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California Current Ecosystem-LTER

FOCUS: Mechanistic understanding of ecosystem
transitions and long-term climate impacts

MAJOR RESEARCH ELEMENTS:

1. Long-term, systematic observations
CalCOFl, satellites, Stn M traps, gliders

CCE LTER

2. Experimental process studies
community dynamics, relationships
biogeochemical interactions

3. Modeling - ROMS, ecosystem
Hypotheses, synthesis, bridge scales
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Presentation Outline

New Perspectives on Old Problems
CalCOFI - sardines, zooplankton
Climate variability, PDO, upwelling

CCE Process Studies

Dynamics of lower trophic levels
Trophic constraints on export flux




Cyclical oscillations of pelagic fish

monthly values for the PDO index: 1900 — February 2007
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Sardine & Anchovy Regimes
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Zooplankton in the California Current
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Habitat Preferences of Sardine & Anchovy

@ Pacific sardine (Sardinops sagax)

Sardine: live offshore and eat
smaller prey

Anchovy: live nearshore and eat
larger prey

@ Northern anchovy (Engraulis mordax)

® Jack mackerel (7rachurus symmetricus)

San Francisco 18

— David Starr Jordan 16

__ New Horizon
14

onterey
12

10
Ce

§onception

- l » III|M. Ry bara
= Byl o 3 dta Monica
N .'hn‘

i
S

.\‘\“ Dana Point

- _San Di

. i !

Sa

Ehras sp. rdinops sp.

R. Rykaczewski



Upwelling Mechanisms
Coastal vs Wind Stress Curl

0 = macronutrients R. Rykaczewski



Retrospective Analysis

Monthly-averaged winds
NCEP/NCAR CaRDs10 model
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1 Northeast Pacific 2 California Current
Physical-Biological Variability CalCOFI| Observations

explains
PDO mode  =*P
Pacific Decadal Oscillation (PDQO)
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New Perspectives

Biomass of large zooplankton has NOT shown a
significant decadal trend

Sardine production related to the level of weak
curl-driven upwelling, NOT coastal upwelling

PDO may NOT be the climate mode that regulates
the processes of interest - upwelling
enhancement of nitrate, chlorophyll and small
zooplankton



California Current Ecosystem-LTER

FOCUS: Mechanistic understanding of ecosystem
transitions and long-term climate impacts

MAJOR RESEARCH ELEMENTS:

1. Long-term, systematic observations CCE LTER
CalCOFI, satellites, gliders ...

2. Process studies - experimental
community dynamics, relationships
biogeochemical interactions

3. Modeling - ROMS, ecosystem
Hypotheses, synthesis, bridge scales



Spatial Scale

We exploit the broad range of conditions that exist spatially
in the contemporaneous ocean as analogs of expanding/
contracting system variability that occurs in time.
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Lagrangian-designed Process “Cycles”

CCE Process cruises are organized
around activity cycles of several
days (mean = 4 days) that follow the
path of a satellite-tracked drifter.

Each cycle is a coordinated suite of
measurements to elucidate process
rates and relationships as the
community evolves in the marked patch
of water.




Experimental Concept

Sum of “measurable” processes account for
“observed” net rates of community change in the
ambient environment

Observed = Measured Process Rates

Net Rate = Phytopl - MicroZ - MesoZ - Export
of Change  Growth  Grazing Grazing



In Situ Experiments

CTD sampling - 8 euphotic depths

Environment: T, S, O,

Light: daily intgr PAR, noon bio-opt
Nutrients: P, N, Si

Particulates: transm, POC, PN, BSi
Community: FCM, HPLC, EPI

Experimental Rates

14C-primary prod (light+dark)

2-bottle dilution - specific u & micro-graz
14C-pigment labeling - taxon-specific y

Lagrangian design (net rates measured daily in bottles & field)
Every rate has full community & environmental data



Zooplankton + Export

Bongo Net: Rykaczewski, Ohman
mid-day, mid-night, 24-h diel
size-fract mesozoo biomass

gut fluorescence

laser OPC size spectra

MOCNESS: Ohman

mid-day, mid-night, 3 pairs/cycle
depth-stratified to 450 m
ZOOSCAN size analysis

Passive Export (Stukel)

Th:U disequilibrium
Sediment traps (100 m)

drift array
beginning-end of cycle
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Process Cruise
Drifter Tracks

P0605

May-June 2006

P0704
April 2007

CCE-P0605
MODIS-Aqua Chla w/ Globalstar drifter tracks

Chl_a, Days 093-108, 2007
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Depth (m)

System Variability
May-June 2006
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Phytoplankton Biomass & Growth
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In situ Drifter Results

All rates based on Chl a
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Drift Arrays: Fate of Primary Production

All rates based on fluorometric Chl a
depth-integrated for the euphotic zone
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Experimental Concept/Assumption
Sum measured processes = ambient “net” observed

Z-integrated Euphotic Zone
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Relative Grazer Roles
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Relative Grazer Roles
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Export Flux -- Thorium Deficiency
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Carbon-based Export Estimates
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Simple Food-Web Flux Model

E - ratio = 0.3(“M +(0.3) %)(1 _R)



Flux Model Prediction
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Simple Food-Web Flux Model

E - ratio = 0.3(“M +(0.3) %)(1 _R)



Varying MicroZoo Trophic Linkages
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ThE ratio

Pellet Remineralization
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CCE Process Experiments

Lagrangian design allows study of short-term temporal
dynamics in a spatially complex system

= Resolve ambient changes from sum of measured rates
= System patterns in biomass, growth and grazing

» Strong and variable role of mesozooplankton

= Simple food-web export model

Future directions ...

= Comparative seasonal cruise (Oct 2008)

= Taxon-specific analysis, size relationships

= Model development - parameterization, validation



CCE LTER

Summary

CCE has shed new light on old issues
Zooplankton biomass trends
Sardines & wind-curl upwelling
New mode of Pacific climate variability - NPGO

Process Experiments: lower food-web dynamics
Measurement-constrained budgets of PP fate
Coupling to ocean biogeochemistry (cycling & export)
Parameterization of ecosystem models




