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and tufted puffins) in the Northern Gulf of Alaska, in
relation to the distribution of water masses and acous-
tic measures of water column volume scattering. We
surveyed a 200 km transect (inner-shelf, mid-shelf, shelf
break, and oceanic domains) during April, May and
July 2001 along the Seward line. Stratification in-
creased seasonally due to surface layer freshening, and
warming of the shallow mixed layer (∼ 10-20 m) along
the Seward Line in July. Diversity and abundance were
low in April and high in May and July. Highest seabird
concentrations occurred at the shelf break in April and
May, and on the mid-shelf in July. Evolution of the
physical properties of the water column in association
with changes in volume scattering along the transect
suggests that the cross-shelf circulation may have a
fundamental role in shaping the distribution and abun-
dance of seabirds.
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Seasonal and interannual variability in distribution
and population structure of two major euphausiids
species Thysanoessa spinifera and Euphausia pacifica
were studied in the northern Gulf of Alaska in 1998-
2001. Other common euphausiid species were T. in-
ermis, T. longipes, T raschii and T. inspinata. Eu-
phausiid aggregations were related to water mass prop-
erties with E. pacifica frequently observed on outer
shelf during years, when a strong shelf break front was
developed. In contrast, T. spinifera was more abundant
on inner shelf in spring . Individual euphausiid growth
rates were minimal in early spring, showing indications
of body shrinkage under unfavorable food conditions.
Intermolt periods were ranging from 12 to 7 days in
average as temperature varied from 5oC to 10oC over
sampling season. Reproduction of T. spinifera seemed
to coincide with the phytoplankton bloom in spring,
while E. pacifica continued to spawn from May through
October. Egg production rates of E. pacifica tended to
be higher in mid summer.

OS31D-79 0830h POSTER

Importance of Nutrient-Foodweb
Dynamics of Freshwater Ecosystems
in Determining Sockeye Salmon
Production

Jim Edmundson1 (250-472-4789; jim)

Asit Mazumder2 (250-472-4789; mazumder@uvic.ca)

1University of Victoria, Department of Biology, Vic-
toria, BC V8W 3N5, Canada

2University of Victoria, Department of Biology, Vic-
toria, BC V8W 3N5, Canada

The number of adult salmon allowed to escape for
spawning has fundamental significance for productivity
and recruitment of sockeye salmon. In addition, sock-
eye lakes are fertilized and stocked with sockeye fry to
compensate for reduced nutrient loading from salmon
carcass or for low smolt production. In this presenta-
tion, we will discuss how the changes in nutrient load-
ing and fry density, associated with variable escape-
ments, fertilization and fry stocking, can potentially
affect the productivity of sockeye salmon. We demon-
strate the importance of nutrient-foodweb relationships
in determining the patterns of long-term changes in the
growth and production of juvenile sockeye salmon. We
use a large data set on nutrients, algal biomass, size-
distribution, biomass and composition of zooplankton,
and the density and size of the juvenile and smolts of
sockeye salmon from Alaska. Specifically, we show how
the variable escapement and associated changes in nu-
trients and fry density could potentially change the size
distribution, composition, and biomass of zooplankton,
and their relationship with the growth and production
of sockeye smolts. Nutrients are most effective in pro-
ducing large-sized smolts when large filter-feeding zoo-
plankton such as Daphnia are present in substantial
numbers. Escapement or fry stocking beyond the car-
rying capacity of sockeye systems dampen the impact
of nutrients on the growth and associated size of smolts
produced.
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Barkley and Clayoquot Sounds, along the outer
coast of Vancouver Island, BC, have numerous fjords
containing semi-permanent anoxic bottom waters with
renewal time that range from seasons to decades.
Within the framework of providing undergraduate
research experiences, we have combined approaches
from organic geochemistry, microbiology and physical
oceanography in order to assess the health and function
of these unique coastal environments. In this poster
we will present the results from the first two years of
a five year project. During 2000, the visited inlets
were all anoxic, yet during the summer of 2001 many of
the inlets turned over, resulting in large fish kills and
large scale changes to the water column and sedimen-
tary systems. Both the preservation of organic materi-
als in the sedimentary record and the growth activity of
heterotrophic watercolumn bacteria reflect the physical
conditions of the varous fjords. See also: Grocock and
Keil, Preservation of Terrestrial and Marine Organic
Matter in an Intermittently Anoxic Coastal Fjord; Eff-
ingham Inlet, BC.

URL: http://boto.ocean.washington.edu/aog
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The accumulation of terrigenous and marine or-
ganic matter (OM) in the northern Gulf of Mex-
ico throughout the Holocene is examined using sta-
ble carbon isotopes and terrigenous biomarker analyses.
The stable carbon isotope composition of sedimentary
OM at the base of the Mississippi Canyon (27.96◦N,
89.47◦W) ranges from -20 o/ooto -23 o/ooduring the
late Holocene. Enriched isotopic composition at ca.
1000 ybp coincides with lower C/N ratios and greater
calcite content (%CaCO3), indicating an increase in
marine OM input during this time. The isotopic varia-
tion prior to 1000 years is not accompanied by a shift in
%CaCO3 nor in C/N, suggesting that marine OM input
alone does not explain the isotopic variability through-
out the record. Preliminary analyses of lignin, a ter-
rigenous biomarker, indicate that changes in the flux
and composition of terrigenous OM have occurred dur-
ing the late Holocene, and may explain the fluctuation
of stable carbon isotopes at this site. The isotopic com-
position of sedimentary organic matter deposited in the
Pigmy Basin (27.20◦N, 91.41◦W) varies between -22
and -26 o/oo. Calcite content is higher at this loca-
tion than in the Canyon (12 to 25%CaCO3), but is less
variable downcore. Carbon to nitrogen ratios range be-
tween 4 and 12 in sediments deposited within the past
3000 years, but little variability is observed in early
Holocene sediments. Quantification of terrigenous and
marine OM content, based on isotopic and terrigenous

biomarkers, will provide more detailed information re-
garding the relative importance of marine and terrige-
nous carbon input throughout the Holocene. The pro-
cesses responsible for the observed isotopic trend, such
as changes in terrigenous vegetation, will be evaluated
using lignin content and composition.
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Despite the recognition of the importance of phos-
phorus (P) in regulating marine productivity in some
modern oceanic systems and over long timescales, P
cycling within the ocean is not well understood. The
major carrier phase of P to marine sediments is likely
particulate organic matter, although few direct mea-
surements of particulate P flux in the oceans have been
made. Little is known about the distribution of P
within different fractions in marine particulate matter,
and how it differs from P in sediments.

We analyzed particulate matter from sediment traps
for their P concentration and association. Samples
represent 3 different oceanic regimes: a coastal envi-
ronment (Monterey Bay), an open ocean environment
(Equatorial Pacific), and a polar environment (Ross
Sea) as well as different depth (300-4000 m), and tem-
poral (seasonal to annual) distributions. Reactive P
concentrations, defined as the sum of oxide-associated
and labile organic (includes P sorbed to and incorpo-
rated in oxyhydroxides as well as any P associated with
labile organic matter), authigenic (authigenic carbon-
ate fluroapatite), and acid-insoluble organic P, range

from 13-36 µmol P g−1. These concentrations are of
the same magnitude, but slightly higher than those

found in recent sediments (9-24 µmol P g−1). Par-
ticulate P values are consistent with loss of reactive P
between the shallower sediment traps (26-36 µmol P

g−1, 1200 m) and the core top sediments, although
the range of reactive P values from the deeper sedi-

ment traps (15-24 µmol P g−1, 4000 m) is similar to
the range in the sediments. P in the sediment traps is
primarily composed of oxide-associated and labile or-
ganic P ( 32%) and acid insoluble organic P ( 36%) with
lesser proportions of authigenic P ( 23%) and detrital
P ( 9%). Reactive P in particulate matter likely rep-
resents a transitional distribution between very labile
organic P present in the photic zone and authigenic P
eventually buried in the sediments, with some P lost to
regeneration in the water column. These associations
of P should be considered when interpreting P cycling
in the oceans and burial in the sediments.
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Particle fluxes measured with sediment traps de-
ployed below 2000m at 11 sites in the North Pacific
are combined with satellite-derived export production
estimates in the overlying water to assess the factors af-
fecting the transfer of particulate organic matter from
surface to deep water. Multiple linear regression is used
to derive an algorithm suggesting that the transfer ef-
ficiency of organic carbon, defined as the settling flux
of organic carbon normalized to export production, in-
creases with the flux of carbonate and decreases with
water depth and f-ratio. The algorithm predicts more
than 80 percent of the variability in organic carbon
transfer efficiency at 43 additional sites from oceanic
regions ranging from tropical gyres to the Antarctic and
the Arabian Sea. The influence of the carbonate flux
suggests that the ballasting effect of this biogenic min-
eral may be an important factor promoting export of
organic carbon to the deep sea by increasing the den-
sity of settling particles. However, the lack of a simi-
lar effect for biogenic opal suggests that other factors,
such as the hydrodynamic properties of settling parti-
cles, also play a role. The adverse effect of increasing
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f-ratio on the transfer efficiency of carbon is tentatively
attributed to greater biodegradability of organic mat-
ter exported from regions with high f-ratios, seasonality
and cold SST. In high latitude opal-dominated regions,
while a higher fraction of net production is exported, a
higher fraction of the exported organic matter is rem-
ineralized before reaching bathypelagic depths. On the
other hand, in low latitude, carbonate-dominated re-
gions with low f-ratios, a higher fraction of the exported
organic matter sinks to the deep-sea. Increasing the f-
ratio or inducing diatom blooms by Fe fertilization may
not result in a proportionally higher carbon flux to the
deep-sea.
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Microbial population and composition in hydrother-
mal fluid, plume and in situ incubation samples
collected from the Suiyou Sea Mount caldera using
Japanese submersibles in 2001 were estimated by re-
cent bio-techniques for creating a microbial ecosystem
model in this very active arc-type hydrothermal sys-
tem, as well as finding new bio/gene resources. The
Japanese Archaean Park Project supported this study.

In almost all samples including high temperature
fluids emitted from drilled bore holes, microbial cells
were detected and counted more than 10000 cells/ml,
showing the predominance of the domain Bacteria in
both molecular and cellular quantification analyses.
Dense population was detected at the central region of
the caldera, where Bathymodiolus bivalve-rice benthic
animals colonized and made lots of patchy shell mounts,
than the surrounding sandy seafloor. In hot subsur-
face samples obtained from a catheter-type incubator
and others, many environmental gene clones assigned
to new members within the epsilon-proteobacteria, and
a few in archaea. Remarkable number of microbes was
also detected in plume layer above the seafloor of the
1380 m depth, corresponding to anomaly in vertical
nephelometric profiles (ca.1100-1200 m). Undeniable
that a hydrothermal energy-driven, highly productive
ecosystem is present in this isolated aphotic region,
even in a hot sub-vent environment.
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In deep-sea hydrothermal vent ecosystem, bacte-
rioplankton exist usually 2 to 5 order of magnitude
higher than in the ambient. As is generally suggested,
these environments O‘are in effect chemostatOL, where
concentration of reduced compounds are continuously
maintained in supersaturated level by the effluent of
chimney. Our recent observation at Dai-Yon Yonaguni-
and Hatoma Knolls located in the southern part of Oki-
nawa Trough, 1330 <ETH> 1530 m bsl supported that
and moreover we first found directly that the micro-
bial production was unexpectedly high in the vicinity
of the plume. We succeeded to carry out incubation of
near plume water under in situ condition near the dense
colonies of the bivalve Bathymodiolus platifrons, using
a diffusion chamber, which did not obstruct the supply
of dissolved gases and elements. We detected 12-14%
FDC, 22-26 hours generation time in number of bacte-
ria and less than 1 hour of their biomass turnover time.
Image analysis revealed significant increase in cell size
of existing bacteria during 7 <ETH> 9 days incuba-
tion. Those belonged to domain Eubacteria according
to in situ RNA hybridization.
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During May and June 2001, RRS Charles Dar-
win cruise CD128 conducted a detailed investigation
of the physical dispersion of, and biogeochemical cy-
cling within, non-buoyant hydrothermal plumes over-
lying the recently-discovered Kairei and Edmond vent-
sites on the Central Indian Ridge near 25 deg 19 min
South and 23 deg 53 min South, respectively. The
cruise combined detailed investigations into plume dis-
persion and biogeochemistry with deep-tow biological
investigations in which RMT 1+8 nets were used to
fish the identified plumes. In this talk we will pro-
vide an overview of the range of investigations con-
ducted. Details of many of these will be presented in
additional talks and/or posters. A total of 24 CTD
stations were occupied for conventional water column
sampling. These stations included a tow-yo directly
across the Kairei vent-site to map out the dispersion
characteristics of the plume and ten detailed ”process”
stations (8 at Kairei and 2 more, for intercomaprison,
directly above the Edmond field) to investigate plume
evolution characteristics. These process stations in-
cluded simultaneous large-volume in situ filtration sam-
pling of suspended particulates through three differ-
ent pore-size filters coupled with time-series sampling
of unfiltered water from the same locations, over 2-4
hour time intervals, using Niskin bottles. This novel
approach allows us to investigate the kinetics of key
reactions at plume height and the partitioning of dif-
ferent materials into coarse, fine and colloidal partic-
ulates as well as truly dissolved phases. Additional
CTD operations included a time-series yo-yo directly
above the Kairei site to investigate plume-tidal interac-
tions and determine heat-flux from the site and a back-
ground station, approximately 200km off-axis, to pro-
vide first detailed trace-element geochemical profiles in
East Indian Ocean basins. Water column sampling was
completed with the collection of a suite of 10 further
large volume in situ filtration samples, collected from
the Edmond hydrothermal plume to investigate verti-
cal cycling using combined radiochemical and geochem-
ical techniques. For biological sampling, a key focus
was the use of the RMT 1+8 nets for which 34 samples
were collected within and above the Kairei and Edmond
plumes. As with CTD operations, principal focus was
at the Kairei site (22 of 34 deployments) with the re-
maining trawls conducted at Edmond. As with pre-
vious experience from the Mid-Atlantic Ridge, larval
vent-shrimp were successfully recovered from the water
column overlying both sites.
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RRS Charles Darwin cruise 128 (May-June, 2001)
was a detailed investigation of the chemistry and bi-
ology of the hydrothermal plumes overlying the newly
discovered Kairei and Edmond vent sites on the Central
Indian Ridge. As part of this study we collected large
volume samples of particulate material for elemental
and isotopic analysis using in situ filtration. A total of
nine particulate samples were collected from the Kairei
plume and thirteen from the Edmond plume. Of these,
eight and five respectively have associated samples (in
the form of manganese absorber cartridges) for mea-
surement of dissolved thorium isotopes. With these
samples, we will test hypotheses regarding the influence
of hydrothermal plume processes on marine geochemi-
cal budgets via particle formation and scavenging.

We will present dissolved and particulate thorium-
234, particulate lead-210, particulate Fe, and dissolved
uranium data from these two plumes. Particulate Pb-
210 activities are greater than 3 dpm/L in most of
the samples from both plumes, which is high relative
to previous results from the Rainbow plume on the
Mid-Atlantic Ridge but comparable to or perhaps lower
than values at TAG. Particulate Pb-210 activities are
higher in the Edmond plume samples than in those
from Kairei. Particulate Th-234 activities are gen-
erally quite low (only two samples with greater than
0.3 dpm/L, one from each site). Total (dissolved +
particulate) Th-234 activities are in equilibrium (2.5
dpm/L) with the parent U-238 except for two samples
at the Kairei site for which total activities are less than
2 dpm/L, indicating significant scavenging removal of
Th-234. We will discuss the data in the context of our
previous results from the Mid-Atlantic Ridge and avail-
able data from the Pacific Ocean as well.
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During Cruise 128 of RRS Charles Darwin to the
Rodriguez Triple junction area of the Indian Ocean
Ridge system, water samples were taken at the Kairei
and Edmond vent sites. Both the neutrally buoyant
plume (as identified by light scattering sensor anoma-
lies) and the adjacent, background, water column were
sampled. Where Fe (II) concentrations were too low
to detect, a spike of Fe(II) was added to the water
sampling bottle, and the loss of Fe II monitored with
time. These incubation experiments were done at am-
bient deep-water temperature within the sampling bot-
tles. Reactive Fe was determined by complexation with
Fe II-specific Ferrozine, and molecular spectrophotom-
etry. The average pseudo first-order rate constant for
oxidation of Fe(II) for 11 experiments was 0.303(stan-
dard deviation 0.029)h-1 which equates to a half life of
Fe II in these waters of 2.31h. This half-life is of the
same magnitude as that predicted by Field and Sher-
rell (2000) for Indian Ocean waters, who argued that
Fe oxidation rates should change through the major
ocean basins as a result primarily of variations in oxy-
gen concentration. The oxidation rate of Fe II naturally
present in samples from the neutrally buoyant plumes
was not detectably different to that of Fe II added to
deep water collected from outside the plume, suggest-
ing that no components in the plume significantly influ-
enced the rate. These first data investigating rates us-
ing incubation of plume waters thus support the general
argument of Field and Sherrel that there are substan-
tial differences in Fe II oxidation rates in hydrothermal
plumes between ocean basins. This slower formation of
element scavenging iron (III) hydroxy-oxide phases in
older waters with lower concentrations of oxygen will
allow more time for effective mixing of background and
hydrothermal waters and possible enhanced removal of
some trace elements. Field, M.P. and R.M. Sherrell,
Geochim. et Cosmochim. Acta, 2000. 64(4) 619-628.
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The Knipovich Ridge extends between 73 ‘deg 50’N
and 78 ‘deg (northern Norwegian-Greenland Sea) and
spreads at just 8mm/year, full-rate (Crane et al., 1991).
The ridge exhibits a single continuous rift-valley, ca.
500km in length, which lies at a water depth of >3000m


