news & views
OCEAN BIOGEOCHEMISTRY

Bacterial bloom and crash

Microbes quickly consumed much of the methane released in the 2010 Gulf of Mexico oil spill. Time-series
measurements now suggest that, after a steep rise, methane oxidation rates crashed while hydrocarbon discharge
was still continuing at the wellhead.
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released, methane oxidation rates peaked as
early as May and early June, and dropped
suddenly and drastically in late June, despite
methane concentrations remaining about
5,000 times above background levels.
Deepwater methane levels can be raised
not only by a blowout, but also by methane
seepage from natural seabed sources, such
as seeps and gas hydrate dissociation.
In both cases, microbial respiration of
methane in the water column is the last
filter before the greenhouse gas is emitted
to the atmosphere, and could lead to local
hypoxia and ocean acidification. Fully
understanding the biological response to the
catastrophic deepwater injection of methane
to the Gulf of Mexico in 2010 and its fate
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he Deepwater Horizon blowout
on 20 April 2010 released at least
4 million barrels of oil into the
Gulf of Mexico before it was capped
83 days later 1, on 15 July. Methane, a potent
greenhouse gas, was the most abundant
compound released during the oil spill,
and most of it was initially concentrated in
lateral layers below 800 m water depth2–5.
This massive injection of methane was
thought to have been consumed entirely
by a bacterial bloom that occurred
between July and August 20104. Writing
in Nature Geoscience, Crespo-Medina and
co-workers6 conclude that, by contrast,
although a bacterial bloom did indeed
respire a significant fraction of the methane

Figure 1 | Gulf of Mexico chemical mix. Following the blowout of the Deepwater Horizon oil well in
April 2010, aircraft sprayed oil-dispersing chemicals onto the ocean surface as well as directly at the
hydrocarbon jet that escaped from the wellhead. Deepwater Horizon emissions occurred at 1,485 m, and
a substantial portion of the discharge consisted of gaseous hydrocarbons that initially were suspended
in deep waters between 800–1,200 m depth in lateral layers. The hydrocarbons, and probably some of
the hydrocarbon-based dispersants suspended in the water, were initially consumed rapidly, with a peak
in late May and early June6. Crespo-Medina and colleagues document, however, that well before the
blowout was finally capped, methane oxidation rates by microbes dropped drastically, leaving much of
the methane to linger in the water column for months.
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in the water column is critical in preparing
for future well blowouts as the oil and gas
industry moves into deeper waters.
Approximately 1.7 × 1011 g of light
hydrocarbon gases was released to the
water column from the wellhead at about
1,485 m depth. Methane accounted for
about 80% of this gas2. In addition to the
turbulent discharge of gas and oil, about
0.77 million gallons of dispersants — a
mixture of surfactants and hydrocarbonbased solvents that allow oil to dissolve
and be microbially degraded in the water
column — were sprayed directly at the
hydrocarbon jet between 15 May and
12 July 2010 as it escaped at the wellhead7.
As a result, sea water sampled in the lateral
layers below 800 m affected by the blowout
included dissolved hydrocarbons, small
oil droplets and dispersants, and may have
also included metastable gas hydrate and
soluble petroleum compounds3,8. These
layers of contaminated sea water were
tracked 120 km northeast of the wellhead
and 505 km southwest by dissolved oxygen
anomalies associated with hydrocarbon
oxidation, and fluorescence resulting from
the presence of residual oil4,9.
Low methane oxidation rates, around
10 nM d−1, were previously reported
for mid-June, despite extraordinarily
high methane concentrations5,9. By late
August, measured methane concentrations
southwest of the wellhead were at
background levels and dissolved oxygen
anomalies persisted4. Integrated dissolved
oxygen anomalies were similar in magnitude
to the oxygen demand expected for
respiring the amount of natural gas released
during the spill. The good match between
observed oxygen anomalies and inferred
oxygen demand led to the conclusion that
methane oxidation rates must have peaked
at the end of July, and that a bacterial bloom
consumed the entire mass of methane
emitted by late August 20104. Unfortunately,
the expeditions that these findings were
based on did not start until 18 August 2010,
forcing the authors to infer the extent of the
microbial response and methane dynamics
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during the critical period between late June
and early July 2010.
Crespo-Medina and co-workers6 report
the findings from ten research expeditions
that span the period from March to
December 2010. The data culminate into
an impressive quasi-three-dimensional
time series of direct measurements of
methane concentrations, microbially
mediated methane oxidation rates, and
methanotroph functional gene abundance
(pmoA) and diversity over a large geographic
area. They show that the system was more
dynamic than previously recognized.
The results confirm that the gas-rich
deepwater intrusions were short-lived
features. However, the results suggest that
the methane dispersed and concentrations
remained elevated well above background
levels over a large area north and northeast
of the wellhead beyond August 2010.
Methane oxidation peaked in late
May and early June at rates as high as
5,900 nM per day — but, by late June, the
bacterial bloom crashed, with rates suddenly
decreasing to less than 50 nM per day
and further decreasing to 3–5 nM per day
by December 2010. Methanotroph gene
abundance directly tracks the rise and fall of
methane oxidation rates, and was dominated
by novel methanotrophs. Crespo-Medina
and co-authors hypothesize that these novel
methanotrophs were largely responsible
for the extreme methane oxidation rates
measured in late May and early June.
What stimulated the bacterial bloom
is not clear. But the efficient and rapid
response of the microbial community to this
massive injection of methane is impressive.
Even more surprising is the sudden drop
in metabolic activity despite the presence
of sufficient methane and oxygen. Based
on the available data, it was not possible

to isolate the cause of this decline in
activity, but it could be the result of grazing
pressure, mortality or trace metal limitation.
Alternatively, methane concentrations may
have dropped below the levels required
by the novel methanotrophs. As methane
oxidation rates fell, methane turnover
times rose from less than two months4 to
more than 400 days, allowing enriched
methane concentrations to persist and
disperse throughout the water column6.
The physical mechanisms that led to the
enhanced dispersion and vertical mixing of
methane are poorly constrained. However,
the findings indicate that the microbial
community was not substrate limited as
inferred earlier 4, and instead environmental
or physiological factors ultimately limited
methanotrophic activity.
The rise and fall of methanotrophy
during the Deepwater Horizon oil spill
limited the development of localized zones
of intense ocean acidification and hypoxia
predicted in earlier studies3. It is likely that
most of the residual methane present after
the sharp decline in methane consumption
in late June 2010 was slowly oxidized
throughout the entire water column, with
an unconstrained fraction emitted to the
atmosphere. The interactions and feedbacks
between fluid mixing, chemical dynamics
and microbiology that governed the fate
of the methane are complex and still
poorly constrained.
Many have viewed this spill as a proxy
for the natural release of methane from
seabed sources. However, the composition
of the gas-and-oil plume emitted at the
wellhead was very different from methane
emissions at natural seep sites. The plume
consisted of a multitude of phases that
affected its physicochemical behaviour in
the water column, including the presence

of dispersants that were used for the first
time subsea. Considering this unique
composition and the unexpected and
unexplained patterns of microbial activity
and population, caution is advised when
extending insights about the microbial
response and methane dynamics from
this anthropogenic event to natural
seep systems.
The rapid biogeochemical and physical
changes in the Gulf of Mexico during the
Deepwater Horizon spill, as reported by
Crespo-Medina and colleagues6, are striking
and should prompt follow-up research
on the specific environmental factors that
shape and regulate the ecosystem response
to large-scale methane releases from the
sea bed. Even with data from nine months
of campaign-style monitoring in hand,
the complexities of the response of the
biosphere to this massive disturbance
have limited our ability to fully constrain
the ultimate fate of methane from the
Deepwater Horizon blowout.
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Ethanol and ozone

Ethanol has been heralded as a cleaner fuel for cars than gasoline. An analysis of air quality data suggests that a
switch from ethanol to gasoline use in São Paulo in response to changing prices led unexpectedly to lower local
levels of ozone pollution.

Sasha Madronich

G

round-level ozone is a significant
pollutant in urban environments,
and accounts for several hundred
thousand premature deaths every year
worldwide1,2. Ozone is generated at the
surface when mixtures of volatile organic

compounds and nitrogen oxides are
exposed to sunlight. Traffic is a key source
of both classes of compounds. However,
the relative impacts of different fuel types
on air quality, notably the relative merits
of ethanol versus gasoline, are difficult to
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assess. Writing in Nature Geoscience, Salvo
and Geiger 3 show that ozone levels fell in
São Paulo, Brazil, between 2009 and 2011,
when fluctuations in the price of ethanol
relative to gasoline initiated a switch from
ethanol to gasoline use.
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