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“. .. without speculation there is
no good and original observation”

Charles Darwin, Letter to A. R. Wallace (22 Dec 1857). In Alfred Russel Wallace and Sir
James Marchant (ed.), Alfred Russel Wallace: Letters and Reminiscences (1916), 109.



The most intense coastal upwelling systems in the world’s oceans:
1. Somalia

2. Namibia

Special example
3. Oregon






1. Somalia

1. Somalia

SST in July 2003 (Southwest Monsoon), from the MODIS satellite. Source: NASA Goddard Earth
Sciences (2007a).

Chlorophyll

Huge quantities of unoxidized organic
production spewed directly outward
into the Arabian Sea proper producing:

severe hypoxia at depths as shallow as
50 to 125 meters over large areas of
the northern Arabian Sea;

thickest low-oxygen layer to be found
anywhere in the world's oceans;

one of the top three water-column
denitrification sites in the world’s
oceans;

one of the world’s most important
zones of oceanic methane emissions.

very scattered, widely spread, very
patchy, intense near-surface patches
of deoxigenation.












2. Namibia

Sea Surface Temp (° Q) Chlorophyll Pigment (mg m?)
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Luderitz, Namibia (the strongest zone of
sustained (year round) upwelling in the world)



Satellite (“quasi-true color) image of
the Namibian Desert coast, showing
the surface manifestation of an
eruption (9 Jan 2003)

The “milky-turquoise”-colored area is
produced by reflective micro-particles
of elemental sulfur produced as the
toxic hydrogen sulfide is oxidized as it
passes through the oxyginated waters
near the sea surface

In addition to the toxic effects of the
hydrogen sulfide, this strips the
oxygen from the water column
producing an even longer lasting
adverse biological effect



MECHANISM:

1.Massive deposition and anoxic decomposition of organic matter
2. Effervescence of bubbles of CH,and CO,

3. H,S diffuses into bubbles and is carried upward in an eruption
4. Eruption triggered by episode of low hydrostatic pressure

5. H,S oxidized to elemental sulfur (visible from satellite)

EFFECTS:
H,S
highly toxic

strips dissolved oxygen from the water column
Injection of nutrients

CH, is a particularly potent greenhouse gas (GWP=21)

GWP (Global Warming potential): ratio of the global warming effect produced by one
unit mass of a greenhouse gas to that produced by one unit mass of CO,



R. Endler
IOW (Baltic Sea Research Inst)

Acoustic trace: new emissions —> methane layer disappears
at eruptive points, bubbles emanating from the surface



Thiomargarita

namibiensis

“Sulphur pearl

of Namibia”

e largest known bacteria in world! (a single
bacterium can be seen with the naked eye)

e discovered 1997

e occur at & near the surface of diatomaceous
layer, where sustain themselves by oxidizing
sulphide with nitrate from the water column
above




ROV footage of bacteria mats at 47m water depth
-> bubble craters from which methane escapes from the sediment.
Methane generated within the sediment is present as free gas in extensive pockets below

the diatomaceous mud belt.



. « o . . . R. Endler
Sediment seisimic survey: Pelican Point Crater IOW (Baltic Sea Research Inst)

Crater: 3km long & 6m deep = mud displaced during an eruption event,
pressure change causes release of methane beneath the sediment,
carrying hydrogen sulphide into the water column.






For a full year and a half after initiating regularly monitoring of eruptions there was
nearly contiually one or more eruption episodes underway somewhere along the
Namibian coast

Then the eruptions ceased entirely for a full year, at least — suggesting a degree of
transient dynamic equilibrium that could be somehow abruptly be switched from one
state to another

During that year the Namibian National Marine Resources Information Center put a
notice on their website of an apparent “minor rebound” of sardine reproductive
activity along the Namibian coast
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What about the earlier suggestion that sardine abundance
might be a “significant variable” in a “triggerable instability”?



What about the earlier suggestion that sardine abundance
might be a “significant variable” in a “triggerable instability”?

“. .. without speculation there is
no good and original observation”

Charles Darwin, Letter to A. R. Wallace (22 Dec 1857). In Alfred Russel Wallace and Sir
James Marchant (ed.), Alfred Russel Wallace: Letters and Reminiscences (1916), 109.



Sardine
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Very strong swimmer and migrator

Very fine gillraker filter mesh
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Very strong swimmer and migrator

Very fine gillraker filter mesh
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http://ceoas.oregonstate.edu/about/files/OceanOffOregon.pdf
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Is dead zone spreading to Washington?

Scientists have documented a large pool of oxygen-poor water
off Oregon's coast, and reports of dead crab and fish from
Washington sugqgest it may extend much farther north.

Moclips to the
Quinault River:

Several species of dead

fish washed up on the
beach. Tribal
fishermen reported
dead crab in pots.

Westport: Commercial
fishermen also have
reported dead crab in
their pots.

Kalaloch to Copalis:
Preliminary data show
low dissolved oxygen
levels. Volunteers
report large numbers
of dead crab on the
beach.
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“. .. without speculation there is
no good and original observation”

Charles Darwin, Letter to A. R. Wallace (22 Dec 1857). In Alfred Russel Wallace and Sir
James Marchant (ed.), Alfred Russel Wallace: Letters and Reminiscences (1916), 109.
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