). The model explained a
high and significant proportion of the variation in coho

survival during the period of record (R2=0.73). To ex-
amine linkages with climate variability, we evaluate the
relationships between our local environmental indices
and indices tracking hemispheric scale climate patterns,
specifically indices for the Aleutian Low, the El Nino-
Southern Oscillation, and the Pacific Decadal Oscilla-
tion. This approach allows for an assessment of the po-
tential predictability of ocean conditions for OPI coho.
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Certain reef-building corals have the potential to
provide information about coral growth and climate
over the past several centuries. Proxy records from
corals may provide informations about long-term vari-
ability in the performance of coral reefs, allowing un-
natural change to be distinguished from natural vari-
ability. Measuring how fast corals grow is in this way
a fundamental problem in coral reef research, particu-
larly relationships with the global change. In this pa-
per, we have generated several centuries-long time se-
ries of change in corals growth of Porites corals heads in
order to investigate environmental controls on growth
of the massives corals in the tropical South Central
and Western Pacific region. Measurements of corals
growth has led to a refined record of skeletal exten-
sion, density and calcification on material from Moorea
Island (French Polynesia) and Yasawa island (Fiji is-
land). Correlations of coral growth characteristics with
instrumental records indicates a link between variations
in average annual calcification variations and air tem-
perature. Linear regression of temperature versus cal-
cification data shows a trend in which a rise in tem-
perature would increase the calcification rate. These
data suggest that calcification has increased over recent
decades, which differs notable from the 6-14% decline
in calcification over the past 100 years predicted by
certain researchers. Furthermore, the study relies cou-
pled analysis of different proxies: oxygen and carbon
isotopic compositions, Sr/Ca ratios Long-lived massive
corals can contribute to the monitoring of coral reefs
environments through the growth records measurable in
the annual density patterns ; these can provide a histor-
ical perspective against which to assess environmental
changes and help to establish limits of coral growth.
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Chemical Oceanography: Biologically
Important Compounds
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A suite of proxies for water quality were examined
to use as indicators of water quality change in the
shallow subtropical estuary Charlotte Harbor, Florida
(USA). Sediment cores were collected in the region of
mid-summer hypoxic zone and also upstream from a
Juncus sp. marsh. Dating with 210Pb was sufficient to
establish chronologies back to before major watershed
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changes (circa 1900). Trace metal analyses helped de-
fine transitions unrelated to water quality changes be-
fore 1900 in the marsh core and support the use cores
from open water as suitable source material for other
analyses. Sedimentary biogenic silica (BSi), carbon,
nitrogen and phosphorus concentrations all increased
concurrently with known or inferred changes in nutri-
ent loadings. The behavior of trace metals and the dis-
tribution down-core of 12/13C, 15N and 34S isotope
signatures suggests an estuarine system that is respon-
sive to the increased carbon loading from the nitrogen-
limited phytoplankton community. These indicators
include a direct relationships between phytoplankton
pigments and BSi, variations in the quality of these
pigments, heavier 34S with increased carbon loading,
and sequestration of P, Al and Fe as carbon loading
(hence more reduced conditions) increased. Present nu-
trient loading is about three times above that before
the 1800s, suggesting that the present hypoxic condi-
tions are not natural, but are the result of cultural eu-
trophication.
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The geochemical reactivity and toxicity of dissolved
arsenic in seawater are highly dependent upon its chem-
ical speciation. For example, arsenate (As V) is toxic
to phytoplankton, causing them to detoxify it by pro-
ducing methylated As species and arsenite (As III).
However, arsenite is toxic to higher trophic levels such
as zooplankton, fish, and humans. Although consider-
able attention has been paid to biological and strictly
chemical redox changes for arsenic in marine systems,
relatively little has been done on photochemical redox
transformations. Thus, experiments were conducted to
examine whether sunlight could mediate redox changes
to dissolved arsenic at nanomolar concentrations in
coastal and open ocean seawater.

Filtered (0.4 µm) surface waters from the Virginia
coast, Chesapeake Bay, and Sargasso Sea were irradi-
ated in submerged quartz flasks under full sunlight,
and actinometry and spectral measurements were also
made; dark controls were used. Arsenate and arsen-
ite were determined by hydride generation GC/PID at
time zero and at six intervals throughout the irradi-
ation. A rapid decrease of arsenite occurred, with a
half-life on the order of two to three hours depending
on water type, and apparent first order kinetics were
observed. Equivalent increases in arsenate were found,
demonstrating photooxidation rather than reduction.
These results show that photochemical oxidation of ar-
senite must be considered in the biogeochemical cycling
of arsenic. Moreover, mass balances for dissolved ar-
senic have likely underestimated the biotic production
of arsenite (i.e., an additional loss requires greater pro-
duction).
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Stable carbon isotopic compositions of carbonates of
fossil foraminifera suggest that the release of methane
from sedimentary hydrates was a widespread phe-
nomenon in different geologic episodes. An exam-
ple from the very recent geologic past is provided by
the late Quaternary sediment record from the Santa
Barbara Basin (SBB), ODP Site 893, which features
strong 13C-depletions in both benthic and planktic
foraminifera coinciding with evidence for warming of
bottom waters [Kennett et al., Science 288, 128-133,
2000]. The authors speculated that during the Late
Quaternary methane release occurred not only in the
SBB but widespread along continental margins and
contributed to elevated atmospheric methane concen-
trations during warmer periods. Based on the premise
that high concentrations of methane would have re-
sulted in elevated growth of methanotrophic microor-
ganisms, which can be identified in paleoenvironments
by specific molecular biomarkers with distinct isotopic
composition, we tested the hypothesis by Kennett and
co-workers. Our results provide clear-cut evidence that
methane was in fact causing the suspicious isotopic

signals in fossil foraminifers. The evidence that com-
pounds from methanotrophic microorganisms accumu-
lated only in periods marked by distinctly light iso-
topic compositions in fossil foraminifers fully supports
the hypothesis by Kennett and co-workers. The abun-
dance of isotopically depleted diplopterol (?13C = ?70
to ?56), a hopanol found in methanotrophic bacteria,
correlates with the abundance of isotopically depleted
benthic foraminifera and is likely derived from methan-
otrophic bacteria that oxidized methane in the basin’s
bottom water. In contrast, the most extreme isotopic
excursion in the record of planktic foraminifera pre-
ceding Interstadial 11 is associated with methane ox-
idation by anaerobic microorganisms (i.e., consortia of
methanotrophic archaea and sulfate-reducing bacteria)
as evidenced by the presence of isotopically depleted
archaeal and bacterial dialkyl glycerol ethers. Several
lines of evidence suggest that these consortia thrived in
the SBB water column. This requires that portions of
the water column became temporarily anoxic due to de-
pletion of oxygen by methanotrophy. Moreover, relative
concentrations and isotopic compositions of molecular
biomarkers derived from marine phytoplankton suggest
a complex response of surface-water communities to
the major outgassing events over a period of decades
to centuries following the initial abundance of methan-
otrophic signals.
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Work has been conducted in the Norwegian-
Greenland Sea and Texas-Louisiana Shelf to under-
stand the relative input of biogenic and geothermal
methane to the methane hydrates. Carbon isotope
analysis of organic sediment, bacterial biomarkers and
methane shows a wide range of sources between the two
sites. This work is coupled with the analysis of methane
hydrate composition and structure. In the Norwegian-
Greenland Sea biogenic signatures, averaging -63.5 ppt,
were measured in methane from the hydrates. Data
from the Texas-Louisiana Shelf suggests that there is
mixture between the sources of methane. Methane sta-
ble carbon isotope ratios range from - 48.5 to -33.0 ppt,
with the lower values suggesting that methane is in
part from bacterial activity. The presentation will pro-
vide data on stable and radio carbon isotope analysis,
through key carbon pools, to compare the factors that
influence the methane hydrate formation and content.
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We analyzed the radiocarbon content of pore water
dissolved inorganic carbon (DIC) and dissolved organic
carbon (DOC) at 5 sites on the Sierra Leone Rise and
Cape Verde Plateau in the Eastern Equatorial Atlantic.
3 of these sites lie above the calcite saturation hori-
zon, 2 below. At all but one site, pore water DIC has
radiocarbon content equal to or greater than that of
bottom water DIC, to depths ranging from 2 to 7 cm
below the sediment-water interface. The pore water
DIC is substantially enriched in radiocarbon relative
to sedimentary CaCO3 and organic carbon, indicating
that radiocarbon-rich material is released preferentially

from one or both of these carbon pools during early di-
agenesis.

We do not have a direct measure of the radiocarbon
content of DIC produced by organic matter oxidation,
but we do know, from measurements of radiocarbon in
pore water DOC, that ”young” organic matter is re-
leased into pore waters during organic matter diagene-
sis. At all sites, pore water DOC was greatly enriched
in radiocarbon relative to bottom water DOC to depths
up to 8.5 cm below the interface (the maximum depth
at which we made measurements); DOC in the upper
1 cm had a modern radiocarbon signature. It is likely
that the organic carbon that is oxidized to DIC also is
rich in radiocarbon relative to the sedimentary organic
carbon pool.

In situ pore water alkalinity and DIC profiles from
these and other sites in the region clearly show that
sedimentary CaCO3 is dissolving, both above and be-
low the calcite saturation horizon. Thus, CaCO3 disso-
lution, as well as organic carbon oxidation, contributes
to pore water DIC. The radiocarbon age of the CaCO3
that is dissolving can be calculated from a mass bal-
ance using pore water radiocarbon data and organic
matter oxidation and CaCO3 dissolution rates derived
from other pore water data. The results of these mass
balance calculations will be presented.
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To study the role of polysaccharides in marine or-
ganic carbon cycling and in the scavenging of trace met-
als and radionuclides, the concentrations of carbohy-
drates (CHO), uronic acids (URA), total acid polysac-
charides (APS) and Th-234 in various particulate size
fractions were measured in seawater from the Gulf of
Mexico, across a cold core and a warm core ring, during
May, 2001 aboard the R/V Gyre. The concentrations
of particulate acid polysaccharides (p-APS) in different
size fractions (0.4-10, 10-53, and greater than 53 um)
ranged from 0.5 to 1.8, 0.02 to 1.0, and 0.003 to 0.3 ug-
C/L, respectively, indicating that small particles (0.4-
10 um) are the major carriers of acid polysaccharides,
as well as of CHO and URA. Within the total particu-
late (greater than 1 m) Th-234 pool, the greater than 53
um particle size fraction had the largest share of Th-234
(18-88%), followed by the 10-53 um fraction (6-58%),
while the 1-10 m size fraction generally contained the
lowest amount of Th-234 (6-63%). Total particulate
Th-234 and acid polysaccharide (APS) contents, both
normalized to particulate organic carbon, strongly cor-
related, suggesting that fibrillar APS, the main surface
active substances in seawater, are the effective organic
compounds for the scavenging of Th(IV) in the water
column. Most importantly, Th-234 activity correlated
significantly and positively to phytoplankton in the wa-
ter column suggesting that APS from phytoplankton
and/or attached bacteria may play a significant role in
Th(IV) scavenging. These results are in agreement with
those of Quigley et al. (L&O, in press), who not only
showed that the phase partition coefficient of Th(IV)
strongly correlates to polysaccharide content, but also
that there was an APS of 12.5 kDa molecular weight
which most strongly complexed Th(IV).
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Until now approximately 70-90% of the dissolved or-
ganic nitrogen (DON) fraction of aerosols has remained
uncharacterised, that is about to change.
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While several studies have presented a timely in-
sight into the magnitude of atmospheric nitrogen
fluxes, they have provided little information about the
specific chemical characteristics of the DON fraction.
Other studies of atmospheric organic nitrogen deposi-
tion have focused on determining the concentrations of
particular organic nitrogen compound groups, such as
amines, amino acids and azaarenes. In addition, urea
has been identified and established as a small contrib-
utor, accounting for <10% of the dissolved fraction of
aerosol organic nitrogen. Leaving a sizeable fraction of
the DON, approximately 90% uncharacterised.

This study, therefore, focuses not only on the total
dissolved organic nitrogen and urea content of aerosols
but also on the amino acid and proteinaceous contri-
butions. These free and combined hydrolysable amino
acids, although previously identified, in precipitation
samples have not been extensively studied in relation
to the water-soluble fraction of aerosols.

Aerosol samples were collected in the Pacific
(Hawaii) and United Kingdom (Liverpool). Initial re-
sults show the presence of a number of free amino acids
but again are insufficient to account for the observed
DON concentrations. The results from the combined
hydrolysable amino acid analysis revealed, that not
only could this fraction account for a substantial part of
the total DON (approximately 50-70% on average), but
that in the case of the coarse aerosol fraction, was con-
tributing up to nearly three times the measured DON.
This paradox can only be explained through analytical
problems associated with the DON measurement, con-
ducted using UV oxidation, followed by ion chromato-
graphic quantification of the liberated nitrate.
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Nitrous oxide (N2O) is a biogenic greenhouse gas
that makes significant contributions to both radiative
forcing of the Earth’s climate and stratospheric ozone
destruction. The ocean provides a substantial yet
patchy source of atmospheric N2O, with high supersat-
urations observed in areas of upwelling and in coastal
waters subjected to fertiliser run-off and eutrophica-
tion. Nitrification and denitrification have been identi-
fied as the most important bacterial pathways leading
to N2O production in the ocean, and degradation of
N2O is known to occur in anoxic environments. The
distribution of dissolved oxygen in particular appears
to exert a control on rates of N2O production, with
high levels of nitrous oxide often found in sub-oxic
zones. An improved understanding of N2O produc-
tion and loss kinetics is required to better predict the
response of the ocean /atmosphere N2O flux to con-
tinuing anthropogenic perturbation of the marine ni-
trogen cycle, and the effects of climate change. Until
now there have been few direct measurements of ni-
trous oxide production or loss rates in the water col-
umn. We have developed a sensitive yet relatively prac-
tical method to measure marine production and con-

sumption rates of N2O using 15N. Seawater samples
are collected in 100 mL glass syringes, amended with
15N-labelled ammonium, nitrate or N2O and incubated
under in situ conditions. Subsamples are periodically

analysed for 15N-labelled N2O using purge-and-trap
gas-chromatography mass-spectrometry (PT GC-MS).
An investigation of the relative importance of nitrifica-
tion and denitrification to N2O production and of the
factors controlling production rates is currently under
way. Results from a series of studies are presented.
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Humic substances are common organic compounds
which can represent 30-60% of the dissolved organic
matter (DOM) in riverine and estuarine environments.
These substances give some river waters their charac-
teristic tea color. Recent studies have suggested that
nitrogen bound to humic substances can be utilized by
phytoplankton, though the mechanism is unknown. We
provide evidence that humic substances are capable of

adsorbing ammonium (NH4
+) from surrounding waters

to cation binding sites on the humic structure, which
then desorbs as the humic substances move downriver
and encounter an increasingly saline environment. The

salt ions bump off the loosely bound NH4
+ ions on

the humic structure, releasing them into the environ-

ment. The adsorption of NH4
+ to humic substances

makes them an important shuttle for nitrogen produced
upriver to the estuary and coastal ocean. Studies in
three east coast estuaries (York, Satilla, and Altamaha
Rivers) suggest that this ”humic shuttle” is capable

of releasing 77*106 g of NH4
+ nitrogen into the es-

tuary annually, or approximately 1 µmol of nitrogen
per liter of water passing through the estuary. The

release of NH4
+ from aquatic humics along a salinity

gradient is a previously unrecognized source of nitrogen
to the mid-saline bloom regions and has the potential

to be an important source of NH4
+ for organisms liv-

ing in the higher salinity regions of estuaries or the
coastal ocean. This work also suggests that humic ex-
traction, via the traditional XAD-8 method, likely over-
estimates the C:N ratio of humic substances in the en-
vironment by removing loosely bound NH4

+ from the
humic structure during isolation.
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Acid polysaccharides (APS), excreted by both phy-

toplankton and bacteria, play an important roles in cell
adhesion, trace metal complexation and toxicity, parti-
cle coagulation, colloid scavenging, immobilization of
toxic substances in natural waters, as well as protec-
tion against various types of viruses and tumors within
animals. However, little is known about quantitative
abundance and origin of APS in the marine environ-
ment. We have recently developed an improved method
to determine APS concentrations of different size ma-
rine particles (i.e. 0.7-10, 10-53, and greater than 53
um) from the Gulf of Mexico during July 2000 and May
2001. Results showed that APS in small particles (0.7-
10 um) accounted for 85-97 % of APS in samples from
2000 while APS in large particles (greater than 10 um)
accounted for 49-97 % in year 2001. The difference of
APS in small particles between two years could be due
to the presence of different phytoplankton and bacteria
species. APS only accounted for 1-3 % of particulate or-
ganic carbon in both years, suggesting that previously
published APS data might have been significantly over-
estimated this compound class. Most importantly, APS
concentrations correlated significantly and positively
with several phytoplankton species such as cyanobac-
tera, prochlorophytes, prasinophytes, dinoflagellates,
prymnesiophytes, and pelagophytes present in the wa-
ter column during one or the other year. Moreover,
bacterial productivity (BP) also correlated significantly
with APS. These results imply that APS in suspended
particles are produced in situ by pico, nano and micro
phytoplankton or particle-attached bacteria.
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There is increasing concern worldwide for the risk of
mercury exposure to fish-eating populations. This con-
cern is balanced with the recognition that seafood rep-
resents a high quality food source that is readily avail-
able for many coastal populations. The dominant path-
way of mercury uptake in aquatic systems is through
food and the contaminant is biomagnified up through
the food chain. The highest levels of mercury in fish are
generally found in the piscivores, particularly in lakes
with long food chains. In marine systems where food
chains are usually much longer than terrestrial or fresh-
water systems mercury has been shown to be elevated
in the top level predators. There have however been few
systematic studies of biomagnification of mercury in
marine foodwebs. Based on analysis of a dataset com-
prising over 1700 measurements of mercury in the flesh
of marine biota from around the world, mercury levels
of marine biota can be predicted from either body-size
or the trophic status of the organisms. Methyl mercury
(MeHg) content is also significantly related to trophic
status as is the proportion of total mercury found as
MeHg which increases more rapidly than total mercury.
These relationships can thus serve as a universal base-
line for testing for mercury contamination and for test-
ing hypotheses relating to Hg distributions in marine
biota.
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The partitioning of Cu and Fe between particulate,
colloidal and dissolved pools was measured in the wa-
ter column of West Neck Bay, Long Island over the
course of a phytoplankton bloom followed by a bacte-
rial bloom. Samples were collected on ∼5 day intervals
from a depth of 1 meter below the surface between April
9 and October 5, 1998. Particulate metal fractions were
separated into labile and refractory pools by acid di-
gestion and dissolved fractions were separated into col-
loidal (1000 NMW to < 0.2 um) and truly dissolved
(< 1000 NMW) fractions by cross-flow ultrafiltration.
Fluctuations in these pools were compared to changes
in chlorophyll a, particulate and dissolved nutrients,
and suspended particulate matter concentrations. The
net affect of the bloom on total metal concentration
was a significant buildup of Cu associated with DOM
accumulation and a removal of Fe via particle strip-
ping. During the phytoplankton bloom, total Cu con-
centrations increase from 22 nM to 37 nM and total Fe
concentrations decrease from 4841 nM to 2523 nM. De-
creased levels for both metals appear to be associated
with bacterial activity. Colloidal Cu and particulate
Fe represented most of their total concentrations (from
61% to 80% and 79% to 99% respectively). Changes
in fraction-specific concentrations, production and re-
moval rates as well as log Kd, Kp and Kc values were
found to be significantly correlated with chl a concen-
trations, % POM and with bloom products (especially
DON). Fractionation changes led to decreases in all Cu
log K values over the course of the bloom, log Kc val-
ues being both highest and least affected. For Fe, log
Kc values showed the largest drop during the bloom,
while log Kp values were most stable. Our preliminary
results show how Cu, with a high affinity for dissolved
constituents and Fe, a highly particle reactive metal,
can exhibit differential fractionation during biological
events that are typical of coastal regions. It points
out that the biological condition of an aquatic environ-
ment should be considered when applying management
policies that make use of models containing log K val-
ues.


