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waters studied consist mainly of the water mass known
as North Pacific Tropical Water, but includes much of
the water of the mid-latitude thermocline. A method
is developed to trace these waters from 137◦E back
through the subtropical gyre to their outcrops. Sub-
ducted waters are aged using this technique and found
to be between 0.5 and 35 years old by the time they
reach 137◦E. For this subducted regime, waters on a
given isopycnal observed along 137◦E increase in age
with decreasing latitude, with waters at the southern
end of the section being 2-3 times older than waters
at the northern end. This estimate of age is consistent
with previous estimates calculated from chlorofluoro-
carbon measurements. It is found that subducted water
masses are strongly homogenized by the time they reach
137◦E. That is, the originally subducted waters have a
wide variation in θ-S characteristics, but by the time
they reach 137◦E, they form a coherent water mass
with a tight θ-S relation. It is shown that isopycnal
mixing is not a plausible mechanism for this homoge-
nization but diapycnal mixing is a more likely process.

URL: http://www.fredbingham.com/wep/
ReverseTrajectory
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Upper Ocean Hydrographic Structure
and Determination of Fronts in the
Subarctic North Pacific

Richard Krishfield1 (508-289-2849;
rkrishfield@whoi.edu)

Susumu Honjo1 (shonjo@whoi.edu)

1Woods Hole Oceanographic Institution, Department
of Geology and Geophysics, Woods Hole, MA 02536,
United States

The abundance of sea surface temperature (SST)
measurements from satellite data has increased our
ability to determine surface ocean thermal frontal
boundaries, but the determination of subsurface fronts
is still hampered by relatively sparse and infrequent
subsurface temperature and salinity measurements.
Consequently the relationships between sea surface and
subsurface fronts are still poorly defined. Frontal
boundaries are not precise lines, but are actually zones
where horizontal property gradients change rapidly, are
usually associated with enhanced currents, and are of-
ten related to ecological zones. In the North Pacific,
the subarctic frontal boundary has also been distin-
guished by the limit of the subsurface temperature min-
imum, or dichothermal layer. Here we use hydrographic
data from the NODC World Ocean Database to esti-
mate the properties of the upper mesothermal layers in
the North Pacific. These are compared to derived hor-
izontal gradient estimates and frontal determinations
from synoptic sections (including WOCE), and to satel-
lite SST gradients. A method is developed to deter-
mine the subarctic fronts from properties of the tem-
perature minimum layer, with error limits estimated
by differences from the other determinations. Relation-
ships between the surface and subsurface features are
examined, and the method is applied to all available
hydrographic data since 1950 to indicate annual, inter-
annual, and decadal subarctic frontal variability.
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Mesoscale processes at the Subarctic
Front in the northwestren Pacific
Ocean

Max I Yaremchuk1 (808 956 67 24;
maxy@soest.hawaii.edu)

Nikolai A. Maximenko1 (808 956 25 84;
nikolai@soest.hawaii.edu)

1IPRC, University of Hawaii, 2525 Correa Rd., Hon-
olulu, HI 96822, United States

We present a detailed analysis of eddies and fronts
monitored in September-October, 1987 by intense ship-
board observations of the region between 150◦-158◦E
and 38◦-43◦N. Data from 623 hydrocasts and 118
moorings are synthesized with GEOSAT altimetry and
ECMWF winds in the framework of a variational data
assimilation scheme to produce a dynamically and sta-
tistically consistent analysis of oceanic circulation. The
3d baroclinic QG model controlled by the initial and
open lateral boundary conditions fits all the data types
within prescribed error bars (2 cm/sec for velocity, 3 cm
for sea surface height anomalies and 30% for relative
density variations at all levels). The dynamically in-
terpolated fields demonstrate a number of events which
shed light on the mechanism of cross-frontal exchange
of water properties and on the origin of instable modes
of the Subarctic Front. Eddy-mean flow interactions,
potential vorticity and energy budgets are quantita-
tively assessed and analyzed.
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A Mean Sea Level for Satellite
Altimetry in the Northeast Pacific

Michael Foreman1 (250-363-6306;
foremanm@dfo-mpo.gc.ca)

Josef Cherniawsky1 (250-363-6549;
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1Institute of Ocean Sciences, Fisheries and Oceans
Canada, P.O. Box 6000, Sidney, BC V8L 4B2,
Canada

Climatological salinity and temperature data from a
variety of sources are combined with the offshore winds
from fifteen buoys to force a diagnostic, finite element
model calculation of seasonal sea surface elevations and
flows from Oregon to the Alaska Panhandle. Addi-
tional barotropic components in the flow field, such as
the California Undercurrent, are included through the
inversion of long-term current measurements off Van-
couver Island. The resultant seasonal elevations are
validated against coastal tide gauge observations and
a mean sea level is computed. This reference level is
then combined with satellite altimeter anomalies to es-
timate ”true” sea levels and surface currents at partic-
ular times.
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PDO-related Changes in the
Thermocline Heat Budget in a Model
of the North Pacific

Jordan T Dawe1 (206 221 6735;
freedryk@ocean.washington.edu)

LuAnne Thompson1 (206 543 9965;
luanne@ocean.washington.edu)

1School of Oceanography University of Washington,
Box 355351, Seattle, WA 98195

The Pacific Decadal Oscillation is characterized by
changes in both the sea surface temperature and wind-
stress fields of the North Pacific. Changes in the
windstress field can influence the temperature field,
both through direct Ekman advection and by changes
in the geostrophic transport of the subtropical gyre
due to Ekman pumping. The largest interannual vari-
ability of the SST field in the North Pacific occurs
in the Kuroshio Extension. PDO-related thermocline
heat budget changes in the Kuroshio current system
are analyzed using an eddy-permitting isopycnal model
coupled to a mixed layer model. In particular, two
runs are compared, the first driven by positive-PDO-
like atmospheric windstress and thermal forcing and
the second with negative-PDO-like forcing. Changes
to the geostrophic and Ekman advection of tempera-
ture are compared in the two cases, as well as changes
in mode water properties and formation rate. Ocean-
atmosphere heat exchange is calculated using bulk pa-
rameterization of air-sea fluxes.
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The Response of the North Pacific
Ocean to Decadal Variability in
Atmospheric Forcing: Wind Versus
Buoyancy Forcing

LuAnne Thompson1 (206 543 9965;

luanne@ocean.washington.edu)

Carol Ladd2 (206 526 6024; carol.ladd@noaa.gov)

1School of Oceanography University of Washington ,
Box 355351, Seattle, WA 98195

2NOAA/PMEL , 7600 Sandpoint Way , Seattle, WA
98115

Both wind variability and buoyancy forcing result in
thermocline variability in the North Pacific. Wind vari-
ability forces mostly a first baroclinic mode response
while buoyancy forcing, since it is applied in a differ-
ent part of the water column, forces a higher baroclinic
mode response. A vertical modal analysis of the density
deviations in an ocean general circulation model of the
North Pacific is used to identify the spatial and tem-
poral patterns of the different baroclinic modes. The
different dynamic vertical modes show distinct prop-
agation characteristics, with the first baroclinic mode
exhibiting consistent westward propagation at latitudes
south of 40N, while the higher baroclinic modes show
westward phase propagation at low latitudes, but prop-
agate eastward at higher latitudes. The propagation
characteristics of each mode can be understood by the
inclusion of the zonal mean flow in the vertical struc-
ture equation.

Projection of the Ekman pumping and diapycnal
fluxes in the quasi-geostrophic potential vorticity equa-
tion for each dynamic vertical mode distinguishes their
effects on the thermocline variability. Ekman pump-
ing is important throughout the North Pacific for forc-
ing first mode variability. Diabatic pumping, or that
associated with thermal forcing, is important in the

Kuroshio Extension, and much less so further to the
south. The spatial distribution of the forcing is consis-
tent with the structure of the energy in the baroclinic
modes. The first baroclinic mode energy increases to
the west, while the second baroclinic mode has a band
of positive energy emanating westward from the east-
ward end of the Kuroshio Extension and ends at the
western boundary at 20N, reflecting the strong effect
of the mean flow on wave propagation.

The results confirm the importance of inclusion of
the first baroclinic mode as well as higher baroclinic
modes in studies of the decadal variability in the ocean.
The analysis suggests that at least the first three baro-
clinic modes should be included and that 2 and one half
layer models of the ocean may be inadequate for under-
standing the role of the ocean in mid-latitude coupled
modes of variability in the ocean-atmosphere system.
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Model-based upper ocean climatology
for the North Pacific

James G Richman (541 737 3328;
jrichman@coas.oregonstate.edu)

Oregon State University, COAS 104 Ocean Admin
Bldg, Corvallis, OR 97331-5503, United States

A fifty-three year (1948-2000) simulation of the

North Pacific from 25oN to 65oN at a coarse 1[o hori-
zontal resolution, but high vertical resolution (51lev-
els), is used to generate a climatology of the upper
ocean and characterize the seasonal and interannual
variability of the mixed layer and upper pycnocline.
The model is initialized from Levitus’ climatology and
forced by fluxes from the NCEP reanalysis dataset. The
mixed layer is parameterized using the KPP formula-
tion of Large, et al. (1994). Comparison with the time
series at Hawaii and Papa show surprising fidelity be-
tween the model mixed layer depth (MLD) and sea sur-
face temperature (SST) and the observations. At HOT,
the 20oC isotherm during the 1990’s is 40 m deeper
than the Levitus climatology, which is reproduced by
the model. Comparisons with the TAO buoy data in
the tropics is less favorable. Again large differences
are observed between the depth of the 20oC isotherm
between the buoy data and Levitus climatology. How-
ever, the model is unable to reduce these differences
significantly.

An EOF analysis of the model SST and MLD shows
dominance of the low modes by the seasonal cycle in the
subtropical gyre. Interannual variability is dominated
by El Nino and La Nina cycles. One mode dominates
the decadal variability with a transition in sign in the
late 1970’s and near zero amplitude in 2000.

Results from coupling this model with an ecosystem
will be presented in another paper.
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Marine Ecosystem Responses to
Climate: The Responses of Large
Marine Ecosystems to
Interdecadal-Scale Climate Variability
II

Presiding: W T Peterson, National
Marine Fisheries Service; A J Miller,
Scripps Institution of Oceanography
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North Pacific Regime Shifts and the
Pacific Decadal Oscillation

Nathan Mantua (206-616-5347;
mantua@atmos.washington.edu)

University of Washington, JISAO, Box 354235, Seat-
tle, WA 98195, United States

Changes in the marine environment and ecosys-
tems that persist for multiple years have been termed
”regime shifts” by both fishery and climate scientists.
A special class of Pacific regime shifts has been dubbed
the Pacific Decadal Oscillation (PDO. The PDO has
been described by some as a long-lived El Nio-like pat-
tern of Pacific climate variability, and by others as a
blend of two sometimes independent modes having dis-
tinct spatial and temporal characteristics of North Pa-
cific sea surface temperature (SST) variability. A grow-
ing body of evidence highlights a strong tendency for
PDO impacts in the Southern Hemisphere, with impor-
tant surface climate anomalies over the mid-latitude
South Pacific Ocean, Australia and South America.
Several independent studies find evidence for just two
full PDO cycles in the past century: ”cool” PDO
regimes prevailed from 1890-1924 and again from 1947-
1976, while ”warm” PDO regimes dominated from
1925-1946 and from 1977 through (at least) the mid-
1990’s. Interdecadal changes in Pacific climate have
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widespread impacts on natural systems, including wa-
ter resources in the Americas and many marine fisheries
in the North Pacific. Tree-ring and Pacific coral based
climate reconstructions suggest that PDO variations–
at a range of varying time scales–can be traced back
to at least 1600, although there are important differ-
ences between different proxy reconstructions. While
20th Century PDO fluctuations were most energetic in
two general periodicities–one from 15-to-25 years, and
the other from 50-to-70 years– the mechanisms caus-
ing PDO variability remain unclear. To date, there is
little in the way of observational evidence to support
a mid-latitude coupled air-sea interaction for PDO,
though there are several well-understood mechanisms
that promote multi-year persistence in North Pacific
upper ocean temperature anomalies.

URL: http://jisao.washington.edu/pdo
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Ecosystem Change in the Northern
California Current: Evidence for a
Large-Scale Climate Regime Shift in
1999

William T Peterson1 (541-867-0201;
bill.peterson@noaa.gov)

Julie Keister2 (julie.keister@noaa.gov)

Leah Feinberg2 (leah.feinberg@noaa.gov)

William Pinnix2

1National Marine Fisheries Service, Hatfield Marine
Science Ctr 2030 S. Marine Science Dr., Newport,
OR 97365, United States

2Cooperative Institute for Marine Resource Studies,
Oregon State University Hatfield Marine Science
Ctr. 2030 S. Marine Science Drive, Newport, OR
97365, United States

Retrospective analysis of time series data on zoo-
plankton biomass and species composition collected off
the central Oregon coast has revealed strong correla-
tions between the Pacific Decadal Oscillation (PDO)
and zooplankton biomass, species composition and
community structure. Our data set includes zooplank-
ton samples collected at two stations located 9 and 18
km off Newport, Oregon (44◦40’N) at biweekly inter-
vals in 1969-1973, 1983, 1991, and 1996 to present. All
samples were enumerated to species and data analysis
included cluster analysis, Non-Metric Multidimensional
Scaling and Indicator Species Analysis using PC-ORD.
These data provide examples of zooplankton commu-
nity structure in the Oregon upwelling zone during the
cold, productive climate regime of the 1970’s, two El
Nino periods (1983 and 1997-98), the warm climate
regime of the 1990’s and the hypothesized new, cool
regime, which was initiated in 1999. The results of
our analyses show that the PDO averaged for sum-
mer months was negative during most years of the
cool regime of 1947-1976, positive for all years between
1977-1997, then turned negative in July 1998 and has
remained so since that time. Copepod species abun-
dances were highly correlated with the PDO. During
the 1969-1973 cool period, boreal copepod species had
anomalously high biomass, but during the warm pe-
riods of 1983 and 1996-1998, boreal species had an
anomalously low biomass; these species include Pseu-
docalanus mimus, Calanus marshallae, Acartia longiremis and
Centropages abdominalis. Conversely, subtropical and
transition zone copepod species had anomalously low
biomass during the cool periods and high biomass dur-
ing the warm periods; these species include Mesocalanus
tenuicornis, Eucalanus californicus, Paracalanus parvus and
several species of Clausocalanus. Cluster analysis re-
vealed that during the cool regime, the boreal cope-
pod assemblage dominated from March through Octo-
ber whereas during warm regimes, boreal species were
only found from May or June through October sug-
gesting a fundamental difference in the length of the
upwelling season between regimes. This fact may ex-
plain our observation that copepod biomass was twice
as high during cool periods as during warm periods. Fi-
nally, since the advent of the cool regime in 1999, the
spawning season of euphausiids has increased greatly to
February-October as compared to July-August during
warm periods, northern anchovy have resumed spawn-
ing in coastal waters, and salmon numbers have re-
bounded to levels not seen since the 1970’s.

OS51H-03 0900h

Ecosystem Response to Predictable
Changes of the Northwest Pacific
Ocean Climate

Arthur J. Miller (858-534-8033; ajmiller@ucsd.edu)

Scripps Institution of Oceanography, SIO-UCSD 0224,
La Jolla, CA 92093, United States

A portion of SST variability in the Kuroshio-
Oyashio Extension (KOE) region around Japan is pre-
dictable on interannual timescales due to Rossby waves
excited by wind-stress curl in the central North Pa-
cific. Hence, a portion of the ecosystem in the KOE

region may also be predictable. The possible impact
of the predictable component of ocean physics (includ-
ing changes in SST, thermocline depth, upwelling, and
horizontal advection) on the ecosystem (including phy-
toplankton, zooplankton, and small pelagic fish pop-
ulations) of the KOE region will be discussed in the
context of available observations and ocean model hind-
casts of the past 50 years.
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Regime Shifts in the California Current:
the 1999 Node

Bertha Lavaniegos1,2 (+52 6 1745050;

berlav@cicese.mx)
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Edward Brinton1 (858-534-2148;
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1Integrative Oceanography Division Scripps Institu-
tion of Oceanography, 9500 Gilman Dr, La Jolla,
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2Departamento de Ecologa Centro de Investigacin
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Carretera Tijuana-Ensenada, Ensenada, BC 22800,
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The 52 year (and ongoing) CalCOFI time series pro-
vides a sufficiently long measurement record to differ-
entiate ecosystem perturbations of different types: El
Nio-La Nia cycles, secular trends, and Regime Shifts.
The geographic location of current CalCOFI sampling
is well situated for early detection of ecosystem state
changes because of proximity to a biogeographic bound-
ary region: for marine zooplankton the cool water
Transition Zone fauna intersects the warm water Sub-
tropical fauna. Our retrospective studies of CalCOFI
zooplankton assemblages, conducted as a part of the
U.S. GLOBEC NE Pacific program, have uncovered
evidence for changes in diverse epipelagic zooplank-
ton taxa, including salps, doliolids, pyrosomes, and
euphausiids, in both 1977 and 1999. Beginning in
1999, several physical properties in the water column
changed: the PDO index changed sign, SST measured
at the Scripps pier decreased, and the water column
in the CalCOFI region became less thermally strat-
ified. In parallel with these physical changes, total
zooplankton biomass has been anomalously high since
1999, abruptly reversing the previously documented
long term decline in biomass. A number of cool-
regime zooplankton taxa have increased in biomass and
several warm-water zooplankton taxa have decreased
in abundance. Decadal-scale variations in subtropi-
cal euphausiids, in particular, are correlated with vari-
ations in the large-scale PDO index. We hypothe-
size that transitions into a warm regime are initiated
by increased northward transport, but then subtropi-
cal taxa subsequently become self-sustaining in the re-
gion through increased survivorship and reproduction.
Transitions into a cool regime, such as seems to have
occurred in 1999, would be initiated through intensified
southward transport.

OS51H-05 0930h

Marine Bird Populations in the
Southern California Current System:
Response to Oceanographic
Variability Over Multiple Temporal
Scales

William Sydeman1 ((415) 868-1221 x19;
wjsydeman@prbo.org)

David Hyrenbach1 (khyrenba@earthlink.net)

Richard Veit2 (veit@postbox.csi.cuny.edu)

Kyra Mills1 (klmills@prbo.org)

1PRBO Marine Science Division, 4990 Shoreline High-
way, Stinson Beach, CA 94970, United States

2Biology Department, College of Staten Island, Staten
Island, NY, United States

We have surveyed the demography and diet of
seabird populations breeding at the Farallon Islands
(central California, 1971- 2001), and marine bird abun-
dance and community structure at-sea using seasonal
CalCOFI cruises (southern California, 1987- 2001).
Our research suggests that seabirds respond to variabil-
ity in ocean climate at two temporal scales: short-term
(interannual) fluctuations associated with ENSO vari-
ability, and longer-term (decadal) trends in response
to ocean warming. In the short-term, changes in at-
sea communities, diet, and reproductive success have
been dramatic, apparently in response to transient
warm-water and cold-water events. In the long-term,
seabird abundance, community structure, diets, and re-
productive success have undergone gradual and persis-
tent changes, concurrent with an increase in ocean tem-
perature and a decrease in macrozooplankton biomass.
In particular, our research has revealed that seabird

species with high foraging costs appear to be most sus-
ceptible to climatic changes in the productivity of the
California Current. The CalCOFI program has doc-
umented declines in the at-sea abundance of the nu-
merically dominant cold-water seabirds (Sooty Shear-
water and Cassins Auklet), concordant with changes
population declines (50% - 90%) and shifts in the diet
and productivity of locally-breeding populations at the
Farallon Islands. These results suggest that specific
life-history adaptations influence community-level re-
sponses to climatic change, and highlight the value of
marine birds as indicators of changes in marine ecosys-
tems.

OS51H-06 0945h

Climate-Driven Changes in Kelp Forest
Distribution and Productivity in the
Southern California Bight Since the
Last Glacial Maximum

Michael H Graham (mhgraham@ucdavis.edu)

Center for Population Biology, University of Califor-
nia, Davis, CA 95616, United States

Kelp forest distributions are constrained by the
availability of rocky substrate within the depth range
tolerable for growth and reproduction. The size and
distribution of such reefs may vary over relatively
short geological timescales (100s of yrs) due to interac-
tions between coastal bathymetry and climate-driven
changes in eustatic sea level. I developed a digital
bathymetric map for the southern California coast. Us-
ing a Geographic Information System (GIS) and pub-
lished sea level curves and kelp depth tolerances for
the same region, I reconstructed changes in the maxi-
mum size, distribution, and productivity of insular gi-
ant kelp (Macrocystis pyrifera) forests in the Southern
California Bight since the last glacial maximum. Re-
constructions were validated by comparing the known
size and distribution of present-day giant kelp forests
to GIS predictions based on current sea level. Recon-
structions predicted that the total area of available
kelp forest habitat was approximately 200% greater at
16.5 kyr BP (1130 square km), than at present (382
square km). Available kelp forest habitat during the
last glacial maximum (18.5 kyr BP; 628 square km)
was approximately 64% greater than at present, the
difference between 16.5 and 18.5 kyr BP being due to
greater exposure of the steep shelf slope during lowest
sea levels. Coupled with area-specific biomass and pro-
ductivity estimates from present-day kelp forests, these
reconstructions suggested more productive and spa-
tially extensive kelp forests in the Southern California
Bight near the last glacial maximum than at present.
The large climate-driven (i.e. sea level) decreases in
kelp forest distribution and productivity since the last
glacial maximum likely had important historical im-
pacts on the ecology and evolution of the present-day
kelp ecosystem, as well as the exploitation of marine
resources by the early human inhabitants of southern
California.
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The modulation of Pacific Decadal
Oscillation on the ENSO activities
and ecosystem responses in the
equatorial Pacific: a coupled
biological-physical modeling study

Mingshun Jiang1 (jiang@athena.umeoce.maine.edu)

Fei Chai1 (fchai@maine.edu)

Richard T Barber2 (rbarber@duke.edu)

Richard C Dugdale3 (rdugdale@sfsu.edu)

1School of Marine Sciences, 5741 Libby Hall, Univer-
sity of Maine, Orono, ME 04469, United States

2Duke University Marine Lab, Beaufort, NC

3Romberg Tiburon Center, San Francisco State Uni-
versity, Tiburon, CA

Although decadal scale physical changes have been
observed at several locations in the Pacific Ocean, it
remains largely unclear how these subtle but perva-
sive variations have altered ecosystem processes and
biogeochemical fluxes. Based on a coupled biological-
physical model forced with observed surface wind and
heat flux between 1955-1993, we compare the ecosys-
tem responses to the ENSO events in the equatorial
Pacific before and after the climatic regime shift oc-
curred in 1976/77. The results show decreased nutri-
ent fluxes and generally reduced primary production in
the equatorial Pacific during the warm phase of PDO.
These decreases of nutrient fluxes are largely due to
the reduction of interior meridional fluxes from both
north and south subtropics. In addition, the ther-
mocline tilt along the equator decreases in response
to westerly anomalies in the western Equatorial Pa-
cific. This combined effect enhances the strength of
El Nino events while it weakens the La Nina events,
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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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1990’s Ecosystem Change in the Eastern
Tropical Pacific Ocean?

Paul C. Fiedler1 (858-546-7016; pfiedler@ucsd.edu)

Valerie A. Philbrick1 (Valerie.Philbrick@noaa.gov)

Lisa T. Ballance1 (Lisa.Ballance@noaa.gov)

Robert L. Pitman1 (Robert.Pitman@noaa.gov)

1NOAA/National Marine Fisheries Service/Southwest
Fisheries Science Center, 8604 La Jolla Shores Dr.,
La Jolla, CA 92037, United States

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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Climate-Related Ocean Ecological
Responses - Forecasting for Proactive
Resource Management

Gary D Sharp1 (831-449-9212;

gsharp@montereybay.com)

Leonid Klyashtorin2 (Klyashtorin@mtu-net.ru)

James D Goodridge3 (jdg@mcn.org)

1Center for Climate/Ocean Resources Study, PO Box
2223, Monterey, CA 93907, United States

2Federal Institute for Fisheries and Oceanography
(VNIRO), Leninsky pr. 69, cor. 2., 351,, Moscow,
RUS 11729

3California State Climatologist, retired,, PO Box 750,
Mendocino, CA 95460, United States

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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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


