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The Oceanic Response to increasing CO,
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Global Distribution of Hydrothermal Vent Fields
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Scale of Human & Volcanic Activity
Total Inputs to Atmosphere/Hydrosphere

Annual Flux: Humans Versus Volcanoes

CO2
Human 7.5x1014
Volcanic 6.8x1012
Ratio 1%
Volcanic/
Human

Fluxes in mol/year

SO2
1.9x10%2
5.8x10%?

300%

1.E+15

1.E+14

1.E+13

1.E+12

1.E+11

1.E+10

CO2

SO2

B Human

W Volcanic

Total fossil fuel +cement + land use from Le Quere 2010

Volcanic CO2 and SO2 from Fischer 2008 and Morner et al. 2002
Total anthropogenic SO2 from EDGAR database v4.1 for 2005




Volcanoes as Natural Laboratories




Magmatic CO2 is
common and effects
can be extreme

Gas + gas-heated,
Buoyant, cold partially-reacted seawater

CO, droplets
Liquid COZ\..

Hydrate
“cap” layer

seawater
o -

Lupton et al. 2006 9.3




Mussels Survive High CO2 at Eifuku
Adaptation?




Volcanoes and Coral Reefs Overlap
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Figure 2. Bathymetric map of the Mariana region
showing our study sites in the volcanic arc where
shallow CO2 vents are known or suspected.

Maug is the most accessible of
the 6 known sites in the
Mariana Arc with active
hydrothermal venting in the
photic zone.

Is Maug a good natural lab for
OA??

May 2014 Study Goals:

1. Determine pH & CaCO3
saturation gradients

2. Other Impacts of Venting

3. Coral experiments
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Transect along 15m In-situ pH/O2 profile, Intensive fluid/gas
depth profile —_\, CTD, Niskin, sediment sampling
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Pause for Maug Video
Taken by Stephani Gordon

Funded by
NOAA Ocean Exploration and Research







Diver Transect with SeaFET pH
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Aerial view of pH Anomaly
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Surface Anomaly Aerial view of pH Anomaly
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Sampling Gas Bubbles
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Maug Average Vent Gas

Compare to 90-99% CO2 at Papua New Guinea Sites
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Maug, East Island Vents




Shallow Gas Vent Sites

o e o

Tutum Bay
(reef)

Milne Bay
(reef)

Maug
(reef)

Milos
(rocky)

Ischia
(rocky)

Papua New
Guinea

Papua New
Guinea

CNMI,
Mariana
Trench
Marine
Monument

Greece

Italy

8.0to<7.7

8.1t0 6.9

8.07to7.7
Vents: 5.5

8.1to 6.57

94-98% CO2,
meteoric water,
High As and Fe,

pH 6.2,

Alk>12meq/L,

boiling
High CO2

60% CO2 gas,
seawater, high As
and Fe, pH 5.4,
Alk>3meq/L, 70°C

High CO2

>90% CO2

Massive
Porites
near vents

Massive
Porites
near vents

Massive
Porites
near vents

None

Absent
when
Qarag<2.5

Pichler et
al 1999

Fabricius
et al 2011

This study
and CRED
reports

Dando et
al 1995

Hall-
Spencer et
al 2008



Gradients of Carbonate Saturation at
Maug

Back- Moderate | Near-Vent | 60°C Vent
ground Fluid
pH 8.0 7.8 54

8.07
Tot DIC 1980 2000 2300 12,000
Ocareite 4.6 4.1 3.1 0.02
Q 3.0 2.7 2.1 0.02

Arag

Gradients around the vent site provide an ideal range of pH/saturation
conditions for coral ecology studies. AOML, PIFSC/CRED and NIST have
begun coral experiments.



Maug Time-series temperature data
from PIFSC/CRED monitoring
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2014 - Maug Main Vent Area

MTR data
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Coral Generic Richness and Abundance

from PIFSC-CRED
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Figure 16.5.1k. Observations of
coral generic richness and relative
abundance of coral genera from
REA benthic surveys of forereef
habitats conducted at Maug during
MARAMP 2007. The pie charts
indicate percentages of relative
abundance of key coral genera.
The quadrat method was used in
2007 to survey coral genera.

Porites genera most
abundant near the
vent site.

Below average generic
richness near vent site.



Percent Live Coral Cover, MARAMP
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Figure 16.5.1e. Cover (%)
observations of live and stressed
hard corals from towed-diver
benthicsurveys of forereefhabitats
conducted around Maug during
MARAMP 2007. Each colaored point
represents an estimate of live coral
cover over a 5-min observation
segment with a survey swath of
~ 200 x 10 m (~ 2000 m?). Pink
symbols  represent  segments
where estimates of stressed-
coral cover were > 10%. Stressed-
coral cover was measured as a
percentage of overall coral cover
in 2007.

Very low coral cover
north of the vent site



Vent Chemistry
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Vent waters are
highly enriched in
dissolved silica and
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Silica Enriched in Surface From
Hydrothermal Input
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Strong Correlation of Si and pH
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Nitrate and Phosphate Not Enriched
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Sediment Sampling and Analysis

e Sediment scoop samples analyzed by XRF
* Fine fraction is 60-75% iron

Image of sediment taken from just outside the
venting field, image width ~ 1cm



Total Suspended Matter Chemistry

As nmol/L
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Relevant Experimental Results:
Metals Can Affect Growth/Mortality;
Need data on arsenic toxicity

Cu concentrations of 10-20 pug/L (0.15-0.30 umol/L) caused
decreased growth and bleaching in coral Acropora cervicornis
(Bielmyer et al. 2010) and 80% mortality of Acropora at 40ug/L
(Jones 1997), while other species (Monastraea, Pocillopora) were
not significantly affected.

50umol/L concentrations of Cd, Cu, and Pb caused inhibition of
photosynthesis and growth in pure cultures of a Symbiodinium, with
different metals having different effects (Kuzminov et al 2013).

LC50 values of 15 umol/L Cd, 50 umol/L Pb, 60 pumol/L Ni, and 15
umol/L Zn reported by Howe et al. 2014 for cnidarian
representative.

Therefore expect a wide range of coral responses to increased
metal concentrations across coral species.
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. * Volcanic vents create long-term natural
laboratories to study ocean acidification.

e Field work in May of this year demonstrates
that Maug has excellent potential as a long-
term study site.

 The full range of chemistry and temporal
variability must be considered when
evaluating hydrothermal impacts.
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