Class 25: Upwelling, El Nino & PDO

1) The role of turbulence & Nutrients
in controlling phytoplankton
production along an inshore-offshore
gradient: Lasker’s Stable-Ocean
Hypothesis
2) El Nino & PDO

Slide 1 1) The role of turbulence &
Nutrients in controlling phytoplankton
production along an inshore-offshore
gradient: Lasker’s Stable-Ocean
Hypothesis

2) El Nifio & PDO

Class 25, Tu 2 December 2008

NOTES:

Remaining Lecture Schedule

Slide 2 Remaining Lecture Schedule

e Class 25, 12/2/08 Tu
» El Nifio, La Nifia, PDO
» Gyre production and the solution to the great debate over gyre productivity
» Topics for study questions emailed to class
e Class 26, 12/4/08
» Final exam questions handed out
» Satellite Remote Sensing
e Class 27, 12/9/08
» Microbial processes
e Class 28, 12/11/08
» Final Class, Zooplankton Vertical migration game
e Final Exam, 9 am - Noon12/15 Monday
> 3 hour closed book
> UMB in classroom, Amherst & Lowell: pdf will be mailed to proctors

o Term papers (5-10 pages double spaced) due 12/22 by email (or earlier)

NOTES:

Study Question Topics

Slide 3 Study Question Topics

e Benthic Community Structure & OCS oil exploration
» Describe the patterns of benthic community structure on the outer continental shelf
of your choice (North Sea, Gulf of Mexico, California, Georges Bank). Either
describe the observed effects of outer continental shelf oil exploration on these
ecosystems or methods that could be used to assess the effects of OCS oil
exploration.
» Matlab option: Analysis of patterns of Georges Bank community structure (would
have to be done over January break) using Matlab.
» Updated pollution handout coming with references on each OCS area
® 2) Primary production
» What is the geritol solution to global warming and might it work?
e 3) Upwelling & Zooplankton
» How do ENSO, NAO and PDO affect patterns of primary and secondary

production? Choose either ONE NAO effects in the Gulf of Maine or PDO effects
off the West Coast and central Gyre

NOTES:
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Class 25: Upwelling, El Nino & PDO

Slide 4 Margalef’s Mandala & Turbulence
Margalef’s Mandala & Turbulence
Margalef (1979) modified by Smayda & Reynolds (2001)
NOTES:
- Slide 5 Phytoplankton habitats along an
_ Phytoplankton habitats along an inshore-offshore mixing & nutrient
inshore-offshore mixing & nutrient .
. gradient
gradient
From Reynolds (2006), Smayda & Reynolds (2001)
Vertical Eddy Diffusivity (k,)
NOTES:
Sverdrup’s Critical
Depth Concept
Slide 6
Vertical Eddy Diffusivity (k,)
NOTES:
Eugene Gallagher @ 2010
Page 2 of 16

cow, umb , edu


IT
Stamp


Class 25: Upwelling, El Nino & PDO

Slide 7 Ryther’s sampling protocol

Ryther’s sampling protocol

5 days of sampling with a parachute drogue

NOTES:

/_/End

— Start

Slide 8 Coastal Upwelling off Peru

Coastal Upwelling off Peru

Equatorward NOTES:

wind shear
stress

The barotrop c &
barocl n ¢ pressure
grad ents produce
geostroph ¢
surface &
subsurface
currents

=== upward-sloping
isobars anc

Slide 9

End, .

Eugene Gallagher @ 2010
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Class 25: Upwelling, El Nino & PDO

Production very high

<—Phosphorus
<«— Direct POC
5 days

Slide 10 Production very high

NOTES:

Conclusions: Ryther et al. (1971)

Grazing implicated to account for decrease in biomass
after day 3 — Could it be sinking?
® Phytoplankton species succession
» Chaetoceros debilis, a diatom, most abundant species
» Rapid replacement by Chaetoceros socialis
» 9 species described

® Phytoplankton standing stock peaked at 3 days
returned to low levels after 5 days
® Highest production measured in the ocean at that
time
»3-11 g C m? d" production (Avg=10 g C m2d™)
® Phytoplankton population ultimately controlled by
grazing (or sinking)

Slide 11 Conclusions: Ryther et al. (1971)

NOTES:

Production at upwelling centers

Maclsaac et al.’s 4-stage succession (8-10 d period, 30-
go km advection from upwelling center)
e Stage |: Seeding the water mass
> High DIN, low temperature
» High mixing (low average light intensity)
» Seeding of the water mass stochastic
e Stage II: Shift up
> P vs. | parameters (a and assimilation no.) adjust to new light regime
» High nutrient uptake
e Stage lll: Zone of peak growth, day 3 in Ryther et al. 1971
» Zone of rapid successional change
e Stage IV: Shift down, Day 5 in Ryther
> Nutrient depletion OR grazing

Note: Many of these changes in P vs. | and nutrient

uptake characteristics may be associated
phytoplankton succession

Slide 12 Production at upwelling centers

NOTES:
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Class 25: Upwelling, El Nino & PDO

Vertical Eddy Diffusivity (k,)

.

Slide 13

NOTES:

Critical depth and upwelling:

Huntsman & Barber (1977), discussed in Mann & Lazier
Northwest African Upwelling

High production is inversely correlated with
upwelling favorable winds!

Sverdrup’s critical depth is key.

Phytoplankton light-limited under high winds and
vertical mixing regimes (wind speed>10 m s™).

» Phytoplankton adjust the assimilation number in response
to higher average light intensities

» With mixing, no shade acclimation observed between
shallow & deep phytoplankton samples

® Blooms occur after stratification events

Slide 14 Critical depth and upwelling:

NOTES:

NW African Upwelling

Huntsman & Barber (1977)
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Slide 15 NW African Upwelling

NOTES:

Eugene Gallagher @ 2010
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Class 25: Upwelling, El Nino & PDO

Slide 16 NW African Upwelling

NW African Upwelling

Primary productivity inversely correlated with
upwelling-favorable winds Huntsman & Barber (1977)

eWith wind velocities over 10 NOTES:
m s, phytoplankton are
mixed so deep that they are
light-limited
» The mixed layer depth exceeds the
critical depth
eWhen upwelling-favorable
winds die down
» Water column warms & stratifies
» Assimilation number increases
» Nitrate uptake at high rate
eSverdrup’s critical depth
concept applies

Slide 17 Lasker’s stable-ocean hypothesis

Lasker’s stable-ocean hypothesis

Species composition & non-steady state conditions key

® Why is there large year-to-year variability in Northern
anchovy standing stocks off California? NOTES
® Are the 1st feeding larvae food limited?
> Lasker took first- feeding larvae on-board ship
> They starved except in water from the subsurface Chl a maximum
(SSCM)
» The SSCM dominated by 40-um Gymnodinium spiendens
® A period of stable water required after intense upwelling
» Hunstman & Barber (1977) found that Chl a concentrations and
production were inversely related to upwelling winds.

e During El Nifio years, the water column is stable, but
production is drastically reduced and first-feeding larvae
starve

Slide 18 MA Bay subsurface Chl a
MA Bay subsurface Chl a maxima maxima

Haury et al. (1983)

NOTES:

Eugene Gallagher @ 2010
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Class 25: Upwelling, El Nino & PDO

Slide 19 El Niiio, La Nifia & PDO

NOTES:

El Nino, La Ninha & PDO

Slide 20 El Nifo: warmer water than

El Nino: warmer water than usual usual near Peruvian coast
near Peruvian coast

Weakened easterly winds, and reduced SST gradient.
Note deepening of

the nutricline & NOTES:

thermocline

Slide 21 The Equatorial Divergence
The Equatorial Divergence (CZCS) (CZCS)
Sea-surface Temperature: Non-El Nifio Year
NOTES:
Eugene Gallagher @ 2010
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Class 25: Upwelling, El Nino & PDO

The Equatorial Divergence (CZCS)

Sea-surface Temperature: El Nifio Year

Slide 22 The Equatorial Divergence
(CZCS)

NOTES:

El Ninos: ‘83, ‘97-99,‘06; La Nifa in
‘07; ENSO neutral in 2008

http://www.cdc.noaa.gov/people/klaus.wolter/MEI/

[

with cooler than average Eastern equatorial waters 200
1s ENSO neutral There Is also a long term climate pattern

2006 was a mild El Nifio year (red), 2007 La Nifia (blue),
8
In the Pacific called the Pacific decadal oscillation

Slide 23 El Niiios: ‘83, 97-99,°06; La Niia
in ‘07; ENSO neutral in 2008

NOTES:

Multivariate ENSO Index

2006: a weak to moderate EI Nino event

Slide 24 Multivariate ENSO Index

Eugene Gallagher @ 2010
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<—
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Class 25: Upwelling, El Nino & PDO

Slide 25

‘98 ‘83

NOTES:

‘83 ‘98

— Slide 26 La Nifa: colder water near
La Nina: colder water near eastern eastern ocean boundary
ocean boundary
Period of more intense Easterly winds

NOTES:

<€ 2007

Slide 27 Ecological effects of El Nifio
Ecological effects of El Nifo

Barber & Chavez (1986) for ecological effects of ‘83 El

® Reduced production n'gg?the coast and equator NOTES:
> In 1982-1983, production at the Peruvian upwelling center .
reduced despite “normal” equatorward winds

» CO, flux to the atmosphere decreases: Why?

® Reduced abundance of microphytoplankton,
macrozooplankton and fish
» Birds along the equator abandon their nests, Schreiber &
Schreiber (1984) Central Pacific seabirds and the El Nifio

Southern oscillation: 1982-1983 perspectives. Science
225: 713.

» Fish populations are reduced or migrate

Eugene Gallagher @ 2010
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Class 25: Upwelling, El Nino & PDO

Slide 28 El Nino effects off California

El Nino effects off California

Chavez et al. 2002 Prog. Oceanogr. 54: 205-232.

NOTES:

Slide 29 Global Fisheries & El Niiio

Global Fisheries & El Niino

Watson & Pauly (2001) Nature 474: 534-536.

NOTES:

Slide 30 El Nifo reduces oceanic flux of

El Nifio reduces oceanic flux of CO, to atmosphere; forest
fires caused by El Nifio drying can increase co, CO2 to atmosphere; forest fires caused by
Saxmiontol&lGnberR2000 El Nifio drying can increase CO2

/ During EINifio '\

there 1s much
lower equatorial
production BUT
the most .
important effect Is NOTES ‘
reduced
upwelling of CO,
rich water which
normally
outgasses at

\ equator /

Eugene Gallagher @ 2010
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Slide 31 El Nifio & equatorial outgassing

El Nifo & equatorial outgassing

From Broecker & Peng, Tracers in the Sea; During EIl
Nifio, oceanic CO, outgassing reduced (30-80%), but
terrestrial production also reduced: increased fires NOTES

lead to INCREASED CO, during later stages of El Nifio .

\EI

Nifio

Feeley et al. 1999 Science
Fires: van der Werf et al. 2004 Science

Slide 32 Pacific Decadal Oscillation (PDO)

Pacific Decadal Oscillation (PDO)

Strongly related to long-term ENSO patterns

Temperature anomalies NOTES:
Warm phase on CA Cold phase on CA
coast; cool in gyre coast; warm in gyre

http://tao.atmos.washington.edu/pdo/

Slide 33 McGowan’s CALCOFI data

McGowan’s CALCOFI data CEQ_? P
Zooplankton ‘58-'59 EI Nifio & PDO ol LOn S NI & DD

Roemmich & McGowan 1995 Science 267: 1324-1326

80% decline in NOTES:
zooplankton biomass
over 43 years in the
California Current
Ecosystem

Eugene Gallagher @ 2010
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Slide 34 Pacific regime shifts

Pacific regime shifts

Hare & Mantua (2000) Prog. Oceanography 47: 103-145

NOTES:

PCA of 100
environmental
time series: 31

climatic & 69
biological

Slide 35 Pacific Regime shifts: 1977 &
Pacific Regime shifts: 1977 & 1989 1989

Hare & Mantua (2000, Prog. Oceanogr.)

NOTES:

Slide 36 PDO, ENSO & CALCOFI
PDO, ENSO & CALCOFI zooplankton zooplankton

Hare & Mantua 2000 Figures A5 & A9

PDO

NOTES:

ENSO

Regime shifts indicated by
vertical dotted lines

Eugene Gallagher @ 2010
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Slide 37 PDO Regime Change/Domain
PDO Regime Change/Domain Shift Shift
Scheffer et al. 2001 Nature 413: 591-596
1977 & 1989 shifts
NOTES:
Slide 38
NOTES:

Chavez et al.
(2003) Fig. 1;
Peruvian fish
landings

Slide 39 Anchovy & Sardine Regimes

Anchovy & Sardine Regimes

Chavez et al. 2003

/ Thishasa NOTES:

much
bigger
effect on
Northern
Anchovy
than
Lasker’s
stable
ocean
hypothesis

e

Eugene Gallagher @ 2010
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Slide 40 1960s -> 1978 Anchovy (Cold)
1960s -> 1978 Anchovy (Cold) Regime
Regime
Chavez et al. (2003) Science

eCalifornia current
> Higher nutrients

» High macrozooplankton (Calanus NOTES .

pacificus) off California
> More seabirds
> More salmon
oGyre

> Deeper gyre thermocline &

nutracline
> Chl a concentration 2X lower
> lower gyre productivity

Slide 41 1930s & 1980s Sardine (Warm)
1930s & 1980s Sardine (Warm) Regime
Regime
Chavez et al. (2003)

eCalifornia & Peru in 1930s &
1980s: Sardine Regime .
» Low macrozooplankton off CA NOTES .
» Deeper thermocline
> Less salmon

» Off Alaska & British Columbia
= More salmon

= Higher production
oGyres
» Shallower thermocline
» Much higher production in gyres

Slide 42 The domain-shift hypothesis

The domain-shift hypothesis

2x -3x increase in Chl a and production

o P, NOTES:
Be by 1 Stk | Karletal
o T (2001): No
s : - nom —> strong
w:;; Er= 4{\7‘: n/m‘n nnuv( m,‘,. Er Eal =\ | d ence for
T - L. trace metal
5 A7 o, | effectson
€ it t.lr v production
AT <
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Trichodesmium & gyre N, fixation

Mat-forming N,-fixing cyanobacterium, Capone et al.
(1997) Karl: regime change with
more Fe in Pacific in the
1990s

BATS (more Fe)

Hawaii

Nitrate + Nitrite

Phosphate .
More Fe-rich dust & N fixation

in Atlantic (Wu et al. 2000)

Slide 43 Trichodesmium & gyre N2
fixation

NOTES:

Conclusions on gyres

Slide 44 Conclusions on gyres

From stable deserts to non-steady-state systems

Thesis

> Gyres as chemostat: slow (desert-like, 5-d doubling time), slow production (slow)
stable, steady-state
Antithesis: high y, high productivity (>>1g C m2d™)
Synthesis: high p, moderate production, non steady-state on short & long
time scales

» Mesoscale eddies, storms that produce short-term blooms important in controlling
DIN flux: episodic

» Effective f ratios, over the monthly time scale, are high, roughly 30-40%

Long-term decadal scale changes in nutrient input to the gyres, due to
the Pacific decadal oscillation (PDO)
= Doubling of Chl a from the 1960s to the 1980s
= Regime change due to
o change in depth to the nutracline
o enhanced Fe input: Increased frequency of N, fixing Trichodesmium in the Pacific in the 1990s

NOTES:

PDO Regime Change/Domain Shift

Scheffer et al. 2001 Nature 4713: 591-596
1977 & 1989 shifts

.
I
I
I
1
1
1

L]

o ——————9

Gradual changes in PDO results in large
shifts in ecosystem structure throughout the
Pacific

Slide 45 PDO Regime Change/Domain
Shift

NOTES:

Eugene Gallagher @ 2010
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Class 25: Upwelling, El Nino & PDO

Slide 46
PDO Regime
Changes: Sardines
off Peru with warm NOTES:

phases, Anchoveta
with cold phases

Chavez et al.
(2003) Fig. 1;
Peruvian fish
landings

Slide 47 Conclusions on upwelling

Conclusions on upwelling

Upwelling possible on all coasts & the equator

e Upwelling occurs along coasts and at the equator when
winds are upwelling favorable NOTES

o Ekman mass transport, associated with the Ekman spiral,

creates a divergence at the coast and at the equator

= Ekman spiral due to the balance of drag & Coriolis forces

= Surface current is 45° to the right of the wind in the surface.

= Velocity declines with depth, spiralling clockwise in the N, counterclockwise in
the S.

= At the Ekman depth, or depth of frictional influence, the currents are oriented
opposite to the surface current

= Net Ekman mass transport is 90° to the right of wind in the Northern
hemisphere (left in Southern hemisphere)

= Ekman transport creates a sea-surface tilt and upwelling producing windward
surface and opposite geostrophic counter currents.

Slide 48 Conclusions: El Nifo

Conclusions: El Nino

e During El Nifio years, easterly winds weaken, the
pycnocline on the Eastern boundary deepens, and NOTES:
the pycnocline on the Western boundary deepens

e Despite upwelling favorable winds, upwelled water
is warmer and contains lower nutrient
concentrations.

e | a Nifa is a period of intensive Easterly winds,
shallow pycnoclines and nutraclines on Eastern
boundaries

Eugene Gallagher @ 2010

Page 16 of 16

cow, umb , edu


IT
Stamp


