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Diatoms are the only primary producers that utilize
silicon and function as key exporters of organic matter
and silica to the deep ocean. Recent studies showed
that the open ocean around Antarctica accounts for a
much higher fraction (10-15%) of global silica produc-
tion than previously estimated. These high production
rates give rise to the opal-rich band of sediments that
circle the Antarctic continent south of the Polar Front.
The marine silicon cycle needs to be studied in greater
detail throughout the world oceans. Natural variations
in the abundance of silicon isotopes provide a tool to
carry out such widespread studies.

Application of silicon isotopes as tracers for tempo-
ral and spatial variations in silica production requires
an understanding of the mechanisms underlying varia-
tions of silicon isotope abundances in seawater silicic
acid and diatom opal. Changes in the silicon isotopic
composition of opal in sediment cores can then be bet-
ter interpreted and combined with other proxies for re-
constructing past biogeochemical conditions.

We measured the silicon isotopic composition of sili-
cic acid in surface waters on samples collected along
170◦W in the vicinity of the Antarctic Polar Front dur-
ing four cruises (October 1997 to March 1998) as part

of the US JGOFS AESOPS program. δ30Si values de-
creased southward from +2.9 to +1.8o/oo along the

strong meridional gradient in dissolved silicon. δ30Si
values were inversely correlated with silicic acid con-
centration and imply an enrichment factor, ε, of -
0.8o/oo similar to the value of -1.1o/oo obtained for
cultured diatoms. These are the first data that doc-
ument changes in the δ30Si value of silicic acid as it
is consumed by diatom growth in a natural system;
thus they provide direct evidence that silicon isotope
fractionation in the sea conforms to a simple Rayleigh
model.

δ30Si of particulate silica from a sediment trap lo-
cated in the Polar Front at 1031 m depth from Novem-
ber 1996 to January 1998 increased sharply from +0.6
to +1.5o/oo during the course of a diatom bloom, af-

ter which the δ30Si signal dropped to pre-bloom con-

ditions. The increase in the δ30Si values of particulate
silica in the trap paralleled that of silicic acid in surface
waters with an offset of approximately -1.1o/oo.

The results support the use of natural variations in
silicon isotope abundances in surface waters as a proxy
for dissolved silicon utilization and support the use of

the δ30Si of diatom opal recovered from sediments to
reconstruct the history of relative silicic acid use in sur-
face waters.
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While the modern oceanic silica budget is reason-
ably well-constrained, the sink term for the germa-
nium budget is poorly defined. This lack of funda-
mental geochemical information limits our ability to in-
terpret glacial-interglacial Ge:Si variations observed in
biogenic opal. While opal burial is certainly one im-
portant sink for Ge, budget calcuations suggest that
there is at least one additional significant sink. Re-
cently our group showed that at several stations along
the California continental margin, germanium is frac-
tionated from silica in iron-rich sediments, with ger-
manium being sequestered in an unidentified sediment
phase (GCA, 2000, 64 : 2453 - 2465). We present here
sediment porewater data from the Peru-Chile continen-
tal margin and additional in situ benthic incubation
and sediment core incubation data from the California
continental margin. These additional results show that
the magnitude of this diagenetic fractionation is 50%
in reducing, iron-rich margin sediments. At abyssal
depths, the Ge:Si benthic regeneration ratio is consis-
tent with no fractionation from the ratio in opal. Cal-
culations indicate that fractionation in the depth range

0.1-1 km is sufficient to balance the Ge budget. We
conclude that sequestering of Ge in iron-rich continen-
tal margin sediments is the“missing” Ge sink. Tempo-
ral variation in the strength of this sink could be suf-
ficient to drive fluctuations in the glacial-interglacial
Ge:Si oceanic ratio.
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Although the water column cycling of inorganic Ge
and Si in sea water are remarkably similar, the ratio
of Ge/Si in opal has varied through time in concert
with changes in global climate. Results published by
Froelich, Mortlock, Shemesh, and their colleagues have
demonstrated that ratios have ranged from the present
value of 0.7 RU (1 RU = 10e-6 atoms Ge/atom Si), to
0.5 RU during the last glacial maximum, to approx-
imately 0.9 RU during the mid-Miocene. Weathering
(approximately 0.5 RU) and hydrothermal (approxi-
mately 11 RU) sources provide the two largest inputs of
these elements, and the temporal variation of the ratio
in opal has often been interpreted to reflect variations
in their relative importance. The recent discovery and
quantification of a substantial sink for Ge in anoxic,
iron-rich sediments provides an alternative explanation
for the temporal variation of seawater Ge/Si. The im-
portance of this newly discovered Ge sink depends on
the rate at which opal reaches the sea floor in margin
environments.

Water column temperature is a key factor in de-
termining the fraction of opal produced that reaches
the sea floor. Based on the temperature dependence
of water column opal dissolution determined in situ by
Erez et al. (EPSL 59,1982), a decrease of 3◦C in sur-
face water in the CA margin should increase the opal
rain at 1 km by 1.4-2.0 times; an increase in T of 2◦C
should decrease it by 0.4-0.7 times. These tempera-
ture changes are published estimates of changes during
the last glacial maximum and the mid-Miocene, respec-
tively, and the calculated changes in opal reaching the
sea floor at 1 km are sufficient to account for the tem-
poral variation in oceanic Ge/Si. The range in the cal-
culated flux reflects different scenarios for the water
column temperature structure. Other important fac-
tors, such as weathering rates, dust dissolution, opal
production, changes in the methylgermanium cycle, or
the areal extent of iron-rich anoxic sediments could also
vary, but it appears that their effects might be sec-
ondary. One implication of these results is that the
effective depth of opal regeneration in the ocean varies
in response to climate. Whether this might influence
the rate or oceanic distribution of diatom production
is unknown at present.
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Ba accumulation in marine sediments has often been
used as a proxy for past changes in ocean productivity,
but a better understanding of the mechanism of barite
formation in seawater is necessary to develop the ap-
proach as a quantitative method.

To this end, we have conducted time-series decay
experiments of cultured and coastal plankton. Barite
crystals, monitored by SEM, were produced during
each experiment. Chemical leaching was applied to the
coastal plankton before and after decay. The results
show that plankton accumulates a relatively large pool
of labile Ba, which is rapidly released during decom-
position and acts as the main source of Ba for barite
formation in supersaturated microenvironments. This
contrasts with earlier suggestions that barite satura-
tion in microenvironments might be achieved by in-
creasing sulfate concentration. Since mass balance in-
dicates that only a small fraction (2 to 4 percent) of the
labile-Ba pool is converted to barite, the availability of
microenvironments that could locally concentrate Ba

released by plankton decay seems to be the main con-
trolling factor for barite precipitation. This may ex-
plain the higher barite yield that is typically observed
in the field, and the seasonal and geographic changes
that have been observed in the Ba/Corg ratio of set-
tling particles collected with sediment traps.

Since Ba uptake by phytoplankton seems to be the
initial step for barite formation, these results are en-
couraging for realizing the potential of the approach,
but they also caution against a simplistic interpreta-
tion of the Ba sedimentary record. Barite formation
yield can vary between 3 percent in high productivity
margin areas to 30 percent in open ocean sites. Using
Ba as a quantitative paleoproductivity tool will thus
require that we understand the factors controlling this
yield and that we quantify the processes involved.
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Observed biological associations of Ba in seawater
plus correlations between fluxes of sedimentary barite
and bio-Ba with organic carbon and/or opal fluxes
in sediment traps and sediments have been used and
tested by paleoceanographers as algorithm-driven pale-
oproductivity proxies. The details of this mechanism
and its links to productivity, diatom shells and the
sinking flux of organic carbon have not been firmly es-
tablished. A second Ba-paleoproxy employs the cur-
rent oceanic relationship between Ba and alkalinity to
interpret Ba/Ca ratios in benthic foraminifera as a
paleo-alkalinity proxy. However, the Ba:Alk relation-
ship is not mechanistic but rather depends upon spa-
tial coherence of parallel carriers and over-printing by
thermohaline circulation. This leads to questions of
whether the current Ba:Alk relationship in seawater is
constant. Studies employing benthic landers to com-
pare Ba and Alkalinity fluxes from sediments are one
way to solve some of these problems. To this end, Ba-
fluxes from benthic lander chamber samples have been
determined for a wide variety of global environments.
These fluxes have then been compared to the regener-
ation fluxes of bioactive constituents (carbon, alkalin-
ity, silica), and to bottom water and sediment redox
state to deconvolve the multivariate relationships with
benthic Ba-fluxes. Our preliminary data extends the
Ba-flux range several fold over previous data sets, and
covers sites with high and low alkalinity fluxes, above
and below the lysocline, high and low carbon- and opal-
rain, and greatly differing bottom water oxygen con-
centrations. From this data, a Ba:Alk relationship from
benthic fluxes of approximately 1:4500 is observed, sig-
nificantly different from the ratio of 1:1500 observed
from modern deep waters. This suggests the possibil-
ity that the paleo-Ba:Alk relationship in seawater may
have differed from that observed today. Additionally,
there are strong correlations between the Ba benthic
flux and both the silica and TCO2 fluxes, as well as
with depth.
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It is received wisdom that, as time scales increase,
the space scales expand. It is appropriate to con-
sider frequency/ wave number scenarios and in this for-
mat there are three different problems: (1) the organ-
isms distribute their activities along the diagonal at
all scales from min/mm to millenia/global. Thus prey
predator interactions are also interactions across scales.
(2) Theoretical approaches prefer to fix quite narrow
upper and lower bounds to the wave number:frequency
space. So we have a jumble of non intersecting boxes.
Thus, in physics: turbulence, eddy resolving, basin
scale. With comparable distinct ecological contexts.
(3) For logistic reasons, sampling tends to be ”hori-
zontal” (large, one-off, surveys; WOCE); or ”vertical”
(HOT/BATS); or small ”boxes” for specific models (ed-
dies; routine fish stock surveys). In planning future
time series, I suggest these three aspects need to be ex-
plicitly included; particularly the need to couple mod-
els of different space time regimes. This is more than a
desire for larger simulations. We have been successful
at physical/biological coupling within each space/time
box; but we do not seem to have incorporated the eco-
logical coupling between scales (microbial loop/days -
carnivores/years). Similarly, there are now a range of
techniques for spatial description; from AUV’s to re-
mote sensing. But there are problems at the interme-
diate scales and trophic levels. For example do we as-
sume a ”continuous” spatial ocean or one with discrete
”Longhurst” provinces?
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The phytoplankton community structure in the Sar-
gasso Sea near BATS has been sporadically documented
over the past 4 decades, with the general conclusion
being that phytoplankton community structure is rel-
atively invariant and dominated by prokaryotes and
picoeukaryotes. The 10+ year record of phytoplank-
ton pigment data collected at BATS, however, sug-
gests that during the past 5 years, there have been
significant changes in phytoplankton community struc-
ture. The spring phytoplankton bloom at BATS is
due to increases in all pigment-based taxonomic groups
to some extent. From 1996 to the present, the rela-
tive importance of prymnesiophytes (as indicated by
19’-hexanoyloxyfucoxanthin) has apparently increased
from ∼10% of total chlorophyll to ∼20% of chlorophyll,
with the most significant changes occurring during the
spring bloom period in 1996. In addition, the normally
important chlorophyte/prochlorophyte component (as
indicated by chlorophyll b) was conspicuously absent
from early 1997 to early 1998.

These changes in phytoplankton pigment compo-
sition correspond in time to marked changes in the
phase of several dominant modes of climatic variability,
namely the North Atlantic Oscillation and the South-
ern Oscillation Index. This correlation should not im-
ply cause and effect, but it has long been known that
species competition can be controlled by changes in
environmental regimes that may be associated with
changes in large-scale climate patterns. This instability
in phytoplankton community structure appears to have
had other impacts on the functioning of the Sargasso
Sea ecosystem. The last 5 years has seen an increase in
the baseline flux of particulate organic matter at BATS
of nearly 2-fold, and a 4-fold decrease in the accumu-
lation of DOC during the spring bloom period. This
apparent change in the partitioning of organic carbon
between particulate and dissolved phases has a large
potential impact on the functioning of the biological
pump in the Sargasso Sea. The decade of observation
at BATS hints at the strong dynamic links between
physical forcing, phytoplankton response in the oceanic
gyres, and biogeochemical cycling of key nutrients. Un-
derstanding of these links is the challenge for the next
decade of time-series research.
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Nearly monthly deployments of a Profiling Re-
flectance Radiometer (PRR) made since February 1998
at Station ALOHA (22◦45’N, 158◦00’W) document 40
m excursions of isolume surfaces between winter and
summer months. While the 1% light level for summer

months (∼0.53 mol quanta m−2day−1) reaches on av-
erage 125 m, this photon flux shoales to 85 m during
winter. The seasonal cycle of light depth penetration
results from the combined effect of changes in sea sur-
face solar irradiance and light attenuation (absorption
and scattering) in the upper water column. Superim-
posed on this seasonal cycle, we observed short-term
change in light attenuation in the mixed layer resulting
from sub-surface diatom blooms during summer months
of years 1998 and 2000. Colored Dissolved Organic
Matter (CDOM) and chlorophyll (Chl) solar-induced
fluorescence (683 nm) profiles derived from PRR data
also display seasonal patterns in the lower euphotic
zone. For a given isolume flux smaller than 0.53 mol

quanta m−2day−1, the CDOM and Chl -specific flu-
orescence signals appear to increase between August-
November and decrease between December-February.
Since the photon flux is constant along a given isolume,
this variability is attributed to physiological changes
within the phytoplankton community in the lower eu-
photic zone. Because the temporal vertical displace-
ment of the nutricline is forced by the displacement of
isolumes we suggest that some of these fluorescence and
CDOM trends result from successional patterns driven
by the seasonal penetration and subsequent retreat of
light into the nutricline. The difference in nitrate con-
centrations profiles in the upper water column between
winter and summer months indicates that the lower eu-
photic zone contributes at least 30% of the annual new
production in this area of the North Pacific subtropi-
cal gyre and the majority of the euphotic zone nitrate
uptake.

URL: http://picasso.oregonstate.edu/ORSOO/hawaii/
PRR/
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The anoxic Cariaco Basin has long been a favorite
site of marine geochemists for the study of organic
matter remineralization and other redox sensitive pro-
cesses. The scientific community also has come to ap-
preciate the Cariaco Basin as an exceptional archive
of past global climate changes. The basin experiences
significant changes in upper ocean conditions and up-
welling intensity during the course of a year due to sea-
sonal migrations of the ITCZ and its impact on the
trade winds. In November 1995, we initiated a time se-
ries study in Cariaco Basin with the major goal being
to understand how contemporary sedimentation pat-
terns reflect climatic and oceanographic variability in
the tropical western Atlantic Ocean. To achieve this,
we are examining the relationships between regional hy-
drography/climatology, productivity, particulate flux,
and input to the sediments. The field program con-
sists of monthly hydrographic and primary productivity
measurements, coupled with bi-weekly sediment trap
measurements of particle fluxes at four depths (275,
450, 930 and 1250 m).

Primary productivity and the resultant carbon
fluxes display a distinctive seasonal cycle related to up-
welling. Depth-integrated (0-100 m) primary produc-
tion varied by an order of magnitude over the five year

period of 1996-2000 from a low of 448 gC m−2 d−1 in

October 1999 to a high of 6858 gC m−2 d−1 in May
1996. On average, the carbon flux measured at 275
m is ∼5% of primary production and less than 2% at
1250 m, indicating considerable remineralization within
the anoxic water column. Intense bacterial activity and
carbon cycling occurs in the region of the oxic/anoxic
interface, but it is unclear if bacteria at this interface

represent a significant source of new carbon to the to-
tal carbon flux. Additionally, episodic high flux events
associated with transient forcing result in significant
delivery of material to the sea floor.
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The biogeochemistry of Caribbean Surface Water
(CSW) at Caribbean Time Series Station (CaTS) is
largely controlled by nutrient input through lateral ad-
vection. Near surface phytoplankton biomass is season-
ally enhanced in response to advection of low salinity
river plumes from the Orinoco River. Climatological
monthly mean CSW salinity is correlated to rainfall
over the Orinoco River basin at a lag of 3-4 months (r
= -0.6), a lag consistent with satellite imagery-derived
northward displacement of the Orinoco River plume.
CSW salinity and temperature anomalies are correlated
to variations of the Southern Oscillation Index (SOI) at
lags of 5-6 months (r = -0.38) and 8 (r = - 0.59) months
respectively. Our observations coincide with published
analyses relating rainfall over Northern South America
to SOI variability. Interannual rainfall variability and
the consequent transport of nutrient-bearing particu-
late and dissolved humic material may thus be respon-
sive to global scale tropical climate variability as indi-
cated by the SOI. Similar analysis yielded a very weak
relation between salinity anomalies and the higher lat-
itude North Atlantic Oscillation index (NAO).

Subsurface Tropical Atlantic and Caribbean waters
are particularly nutrient depleted. Levitus’94 clima-
tology indicates intrusion of a southwestward flow-
ing highly saline water mass (Subtropical Underwater,
SUW) formed in an area centered at 24N, 42W and en-
tering the Caribbean Sea through the Mona and Ane-
gada passages. This intrusion coupled to limited in-
fluence from equatorial upwelling results in a distinct
subsurface nutrient depletion extending, at a depth of
125m, from its formation area to 80W and from 12
to 30N. Observations at CaTS indicate that although
average nitrate concentrations in the SUW core are
substantially lower than those found at high and low
latitudes, increases in nitrate concentration coincident
with deepening of the core and lower temperatures are
frequent. Such events are also reflected in enhancement
of the subsurface chlorophyll maximum. Climatolog-
ical monthly means of SUW core properties at CaTS
show seasonal minimum temperatures and maximum
depth during the summer and minimum mean depths
and maximum temperature during the first months of
the year. SUW core depth and temperature yield sig-

nificant correlations, r 2=0.30 and r 2=0.18 with the
North Atlantic Oscillation index (NAO), at temporal
offsets of 45 and 43 months respectively. Such time
offset implies an average southwestward transport ve-

locity of 2.3 to 2.4 cm.sec −1 for the SUW, which agrees
with previous transport estimates for this water mass.
Analogous correlation analyses with the SOI yields a

significant correlation with core depth (r 2= 0.22) with
a temporal offset of 40 months but not with core tem-
perature at a similar timescale.

Upper water masses in the Caribbean exhibit tele-
connections with tropical and extratropical climatic os-
cillations. While CSW responds mainly to tropical forc-
ing, the SUW appears to respond to atmospheric pres-
sure gradients of the North Atlantic (NAO). The sus-
ceptibility of Caribbean and Tropical Atlantic physical
and biogeochemical processes to climate change stress
the need for acquiring a deeper insight into mechanisms
leading to the observed teleconnections.
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The magnitude and interannual variability of up-
take of carbon dioxide (CO2) into subtropical mode
waters (STMW’s) are poorly quantified. In the North
Atlantic Ocean, STMW ventilates the shallow depths
(∼200-400 m) of the subtropical gyre, and interannual
variability of STMW formation is primarily associated
with climate variability (i.e. North Atlantic Oscilla-
tion, NAO). Long-term ocean CO2 records in the west-
ern North Atlantic indicate a recent divergence in the
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rates of CO2 uptake, with CO2 increasing in STMW
at a rate double that of the surface layer. The non-
conservative increase of CO2 does not result from rem-
ineralization of organic matter or density variability,
but rather, weak wintertime mixing and lack of STMW
reventilation, which appear associated with an NAO

positive phase. Since 1988, ∼0.6-1.7 Pg (1015 g) of
CO2 has accumulated within the gyre STMW, repre-
senting a long-term oceanic sink of CO2 (>10 years).
The accumulation of CO2 in STMW should continue
until winters with stronger mixing (associated with
a NAO negative phase), when entrainment of STMW
CO2 into surface waters ultimately release CO2, stored
in STMW, to the atmosphere over short timescales (<2-
3 years). Interannual variability in the uptake of CO2
into STMW thus provide another factor and feedback
controlling the global ocean uptake of CO2.
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The biogeochemical cycles of carbon, nitrogen, and
phosphorus are tightly coupled in the upper ocean,
but observations from the HOT and BATS time-series
programs have shown that a simple assumption of a
fixed stoichiometry is untenable. The coupling of car-
bon cycle to the nitrogen and phosphorus cycles in
microbially-mediated biogeochemical processes affects
the net air-sea exchange of CO2, ”burial” of carbon
in the meso- and bathypelagic ocean, and the relative
importance of biotic and abiotic terms in the carbon
cycle. We have conducted multielemental model sim-
ulations of Station ALOHA with models that treat C-
N-P ratios as variable for both production and rem-
ineralization of organic matter, and models that treat
remineralization ratios as variable while phytoplankton
production occurs in Redfield ratio. The results suggest
that non-Redfield stoichiometry of both production and
remineralization of organic matter is necessary for ac-
curate simulation of all of the observed pools of C, N,
and P as well as rate processes such as primary pro-
duction. Results from a variable ratio model of phy-
toplankton growth agree with field observations that
primary production is significantly underestimated by
radiocarbon measurements of the particulate fraction
only, and suggest that there is a large flux of labile or-
ganic carbon to the heterotrophic microbial community,
uncoupled from fluxes of organic N and P. This may
in part explain the apparent selection of heterotrophic
Bacteria for growth on inorganic rather than organic
forms of N and P. Adaptation of the heterotrophic bac-
terial community to this abundant source of substrate
may explain interannual changes in bulk dissolved or-
ganic matter.
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The Primary Nitrite Maximum (PNM) is found
throughout the oceans at the base of the mixed layer,
slightly shallower than the beginning of the nitracline.
The current paradigm for the production of the feature
is differential inhibition by ultraviolet light of ammo-
nium oxidation compared to nitrite oxidation. More
recent evidence from cultures of nitrifiers contradicts
the assumptions of this paradigm, with lower inhibi-
tion of nitrite oxidation than ammonium oxidation. In
contrast to the putative bacterial source, phytoplank-
ton have long been found to produce nitrite, especially
under low light conditions characteristic of the PNM.
Combining recent results from phytoplankton cultures,
with the presence of the chlorophyll maximum, permits
a ”back of the envelope” calculation suggesting that
phytoplankton are the dominant source of nitrite form-
ing the PNM. In addition to the year-round PNM, sub-
stantial amounts of nitrite are present the Sargasso Sea
throughout the mixed layer during the winter mixing
period, at times nearly equaling the nitrate concentra-
tion. We will present estimates again suggesting the
phytoplankton are responsible for this feature rather
than bacteria.
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An important link between physics and biology in
marine upwelling ecosytems such as the California Cur-
rent is the mechanism by which ocean currents and ed-
dies supply nutrients to the euphotic zone. Net fluxes
of mass, heat, salt, nutrients, oxygen, and chlorophyll
into a control volume defined by the modern CalCOFI
region were computed from data collected on 55 cruises
over a 14-year period, 1984-1997. Significant low-
frequency variability was observed in the net property
flux convergences and was related to low-frequency (in-
terpentadal and ENSO time scale) changes in the domi-
nant wind and circulation patterns. The results demon-
strate the importance of horizontal flux convergences to
nutrient cycling and point out the inadequacy of 1-D
vertical exchange models in regions such as upwelling
zones where residence times are short. Although the
nutrient fluxes were consistently positive, their mag-
nitude varied by more than 100% both seasonally and
interannually, in concert with environmental changes in
the atmosphere and ocean.

Long time series such as CalCOFI are essential for
observing interannual variability, yet such time series
are expensive in both human and ship resources. Au-
tonomous underwater vehicles such as seagliders hold
great promise for sampling ocean variablity with less
expense and greater frequency than is practical from
ships, yet there are some measurements for which ship-
board sampling will still be required. A challenge in
planning for the future is in defining the appropriate
mix of traditional and autonomous sampling to resolve
the physical, chemical, and biological signals of inter-
est.
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This time series study is an investigation into the
fate of opal produced in the upper ocean, as it falls
through 900 m of water column, and within the sed-
iment column. Various time-series measurements (wa-
ter column surveys, sediment traps, repeat benthic flux
measurements) were used to study changes in opal re-
activity within these zones. An ocean time series has
been established off Southern California between Los
Angeles and Catalina Island; surface to 500 m profiles
of nutrients have been measured on a monthly basis
from 1998-present. From the change in dissolved Si in-
ventory in the upper 50 m during the spring-to-summer
seasons and diapycnal gradients, a production flux of
biogenic particulate Si has been estimated as 2-7 mmol
Si/m2d. The role of advection in these signals is un-
known. Sediment trap collectors from 120, 200, 500 and
860 m indicate that biogenic Si rain rate declines from
1.8 to 1.3 mmol Si/m2d through this depth range. The
change in opal rain vs. depth is described by a function
and modeled such that the dissolution rate constant for
opal at a given depth is dependent on particle settling
rate. At particle settling rates of 50, 100, 200 m/d, the
rate constant for opal dissolution at 900 m is 0.01 to
0.04 /day. We also have a time series of opal dissolu-
tion flux measurements from the sea floor (at 900 m)
beneath the time series location. The pattern of opal
dissolution flux is systematic with season, the highest
dissolution rate occurs during the mid-summer months
and the lowest in the winter months. There is an off-
set of several months between the timing of maximum
opal delivery to the sea floor and the maximum rate of
benthic dissolution. These patterns of rain and rem-
ineralization have been modeled and results indicate a
rate constant for opal dissolution of 0.005 to 0.01 /day.
Either particles are settling at the slow velocity of 50
m/d through 900 m of water column or opal solubility
characteristics change between particles in the water
column and particles in the sediment column.
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Sinking organic matter was collected at bi-monthly
intervals by sediment traps over a 4 yr period as part
of the CArbon Retention In A Colored (CARIACO)
Time Series Program. The sediment trap array con-
sists of four cone shaped traps along one wire at depths
of 275m, 455m, 930m and 1255m. Concurrent mea-
surements of productivity, [CO2aq ], chlorophyll and

temperature collected on monthly cruises aboard R/V
Hines allow for comparison of surface water processes
that influence the stable carbon isotopes of settling

organic matter (δ13Corg). δ13Corg for three com-
plete upwelling cycles (1997-1999) ranged as low as -
22.56 o/oo during periods of water column stratifica-
tion and as high as -17.75 o/oo during seasonal up-

welling. There was little variation of δ13Corg between
different depths collected at the same time interval with
standard deviations ranging from only 0.6 o/oo to 0.02
o/oo indicating that there is little diagenetic alteration

of the δ13Corg signal through the water column. There

is a strong relationship (r2 = 0.67) between decreas-
ing water column temperature and increasing values of

δ13Corg and a somewhat weaker relationship between

δ13Corg and productivity (r2 = 0.28). This suggests
that there may be a link between seasonal upwelling,

biological productivity and the δ13Corg . Contrary to

previous laboratory and field studies δ13Corg and , εp
are positively correlated with [CO2aq ] indicating that

a decrease in [CO2aq ] may not be a controlling fac-

tor of δ13Corg in the Cariaco Basin. Possible mecha-

nisms for this positive relationship between δ13Corg ,
εp and [CO2aq ] include a diffusion limiting Rayleigh

distillation effect, non-diffusing flux of CO3
− species

into phytoplankton cells, internal carbon concentrat-
ing mechanisms in phytoplankton and phytoplankton
species composition.
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Although the oceans are a significant source of
the greenhouse gas nitrous oxide (N2O) to the atmo-
sphere, its magnitude and characteristics are poorly
constrained. We present here stable isotope and iso-

topomer (intramolecular distribution of 15N within the
linear NNO molecule) results for N2O from Station
ALOHA in the subtropical North Pacific gyre near
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Hawaii. The results indicate shallow (∼100-300 m) in
situ N2O production. Results of isotope mass balance
models constrain the rate of N2O production and the
sea-to-air flux of N2O. Results of an isotope mass bal-
ance model that takes into account the ratios of the ver-
tical gradients in the isotopic abundances of N, O, Na

(central N) and Nb) (terminal N) of N2O and the mea-
sured gradients of N2O concentration through the ther-
mocline, indicate that in situ production contributed
40% to 65% of the sea-to-air flux of N2O. This model
also predicts that the net sea-to-air flux of N2O was at

least 0.4 µmoles m−2 d−1 and most likely exceeded 0.7

µmoles m−2 d−1. We present a new method for cal-
culating N2O production using the difference between

the site preference (= δ15Na - δ15Nb) of atmospheric
and dissolved oceanic N2O and the rate of air-sea N2O
exchange. These results suggest a rate of N2O pro-

duction of 2.9±1.2 µmoles m−2 d−1 and indicate that
shallow production contributed about 50% of the net
sea-to-air flux of N2O. These results can be used to
better constrain the global N2O budget.
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Fortuitously timed physical observations on a grid
of stations off California during March 1995 and re-
peated the following month captured a dramatic shift
from late-winter to spring conditions. The initial pe-
riod was characterized by a broad coastal zone with
weak eddying flow, while the main California Current
jet meandered approximately 300 km offshore. While
the same dynamic pattern persisted in the offshore re-
gion in April, a well-organized equatorward coastal jet
had developed, creating strong zonal gradients in tem-
perature and salinity. These observations suggest that
the California Current along this part of the coast is re-
generated in spring as a coastal upwelling jet that sub-
sequently broadens to join or supplant what had been
the main jet. The evolution of this pattern due to local
and large-scale wind forcing is examined, and the im-
plications for the offshore and alongshore transport of
biological material are explored.
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During spring and summer 2000, two mesoscale
mapping cruises were carried out in the northern Cal-
ifornia Current System between 41.9 and 44.6N and
offshore for 150 km. The primary measurement plat-
form was a towed undulating vehicle equipped with a
CTD, fluorometers, a multi-wavelength light absorp-
tion and attenuation instrument, and a PAR sensor.

A shipboard ADCP measured water velocities and a
bio-acoustics instrument measured multi-frequency (38,
120, 200, 420 kHz) backscatter. Surface drifter tra-
jectories and satellite SST imagery provide context for
the mesoscale maps. A variety of wind regimes were en-
countered from strong upwelling to strong downwelling.
The data provide good examples of flow-topography
interaction including the influence of a major subma-
rine bank and a large coastal promontory on the east-
ern boundary current circulation. Early in the season
the upwelling front and jet followed the bottom to-
pography fairly well. There was cold water inshore of
the shelfbreak all along the coast with pockets of ele-

vated biomass (chl up to 4 mg m−3) near the coast.
Mesoscale activity was minimal. During the summer
cruise, the upwelling front and jet were much more con-
voluted including major meanders offshore associated
with Heceta Bank and Cape Blanco. High levels of phy-

toplankton biomass (chl in excess of 10 mg m−3) were
found over Heceta Bank and near the coast south of
Cape Blanco. The large offshore meander near Cape
Blanco carried cold, nutrient-rich, high phytoplankton

biomass (chl of 2-4 mg m−3) away from the coast over
100 km offshore. Details of the physical and biological
structure of the meanders will be presented.

URL: http://damp.oce.orst.edu/globec/nep
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Mesoscale mapping of the hydrographic and bio-
optical properties of the Northern California Current
System was conducted during spring and summer 2000
between 41.9N and 41.6N off the Oregon coast. A
towed, undulating vehicle carried a CTD, two fluorom-
eters, a multi-wavelength absorption and attenuation
meter (ac-9), and a PAR sensor. In addition, an ac-
9 and a Fast Repetition Rate fluorometer (FRRf) col-
lected bio-optical data on surface waters throughout
the mesoscale surveys. Multiple onshore-offshore tran-
sect lines provided repeated crossings of velocity jet
and frontal boundaries, and allowed resolution of phys-
ical and bio-optical parameters on horizontal scales of
1km or less and on vertical scales of 1-2m. Our re-
sults permit assessment of the linkages and the degree
of coupling between physical and bio-optical patterns
during strong upwelling and strong downwelling events,
as well as during low-wind relaxation intervals. The lo-
cation of the coastal jet and the upwelling front fluc-
tuated considerably under the variable forcing regime,
with more extensive mesoscale structure in all parame-
ters in late summer relative to spring, as current mean-
ders developed around subsurface topography (Heceta
Bank) and moved offshore near Cape Blanco. Sharp
horizontal gradients in autotrophic biomass were ob-
served across the boundaries of the coastal jet and the
upwelling front, with chlorophyll levels often in excess

of 5 mg m−3 on the inshore side of the fronts. Horizon-
tal gradients also were observed in the spectral slope of
particulate absorption and attenuation as well as in the
physiological properties of the autotrophic assemblages
(as determined with FRRf). Details of the spatial cor-
relations of physical and bio-optical parameters will be
presented.
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Surveys of zooplankton distribution were conducted
in the California Current between 42.5N and 44.7N in
spring and fall 2000 as part of the US GLOBEC North-
east Pacific Study to understand the effects of climate
variability and climate change on the marine ecosys-
tem. The study focuses on understanding how physical
forcing affects the spatial and temporal distribution of
zooplankton, and their correlation with physical and
other biological fields. The survey was conducted using

an Optical Plankton Counter (OPC) and a fluorometer
mounted on a vertically undulating vehicle (SeaSoar).
The processed OPC data provide a resolution of 4 m in
the vertical, and 50 size classes of the Equivalent Spher-
ical Diameter (ESD) between 250 mm and 16 mm. The
results show the heterogeneity in zooplankton distribu-
tion. Zooplankton are highly abundant in nearshore ar-
eas where upwelling was the dominant physical feature,
and less abundant in offshore regions. The correlation
between zooplankton abundance and chl-a concentra-
tion is poor both horizontally and vertically. Taking
advantage of zooplankton size spectra provided by OPC
measurements, analyses of zooplankton sizes and pro-
ductivity of zooplankton were conducted to further ex-
plore the correlation between physical fields, zooplank-
ton size distribution and productivity.
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Historical datasets indicate that Northwest baitfish
abundance has fluctuated widely over the last 50 years
and probably more. Salmon ocean survival has also
fluctuated widely since records began. Since 1999 we
have noted a marked increase in the number of baitfish
(smelt, Northern anchovy, Pacific herring, and Pacific
sardine) off Washington and Oregon. This increase ap-
pears to be related to decreasing ocean temperatures,
changing zooplankton species and abundance, and de-
creased predator abundance. We hypothesize that bait-
fish abundance directly affects salmon ocean survival
by acting as ”alternative prey” for predators and thus
decreasing predation rates. Long- and short-term fluc-
tuations in oceanographic conditions that affect bait-
fish recruitment may be the mechanism that controls
baitfish abundance and thus salmon marine survival.
Global warming and other anthropogenic factors could
directly affect future baitfish recruitment and thus the
abundance of Northwest salmonids.
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Information is summarized on juvenile salmonid dis-
tribution, size, growth, stock origin, and trophic and
environmental associations from the June and August
2000 GLOBEC cruises with particular emphasis on dif-
ferences related to the regions north and south of Cape
Blanco off Southern Oregon. Juvenile salmon were
more abundant during the July-August cruise as com-
pared to the June cruise and were distributed north-
ward from Cape Blanco. There were distinct differences
in distribution patterns between salmon species with
chinook found close inshore in cooler water all along the
coast. Coho salmon were rarely found south of Cape
Blanco. The nekton assemblages differed significantly
between cruises. June samples were dominated by ju-
venile rockfishes, rex sole, and sablefish, which were
almost completely absent in August. The forage fish
community during June was comprised of herring and


