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Assessing the Vulnerability of Pacific Atolls to Climate Change

Collaboration by USGS, National Oceanic and Atmospheric Administration, and
University of Hawai'i serendipitously captures a significant overwash event

By Peter Swarzenski

Pacific atolls and the people who live
on them are well known to be among
the most vulnerable to the impacts of
future climate change and sea-level rise.
The U.S. Geological Survey (USGS) is
leading a multiagency project to assess the
impacts of sea-level rise and storm-wave
inundation on small Pacific atoll islets and
their freshwater resources under various
sea-level rise and climatic scenarios. In
March 2014, instruments deployed by the
project unexpectedly recorded an event
that demonstrates the work’s importance:
a combination of unusually high tides
and large swells that flooded many areas
within the Republic of the Marshall
Islands.

Funded by the Department of Defense
(DoD) Strategic Environmental Research
and Development Program (SERDP,

During the March 2, 2014, overwash in the Republic of the Marshall Islands, seawater regularly
topped the manmade perimeter berm on the island of Roi-Namur and covered large areas of the
adjacent land surface. Inset shows location of photograph, taken by Peter Swarzenski, USGS.

<http://www.serdp.org/>), the project
“The Impact of Sea-Level Rise and
Climate Change on Department of
Defense Installations on Atolls in the findings will have broad application to The island of Roi-Namur on Kwajalein
Pacific Ocean” was initiated to help DoD atolls worldwide and will be useful to Atoll in the Republic of the Marshall Is-
develop climate-change adaptation plans Pacific island nations already threatened lands was chosen as the model atoll islet
for U.S. installations in the Pacific. Its by sea-level rise and changing climate. for this project. USGS scientists and their

U.S. Department of the Interior
U.S. Geological Survey

USGS technician
Cordell Johnson in-
stalling a temporary
groundwater well on
the beach at site C
(see labeled square

on aerial view, page

3) on Roi-Namur in
November 2103. Instru-
ments within the well
continuously measure
groundwater levels,
salinity, temperature,
and barometric pres-
sure. USGS photograph
by Peter Swarzenski.

collaborators in the National Oceanic and
Atmospheric Administration (NOAA) and
the University of Hawai‘i are using a com-
bination of data gathering and computer
modeling to assess future vulnerabilities
and to help make this and other Pacific
atoll islets more resilient. Components of
the project include oceanographic obser-
vations and modeling, coastal hydrologic
observations and modeling, global climate
modeling, and benthic substrate character-
ization.

A suite of time-series instruments
(which take measurements at regular

(Pacific Atolls continued on page 2)
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Fieldwork, continued

(Pacific Atolls continued from page 1)

intervals over an extended period of time)
were deployed on Roi-Namur during an
October—-November 2013 field campaign
by USGS personnel Steven Gingerich
(USGS-Pacific Islands Water Science
Center [PIWSC]), Cordell Johnson

(USGS-Pacific Coastal and Marine Science

Center [PCMSC]), Josh Logan (PCMSC),

Sarah Rosa (PIWSC), Kurt Rosenberger

(PCMSC), Curt Stolazzi (PCMSC),
and Peter Swarzenski (PCMSC). The
instruments were installed on the beach
face, the reef flat (shallow area between
shoreline and reef crest), and the fore reef
(which slopes down from the reef crest
toward the open ocean), as well as in
groundwater wells across the island. Still
in place, they are continuously measuring
parameters such as waves, tides, currents,
run-up levels (distance inland reached by
tides and waves), salinity, and temperature.
In combination, these various time-series
instruments probably make Kwajalein the
most well instrumented atoll in the world!
During February—March 2014,
Swarzenski returned to Roi-Namur
to download data and reprogram the
groundwater instruments. On March 2,
2014, the last day of his field operations,
a large swell with 5-meter (16 foot)-high
waves arriving approximately every 15
seconds from the north-northeast struck
the Republic of the Marshall Islands.
Calm weather and sea conditions implied
that the swell must have originated from
afar. On the same day, a perigean spring
high tide occurred in the mid-afternoon.
(A perigean spring tide happens when
the moon is either new or full and closest

Large swells from the north-northeast with heights up to 5

meters (16 feet) combined with unusually high tides to inundate
much of the Republic of the Marshall Islands on March 2, 2014.
USGS photograph by Peter Swarzenski.

USGS technician Cordell Johnson taking notes
during a multichannel electrical resistivity
survey behind the beach at site B (see labeled
square on aerial view, page 3) on Roi-Namur
in November 2013. By temporarily inducing a
weak electrical current into the ground, the
researchers gain information about the nature
and location of the freshwater/saltwater inter-
face. USGS photograph by Peter Swarzenski.

to Earth [see http://oceanservice.noaa.
gov/facts/perigean-spring-tide.html]; a
popular term for an extreme tide is “king
tide.”) The combination of the unusually
high tide and swell produced a dramatic
overwash event throughout the Republic
of the Marshall Islands. During this
overwash, which lasted approximately

3 hours, seawater regularly topped the
protective perimeter berm on Roi-Namur
and covered large areas of the adjacent
land surface (see photograph on page

1). On nearby Majuro, the capital of the
Marshall Islands, as many as 70 homes
were directly affected by this
overwash event, and a state
of emergency was declared
by President Christopher
Loeak on March 5, 2014.

A press release about the
March 2014 event from the
Republic of the Marshall
Islands government (<http://
WwWw.rmi-op.net/>, scroll
to press release dated March
7, 2014) stated that “This
week’s king tides were the
worst that the Marshall
(Pacific Atolls continued on page 3)
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Fieldwork, continued

(Pacific Atolls continued from page 2)
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Islands has experienced in over 30 years,
and the third time the capital Majuro
has flooded in the last year alone.” Such
events used to occur once every 10 to
20 years; today such events appear to
occur once a year or more, due to rates
of sea-level rise in the region exceeding
1 centimeter (a third of an inch) per year
over the past 20 years.

The March overwash event occurred
just hours after Swarzenski had finished
downloading data from the groundwater
instruments and programming them to
collect another several months’ worth of
data. When the researchers next retrieve
data from these instruments, and from
the oceanographic instruments installed
offshore, they will see evidence of the
overwash, both its causes and effects, in

data such as tide levels, wave heights, and
changes in groundwater levels and salinity.

Although as scientists we consider
ourselves lucky to have been able to
capture such a dramatic overwash event
with our instruments, the destructive
power and dire implications are very
sobering.

Fieldwork

To learn more about USGS coral
reef studies in the Pacific, visit <http://
coralreefs.wr.usgs.gov/>.
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Map of the
western Pacific
Ocean, showing
location of Kwa-
jalein Atoll (cir-
cled in red) in the
Republic of the
Marshall Islands.
Inset: Aerial view
of Roi-Namur, an
islet in the north
part of Kwajalein
Atoll. Squares

A, B, and C mark
sites where
temporary wells
were installed to
collect ground-
water data. Aerial
view courtesy of
Google Maps.

To learn more about USGS coastal
groundwater studies in the Pacific, visit
<http://walrus.wr.usgs.gov/sgd/>. &
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Pre-overwash time-series data from a groundwater well at site A (see labeled square on aerial
view, above). Over this four-month time span, groundwater levels (in blue) expectedly responded
to tidal fluctuations (in red). Specific conductivity (a proxy of salinity) in micro-siemens (uS) per
centimeter is shown in green. These data were downloaded on March 2, 2014, and do not record
the overwash that occurred later that day; the effects of that event will be evident in the next set of

data, scheduled for download in several mon

ths.
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Spotlight on Sandy

Update on Oceanographic Study Offshore of Fire Island, New York

By John C. Warner and Jeffrey H. List

The U.S. Geological Survey (USGS)
Coastal Change Processes Project is
conducting a field experiment on the inner
continental shelf offshore of Fire Island,
New York, to study the coastal response
to storms (see <http://soundwaves.
usgs.gov/2014/02/spotlight3.html>). In
January 2014, the study team completed a
reconnaissance mission during which they
measured bathymetry (seafloor depth) and
backscatter (data that yield information
about seafloor sediment) to determine the
best configuration for an equipment array.
Between February 3 and 10, 2014, the
team deployed eight instrumented tripods
at sites with water depths of approximately
12 meters (40 feet), and a specialized wave
buoy at a site approximately 25 meters (80
feet) deep. Among the data being collected
by the instruments are surface wave heights
and directions; ocean current speeds and
directions; water levels, salinity, and

temperature; near-seafloor turbulence; and
suspended-sediment concentrations. The
researchers used the research vessel (R/V)
Connecticut, which made three separate
trips from Woods Hole, Massachusetts, to
the deployment area. The gear is principally
from the USGS and the Woods Hole
Oceanographic Institution.

Recovery of the tripods is scheduled
for the end of April 2014. The wave buoy,
which will remain on site for several
years, is now telemetering surface-wave
data in real time to the Coastal Data
Information Program (CDIP; <http://cdip.
ucsd.edu/>). The data are being used by
the local U.S. Coast Guard Station, local
mariners, and tourists. View the data at
the CDIP website, buoy 207 - Fire Island
Nearshore, NY (<http://cdip.ucsd.edu/?s
ub=data&nav=historic&pub=public&s
tn=207&stream=p1>) or at the National
Data Buoy Center, Station 44094 - Fire

CDIP Buoy 207: Wave Height

Island Nearshore, NY - 207 (<http://
www.ndbc.noaa.gov/station_page.
php?station=44094>).

A major storm occurred shortly after
deployment—on Valentine’s Day, Febru-
ary 14, 2014—and so expectations are
high for interesting sediment-transport
data. During this storm, the CDIP buoy
recorded wave heights exceeding 4 meters
(13 feet) with a 13-second wave period
(time between arrival of successive wave
crests). The wave direction was initially
from the east-southeast and gradually
shifted to close to directly onshore, from
the south-southeast (see graphs). These
variable wave directions during a period
of large waves are ideal for testing the
hypothesis that the bathymetric ridge and
troughs offshore of Fire Island modify in-
coming storm waves and influence coastal
sediment-transport processes.

(Update on Fire Island continued on page 5)

1 1 1 1 1
E
o
I
E. 1 1 1 1 1
11 12 13 14 15 16 17 18
CDIP Buoy 207: Wave Period Data from Coastal
15 T T T T T Data Information
Program (CDIP) buoy
'Q 10 207 showing wave
) height (Hs) in meters
o gl A (m), wave period (Tp)
= in seconds (sec), and
wave direction (Dp) in
D 1 1 1 1 1 i
11 12 13 14 15 16 17 18 degrees (deg; north =
0 degrees) during the
February Valentine’s
CDIP Buoy 207: Wave Direction Day storm.
300 T T T T
(Waves from west) N .
9 200 (Waves onshore) e L \ i
= ry H
DQ' 100 .
J (Waves from east)
D 1 1 1 1 1
11 12 13 14 15 16 17 18

March/April 2014 Sound Waves

Day in February 2014

Spotlight on Sandy



Spotlight on Sandy, continued

(Update on Fire Island continued from page 4)

The project is also using three-
dimensional coupled numerical models to
study the interactions of winds, waves, and
currents to understand how sediment is
mobilized on the seafloor and redistributed
during storm events. The modeling system
is called Coupled-Ocean-Atmosphere-
Wave-Sediment Transport (COAWST; for
detailed information, see article by Warner
and others, 2010, in the journal Ocean
Modeling at <http://dx.doi.org/10.1016/j.
ocemod.2010.07.010>). It is a grouping of
several publicly available models that have
been coupled to allow each specialized
component to communicate with the
others as part of a larger combined system.
This coupling provides for a more realistic
simulation of the Earth-systems processes.
Model results are displayed in real-time
at this COAWST webpage: <http://
woodshole.er.usgs.gov/project-pages/
ccep/public/ COAWST.htm>.

The numerical models help the project
scientists understand how the environment
behaves over a large spatial area along the
coast. The researchers then compare the
model results with observational data to
help them validate the model and make
sure that the correct processes are being
represented in the modeling system. The
observations provide a realistic measure
of the environment, but are limited to the
time that the instruments are deployed.
Combining observations and models
allows for a more comprehensive approach
to understand how natural systems evolve.

The model results are also helping
the researchers understand the complex
behavior of sediment movement along
the coast. These results are based on
a rather coarse model simulation, but
they provide a basis for identifying
locations along the coastline that are more
heavily impacted by particular storms.
The scientists can then conduct further
investigations by refining the model grid
in targeted locations to better understand
the conditions at very specific locations. &

(o)
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Numerical modeling results on February 14, 2014, showing wind speed and
direction (arrows) and wave heights (color coded) during the storm. Wind
speed in meters per second (m/s); size of arrow is proportional to speed. Wave
height in meters.
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Numerical modeling results on February 14, 2014, showing wind speed and direction
(arrows) and near-bottom suspended-sediment concentrations (color coded) during
the storm. These results can be used to identify coastal locations that are more heavily
impacted (and thus have higher concentrations of suspended sediment) by specific
storm events. Wind speed in meters per second (m/s); size of arrow is proportional to
speed. Suspended-sediment concentration in kilograms per cubic meter (kg/m°).
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Spotlight on Sandy, continue

Linking Coastal Processes and Vulnerahility—Assateague Island Regional Study
By Rob Thieler and Laura Brothers

Hurricane Sandy significantly
impacted the coast of the Delmarva
(Delaware, Maryland, and Virginia)
Peninsula, which contains several
National Wildlife Refuges, Assateague
Island National Seashore, NASA’s
Wallops Flight Facility, and major
private landholdings. (See before- y
and-after photos at <http://coastal. =\
er.usgs.gov/hurricanes/sandy/ A
photo-comparisons/delaware-
maryland.php>.) Regional controls
on Delmarva’s coastal evolution are
poorly known and limit understanding
of the area’s vulnerability to future

storms and sea-level rise.

In order to improve vulnerability
assessments, the U.S. Geological
Survey (USGS) is undertaking an
extensive mapping effort offshore
of the Delmarva Peninsula in 2014
and 2015. Researchers will collect
geophysical data—bathymetry,
backscatter, and subbottom profiles—
that provide information about
seafloor depth and shape; seafloor
sediment type, such as rock, sand, and
mud; and the nature and geometry karn

of sediment and rock
beneath the seafloor.
Sediment samples and
bottom photographs will
be collected for use in
confirming interpretations
of the geophysical data.
The researchers will

use their findings to
improve understanding

of where the region’s
beach and barrier-island
sediment comes from

and where it is lost from
the coastal system. They
will also identify links
between the regional
geologic framework

(the composition and
characteristics of sediment
and rock underlying the
region) and rates and
patterns of coastal change.

March/April 2014 Sound Waves
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Aerial view of Assateague Island, looking north. Ocean City, Maryland, is visible

in the far distance at top. Sinepuxent Bay lies between the island’s western shore
and the Delmarva Peninsula to the upper left. Photograph taken in 1998 by Susanne
Bledsoe, U.S. Army Corps of Engineers (more information at <http.//en.wikipedia.
org/wiki/File:Assateague_Island_aerial_view.jpg>).
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Map of Delmarva Peninsula,
showing study area on the inner
continental shelf (shaded). Base
map courtesy of the National Oce-
anic and Atmospheric Administra-
tion (NOAA) National Geophysical
Data Center (NGDC; <http://www.
ngdc.noaa.gov/>).

Already multiple partners and
stakeholders have met to coordinate
mapping and data-sharing efforts
along the Delmarva coast in order to
maximize beneficial outcomes and
minimize redundancies. A synergistic
plan has been developed to conduct
nearshore and inner-shelf geophysical
studies and habitat mapping for
Assateague Island with collaborators
from the University of Delaware
and the National Park Service. The
interagency members will be sharing
data and interpretations to help each
other develop regional knowledge of
geologic setting and processes. The
Delaware Geological Survey will
share its extensive repository of cores,
age dates, and other stratigraphic

information to better
inform interpretations
of geophysical data.

A large discussion

is also underway
among the USGS, The
Nature Conservancy’s
Virginia Coast Reserve,
Chincoteague National
Wildlife Refuge,
Assateague Island
National Seashore, and
NASA’s Wallops Flight
Facility about connecting
stakeholder interests

to the development of
online data portals and
decision-support tools
that can inform both
short- and long-term
management plans.

Stay tuned!#

Spotlight on Sandy



Spotlight on Sandy, contin

Recent Hires Assist USGS Studies of Barrier Island and Estuarine Responses to

Hurricane Sandy
By Helen Gibbons

New personnel have joined U.S.
Geological Survey (USGS) teams
investigating Hurricane Sandy’s impacts
on barrier islands and estuaries and
gathering data to understand potential
vulnerabilities to future storms: Cathryn
Wheaton, who recently completed
comprehensive exams and will receive
her Bachelor’s degree in May 2014 from
Eckerd College in St. Petersburg, Florida,
and Alisha Ellis, who graduated in May
2013 with an M.S. from East Carolina
University in Greenville, North Carolina.
They are assisting two projects with
related goals.

The project “Barrier Island and
Estuarine Wetlands Physical Change
Assessment” aims to develop an
assessment of estuarine shoreline changes
at Assateague Island, a long barrier island
offshore of Maryland and Virginia. (Read
about related research in “Linking Coastal
Processes and Vulnerability—Assateague
Island Regional Study,” this issue,
<http://soundwaves.usgs.gov/2014/04/
spotlight2.html>.) All of Assateague
Island is public land, consisting of the
Assateague Island National Seashore,
the Chincoteague National Wildlife
Refuge, and Assateague State Park.
Project scientists are measuring physical
change to marshes on the island and
in adjacent estuaries—both at marsh
shorelines and in marsh interiors—by
using data derived from remote sensing
(satellite imagery), aerial imagery, lidar
(light detection and ranging), water-level
gages, and sediment cores. Results will
support the development of a combined
shoreline-and-wetland forecast of
coastal vulnerability to future storms,
expanding the applicability of available
USGS regional and national tools to
include marsh shorelines. Research
oceanographer Nathaniel Plant of the
USGS St. Petersburg Coastal and Marine
Science Center in St. Petersburg, Florida,
leads this project; research geologist
Christopher G. Smith, also at the St.
Petersburg center, is the co-leader.

Spotlight on Sandy

The second project, “Estuarine
Physical Response to Storms,” is co-led
by Smith and research oceanographer
Neil Ganju of the USGS Woods Hole
Coastal and Marine Science Center in
Woods Hole, Massachusetts. Project
scientists are measuring and modeling
sediment responses to Hurricane Sandy
and future storms in several Atlantic
estuaries and their adjacent wetlands:
Barnegat Bay along the New Jersey coast
(read about a related study at <http://
soundwaves.usgs.gov/2013/02/>),
Chincoteague Bay between Assateague
Island and mainland Maryland and
Virginia, and Jamaica Bay, adjacent to
the southeast shore of Brooklyn, New
York. Evaluations of sediment transport,
geomorphic change, circulation, wetland
stability, and stratigraphic history will
support the development of computer
models of storm impacts on estuarine
health, the vulnerability of adjacent
communities, and the sustainability of
restored and natural wetlands.

Wheaton and Ellis both work at the
USGS St. Petersburg Coastal and Marine
Science Center. Wheaton is conducting
detailed grain-size analysis on sediment

7

Cathryn
Wheaton

Alisha Ellis

samples from Chincoteague Bay and
will eventually analyze samples from
Barnegat Bay. Ellis is managing grain-
size data and assisting with radiochemical
extractions for the measurement of
naturally occurring geochronometers
(radioactive isotopes that can be

used to date the sediment samples):
polonium-210 (half-life approximately
138 days) and lead-210 (half-life
approximately 22 years).

Recruitment activities are underway
with faculty at City College of New York
(CCNY) to hire interns to support field
activities in summer 2014. %
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Research

EDEN and EVE - Getting the Water Right in Paradise

By Heather Henkel

In the winter months, it’s easy to un-
derstand why people flock to the vibrant
paradise that is south Florida. At the heart
of that paradise is a vast landscape of end-
less marshes, dense mangroves, towering
palms, and tropical fauna—the Everglades.
This watery wonder, however, has been al-
tered over the past 100 years by the devel-
opment of canals and levees, built to pro-
vide flood control and water management.
The Everglades’ natural flow of freshwater
has been disrupted and drained off to the
coasts, degrading the wetlands that so
much wildlife depended upon. The current
Everglades are still a paradise to many,
but the Everglades of the past no longer
exist. The need to preserve south Florida’s
natural ecosystems, combined with man-
aging water supply and flood controls,
pushed agencies and organizations in the
late 1990s to come together and develop
a plan to restore the Everglades. In 2000,
the Comprehensive Everglades Restoration
Plan (CERP; <http://www.evergladesplan.
org/>) was approved.

Successful restoration of the Everglades
depends on restoring or approximating

Pine forest in Everglades National Park. USGS photograph by Heather Henkel.

the former natural volume, timing, and
distribution of wetland sheetflow—the
downslope movement of water as a con-
tinuous film over the land surface—and
the corresponding response of the eco-
system. Critical to this process is the
Everglades Depth Estimation Network
(EDEN; <http://sofia.usgs.gov/eden/>),
which provides online water-depth infor-
mation for the entire freshwater portion of
the Greater Everglades. Water depth is the
difference between the ground-surface el-
evation and the water-surface elevation, or
water level. Water levels in the Everglades
vary in response to such factors as rainfall
and releases of water from canals and le-

Daily Water Level Means

Example of a
hydrograph
from the Explore
and View EDEN 105
(EVE) website
(<http://sofia.
usgs.gov/eden/
eve/>). Each
point represents
a mean value
for water level
on a given day.
Placing the
cursor at a point
on the graph H
(indicated by 8 ¥
arrow) causes i
the date to

be displayed
above upper left
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graph, along with two values for that day’s mean water elevation in feet: one elevation relative to the
North American Vertical Datum of 1988 (NAVD88) and one relative to the National Geodetic Vertical
Datum of 1929 (NGVD29). (A datum is a reference against which measurements are made, in this
case devised to account for the Earth having an imperfect shape.) Yellow shading, real-time data;
gray shading, provisional data; no shading, final data (see definitions at <http.//sofia.usgs.gov/eden/
models/watersurfacemod.php#versions>). Horizontal gray line shows minimum ground elevation at
the selected gage. (If you do not see all these elements, try viewing with a different browser.)
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vees. They greatly affect the ecology and
biology of the region: too much or too lit-
tle water will determine whether alligators
can lay their eggs, whether wading birds
can nest—in general, whether the condi-
tions are right to support the ecosystem.

Real-time water-level measurements
are provided to EDEN from a network of
more than 280 gages maintained by mul-
tiple State and Federal agencies, including
the South Florida Water Management Dis-
trict, the U.S. Geological Survey (USGS),
Everglades National Park, and Big Cy-
press National Preserve. To estimate water
depths, EDEN integrates the real-time
water-level data with ground-elevation
and real-time water-surface modeling.
(Learn more from the Sound Waves story
at <http://soundwaves.usgs.gov/2008/03/
pubs.htmlI> and the USGS Fact Sheet
at <http://sofia.usgs.gov/publications/
fs/2006-3087/>.) This integration provides
scientists and managers with carefully
estimated water depths from 1991 to the
present for the entire freshwater portion
of the greater Everglades, all available
online. Presenting the integrated data on
a 400-meter grid spacing, EDEN offers
a consistent and documented dataset that
can be applied by scientists and managers
to guide large-scale field operations, to in-
tegrate data on hydrologic (water-related)
and ecological responses, and to support
biological and ecological assessments.
Data from EDEN assist the measurement
of ecosystem response for the implementa-
tion of CERP.

Two recent additions to EDEN, described
here, showcase the value of hydrologic in-
formation and how it can be used.

(EDEN and EVE continued on page 9)
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Research, continued

(EDEN and EVE continued from page 8)

Explore and View EDEN (EVE)

One of the main components of EDEN
is its distributed gage network. Water-level
(gage) data are collected from multiple
agencies and provided on the EDEN
website to serve scientists, managers, and
the public. The ability to view historical
as well as recent hydrologic data allows
users to observe trends as well as current
conditions. The EDEN team, led by Bryan
McCloskey of the USGS St. Petersburg
Coastal and Marine Science Center in St.
Petersburg, Florida, recently developed
the Explore and View EDEN (EVE) web
application (<http://sofia.usgs.gov/eden/
eve/>) to allow users to visualize this
hydrologic information alongside supple-
mental information. At the center of a typi-
cal EVE webpage is a hydrograph (a graph
showing change in a hydrologic variable
over time) that displays daily mean water
levels. (See example on page 8.) Ground
elevation is plotted on the hydrograph
to allow users to see when a gage is dry.
Rainfall and evapotranspiration data can
also be displayed, presenting a more com-
plete picture of the water cycle.

Users of EVE specify a date range,
select a gage or a group of gages (useful
when viewing regional hydrology), select
the parameters that interest them, and
then choose whether to view the data
graphically, in a table, or both. The data are
also available for download. Provisional
data and real-time data are color-coded
to bring attention to the status of the
gage data. (Real-time data have received
little or no review; provisional data have
received some review. Both data types
may undergo substantial revision before
they are considered final; see <http://sofia.
usgs.gov/eden/models/watersurfacemod.
php#versions>.) The hydrograph view is
also interactive, allowing the user to move
the mouse over the hydrograph to obtain
readings for specific days. Clicking and
dragging the hydrograph zooms in or out
of the hydrograph. There is also a smaller
hydrograph that lets users zoom in to a
narrower range of dates.

Monitoring Water Levels at Tree Islands
When a new water-control plan was
instituted in 2012 as a part of CERP,

Research

State and Federal agencies needed a real-
time reporting tool for monitoring water
levels at tree islands—areas formed by

a slight rise in elevation that results in

less frequent flooding and allows woody
shrubs and trees to take hold. Local Native
American tribes have used tree islands in
the Everglades as burial sites for human
remains and funerary objects and have
expressed strong objection to the unnatural
inundation of tree islands under current or
future Everglades ecosystem restoration.
At the request of local tribes, the USGS
recently developed an EDEN application
(<http://sofia.usgs.gov/eden/water_lev-
el_percentiles_map.php>) that reports
near-real-time inundation at about 400 tree
islands in two Water Conservation Areas
and Everglades National Park. The maxi-
mum ground elevation at each tree island
is compared with the daily water level
modeled by EDEN to determine if the tree
island has been inundated. An automated
email (<http://sofia.usgs.gov/eden/wa-
ter_level_percentiles_alert.php>) is sent
to stakeholders to report tree islands that
have been inundated each day. In addition,
the EDEN website provides users with
access to a map of the impact area where

Distant view of a tree island—an area that can
support woody shrubs and trees because of its
slightly higher elevation. USGS photograph by
Heather Henkel.

tree islands are color-coded for the status
of inundation on a daily basis.

To learn more about USGS research in
the Everglades, read “Science in Support
of Everglades Restoration—Some Con-
tributions from the USGS in Florida” at
<http://soundwaves.usgs.gov/2011/11/
research.html>, visit the South Florida
Information Access (SOFIA) Integrated
Science for the Greater Everglades web-
site at <http://sofia.usgs.gov/>, and visit
the EDEN website at <http://sofia.usgs.
gov/eden/>.&

Tree Island 3B_18_6

‘Waler-level elevation, feet MAVDBB

Waterlevel elevation, feet NGYD29

Jan Feb Mar Apr Miay Jun

Jul Aug Sep Qct MNov Dec

Month of year

Example of graph from <http://sofia.usgs.gov/eden/water_level_percentiles_map.php>, showing
daily water-level percentiles by month at tree island 3B_18_5. A percentile indicates the value
below which a given percentage of observations fall. For example, in this graph, percentiles from
90 to 100 are shaded dark blue. So in a given month, 90 to 100 percent of the daily water levels
fell below the elevations shaded dark blue. Light blue, 75th to 90th percentile; green, 25th to 75th
percentile; orange, 10th to 25th percentile; brown, 0 to 10th percentile. Yellow line, median water
level for the month. Long-dashed green line, maximum ground level at the tree island. Elevations
are relative to North American Vertical Datum of 1988 (NAVDSS; left vertical axis) and National
Geodetic Vertical Datum of 1929 (NGVD29; right vertical axis). Visit <http://sofia.usgs.gov/eden/
water_level_percentiles.php > for additional and more-recent information.
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Research, continued

“Ultra Marathon Champion” Bird May Plan Flights Based on

Weather Across the Pacific

By John Pearce, Robert Gill, David Douglas, Colleen Handel, and Lee Tibbitts

Arecent U.S. Geological Survey
(USGS)-led study of the Bar-tailed
Godwit, a shorebird known famously as
the ultimate marathon champion of bird
flight, suggests that these birds can sense
broad weather patterns and optimally
time their long, nonstop, transoceanic
migrations to destinations thousands of
miles away.

Like airplane pilots examining weather
charts for the course ahead, godwits wait-
ing to take flight ultimately selected dates
of departure that corresponded to the best
atmospheric wind conditions possible
within a two-week window. Remarkably,
not only were the conditions optimal for
takeoff, but they almost always provided
the best possible conditions for the birds’
entire transoceanic flights.

“We think that these behaviors repre-
sent a previously unknown cognitive abil-
ity that allows Bar-tailed Godwits to as-
sess changes in weather conditions across
widely separated atmospheric regions in
different parts of the Pacific Ocean and
to time their migration patterns accord-
ingly,” said Robert Gill, Jr., an emeritus
scientist with the USGS and lead author
of the study.

These findings are part of a recent sci-
entific publication by collaborators from
the USGS, the National Oceanic and At-
mospheric Administration, the University
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Female Bar-tailed Godwit (Limosa lapponica, subspecies baueri) starting to molt into breeding
plumage before departing on long flight to breeding grounds. Photograph taken in Miranda, New
Zealand, February 2014, by Phil Battley (Massey University, New Zealand); used with permission.

of Groningen (in the Netherlands), and
the NIOZ Royal Netherlands Institute for
Sea Research. The researchers used de-
tailed information on individuals tracked
by satellite transmitters, along with data
on wind conditions across the Pacific
Ocean, to investigate migration patterns
along the 18,000-mile annual route of
the Bar-tailed Godwit. Their study deter-

Male Bar-tailed Godwit (Li-
mosa lapponica, subspecies
baueri) starting to molt into
breeding plumage before de-
parting on long flight to breed-
ing grounds. Photograph taken
in Miranda, New Zealand,
February 2014, by Phil Battley
(Massey University, New Zea-
land); used with permission.

10

mined that Bar-tailed Godwits are able to
make efficient decisions about when and
where to fly during nonstop flights of up
to 10 days long between wintering areas
in New Zealand and breeding areas in
Alaska.

“There are a number of broad-scale
prevailing wind patterns through the Pa-
cific Ocean, and the godwits take advan-
tage of these winds to facilitate success-
ful migration between their wintering and
breeding areas. These wind patterns ap-
pear to be teleconnected, or linked, across
broad expanses of the Pacific Ocean,”
said Gill.

In all but one instance during all three
migration legs, Bar-tailed Godwits de-
parted on their long flights on dates that
offered significant assistance from winds.
Furthermore, they usually departed on the
first day after a marked change in winds
from unfavorable to favorable, increasing
the likelihood that the favorable winds
would persist during their flights. In areas
where storms are common, such as the

(Bar-tailed Godwits continued on page 11)
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Research, continued

(Bar-tailed Godwits continued from page 10)

Range map for the Bar-tailed
Godwit, Limosa lapponica,
subspecies baueri, whose trans-
Pacific migration is the subject of a
recent paper in Animal Behaviour
(<http.//dx.doi.org/10.1016/].
anbehav.2014.01.020>). Limosa
lapponica baueri (blue range on
map) breeds in Alaska, spends

the non-breeding season in New
Zealand and east Australia, and
stops during northbound migration
at coastal staging areas in East
Asia. From USGS Alaska Science
Center webpage at <http://
alaska.usgs.gov/science/biology/
shorebirds/barg_photos.php>.

North Pacific, the scientists believe that
the most likely cue signaling a favorable
departure window is a change in baro-
metric pressure and an associated change
in wind direction.

Once birds depart an area, they can
choose where to fly, both laterally and
vertically, in order to maximize assis-
tance from winds. “Just like airline pilots,
birds occasionally have to abort flights
or change course drastically when they
encounter severe, unexpected weather,”
noted David Douglas, a research wildlife
biologist who is a coauthor of the study,
and like Gill, works out of the USGS
Alaska Science Center.

Research

The researchers observed two birds
that made abrupt course changes when
they encountered rapidly developing
cyclones along their flight paths. In one
case, the prolonged flight change resulted
in the bird not breeding that season,
likely due to energy spent fighting the
headwinds of the storm.

The report on this study, titled “Hemi-
spheric-scale Wind Selection Facilitates

Bar-tailed Godwits
(Limosa lapponica,
subspecies baueri)
in breeding plumage
at breeding grounds
on Alaska’s North
Slope. Left, male;
right, female. The fe-
males of this species
are slightly larger
than the males; the
males are more
brightly colored.
USGS photographs
by Dan Ruthrauff.

n

Bar-tailed Godwit Circum-migration
of the Pacific,” was published in April
2014 in the journal Animal Behaviour
at <http://dx.doi.org/10.1016/j.anbe-
hav.2014.01.020>.

Additional photographs and informa-
tion are posted on a USGS Alaska Sci-
ence Center webpage at <http://alaska.
usgs.gov/science/biology/shorebirds/
barg_photos.php>.%
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Research, continued

Sea-Ice Decline and Permafrost Thaw Create Goose Habitat in Arctic Alaska
By John Pearce (USGS), Paul Flint (USGS), and Ken Tape (University of Alaska Fairbanks)

Warming temperatures are leading to
the creation of high-quality habitats for
geese along the Arctic coast of Alaska,
according to scientists with the U.S.
Geological Survey (USGS). This effect is
in contrast to the deleterious impacts that
warming global temperatures are having
on the habitats of animals that depend on
sea ice, such as polar bear and walrus.

In response to the new habitats, goose
distributions are shifting from inland
lakes to coastal marshes. Additionally,
geese are expanding their range beyond
the area historically used to assess their
numbers.

The USGS research findings—
reported in the journal Environmental
Research Letters in December 2013
(<http://dx.doi.org/10.1088/1748-
9326/8/4/045031>) and the Journal
of Field Ornithology in January
2014 (<http://dx.doi.org/10.1111/
jofo.12051>)—focus on Black Brant
geese (Branta bernicla nigricans).

These birds migrate by the thousands
each summer to the Arctic Coastal Plain
of Alaska to undergo their wing molt,
during which they are flightless for three
weeks. While they are molting, the birds
require extensive open-water areas where
they can escape from predators and high-
quality food to give them the energy
necessary to replace worn feathers.

Since the 1970s, the U.S. Fish and
Wildlife Service has noted a shift in the
distribution of Black Brant geese near
Teshekpuk Lake, a large lake southeast of
Barrow, Alaska, in the center of the Arc-
tic Coastal Plain and within the National
Petroleum Reserve. The most obvious
change has been that geese are moving
away from large inland lakes to coastal
salt marshes.

“This was a case where we knew from
the long-term survey data that geese were
shifting their molting distribution, but
‘why’ was the question,” says Paul Flint,
a research wildlife biologist with the
USGS and one of the authors of the new
reports.

(Goose Habitat continued on page 13)
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Black Brant geese (Branta bernicla nigricans) congregate to molt their flight feathers in the
Teshekpuk Lake Special Area of the National Petroleum Reserve, Alaska. The geese have
shifted their distribution to take advantage of recently formed habitat in estuarine areas
along the Arctic Coastal Plain. USGS photograph taken July 2008 by Tyler Lewis.

Oceay
Smith
River

Arctic

Barrow g Teshekpuk

Lake

Traditional

Wainwright survey area

:ﬂtqasuk

Bureau of Land Management
I Native Corporation

0] 24 48 72 896 .
— o Miles

Location of Teshekpuk Lake within National Petroleum Reserve - Alaska. Data collected since 2010
show that significant numbers of Black Brant geese molt outside the “traditional survey area”
(bounded by orange line) where molting birds have been counted since 1976 (see Journal of Field
Ornithology article at <http://dx.doi.org/10.1111/jofo.12051>). Base map courtesy of the Bureau of
Land Management (<http.//www.blm.gov/ak/st/en/prog/planning/npra_general.html>).
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Research (continued)

(Goose Habitat continued from page 12)

The answer, according to Flint, is that
the shift of Black Brant from inland lakes
to coastal areas results from creation of
new habitat along the coast rather than
degradation of inland habitat. The USGS
investigations also discovered new molt-
ing areas outside the historic range. Re-
sults from the research suggest that Black
Brant are dispersing from the Teshekpuk
Lake area into new coastal habitats, while
simultaneously redistributing within the
Teshekpuk Lake area. Surveys conducted
in new coastal molting habitats docu-
mented a 50-percent increase in the popu-
lation size of molting Black Brant along
the Arctic Coast. The authors conclude
that continued reductions in sea ice and
associated permafrost melting may con-
tinue to alter coastal areas, creating more
salt marshes and thus facilitating further
changes in goose distributions.

“The bottom line is that there is now
an abundance of high-quality goose for-
age along the coast; therefore, we expect
this process to continue and populations
of Black Brant and other goose species to
increase,” said Flint.

Future investigations planned by the
USGS will determine if the changes driven
by sea-ice-and permafrost decline are
resulting in an overall increase in the high-
quality coastal vegetation used by geese
or if habitat is simultaneously being lost to
coastal erosion.

“This kind of information has been very
helpful in identifying areas that may need
special considerations when planning for
potential industrial development on the
North Slope,” said Debbie Nigro, wildlife
biologist with the Bureau of Land Man-
agement in Fairbanks, Alaska.

Complete citations for the recent pub-
lications by the USGS scientists and their
colleagues from the University of Alaska,
Fairbanks, and the U.S. Fish and Wildlife
Service are:

Tape, K.D., Flint, P.L., Meixell, B.W.,
and Gaglioti, B.V., 2013, Inundation, sedi-
mentation, and subsidence creates goose
habitat along the Arctic coast of Alaska:
Environmental Research Letters, v. 8, no.
4,9 p., doi:10.1088/1748-9326/8/4/045031
[http://dx.doi.org/10.1088/1748-
9326/8/4/045031].
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Low-elevation tundra along the Smith River in the Teshekpuk Lake Special Area of the National
Petroleum Reserve - Alaska. On the left is low-biomass, high-quality goose forage. On the right is
typical high-biomass, low-quality vegetation. USGS photograph taken July 2011 by Brandt Meixell.

Coastal erosion reveals the extent of ice-rich permafrost underlying the active layer (the top

layer of soil that thaws in the summer and freezes again in the fall) on the Arctic Coastal Plain
in the Teshekpuk Lake Special Area of the National Petroleum Reserve - Alaska. USGS photo-
graph taken July 2011 by Brandt Meixell.

Flint, P.L., Meixell, B.W., and Mallek,
E.J., 2014, High fidelity does not pre-
clude colonization—Range expansion of
molting Black Brant on the Arctic coast

13

of Alaska: Journal of Field Ornithol-
ogy, v. 85, no. 1, p. 75-83, doi:10.1111/
jofo0.12051 [http://dx.doi.org/10.1111/
jofo.12051]. &
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Research, continued

25 Years After the Exxon Valdez, Sea Otter Population at Pre-Spill Levels

By Daniel Esler and Brenda Ballachey

Nearly 25 years after the Exxon Valdez
oil spill injured wildlife off the coast of
Alaska, sea otters have returned to pre-
spill numbers within the most heavily
oiled areas of Prince William Sound,
according to a new report issued in
February 2014 by the U.S. Geological
Survey (USGS).

Sea otters in the path of the oil incurred
heavy mortality when 42 million liters
of Prudhoe Bay crude oil were spilled in
Prince William Sound in March 1989,
with an estimated loss of several thousand
otters. Through long-term data collection
and analysis, scientists found that sea
otters were slow to recover, likely because
of chronic exposure to lingering oil. Other
studies documented persistence of oil in
the sea otter’s intertidal feeding habitats.

“Although recovery timelines varied
widely among species, our work shows
that recovery of species vulnerable to
long-term effects of oil spills can take
decades,” said lead author of the study,
Brenda Ballachey, research biologist with
the USGS. “For sea otters, we began to
see signs of recovery in the years leading
up to 2009, two decades after the spill, and
the most recent results from 2011 to 2013
are consistent with recovery as defined by
the Exxon Valdez Oil Spill Trustee Council
[a State and Federal partnership formed
to oversee restoration of the damaged
ecosystem; <http://www.evostc.state.
ak.us/>].”

Scientists assessed recovery by estimat-
ing the number of living sea otters on the

Sea otter (Enhydra lutris) in kelp. USGS photograph by Benjamin
Weitzman.
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Map of Prince William Sound, showing path of oil (dark-gray shading) spilled from the tanker
Exxon Valdez after it ran aground on Bligh Reef in 1989. Areas where sea otters were counted
and (or) studied are labeled. Figure 1 from USGS Open-File Report 2014—1030, <http://dx.doi.

0rg/10.3133/0fr20141030>.

basis of aerial surveys and comparing that
number to pre-spill numbers. They also
collected carcasses of otters that had died
in the spill area. Carcasses were evaluated
to determine how old sea otters were when
they died. Historically,
and before the spill,
most dead otters were
either very old or very
young, but after the
spill, more middle-
aged otters were dying
as well. The ages of
dead animals have now
returned to the pre-spill
pattern.

Recovery also was
assessed with studies
to detect oil exposure
by using gene expres-
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sion as a biochemical indicator. The most
recent genetic evidence suggests a reduc-
tion in oil exposure since 2008.

Scientists concluded that the status
of sea otters in western Prince William
Sound is now consistent with the criteria
established for population recovery set
by the Exxon Valdez Oil Spill Trustee
Council (see “Recovery Objective” at
<http://www.evostc.state.ak.us/index.
cfm?FA=status.seaotter>).

The sea otter was one of more than 20
nearshore species considered to have been
injured by the spill.

The new publication, “2013 Update
on Sea Otter Studies to Assess Chronic
Injury from the 1989 Exxon Valdez Qil
Spill, Prince William Sound, Alaska,” is
available online at <http://pubs.usgs.gov/
0f/2014/1030/>.%
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USGS Intern Teaches Kids about Ocean Acidification

By Macy Carter and Lisa Robbins

U.S. Geological Survey (USGS) Path-
ways Program intern Paul O. Knorr
taught kids about ocean acidification in
his third annual Great American Teach-
In at Ridgecrest Elementary in Largo,
Florida, on November 21, 2013. The
Great American Teach-In is a day on
which professionals from a wide range of
careers visit schools and teach children
real-world applications of what adults do.

Knorr does research on ocean acidifi-
cation alongside research oceanographer
Lisa Robbins at the USGS St. Petersburg
Coastal and Marine Science Center in
St. Petersburg, Florida. Ocean acidifica-
tion occurs as excess atmospheric carbon
dioxide (CO,) is absorbed by the ocean,
lowering the pH of seawater and mak-
ing it harder for organisms such as corals
and shellfish to produce their calcium
carbonate shells. A Ph.D. candidate at
the University of South Florida (USF),
Knorr studies benthic foraminifera,
single-celled animals that form calcium
carbonate shells and are prolific sediment
producers in Florida. He focuses on how
ocean acidification at different CO, levels
in the ocean will affect foraminifera shell
formation and how that will influence
sediment production.

For the Great American Teach-In,
Knorr taught a total of four classes of
first-, second-, and third-graders about
ocean acidification, geology, and carbon-
ate sediment. These topics may sound
a little complex for children, but the
presentations were customized for each
grade level. Additionally, Ridgecrest is
“a gifted magnet school” and, according
to Knorr, “the third-graders seemed to
absorb the information as if they were
sixth- or seventh-graders.”

Knorr brought hands-on activities and
samples for the students. The first-graders
played with rocks and handled several
geological tools, such as a compass, a
rock hammer, and a hand lens. “The first-
graders really liked the tools,” said Knorr.

The second- and third-graders were
able to individually conduct experiments

Outreach

University of South
Florida Ph.D. candidate
and USGS Pathways
Program intern Paul
Knorr presents material
on ocean acidification
and geology to third-
graders during the Great
American Teach-In.

to learn about the chemi-
cal reactions that occur as
part of ocean acidification.
Knorr said, “The students
were especially interested
in the acid-base reaction,
where solid baking soda
reacts with liquid vinegar
and inflates a balloon to
show the release of gaseous
CO,.”

For more information
about USGS research on
ocean acidification, visit
<http://coastal.er.usgs.gov/
ocean-acidification/>. %
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Third-graders
participate in

a hands-on
experiment led
by Paul Knorr
during the
Great American
Teach-In.
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USGS Scientists Support the National Ocean Science Bowl's 10th Annual

Spoonbill Bowl

By Theresa Burress

The Spoonbill Bowl is a regional com-
petition in which high-school students
boost their knowledge of marine science
and compete as a team against other
schools for the opportunity to participate
in the National Ocean Sciences Bowl
(NOSB). The competition is organized by
the University of South Florida (USF) Col-
lege of Marine Science and takes place on
the campus of USF St. Petersburg.

Now in its 10th year, the 2014 Spoon-
bill Bowl consisted of 17 teams from high
schools throughout Florida, from Gaines-
ville to Naples. During the competition on
Saturday, February 1, students answered
questions about the ocean drawn from
such diverse scientific fields as geology,
chemistry, biology, and economics. The
Eastside High School team from Gaines-
ville won first place and will travel to Se-
attle, Washington, to compete in the NOSB
finals on May 1-4. This is the third time
that Eastside High School has represented
the region in the national competition
(for example, see April/May 2011 Sound
Waves article at <http://soundwaves.usgs.
gov/2011/04/outreach.html>).

Ocean acidification is the theme of this
year’s NOSB, and Lisa Robbins, research
oceanographer at the U.S. Geological
Survey (USGS) St. Petersburg Coastal and
Marine Science Center in St. Petersburg,
Florida, was invited to kick off the event
with a keynote address on her latest ocean-
acidification research. She gave her talk,
“Going to the top of the World to Explore
Ocean Acidification,” on January 31, the
eve of the competition. Robbins” work on
changes in ocean chemistry resulting from
excess atmospheric carbon dioxide (CO,)
has taken her from the West Florida shelf
to the Arctic Ocean on multiple research
cruises to collect vital oceanographic data
that will help answer important questions
about the impacts of climate change on
the world’s ocean and its ecosystems.

(For example, see Sound Waves articles
“Research Cruises Collect Measurements
on the West Florida Shelf for Modeling
Climate Change and Ocean Acidifica-
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Left to right: Spoonbill
Bowl volunteers Ma-
ria Rodriguez-Vega
(timekeeper), Kara
Doran (moderator),
and Nicole Caesar
(rules judge) at work
during the morning
round-robin competi-
tion. Photograph
courtesy of Paul Su-
prenand (USF College
of Marine Science).

tion,” April 2009, <http://soundwaves.
usgs.gov/2009/04/fieldwork2.html>,

and “Unprecedented Rate and Scale of
Ocean Acidification Found in the Arc-
tic,” November/December 2013, <http://
soundwaves.usgs.gov/2013/12/research?2.
html>.)

After her talk, Robbins quizzed the
students about ocean acidification, reward-
ing those who gave correct answers with
things that she had picked up during her
trips to the Arctic. “These students are
smart, and they are enthusiastic about
marine science. We should encourage the
marine scientists of tomorrow!”

Kara Doran, a USGS oceanographer at
the St. Petersburg center, has served as a
moderator each year since attending USF
College of Marine Science as a gradu-
ate student. Doran said, “The students
competing in the NOSB Spoonbill Bowl
always impress me with their knowledge
of the ocean and their enthusiasm for the
competition. It is encouraging to know
that a new generation of informed and pas-
sionate scientists are coming behind us to
carry our science into the future.”
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Left to right: Teresa Greely
(University of South Florida [USF]
College of Marine Science), Lisa
Robbins (USGS), and Angela
Lodge (USF College of Marine
Science) at the Spoonbill Bow!
pre-competition dinner, where
Robbins gave the keynote
speech on ocean acidification.
Photograph courtesy of Paul
Aunspaugh (USF College of
Marine Science).

Theresa Burress, librarian and
outreach coordinator contracted to the
USGS, has participated as scorekeeper
for several years. She also provided
educational resources to each of
the coaches and students, including
information about the latest coastal
and marine science and field activities
happening at the St. Petersburg center.
Christian Haller, USGS student
employee and student at the College of
Marine Science, volunteered for the first
time this year as a runner.

St. Petersburg Coastal and Marine
Science Center scientists and staff have
supported this event since 2005, when St.
Petersburg first began hosting the region-
al competition (see “USGS Participates
in CORE’s National Ocean Sciences
‘Spoonbill” Bowl” <http://soundwaves.
usgs.gov/2005/04/outreach2.html>).
Local partners include the USF College
of Marine Science, the Florida Fish and
Wildlife Conservation Commission, the
USGS St. Petersburg Coastal and Marine
Science Center, the Florida Aquarium,
and Mote Marine Laboratory. &
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Communications Awards Recognize Ocean Chemistry Topics

Leading scientists share research, tools, and findings with critical audiences

By Ann Tihansky, Sharon Gilberg, and Lisa Robbins

[Reprinted from NEWSWAVE, NEWS
FROM THE U.S. DEPARTMENT OF THE
INTERIOR: OCEANS, COASTS AND GREAT
LAKES, Winter 2014 <http://www.doi.gov/
pmb/ocean/news/Newswave/>.]

Understanding Mercury Sources and
Cycling

The U.S. Geological Survey (USGS)
awarded the Shoemaker Award for Life-
time Achievement in Communications to
research geochemist David Krabbenhoft
of the USGS Wisconsin Water Science
Center for his monumental contributions
in effectively communicating the science
of mercury and continuing diverse work
with ongoing, multiagency research on
aquatic mercury.

Krabbenhoft has educated an interna-
tional audience on the deleterious effects of
mercury in the environment and was instru-
mental in crafting a binding international
treaty for the United Nations (UN) on re-
ducing man-made mercury emissions. This
treaty was signed by 140 nations.

Together with Congress, the media, State
and local officials, other Federal agencies,
members of the public, and international
agencies such as the UN, Krabbenhoft’s ef-
forts have increased awareness of the dan-
gers of mercury, as well as improved the
research in understanding the sources and
fates of mercury contamination. In the past
23 years, Dave has authored or coauthored
more than 100 papers on mercury in the en-
vironment, and in 2006, served as co-chair
for the 8th International Conference on
Mercury as a Global Pollutant. He helped
establish the USGS’s Mercury Research
Laboratory in 1994.

[See a Sound Waves story about some
of Krabbenhoft’s research, “Landmark
Study Demonstrates How Methylmercury,
Known to Contaminate Seafood, Forms in
the Ocean,” at <http://soundwaves.usgs.
gov/2009/08/>.]

Carbon Chemistry App “CO,calc”
The USGS also recognized COscalc, a
new mobile app, with a USGS Shoemaker

Awards
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and cycling in the
Pacific Ocean. Learn
more about mercury
cycling in coastal
and marine systems
at the USGS Wiscon-
sin Water Science
Center’s Coastal and
Marine Research
webpage: <http://
wi.water.usgs.gov/
mercury/coastal-
and-marine-re-
search.html>. Image
credit: USGS.
Eastern Pacific

The mobile app is available in iTunes,
and a larger version for use on lap-
tops and desktops is available on the
USGS website at <http://pubs.usgs.
gov/of/2010/1280/>.

communications award. USGS scientist
Lisa Robbins and her team developed the
app to be used by students, scientists, or the
citizen scientist to calculate CO, param-
eters in water from a mobile device, stream-
lining field operations by eliminating the
need for bulky computing equipment that
was needed in the past. [See related Sound
Waves article at <http://soundwaves.usgs.
gov/2011/03/research4.htmi>.]

The tool is just part of the work being
done by scientists at the USGS in St. Pe-
tersburg, Florida, as they collaborate with
the University of South Florida (USF)
researching the issue of ocean acidification
in the Arctic Ocean [see <http://coastal.
er.usgs.gov/ocean-acidification/>].

Ocean acidification is a significant threat
to marine life due to the lowering of pH in
ocean water due to the uptake of excess car-
bon dioxide (CO,) from the atmosphere. As
oceanic pH lowers, marine biota, particu-
larly corals and shellfish, have a harder time
making their shells. Thinner, more brittle
shells could lead to increased predation and
lower numbers of individuals.

Since 2010, USGS scientist Lisa Rob-
bins and USF colleague Jonathan Wynn
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CO,calc

have collected over 30,000 water samples
during three research cruises in the Arctic
Ocean to study ocean acidification in the
Canada Basin and the role that sea ice may
play in ocean chemistry [for example, see
<http://soundwaves.usgs.gov/2012/02/>].
Although excess CO is likely the major
contributor to ocean acidification in the
Avrctic Ocean, fresh water from melt-

ing ice lowers the buffering capacity of
seawater, making the two contributors a
one-two punch in lowering the pH of the
Arctic Ocean [see <http://soundwaves.
usgs.gov/2013/12/research2.html>]. The
USGS ocean acidification research team
has also focused on educational outreach
with a twitter feed @USGSATrctic, cruise
journals, and resources for teachers lo-
cated on the USGS Ocean Acidification
webpages: <http://coastal.er.usgs.gov/
ocean-acidification/polar.ntmi>. &
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Three USGS Volunteers in Florida Working on Ocean Acidification

By Lisa Robbins

\Volunteers at the U.S. Geological Sur-
vey (USGS) learn new skills, pave the way
for future careers, teach others, and stay
involved in science. This article highlights
three volunteers working on various as-
pects of ocean acidification. Macy Carter
is currently a sophomore at the University
of South Florida (USF) in St. Petersburg
and is working with oceanographer Lisa
Robbins at the USGS St. Petersburg
Coastal and Marine Science Center.
Carter is planning to major in geology and
wanted to help with ocean-acidification
projects. She called Robbins and started
volunteering. “Working with Dr. Robbins
on ocean acidification projects is a great
learning experience. | have been able to
apply knowledge learned in class to dis-
cussions and research here at the USGS.”

Carter comes to the center three times a
week to help Robbins with data collection,
organization, analysis, and report writing.
“I look forward to helping Dr. Robbins
because it is always a fun task; nothing
we do is ever mundane. We are constantly
finding new things,” says Carter, “and
learning new things I had no idea | even
wanted to know! This experience is amaz-
ing; | have finally found my calling in

geology.”

University of South Florida student and USGS
volunteer Macy Carter (left) works with USGS
Pathways Program student Kira Barrera on
data from an ocean acidification experiment
conducted with green algae, Halimeda.
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In summer 2013, another volunteer,
Lindsey Evans, also worked with
Robbins. Although Evans, a junior at
Rhodes College in Memphis, Tennessee,
is studying psychology, she is also taking
environmental classes and is interested in
ocean acidification. During her volunteer
time at USGS, Evans helped to organize
ocean acidification data that Robbins
had collected during Arctic cruises (for
example, see “USGS Arctic Ocean
Research: A Polar Ocean Acidification
Study,” Sound Waves, August 2011
<http://soundwaves.usgs.gov/2011/08/>),
learned new software to teach to the ocean
acidification team, prepped Arctic coral
samples to be cut into thin sections (for
observation under a microscope), and
researched Arctic coral. When asked about
working on something different from
her college major, Evans responded, “It
taught me how science is approached and

Lindsey Evans prepares a carbonate sample for

thin sectioning and C dating.
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research is done. It was such a student-
friendly atmosphere, and I had fun. In fact,
it was like working for family!”
Longtime volunteer Sharon Gilberg
continues to help USGS with ocean
acidification education by providing
updates for the USGS ocean acidification
website (<http://coastal.er.usgs.gov/
ocean-acidification/>), tweeting about
Avrctic Ocean acidification cruises and
research on Twitter @USGSArctic
(<https://twitter.com/USGSATrctic>),
and visiting classrooms. Gilberg has most
recently developed iPad activities for
the classroom using water-sample data
from the ocean acidification cruises and
is working on additional activities using
the CO,calc app. (Read about this app
in Sound Waves at <http://soundwaves.
usgs.gov/2014/04/awards.html> [this
issue] and <http://soundwaves.usgs.
gov/2011/03/research4.html>, and in
USGS Open-File Report 2010-1280,
<http://pubs.usgs.gov/of/2010/1280/>.)
Gilberg currently teaches oceanography
and Earth science at St. Petersburg College.
As a geologist and teacher, she feels that
“It is important that we use social media
as well as mobile computer technology as
tools to continue to educate students about
science and inspire them through the ad-
venture of modern scientific exploration.”
Learn about the USGS Volunteer for
Science Program at <http://www.usgs.
gov/humancapital/sw/volunteer.html>.
Learn more about USGS ocean
acidification research at <http://coastal.
er.usgs.gov/ocean-acidification/>. %

Sharon Gilberg
at Menden-
hall Glacier in
Juneau, Alaska,
June 20, 2010.
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USGS Employee Recognized for Service on Science Museum Board in Florida

By Dennis Krohn

Research oceanographer Lisa Robbins
of the U.S. Geological Survey (USGS)
St. Petersburg Coastal and Marine
Science Center in St. Petersburg, Florida,
was recently recognized for her service
on the board of directors of the Museum
of Science and Industry (MOSI) in
Tampa, Florida (<http://www.mosi.
org/>). Elected to the board in 2003,
Robbins rotated off the board in January
2014. MOSI Director Wit Ostrenko and
Vice President of Development Molly
Demeulenaere thanked Robbins for
her 11 years of service. Demeulenaere
commented, “Lisa was passionate about
MOSI.”

Elected to the board in 2003, Robbins
did much to advance collaboration
between the science museum and USGS
scientists. In 2007, she worked with other
USGS staff, including geologist Dennis
Krohn, to provide ideas and input for
the permanent exhibit “Disasterville,” a
10,000-square-foot exhibition that the
public can walk through to experience
a variety of simulated natural disasters,
including hurricanes, tsunamis,
earthquakes, wildfires, floods, and
volcanoes.

Visitor tries out the wind tunnel in the Hurri-
cane area of the Disasterville exhibit. Photo-
graph by Adrienne Drew, courtesy of MOSI.

Staff and Center News

USGS research oceanographer Lisa Robbins
served for 11 years on the board of directors of
the Museum of Science and Industry (MQSI) in
Tampa, Florida.

During Robbins’ tenure, MOSI grew
from about 210,000 square feet to more
than 400,000 square feet of exhibits and
hands-on displays. Museum attendance
averages 750,000 visitors per year. In
2009, MOSI was one of the winners of
the National Medal for Museum and
Library Service, the Nation’s highest
honor for museums (<http://www.imls.
gov/about/medals.aspx>). (Read more
about MOSI in an award booklet about

T
B
LI
3
-
-
s

2009’s winners, <http://www.imls.gov/
assets/1/AssetManager/Medals09.pdf>
[1.3 MB].)

According to Robbins, “MOSI is a
premier science museum in the Southeast
and provides important science and
technology information to the public.
USGS has played a role in its growth
and the development of exhibits. It has
been a blast to work with the director and
staff and with all of the hands-on, fun
exhibits—you can see why kids love to
come to the museum. There is no doubt in
my mind that many have become scientists
because of visiting MOSI.”

To learn more about USGS involvement
in MOSI, read “USGS Helps Shape
New ‘Disasterville’ Exhibit at Museum
in Florida,” Sound Waves, January/
February 2007, <http://soundwaves.usgs.
gov/2007/01/outreach.html>; “Hurricane
Research an Interest for Museum Exhibit
Designers,” Sound Waves, October 2004,
<http://soundwaves.usgs.gov/2004/10/
outreach2.html>; and “USGS Scientist
on Science-Museum Board in Tampa,
FL,” Sound Waves, December 2002/
January 2003, <http://soundwaves.usgs.
gov/2003/01/staff2.html>. &

Museum of Science and Industry (M0S!) in Tampa, Florida. Photograph courtesy of MOSI.

19

Sound Waves March/April 2014



New Kid on the Web: USGS Coastal and Marine Geology Program’s Redesigned

Website Goes Live

On March 11, 2014,
the U.S. Geological
Survey (USGS) Coastal
and Marine Geology A
Program launched its
newly designed website,
<http://marine.usgs.
gov/>. The site features TN TR
dynamic new “front end” Data
webpages that highlight
the Program’s research
and expertise as they
pertain to specific coastal
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