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Gas Hydrates and Climate Warming—
Why a Methane Catastrophe Is Unlikely

By Carolyn Ruppel and Diane Noserale

[Modified from USGS Science Pick at http://
www.usgs.gov/blogs/features/usgs_science_
pick/gas-hydrates-and-climate-warming/.|

News stories and Web postings have raised
concerns that climate warming will release
large volumes of methane from gas hydrates,
kicking off a chain reaction of warming and
methane releases. But recent research indi-
cates that most of the world’s gas hydrate de-
posits should remain stable for the next few
thousand years. Of the gas hydrates likely
to become unstable, few are likely to release
methane that could reach the atmosphere and
intensify climate warming.

Gas Hydrates Primer

Gas hydrates are an ice-like combina-
tion of natural gas and water that can form
in deep-water ocean sediments near the
continents and within or beneath continu-
ous permafrost. Specific temperatures and
pressures and an ample supply of natural
gas are required for gas hydrates to form
and remain stable.

An estimated 99 percent of gas hydrates
are in ocean sediment and the remaining
1 percent in permafrost areas (see map).
Methane hydrate or “methane ice,” which
is the most common type of gas hydrate,
represents a highly concentrated form of
methane: one cubic foot of methane hydrate
traps about 164 cubic feet of methane gas.

The amount of methane trapped in the
Earth’s gas hydrate deposits is uncertain,
but even the most conservative estimates
conclude that about 1,000 times more
methane is trapped in hydrates than is con-
sumed annually worldwide to meet energy
needs. The most active area of gas-hydrate
research focuses on gas hydrates’ potential
as an alternative source of natural gas (for
example, visit http://web.mit.edu/mitei/
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# Gas hydrate recovered
@ Gas hydrate inferred

Solid gas hydrate recovered from sediment about 20 ft
(6 meters) below the seafloor near Canada’s Vancouver
Island during Integrated Ocean Drilling Program Expedi-
tion 311.

research/studies/natural-gas-2011.shtml
and scroll down to the link “Supplemental
Paper 2.47); the U.S. Geological Survey
(USGS) Gas Hydrates Project has several
programs addressing this topic (see http://
energy.usgs.gov/OilGas/Unconventional
OilGas/GasHydrates.aspx).

http://soundwaves.usgs.gov/

—a (as hydrates have
been discovered world-
wide, and scientists pre-
dict that they may occur in
many areas that have not
yet been surveyed. Blue
diamonds show areas
where gas hydrates have
been recovered in seafloor
samples; red dots, areas
where gas hydrates are
inferred to be present from
geophysical data.

Y Methane hydrate
is sometimes called
“the ice that burns”
because the warm-
ing hydrates release
enough methane to
sustain a flame.

Gas Hydrates and Climate Change

Gas hydrate researchers are examin-
ing the link between climate change and
the stability of methane-hydrate deposits.
Warming climate could cause gas hydrates
to break down (dissociate), releasing the
(Gas Hydrates continued on page 2)
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Reasearch, continued

(Gas Hydrates continued from page 1)

methane that they now trap.

Methane is a potent greenhouse gas. For
a given volume, methane causes 15 to 20
times more greenhouse-gas warming than
carbon dioxide, and so the release of large
volumes of methane to the atmosphere
could, in theory, exacerbate climate warming
and cause more gas hydrates to destabilize.

Some research suggests that such large-
scale, climate-driven dissociation events
have occurred in the past. For example,
extreme warming during the Paleocene-
Eocene Thermal Maximum about 55 mil-
lion years ago may have been related to a
large-scale release of methane from global
methane hydrates. Some scientists have
also advanced the clathrate-gun hypoth-
esis to explain observations that may be
consistent with repeated, catastrophic dis-
sociation of gas hydrates and triggering of
submarine landslides during the late Qua-
ternary (400,000 to 10,000 years ago).

Methane As a Greenhouse Gas

The atmospheric concentration of meth-
ane, like that of carbon dioxide, has in-
creased since the onset of the Industrial Rev-
olution. Methane in the atmosphere comes
from many sources, including wetlands, rice
cultivation, termites, cows and other rumi-
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Schematic of a theoretical scenario in which Arc-
tic methane emissions from dissociating gas hy-
drates lead to increased climate warming, which
in turn exacerbates gas hydrate dissociation.

nants, forest fires, and fossil-fuel production.
Some researchers have estimated that as
much as 2 percent of atmospheric methane
may originate with dissociation of global gas
hydrates. Currently, scientists do not have a
tool to say with certainty how much, if any,
atmospheric methane comes from hydrates.
Although methane is a potent green-
house gas, it does not remain in the atmo-
sphere for long; within about 10 years, it
reacts with other compounds in the atmo-
sphere to form carbon dioxide and water.
Thus, methane that is released to the at-
mosphere ultimately adds to the amount of
carbon dioxide, the main greenhouse gas.

Climate-Driven Gas Hydrate Dissociation

For the most part, warming at rates doc-
umented by the Intergovernmental Panel
on Climate Change for the 20th century
should not lead to catastrophic breakdown
of methane hydrates or major leakage of
methane to the ocean-atmosphere system

(Gas Hydrates continued on page 3)

Possible sources of atmospheric methane.
Currently, no proof exists that gas hydrates
are contributing to total atmospheric methane
budgets. Source: U.S. Department of Energy’s
Methane Hydrates R&D Program.
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Research, continued

(Gas Hydrates continued from page 2)

from gas hydrates that dissociate. Al-
though most methane hydrates would have
to experience sustained warming over
thousands of years before dissociation was
triggered, gas hydrates in some places are
dissociating now in response to short- and
long-term climatic processes.

The following discussion refers to the
numbered type locales or sectors shown in
the diagram of gas-hydrate deposits at right.

Sector 1, Thick Onshore Permafrost:
Gas hydrates that occur within or beneath
thick terrestrial permafrost will remain
largely stable even if climate warming
lasts hundreds of years. Over thousands of
years, warming could cause gas hydrates
at the top of the stability zone, about 625
feet (190 meters) below the Earth’s sur-
face, to begin to dissociate.

Sector 2, Shallow Arctic Shelf: The
shallow-water continental shelves that
circle parts of the Arctic Ocean were
formed when sea-level rise during the
past 10,000 years inundated permafrost
that was at the coastline. Subsea perma-
frost is thawing beneath these continental
shelves, and associated methane hydrates
are likely dissociating now. (For example,
see related Sound Waves article at http://
soundwaves.usgs.gov/2010/11/.) If meth-
ane from these gas hydrates reaches the
seafloor, much of it will likely be emitted
to the atmosphere. Less than 1 percent of
the world’s gas hydrates probably occur
in this setting, but this estimate could be
revised as scientists learn more.

Sector 3, Upper Edge of Stability:

Gas hydrates on upper continental slopes,
beneath 1,000 to 1,600 feet (300 to 500
meters) of water, lie at the shallowest wa-
ter depth for which methane hydrates are
stable. The upper continental slopes, which
ring all of the world’s continents, could

host gas hydrate in zones that are roughly
30 feet (10 meters) thick. Warming ocean
waters could completely dissociate these
gas hydrates in less than 100 years. Methane
emitted at these water depths will probably
dissolve or be oxidized in the water column
and is unlikely to reach the atmosphere.
About 3.5 percent of the Earth’s gas hy-
drates occur in this climate-sensitive setting.

Sector 4, Deepwater: Most of the
Earth’s gas hydrates, about 95 percent, oc-
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4. Deepwater
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Gas-hydrate deposits by sector. Currently, gas hydrates are most likely dissociat-
ing in sectors 2 and 3. Only sector 2 is likely to release methane that could reach
the atmosphere. Modified from “Methane Hydrates and Contemporary Climate
Change,” by Carolyn Ruppel (http://www.nature.com/scitable/knowledge/
library/methane-hydrates-and-contemporary-climate-change-24314790).

cur in water depths greater than 3,000 feet
(1,000 meters). They are likely to remain
stable even with a sustained increase in bot-
tom temperatures over thousands of years.
Most of the gas hydrates in these settings
occur deep within the sediments. If the gas
hydrates do dissociate, the released methane
should remain trapped in the sediments, mi-
grate upward to form new gas hydrates, or
be consumed by oxidation in near-seafloor
sediments. Most methane released at the
seafloor would likely dissolve or be oxi-
dized in the water column. A recent article,
“Methane Hydrates and Contemporary
Climate Change,” provides more detail (see
http://www.nature.com/scitable/knowl-
edge/library/methane-hydrates-and-con-
temporary-climate-change-24314790).

USGS Research Activities

The USGS Gas Hydrates Project
is studying Arctic methane hydrates,

methane emissions, and their relation

to short- and long-term climate change.
Since 2009, the USGS Gas Hydrates
Project has been conducting field research
to determine whether gas hydrates are
currently dissociating in response to climate
warming and, if so, how much methane
emitted from these gas hydrates might
reach the atmosphere. Study areas include
the U.S. Beaufort Sea (for example, see
http://soundwaves.usgs.gov/2010/11/)
and Alaska’s North Slope (see http://
soundwaves.usgs.gov/2009/10/). The USGS
has also organized workshops to identify
priorities in climate-hydrates research

(see Fire in the Ice, http://www.netl.doe.
gov/technologies/oil-gas/FutureSupply/
MethaneHydrates/newsletter/newsletter.
htm, v. 11, no. 1, p. 18) and to plan ocean-
drilling projects related to these issues
(see http://iodp-usssp.org/workshop/
catching-climate-change/). &

USGS researchers deploy a mini-
sparker sound source to image
seafloor sediments in the shallow
Beaufort Sea near Prudhoe Bay,
Alaska, August 2011. The USGS
and the U.S. Department of Energy
are cooperating in this work.
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Research, continued

Real-Time Mapping of Seawater and Atmospheric Methane Concentrations
Offshore of Alaska’s North Slope

By John Pohlman, Carolyn Ruppel, Casey Maue (Woods Hole Oceanographic Institution Summer Student Fellowship
Program and Stanford University), Laura Brothers, John Kessler (Texas A&M University), and Charles Worley

The continental shelf offshore of the
Alaskan North Slope has been flooded
by rising seawaters since at least the
beginning of the Holocene Epoch, about
11,700 years ago. Like the well-studied
East Siberian Arctic Shelf, the U.S.
Beaufort Shelf (named for the overlying
Beaufort Sea) may be underlain by thawing
permafrost and dissociating methane
hydrate, an ice-like crystalline solid in
which methane molecules are trapped. (For
a primer on gas hydrates and their relation
to climate warming, see “Gas Hydrates and
Climate Warming...,” this issue, http://
soundwaves.usgs.gov/2012/06/.)

Methane is a powerful greenhouse gas,
and the methane hydrates on circum-Arctic
Ocean continental shelves are some of the
most climate-susceptible gas hydrates on
Earth. Methane released on these shallow-
water shelves—whether from dissociating
gas hydrates or other sources—is likely to
reach the atmosphere without dissolving or
being converted to carbon dioxide by mi-
crobial processes in seawater.

Geophysical and Geochemical Survey

In August 2011, the U.S. Geological Sur-
vey (USGS) Gas Hydrates Project conduct-
ed a combined geophysical and geochemi-
cal survey on the central part of the U.S.
Beaufort Shelf in an area largely underlain
by subsea permafrost (see map). USGS re-
search geologist Tim Collett and his collab-
orators have established the existence of gas
hydrates onshore in the eastern part of our
study area; the British Petroleum Explora-
tion Alaska (BPXA)-U.S. Department of En-
ergy (DOE)-USGS Mount Elbert Gas Hy-
drate Stratigraphic Test Well was also drilled
in this area. The 2011 offshore research
was carried out aboard the research vessel
(R/V) Ukpik, a 48.5-foot vessel operated by
Southern Cross LLC. The surveys focused
on parts of Harrison Bay and on the area
landward and seaward of the barrier islands
that protect the coast between the Colville
River Delta and Prudhoe Bay. USGS analy-
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Study area on the central U.S. Beaufort Shelf. Lines are vessel tracklines for geophysical surveys
in 2010 (blue) and 2011 (magenta). Dots show relative seawater methane concentrations, from low
(yellow) to high (red). Star shows approximate location of British Petroleum Exploration Alaska
(BPXA)-U.S. Department of Energy (DOE)-USGS Mount Elbert Gas Hydrate Stratigraphic Test Well.
White curve denotes minimal seaward extent of subsea permafrost.

ses of seismic data that were collected by the
oil industry 20 to 35 years ago (see http://
walrus.wr.usgs.gov/NAMSS/) indicate

that both areas should have transitions from
nearshore subsea permafrost to an absence
of permafrost farther offshore.

During the first phase of the 2011
cruise, we collected simultaneous bathy-
metric (seafloor depth) data with the
SEA SWATHPIus-M sonar system, high-
resolution subbottom imagery (down to
several meters below the seafloor) with
the EdgeTech SB-424 (Chirp) subbot-
tom profiler, and profiles of the sediments
down to approximately 150 m below the
seafloor with a SIG 2Mille mini-sparker
and receiver system. This work built on an
August 2010 cruise that was the first non-
industry survey to obtain high-resolution
geophysical data along this coastline in
more than 3 decades. (See “Degradation
of Subsea Permafrost and Associated Gas
Hydrates Offshore of Alaska in Response
to Climate Change,” Sound Waves, Octo-
ber/November 2010, http://soundwaves.
usgs.gov/2010/11/.) The geophysical
data from the two cruises constrain the
distribution of shallow gas and ice scours
and provide images of reflectors that cor-

4

respond to high-velocity layers mapped as
permafrost in the legacy seismic data.

The second phase of the August 2011
cruise acquired real-time measurements of
seawater and atmospheric methane and car-
bon dioxide concentrations by using a Picar-
ro G2301-f “cavity ring-down spectrometer”
(CRDS; described below) connected to a
gas-extraction system that was constructed
from a design by Shari Yvon-Lewis of
Texas A&M University. Other Texas A&M
University scientists were supported by the
National Science Foundation to participate
in the cruise. The 2011 survey marked the
first use of a CRDS by the USGS Coastal
and Marine Geology Program for this pur-
pose and provided an outstanding demon-
stration of the potential of CRDS technology
for a variety of greenhouse-gas studies.

Cavity Ring-Down Spectroscopy for
Measuring Dissolved Gases

For many years, measurement of dis-
solved gases has relied on gas-chromato-
graphic analyses of gases extracted from the
headspace (the space above the sample in a
sealed container) of seawater samples. Al-
though this process can be automated to op-

(Methane Concentrations continued on page 5)
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Research, continued

(Methane Concentrations continued from page 4)

erate on continuously pumped seawater, the
measurements are more routinely carried out
on water samples obtained during discrete
*“casts,” when instruments are lowered from
a vessel to measure such seawater properties
as temperature and salinity and to collect wa-
ter samples. Cavity ring-down spectroscopy,
in contrast, measures dissolved gases every
few seconds from continuously pumped sea-
water while the vessel is underway.

Cavity ring-down spectroscopy relies on
a non-destructive laser to analyze gas con-
centrations. The laser light bounces between
highly reflective mirrors within a pressure-
and temperature-regulated cavity until the
laser-light energy dissipates to a level below
the sensitivity of the cavity’s optic sensors.
The instrument measures the duration of
this dissipation process, which is known as
ring-down time. Because the dissipation is
partly caused by the collisions between laser
light and gas molecules, the ring-down time
correlates to gas concentration, with shorter
ring-down times associated with higher gas
concentrations. Recording ring-down times
instead of changes in absolute intensity of
the laser light provides increased accuracy.
In comparison with other spectroscopic
methods, which transmit laser light along
a fixed-path length, the laser light in the
CRDS cavity can travel tens of kilometers,
providing increased sensitivity. The laser
can be “tuned” to different light wave-
lengths to measure different gases.

During the 2011 Beaufort Sea cruise,
the CRDS produced discrete measure-
ments of methane and carbon dioxide con-
centrations in seawater every few seconds.
The intake was periodically switched to
sample air, which was dried before mea-
surement, or to measure calibration gases.
The ship was operated at 3 to 4 knots dur-
ing the 2011 cruise, but a key advantage of
CRDS-based methane mapping is the abil-
ity to acquire measurements in real time
regardless of the ship’s speed.

Gas Fluxes Across the Ocean-Air Interface

One of the most important uses of the
continuous CRDS measurements in marine
settings is the determination of gas fluxes
across the ocean-air interface. These calcula-
tions provide the most direct evidence that
methane released at the seafloor may be con-
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tributing to methane concentrations in the
atmosphere. Calculating gas fluxes from
the measured gas concentrations requires
water-quality parameters, such as tem-
perature and salinity, and meteorological
data. We continuously recorded seawater
salinity and temperature by using a YSI
sonde, and we measured wind speed and
other parameters by using an Airmar
PB200 WeatherStation integrated with
the CRDS. The CRDS was linked to real-
time kinematic Global Positioning Sys-
tem (GPS) navigation, and information
from all systems was recorded simultane-
ously with Hypack software.

The map shows relative seawater
methane concentrations measured in the
Beaufort Shelf study area. At most sites,
the seawater is supersaturated in methane,
meaning that methane is expected to flux
from the ocean to the atmosphere. This ob-
servation is consistent with the results re-
ported by chemical oceanographer Natalia
Shakhova (International Arctic Research
Center, University of Alaska, Fairbanks)
and coworkers for methane measured in
discrete water samples on the East Siberian
Acrctic Shelf. Our data reveal a possible
methane hotspot in eastern Harrison Bay,
above an area of seafloor that the geophysi-
cal imagery shows to be charged with shal-
low gas. Neither the CRDS data nor our
geophysical results yield evidence for mas-
sive ebullition (bubbling) of methane as the
primary means of methane emissions at the
seafloor. This observation contrasts with
those on the East Siberian Arctic Shelf and
in the Mackenzie Delta area of the Cana-
dian Beaufort Shelf. Numerical models
predict that the most dramatic dissociation
of methane hydrate should be just beyond
the present-day seaward extent of subsea
permafrost; however, the CRDS data do
not detect systematic changes in methane
concentrations when crossing from near-
shore sediments underlain by seismically
detected permafrost to sediments lacking
such permafrost.

Future Plans for Cavity Ring-Down
Spectroscopy

The successful first deployment of the
CRDS and seawater equilibrator system for
real-time mapping of greenhouse-gas con-

5

John Kessler (top; Texas A&M University) and John
Pohlman (USGS) on the research vessel Ukpik with
one of the cavity ring-down spectrometers used
during the 2011 surveys.

centrations and fluxes on the U.S. Beaufort
Shelf was an important step for the USGS
Gas Hydrates Project. On the basis of les-
sons from the initial deployment, USGS
engineer Emile Bergeron has constructed

a smaller, more portable version of some
system components, which will simplify op-
erations in remote areas or from small open
boats in lakes. Using multiple CRDSes or a
switching system among several pumps, we
may eventually measure methane at several
depths within the water column nearly simul-
taneously, providing higher quality data than
can be obtained from numerous discrete casts
that commonly occur over periods of hours
or longer. We are also collaborating with
USGS marine geochemist Kevin Kroeger
to measure lateral fluxes of dissolved green-
house gases from salt marshes and plan to in-
corporate a CRDS that simultaneously mea-
sures the concentrations and carbon-isotopic
compositions of methane and carbon dioxide.
This instrument will be deployed in summer
2012 when we conduct a multidisciplinary
survey across the Beaufort Shelf with support
from the U.S. Department of Energy’s Meth-
ane Hydrate R&D Program (http://fossil.
energy.gov/programs/oilgas/hydrates).
The potential applications of CRDS tech-
nology reach far beyond the USGS Gas
Hydrates Project—collaborations are
already developing within the USGS and
with outside partners to deploy the instru-
ment to support greenhouse-gas studies in
terrestrial settings, wetlands, estuaries, and
deepwater marine environments. &
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Research, continued

Coastal and Marine Geoscience Data System—Single Point of Access for Digital
Geophysical and Lidar Data of the USGS Coastal and Marine Geology Program

By Greg Miller and Shawn Dadisman

The Coastal and Marine Geoscience
Data System (CMGDS, http://cmgds.
marine.usgs.gov/) is now online and will
eventually provide a single point of access
to geophysical and lidar (light detection and
ranging) data collected by the U.S. Geo-
logical Survey (USGS) Coastal and Marine
Geology Program (CMGP). The CMGDS
uses a “technology stack” or suite of open-
source Web services and protocols to help
users easily discover and access CMGP
data. Initial efforts are focused on adding
the most recent seismic-reflection, bathy-
metric, and lidar data to the system, which
will eventually also include sidescan-sonar
mosaics and gravity and magnetic data.

Users are helped to find data by various
search methods, including interactive global
map displays for data type or field activity;
publication listings that can be sorted by data
type, geographic area, data-access method,
or date of acquisition; and a catalog of pub-
lished metadata. (Metadata is information
about the data, such as how, when, where,
and by whom they were collected.) These
methods can be accessed through tabs at the
top of each Web page or from the body of the
homepage, which provides more detail about
each data-discovery or data-access method.

Where appropriate, access to data types
will be provided via several methodologies:
file download; the Open Geospatial
Consortium (OGC)’s standard Web Map
Service (WMS), Web Coverage Service
(WCS), and Web Feature Service (WFS)
(learn more at http://www.opengeospatial.
org/standards/); THREDDS (Thematic
Realtime Environmental Distributed Data
Services, http://www.unidata.ucar.edu/
projectss THREDDSY/); and GeoMapApp
(http://www.geomapapp.org/) and Virtual
Ocean (http://www.virtualocean.org/) (see
related article on GeoMapApp and Virtual
Ocean, this issue, http://soundwaves.usgs.
gov/2012/06/research4.html).

If the data are already posted online, the
CMGDS will point to that source. Other-
wise, the CMGDS provides data storage for
direct data download. OGC Web services
are provided via an open-source-software
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Images from homepage of the USGS Coastal and Marine Geoscience Data System (http://cmgds.
marine.usgs.gov/), showing access to USGS Coastal and Marine Geology Program (CMGP) data
via various data-visualization tools. Left to right: bathymetry from offshore New London, Con-
necticut, using Godiva2 software; bathymetry south of Martha's Vineyard, Massachusetts, using
Integrated Data Viewer (IDV); and CMGP GLORIA sidescan-sonar data integrated with other data

from GeoMapApp.

server called GeoServer (http://geoserver.
org/), which allows users to view and in-
tegrate geospatial data via a wide variety

of geographic-information-system (GIS)
software. In addition, a THREDDS service
is provided for NetCDF (Network Common
Data Form, http://www.unidata.ucar.edu/
software/netcdf/) access to some bathy-
metric datasets. Links are also provided for

ann Coastal end Marine Geosemnes Data System

some NetCDF viewers, such as Integrated
Data Viewer (IDV), NetCDP-Java Tools
Ul, and Godiva2.

What else is under the Web site’s hood?
For the Global Map Search function,
shapefiles are created and displayed for
each data type collected for each field ac-
tivity and are served up using OpenLayers

(Data Systems continued on page 7)

CMGDS Global

Map Search Web
page (http://cmgds.
marine.usgs.gov/
gsearch.html), show-
ing distribution of
geophysical and lidar
data collected by the
CMGP. Popup window
provides information
about data collected
during the field activ-
ity, as well as links

to data publication,
data-download loca-
tions, and fieldwork
information.
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Research, continued

(Data Systems continued from page 6)

interactive Web mapping software. Each
shapefile is linked by a popup window to
more information about the dataset, such
as field-activity 1D, data type, date col-
lected, online publication, data-download
location, and a link to more general
information about the field activity. A
similar display, called “Field Activity
Map Search,” uses Google Maps to show
the location of each field activity by
CMGP Center, with field activity ID and
data coverage revealed when the cursor
is positioned over the marker. Clicking
on the marker displays a popup window
with information similar to that provided
in the Global Map Search display. These
easy-to-use GIS displays allow the user
to search geospatially for CMGP data by
data type.

The same shapefiles are also served via
a WMS to allow use in other GIS soft-
ware. The Data Publications function is
controlled by a mySQL database, which
generates the publication listings sorted
by geographic location, data type, acquisi-
tion date, or data-delivery method. The
GeoNetwork Metadata Search function
uses the GeoNetwork (http://geonetwork-
opensource.org/) open-source metadata-
cataloging software to search and retrieve
Federal Geographic Data Committee
(FGDC) metadata previously uploaded
from the publications. CMGDS OGC Web
services are also harvested into this meta-

GEOMETWORK'S PURPOSE 15:

data catalog. (Web “harvesting” is the use
of Web-crawling software to automatically
copy and collect Internet content, such as
Web-site pages, to create a more focused
set of information.) GeoNetwork allows
local searches of the metadata and also
facilitates metadata harvesting by other
metadata-cataloging systems, such as the
new prototype Geoportal used by the In-
teragency Working Group for Ocean and
Coastal Mapping (IWG-OCM) inventory
project and, in the future, Data.gov.
Population of the CMGDS is an ongo-
ing task. Initial efforts are focusing on
seismic-reflection (single-channel and

work - The podtal to spatial data and infosmatan

|
|| FIND INTERACTIVE MAPS, GIS DATASETS, SATELLITE IMAGERY AND RELATED APPLICATIONS

CMGDS Geo-
Network Meta-

data Search feature
(http://cmgds.
marine.usgs.gov/
geonetwork/srv/en/
main.home). Geo-
Network metadata
catalog provides
searchable ac-
cess to Federal
Geographic Data
Committee (FGDC)
metadata for all
published CMGDS
data holdings. The
catalog is also
harvestable by other
metadata catalogs.

multichannel), bathymetric, sidescan-
sonar, and lidar datasets.

Recent single-channel seismic and lidar
datasets are nearly complete. Many older
datasets will need to be published before
inclusion. Frequently-asked-question
(FAQ) pages and video demonstrations of
services are being developed to aid in the
use of this site. The site currently contains
148 single-channel seismic datasets, 20
multichannel seismic datasets, 67 lidar
datasets, 70 bathymetric datasets, 42 side-
scan-sonar datasets, 59 magnetic datasets,
and 45 gravity datasets. More data will be
added over time. &

Exploring USGS Coastal and Marine Geophysical Data Using GeoMapApp and

Virtual Ocean: Tools for Integrating Earth-Science Data

By Shawn Dadisman and Greg Miller

A new National Ocean Policy has raised
awareness about the need to find new and
improved ways to share information about
the coastal and marine environment with
a wide-ranging public audience (http://
www.whitehouse.gov/administration/eop/
oceans/policy). The U.S. Geological Sur-
vey (USGS) Coastal and Marine Geology
Program (CMGP) has begun a large-scale
effort to incorporate the program’s publicly
available, digital geophysical data into two
widely used Earth-science tools, GeoMap-
App (http://www.geomapapp.org/) and

Research

Virtual Ocean (http://www.virtualocean.
org/). This task of the CMGP Integrated
Data Management System project will help
support information exchange with partners,
regional planning groups, and the public,
as well as facilitate integrated spatial-data
analysis. Sharing USGS-CMGP geophysi-
cal data via GeoMapApp and Virtual Ocean
will aid data discovery and enable the data
to support new purposes beyond those for
which the data were originally intended.
Although few open-source tools cur-
rently exist for visualizing or analyzing

7

marine geophysical data, GeoMapApp and
Virtual Ocean are freely available and well
known among the Earth-science commu-
nity. These applications, which work on
multiple platforms (Mac OS X, Windows,
and Unix), were specifically developed for
exploring Earth-science data collected in
the marine environment. The applications
are widely used by federal, state, aca-
demic, and international Earth-science or-
ganizations to view, integrate and explore
data in a wide variety of ways in both
(Data Tools continued on page 8)
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Research, continued

(Data Tools continued from page 7)

two-dimensional (GeoMapApp) and three-
dimensional (Virtual Ocean) space.

GeoMapApp and Virtual Ocean were
developed as part of the Marine Geoscience
Data System (MGDS) funded by the
National Science Foundation (NSF), with
additional support from the Lamont-Doherty
Earth Observatory (LDEO) at Columbia
University. Virtual Ocean also uses the World
Wind 3D engine developed by the National
Aeronautics and Space Administration
(NASA). LDEO Adjunct Professor Emeritus
William Ryan and the rest of the LDEO
team have been instrumental in redesigning
software to accommodate USGS geophysical
resources. In addition to providing access
to data holdings within GeoMapApp and
Virtual Ocean, both applications allow data
to be integrated with information from local
or published sources via Open Geospatial
Consortium (OGC) standards (http://mwww.
opengeospatial.org/standards/), including
Web Map Service (WMS) and Web Feature
Service (WFS). Tables, spreadsheets,
and various other data import formats are
supported, depending on which tool is used.
Inclusion of CMGP data in these popular
applications will make CMGP geophysical
data more accessible and allow integration
with many other types of information from
both national and international sources.

Incorporating USGS data into GeoMap-
App and Virtual Ocean has led to the devel-
opment of the USGS Coastal and Marine
Geoscience Data System (CMGDS) (http://
cmgds.marine.usgs.gov/), a task headed by
USGS scientist Greg Miller. The CMGDS
is a single point of access to the data (see
related article, “Coastal and Marine Geosci-
ence Data System...,” this issue, http://
soundwaves.usgs.gov/2012/06/research3.
html). Datasets must be published before
they can be included in any of these public
resources. Analyzing the geophysical data
holdings for review and reprocessing has
provided valuable opportunities for quality
control and has helped resolve previously
undetected data-management issues.

All three CMGP science centers (in
Woods Hole, Massachusetts; St. Petersburg,
Florida; and Santa Cruz and Menlo Park,
California) have initially focused on import-
ing the vast holdings of single-channel and
multichannel seismic-reflection data into
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Three-dimensional (3D) viewing is one of Virtual Ocean’s unique capabilities. Here, Virtual Ocean
shows a 3D fence diagram created with four USGS multichannel seismic-reflection profiles col-
lected across the continental margin off the Golden Gate (the entrance to San Francisco Bay,
California). The fence-diagram mode superimposes the sections onto the Marine Geoscience Data
System’s Global Multi-Resolution Topography (GMRT) database from LDEQO (http://www.marine-
geo.org/portals/gmrt/). The user can manipulate the vertical exaggeration, the viewing direction,
or the perspective of the data with simple mouse movements. View is south-southeastward, with
a topographic vertical exaggeration of 5x. Black lines draped on seafloor show locations of other
seismic profiles. Vertical black lines represent course changes, red lines indicate top of profile,
and white boundary lines display extent of multichannel surveys. Virtual Ocean’s display is highly
interactive and allows the user to rotate the image in all directions and turn profiles on or off.

GeoMapApp and Virtual Ocean. Currently,
data from 161 single-channel and 36 mul-
tichannel expeditions have been imported.
Project Task Leader Shawn Dadisman has
overseen processing performed by Arnell
Forde and Karynna Calderon on data
collected by the St. Petersburg Coastal and
Marine Science Center (SPCMSC), and

Dave Foster has led similar work being
completed by Jeff Obelcz on data col-
lected by the Woods Hole Coastal and
Marine Science Center (WHCMSC). Ray
Sliter, Dave Foster, and Shawn Dadis-
man have coordinated work by Jeff Obelcz
and Karynna Calderon on data holdings of
(Data Tools continued on page 9)
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Table of dropdown menu items from GeoMapApp, showing the wide spectrum of data holdings
from national and international sources that are accessible for use in data integration and visual-
ization. For example, to view USGS single-channel and multichannel seismic-reflection datasets,
select Digital Seismic Reflection Profiles in the Portals dropdown menu; and to view USGS GLORIA
(Geological LOng-Range Inclined Asdic) imagery, select Regional Grids > Backscatter > U.S. Con-
tinental Margin in the Basemaps dropdown menu. Additional USGS data types will be available in
the future. Virtual Ocean has similar but more limited dropdown menus.
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Research, continued

(Data Tools continued from page 8)

the Pacific Coastal and Marine Science Cen-
ter (PCMSC). The CMGP has one of the
nation’s largest collections of publicly avail-
able marine seismic-reflection data; once the
data are incorporated into GeoMapApp and
Virtual Ocean, the number of datasets previ-
ously available via these tools will triple.
The initial focus has been on data collected
by the USGS, but the effort will also include
older two-dimensional multichannel data-
sets that were collected by the petroleum
industry and rescued by the USGS (http://
walrus.wr.usgs.gov/NAMSS/).

Heather Schreppel (SPCMSC), Carolyn
Degnan (PCMSC), and Dan Metzer (Na-
tional Oceanic and Atmospheric Administra-
tion [NOAA]) are working together to ad-
dress reformatting and publishing of the large
holdings of CMGP gravity, magnetic, and
single-beam bathymetric data so that these
data also can be imported into GeoMap-App
and Virtual Ocean, as well as into the Nation-
al Geophysical Data Center (NGDC) Web
site (http://www.ngdc.noaa.gov/). John
O’Malley (WHCMSC) has made GLORIA
(Geological LOng-Range Inclined Asdic)
sidescan-sonar imagery from all 46 USGS
GLORIA cruises available in GeoMapApp
via WMS. Plans are also in place to provide
access to CMGP swath bathymetry, addi-
tional sidescan-sonar mosaics, and lidar (light
detection and ranging) data through GeoMa-
pApp and, possibly, Virtual Ocean.

The CMGP Integrated Data Manage-
ment System project is working to provide
these valuable holdings to a broad range of
users, including other government agen-
cies and academic institutions involved in
planning offshore activities, managing nat-
ural resources, and identifying gaps in data
and knowledge when planning future data
collection. Access to USGS information
through these systems will also facilitate
new research and discoveries as the data
are used in new and different ways.

The GeoMapApp and Virtual Ocean
software can be downloaded from http://
www.geomapapp.org/ and http://www.
virtualocean.org/, respectively. USGS
data loaded into GeoMapApp and Virtual
Ocean are available for download via the
Coastal and Marine Geoscience Data Sys-
tem (CMGDS; http://cmgds.marine.usgs.
gov/). &
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GeoMapApp images integrating seismic-reflection data and core information. A, GeoMapApp al-
lows the user to interactively view seismic-reflection data in both map and profile views. Map view
(top) shows locations of USGS single-channel chirp seismic-reflection tracklines (black, red, and
yellow lines) and USGS core or sample locations (gray dots) off northern Massachusetts. Profile
view (below map) shows images of two seismic profiles highlighted on the map view by yellow and
red lines. The red segments of the lines show the visible extents of the profiles, and the yellow seg-
ments represent portions of the profiles not displayed in the images. The user can manipulate the
direction, size, and extent of profiles, as well as add interpretations, export results, and see where
profiles intersect (blue vertical lines in profiles). The white box outlines the extent of the selected
seismic survey, and the black box indicates the extent of another seismic survey. B, Alternative
GeoMapApp table display for the same map view above, but here displaying the USGS core data.
Core location highlighted in red on the map corresponds to the table entry highlighted in blue. The
data link (first column in table) leads to an online core description.
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GeoMapApp images demonstrating the ease and value of integrating various data types. A, Geo-
MapApp presentation of USGS GLORIA sidescan-sonar data collected off the U.S. west coast.
The GLORIA data are superimposed on the Marine Geoscience Data System’s GMRT. B, GLORIA
imagery integrated with NOAA magnetic anomalies (blue, green, and purple stripes at 50-percent
opacity), USGS earthquake data (green and yellow dots), and onshore geologic-map information.
Interpretations of major tectonic-plate boundaries along the U.S. west coast are shown in yellow.
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Weather Conditions Prevent 2011 Survey of California Sea Otter Population

By Ben Young Landis

Scientists were unable to complete their
2011 survey of the California sea otter
(Enhydra lutris nereis; also known as the
southern sea otter) population because of
heavy fog, poor visibility, and strong winds
throughout the spring and summer.

The population survey has been con-
ducted annually since the 1980s to track the
recovery trend of this threatened species.
The U.S. Geological Survey (USGS) leads
this effort with a team of dedicated scien-
tists and volunteers.

The population index calculated from
the survey data is used by the U.S. Fish and
Wildlife Service to assess the sea otter’s
progress toward population recovery and
determine whether the species is ready for
delisting under the Endangered Species Act.

“We use two standardized methods for
our visual surveys, which are telescope
observations from shore and aerial observa-
tions from a small twin-engine plane,” said
Tim Tinker of the USGS Western Ecologi-
cal Research Center and chief scientist for
the annual survey. “Although our shore-
based surveys were successful, unusually
heavy marine fog or high winds throughout
the spring and summer repeatedly hindered
our attempts to conduct aerial surveys. Both
measurements are crucial, and so without
the aerial observation data, we were unable
to provide a reliable, standardized total
count for California sea otters in 2011.”

This was the first incomplete result in
more than two decades of continuous moni-
toring. Data from portions of the survey
that were successfully completed in 2011
will still be useful in computing a popula-
tion index after 2012.

Typically, the research crew conducts the
annual survey in May and June, covering
the entire coast from Point San Pedro in
San Mateo County in the north to the Santa
Barbara-Ventura County line in the south.
About half of this coastline can be surveyed
by using ground-based observations, but
the remaining half must be counted by air
because of limited coastal access.

Otters sighted by shore-based crews and
aerial crews are added up to provide the “raw
count” for that year. The official population
index is calculated by averaging the raw
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count from that year and the two pre-
vious years. This precaution reduces
the influence of random variation in
raw counts caused by year-to-year
differences in viewing conditions.
“The inability to complete the
survey in 2011 introduces an unfor-
tunate but unavoidable gap in our
understanding of the population’s
trajectory, with respect to recovery
thresholds,” said Lilian Carswell,
Southern Sea Otter Recovery Coor-
dinator for the U.S. Fish and Wildlife
Service. “But we’re grateful for the
detailed survey effort by the USGS
in the past three decades and in the
years to come. We’ll work together
with the USGS if the need arises to
adjust the annual survey methods.”
In 2010, the California sea otter pop-
ulation index was 2,711—a decline for
the second year in a row (see “Califor-
nia Sea Otter Numbers Drop Again,”
Sound Waves, December 2010, http:/
soundwaves.usgs.gov/2010/12/). For
California sea otters to be considered
for removal from the Federal List of
Endangered and Threatened Wildlife,
the population index has to exceed
3,090 for three consecutive years, ac-

Population Trend
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ter; the Monterey Bay Aquarium; the Uni-

cording to the threshold established under the
Southern Sea Otter Recovery Plan by the U.S.
Fish and Wildlife Service.

The annual California sea otter survey is
a cooperative effort of the USGS Western
Ecological Research Center; the California
Department of Fish and Game’s Marine
Wildlife Veterinary Care and Research Cen-
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versity of California, Santa Cruz; and many
experienced and dedicated volunteers.
Assistance also comes from staff of the
U.S. Fish and Wildlife Service and the U.S.
Bureau of Ocean Energy Management. The
2012 survey is currently underway.

Past survey numbers are available online at
http:/Aww.werc.usgs.gov/seaottercount. &

A California sea otter
(Enhydra lutris nereis)
swims in Monterey Bay,
California. The USGS
leads annual surveys

of sea otters along the
California coast, but heavy
fog, poor visibility, and
strong winds prevented
completion of the 2011
survey. Photograph taken
August 9, 2008, by Tania
Larson, USGS.

Fieldwork
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Exhibit at Gallery in Santa Cruz, California, Will Celebrate Collaboration Between

Artists and USGS Scientists

Newly created artworks and informa-
tional displays about the scientific research
on which they are based will be exhibited
June 1-July 7, 2012, at the R. Blitzer
Gallery in Santa Cruz, California (http://
rblitzergallery.com/).

Titled “earth « science « art / sixteen
collaborative explorations,” the exhibit
pairs artists from California’s central
coast and San Francisco Bay Area with
scientists from the U.S. Geological Sur-
vey (USGS) Pacific Coastal and Marine
Science Center in Santa Cruz (http://
walrus.wr.usgs.gov/). After an introduc-
tory gathering in January, the artists have
been meeting with the scientists and cre-
ating new artworks inspired by the scien-
tific research.

earth - science - art

sixteen collaborative explorations

“This project is an opportunity to
showecase the talents of our area’s artists,
as well as the exciting scientific work
being done in Santa Cruz by the USGS,”
said Lisa Hochstein, artist and curator
of the exhibit. “Through these collabora-
tions, we hope to invite people to reflect
on the vastness of geological time, the
impact of humans on the planet, and the
creative ways that, as scientists and art-
ists, we study and represent the world
around us.”

The exhibit will feature the artists’ new
works alongside informational displays
by the participating scientists. Two panel
discussions during the month of June will
give the public an opportunity to speak
with the artists and scientists about their
collaborations. The gallery is located at
410 Natural Bridges Drive, Santa Cruz.

For more information more about the
exhibit, including artists’ reflections on
their collaborations, please visit http://
www.earthscienceartsc.com/. &

Antarctic Science and Arts: Trio Performs in Russia as Part of Workshop

By Alan Cooper

Three U.S. Geological Survey (USGS)
volunteer geoscientists—Alan Cooper
(emeritus scientist, USGS Pacific Coastal
and Marine Science Center), Julianne
Stafford (Volunteer for Science, USGS
Pacific Coastal and Marine Science Cen-
ter), and Larry Schemel (emeritus scien-
tist, USGS National Research Program in
Water)—traveled to St. Petersburg, Russia,
in May 2012 to participate in a workshop
on the Antarctic Seismic Data Library
System for Cooperative Research (SDLS;
http://sdls.ogs.trieste.it/). The SDLS is
an international collaborative project initi-
ated and led by USGS Pacific Coastal and
Marine Science Center scientists, now
in its 21st year as part of the Antarctic
Treaty system. The workshop focused on
legacy Russian multichannel seismic data
and their use in stratigraphic paleoclimate
studies of the Antarctic continental margin
and the Southern Ocean, which encircles
Antarctica.

As part of the workshop, the USGS
scientists participated in a collaborative
science and arts project by performing
their trio’s (http://www.leftbanktrio.

Outreach

com/) multimedia presentation “Music of
the Antarctic Expeditions from Captain
Cook (1770’s) to the Antarctic Treaty
(1959): Its Roles in Exploration, Science
and Collaborations” (with text in Russian)
at the Russian Geographical Society in St.
Petersburg. They first performed this pre-
sentation in 2009 at the Antarctic Treaty
Summit in Washington, D.C., recognizing
50 years of science (and arts) collabora-

n

o MADAGASC AR
e chimy USGS volunteer geosci-
entists and members of
the Left Bank trio (left to
right) Julianne Stafford,
Alan Cooper, and Larry
Schemel before perform-
ing for an Explorers Club
meeting at the California
Academy of Sciences in
San Francisco, May 20,
2011.

tions under the treaty (http://soundwaves.
usgs.gov/2010/02/meetings3.html). The
presentation was later performed at the
USGS campus in Menlo Park, California,
and is planned for Antarctic science-arts
events in conjunction with the Scientific
Committee on Antarctic Research (SCAR)
Open Science Conference in July 2012 in
Portland, Oregon (see http://soundwaves.
usgs.gov/2010/12/outreach.html). &
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Two USGS Scientists Selected as Fellows of the American Geophysical Union

U.S. Geological Survey (USGS) sci-
entists Daniel R. Cayan and Thomas E.
Parsons have been selected as Fellows of
the American Geophysical Union (AGU)
in the class of 2012.

Dan Cayan (San Diego, CA) was se-
lected as a Fellow in AGU’s Hydrology
section for his pioneering, cross-disciplin-
ary contributions and leadership advancing
understanding of hydroclimatic variation
and change in western North America. A
scientist with the USGS and the Scripps
Institution of Oceanography, University
of California, San Diego, Cayan conducts
research that has led to major shifts in the
way that the climate and hydrology of
western North America are studied and
understood by most scientists and decision
makers in the region. Early in his career,
he collaborated with others to illuminate
recurring, long-distance (or “teleconnect-
ed”) centers of action in global patterns of
atmospheric circulation and ocean condi-
tions that strongly influence the climate
of the Pacific-North American sector. His
studies of global-scale, quasi-periodic
climate modes—such as the EI Nifio-
Southern Oscillation—provided important
foundations for understanding and predict-
ing key patterns in the North American
climate. A focus on western rivers and
snowpacks led Cayan to recognize and
demonstrate important trends over the past
50 years toward more rain and less snow,
earlier snowmelt, earlier vegetation gree-
nup, and earlier streamflow from snow-
fed rivers across western North America.
While bringing the global-warming

Staff and Center News

Dan Cayan

debates home to the West in clear and vis-
ceral ways, Cayan has also been the voice
for calm science-based approaches as
agencies have begun to swing into action
to plan their potential responses. In addi-
tion to his own careful research, Cayan
has inspired many students and scientists
to explore the roles of climate in diverse
water and environmental applications.
Tom Parsons (Menlo Park, CA) was
selected as a Fellow in the Tectonophys-
ics section for his fundamental insights
into earthquake triggering, earthquake
interaction, and fault mechanics. A geo-
physicist at the USGS Pacific Coastal and
Marine Science Center, Parsons studies
earthquake triggering and fault interac-
tion, probabilistic methods to forecast
earthquakes and tsunamis, statistical
seismology, and crustal deformation/fault
mechanics. He is equally at home with
finite element analysis, elastic disloca-
tion theory, crustal and mantle rheology,
waveform seismology, and plate tectonics.
He has employed these tools to probe how
earthquakes are triggered, to understand

Tom Parsons

how tectonic forces drive the interplay of
faulting and volcanism, and to improve
seismic-hazard assessments destined for
the public and for engineers in our nation
and beyond. “What we most admire about
Tom’s research agenda is his utter lack of
fealty to any hypothesis, idea, or convic-
tion,” wrote his nominators. “This agility
and fierce objectivity are what propels
science forward, but are exceedingly rare
because most of us defend and burnish our
past work rather than tear it down to reveal
the next or deeper insights.”

Parsons, Cayan, and 59 other 2012
Fellows were selected by the AGU
Fellows Selection Committee (the full
list is available in an AGU news release
at http://www.agu.org/news/press/
pr_archives/2012/2012-04.shtml). AGU
members who are selected as Fellows
have attained an acknowledged eminence
in a branch of the geophysical sciences.
The number of Fellows selected annually
is limited to no more than 0.1 percent of
the AGU membership. Congratulations to
these distinguished scientists! &

Chinese Scientist Visiting USGS Pacific Coastal and Marine Science Center

By Jingping Xu

Dr. Jianru (Jerome) Li, assistant
professor from the State Key Laboratory
of Marine Geology, Tongji University,
China, is visiting the U.S. Geological
Survey (USGS) Pacific Coastal and
Marine Science Center for 9% months,
from March 15 to December 31, 2012.
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Jerome is a marine geologist by training.
Both his M.S. and Ph.D. theses addressed
the effect of variations in the Earth’s orbit
(or “orbital forcing”) on the ocean carbon
cycle. In recent years, he has been in

charge of overseeing all of his laboratory’s

seagoing research cruises—from planning
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to instrument acquisitions to logistic
details.

During his USGS visit, Jerome will be
working with Jingping Xu, George Tate,
and our Marine Facility staff to develop
a free-ascending tripod (FAT), a bottom-

(Jerome Li continued on page 13)
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mount platform for the deep-sea environ-
ment, to be deployed in the South China
Sea in early 2013. The tripod is one critical
component of the project In-Situ Obser-
vation of Bottom Currents and Sediment
Transport in the Northeastern South China
Sea, a collaboration between the USGS
and Tongji University. The near-term ob-
jective of this project is to collect oceano-
graphic and sediment-dynamics data along
the 2,500-meter bathymetric contour in
the northeastern South China Sea where
such data do not exist. The long-term sci-
entific objectives are to understand (1) the
bottom-boundary-layer processes and

(2) the circulation of the near-bed cur-

rent in the deep basin of the region. These
factors are thought to control the source,
transport, and deposition of the region’s
deep-sea sediment and the evolution of the
basin-scale sedimentary deposits. The proj-
ect is part of an 8-year research program,
the South China Sea Deep (http://www.
scs-deep.org/), funded by the National
Natural Science Foundation of China. %

Jerome Li on board the research vessel Marion Dufresne, departing Singapore for the joint Chi-
nese-French Marco Polo/IMAGES (International Marine Past Global Changes Study) cruise in the

South China Sea, May 2005.

International Volunteer from Belgium Assists
USGS Southeast Ecological Science Center Staff in Everglades National Park

By Thomas J. Smith

Ms. Zoé Verlaak arrived at Everglades
National Park, Florida, in early Febru-
ary 2012 to assist with research by U.S.
Geological Survey (USGS) scientists and
their collaborators. Zoé came to us from
her home in Ghent, Belgium, as a part of
the National Park Service’s International
\olunteers-in-Parks Program (http://
www.nps.gov/oia/topics/ivip/ivip.htm).
She holds both B.S. and M.S. degrees
in geology from Ghent University. Her
research interests are in paleoecology
and paleoclimatology. Her M.S. thesis is
titled “A Detailed Analysis of Lamina-
tions in the Late Pleistocene Sedimentary
Record of Laguna Parrillar, Southern Pa-
tagonia, Chile.”

During Zoé’s stay, she assisted hydro-
logic technicians Gordon Anderson and
Karen Balentine of the USGS South-
east Ecological Science Center (http://
fl.biology.usgs.gov/) with their work in
the mangroves of Everglades National
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Park. Additionally, she worked with our
academic colleagues involved in the
Florida Coastal Everglades Long Term
Ecological Research project (http://fce.

Iternet.edu/) based at Florida Internation-

al University—specifically, with Laurel

Collins and Evelyn Gaiser, associate pro-

fessors in the Department of Biological
Sciences. This project, on which USGS
research ecologist Tom Smith (https://
profile.usgs.gov/tom_j_smith) is an as-
sociate investigator, is a National Science
Foundation (NSF)-funded, university-
based research project in Everglades Na-
tional Park. Zoé conducted field sampling
for the presence of foraminifera (single-
celled shelled organisms) and copepods
(tiny crustaceans, typically 1-2 millime-
ters long) in the estuary, shallow ground-
water, and sediment at USGS study sites
in the southwestern coastal Everglades
from February through early May. Both
groups of organisms provide information
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Zoé Verlaak, volunteer from Ghent,
Belgium, who assisted USGS Southeast
Ecological Science Center staff in Ever-
glades National Park from early February
through early May 2012.

about the salinity of the water in which

they occur; variations in species composi-

tion indicate variations in salinity.
Thanks, Zoé, for your valuable help! &
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