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Matthew Cottrell and Monica Stegman (B-026-P) visid Palmer Station in May to conclude the field sanimg
component of the "Photoheterotrophic microbes in tle West Antarctic Peninsula marine ecosystem" projec
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NEWS FROM THE LAB
By Janice O’Reilly, Winter Assistant Supervisor ofLab Operations

Science labs bustled with activity during the mootiMay. Members from B-027-P
(McClintock/Amsler) and B-256-P (Lee) wrapped upittscience projects for the 2012 season.
Members of B-026-P (Cottrell) arrived on LMG 124@b6complete the field sampling component
of their study and departed on the same cruise3 B (Detrich) was joined by one member
from their home institution and three members fi®pain. Departing from their group on LMG
12-05 was one member from B-037-P and one memder B-038-P.

The relatively mild weather conditions allowed fid work to continue during May. Members
from B-256-P (Lee) and B-027-P (McClintock/Amslegntinued field sampling during the first
part of the month. Members of B-026-P (Cottrellysessfully collected water samples on all,
except one collection day. Four fishing cruisesenempleted by B-037-P (Detrich) onboard
the ARSV Laurence M. Gou(MG). Station personnel continued weighing giaetrgl chicks
for B-013-P (Fraser) through the last day of thelgton 24 May.

Visiting Grantees and the new Instrument Technigave four science lectures in May. Yuta
Kawarasaki of B-256-P (Lee) gave a talk abi®elgica antarcticathe only free-living insect
found on Antarctica. He described the extreme strssthat larvae ddelgica antarctica

survive, including freezing of body fluids and ddhgtion, and the underlying physiological and
molecular mechanisms that contribute to their egiokd success in the harsh environment of



Antarctica. Mary Chamberlin of B-038-P gave a thlat provided an overview of her research
on aerobic metabolism in invertebrate and vertebmat-transporting epithelia and fish red
muscle. She discussed a conceptual and experinsgpedach that can be used to understand
how external factors (e.g. developmental stagepé&aiure) affect mitochondrial function. Dr.
Matt Cottrell (B-026-P) presented an overview otrabial oceanography with a focus on the
role of bacteria in carbon cycling in the oceanghtghts included the recent discovery of new
types of light harvesting metabolism in marine baat These so called photoheterotrophic
microbes have been demonstrated to be activelyiggowhile relying on sunlight and organic
material. New carbon cycle models will probablyreguired to fully explain how these
abundant microbes fit into an already complex estasy framework that treats autotrophy and
heterotrophy separately. The month’s science &lies was concluded with a presentation by
Graham Tilbury, the winter Instrument Techniciamosshared his experiences working on the
Ice Cube project at South Pole. He showed a DVIDghae an overview of several science
projects currently being conducted at Pole.

Palmer Station felt the beginning of winter durMgy, as daylight hours shortened and
temperatures dropped. However, populations of pesgrould still be observed, some busily
transferring pebblednterestingly,Adélie penguins were observed on the north anchssides

of Torgersen Island on three different occasionsl®and 13 May more than 50 Adélies were
counted, and on 20 May over 100 Adélies were caljrd¢antastic photo opportunity for
grantees visiting for the first time. Gentoo pemguivere sometimes observed swimming in the
open water between Arthur Harbor and Station E2®fay three chinstrap penguins were
identified on Nightmare Island during a combine@mion for the survival cache swap on
Dream Island for OSAR operations, and science suifietd work for obtaining GPS reference
points for T-434-P (Morin). Other bird populatiooigserved during the month included blue-
eyed shags, kelp gulls, Wilson’s storm-petrelsygnsheathbills, and giant petrels (adults and
grown chicks). A small group of terns (unidentifi@dntinued to congregate at the far shore of
Arthur Harbor near the glacier. Seals still preserthe Palmer vicinity included fur, elephant,
crabeater and leopard. On 2 May a group of humphdehes was seen by the OSAR team near
Halfway Island.

MAY 2012 WEATHER
By Neal Scheibe, Research Associate

May at Palmer Station saw a steady downtrend opésatures, but this was counterbalanced by
many great sunrises and sunsets that illuminadiuntains to the south. Except for some
gusty days in the middle of the month, May wasidyfaalm month. The coldest day was the
27" at -8.2°C. The warmest temperature was on theaflB8.4°C. The average temperature for
the month was -2.0°C, which is just a little codlean last year.

Sea surface temperatures averaged -0.5°C. Vdeydéh ice was seen this month, with only a
couple of days of heavy brash ice passing throu@he iceberg came into view near month’s
end. The glacier was heard calving several tinemg the warmer, rainy days.

There was 31 cm of snowfall throughout the montterowith snow being preceded or followed
by freezing rain to create slick conditions arolaiimer Station. A total of 21.9 mm melted
precipitation fell during the month. There wasealthy coating of snow blanketing Palmer
Station heading into June.



B-026-P: PHOTOHETEROTROPIC MICROBES IN THE WEST ANT ARCTIC
PENINSULA MARINE ECOSYSTEM

Matthew T. Cottrell, Principal Investigator, SchadlMarine Science and Policy,
University of Delaware, Lewes, Delaware

Personnel on station: Matt Cottrell and Monica 8tag

The goal of this project is to examine the roleniérobes that supplement their growth with
light energy harvested from sunlight. About hdltlee bacterial cells in the surface waters of the
ocean at lower latitudes are equipped with somm fafrlight harvesting apparatus, but it is
unclear if these photoheterotrophic microbes ae abundant in high latitude waters near the
west Antarctic Peninsula as well. This month meaHe final deployment for our project. The
first three deployments in 2011 and January 2012 Wweghly successful and we are fortunate
now to be in a position where we can now focusyargtup some loose ends. We are
continuing our analysis of bulk measurements dtim rates of metabolism, assays of
photoheterotrophy gene expression and radiotraqearenents to follow the incorporation of
inorganic C into microbial biomass in the light ahéd dark. We have now perfected a single-
cell assay that enables us to assess the growth afie type of photoheterotrophic microbe
called aerobic anoxygenic phototrophic (AAP) baateMonica Stegman is taking the lead on
experiments focusing on the AAP bacteria. Thekvibat she is doing here at Palmer Station
will enable us to look at any differences betwdwse high latitude waters and Delaware Bay
where she already has collected comparable déta.are excited now to be able to utilize this
new approach in the work that we are doing hetbarcoastal waters of the west Antarctic
Peninsula.

B-027-P: THE EFFECTS OF OCEAN ACIDIFICATION AND RIS ING SEA SURFACE
TEMPERATURES ON SHALLOW-WATER BENTHIC ORGANISMS IN
ANTARCTICA

James McClintock, Charles Amsler, and Robert Angusicipal Investigators, University of
Alabama at Birmingham

Personnel on station: Kathryn Schoenrock and 3diegam

In the month of May our group finished a six weekd experiment investigating the effects of
decreased pH and increased sea water temperatgrewth and physiology of two species of
marine invertebrates (the marine sMérgarella antarcticaand limpefNacella concinnpand
two species of marine encrusting alg@éathromorphum obtectuluandHildenbrandia sp.

We completed all water chemistry measurements endpsprotocols for water sampling
throughout the year. The end of experiment measemesior the invertebrates include tissue
sampling for whole animal biochemical compositicalcification, shell morphology, escape
response from a predator, gene expression (withlaorator), and wet weights. Photosynthetic
health, thallus size, chlorophwyicontent, calcification, and gene expression werasmed for

the algae.



May brought many days of south swell and fog toRaémer Station area, decreasing the amount
of diving that we were able to do for specific eglions. Despite this, we were able to collect
sufficient amounts of fluorometry data using a pusnplitude modulated diving fluorometer.
This data was pertinent for comparisons to theeaigdab, and would not have been collected
without the help of our amazing dive tenders, dpadly Neal Scheibe and Steve Sweet. We
were also able to do collections for these follaywxperiments: 1) Examination of the effect
endophyte presence has on photosynthesis in mgas&) Extraction of cell wall compounds
from coralline algae speci€dathromorphum obtectuluny identify potential inducers of
invertebrate larval settlement, and 3) Cell watraations oflridaea cordatato examine how
different sexual life stages may differ chemicatiyesponse to endophyte infection. Diving also
allowed us to photograph and document organismdieladexperiments.

Over all we had a very successful season at P&ta¢ion and were able to complete our
planned projects and more during our three momip Ve are extremely grateful to station staff
for supporting us and our dive operations.

B-037 PROTEIN FOLDING AND FUNCTION AT COLD TEMPERA TURE: CO-
EVOLUTION OF THE CHAPERONIN CCT AND TUBULINS FROM A NTARCTIC
FISHES

H. William Detrich, Principal Investigator, Depts. Earth and Environmental Sciences and of
Biology, Northeastern University, Boston, MA

Personnel on Station: H. William Detrich (B-0370B9), Corey Allard (B-037), Leonardo
Almeida (B-037), Sara Alvira (B-037), Lucia Quinta(B-037), Juan Carlos Zabala (B-037),
Jeffrey Grim (B-038), Irina Mueller (B-038), and KaChamberlin (B-038)

N.B. Because B-029 and B-038 are projects affitlavith B-037, this report encompasses work
by all three projects.

May began with great success as we obtained sdatassitro fertilizations with two “white-
blooded” icefish specie§hampsocephalus gunnam May 1, andChaenocephalus aceratos
May 4. To our knowledge, thesevitro matings are the first for the icefish family
(Channichthyidae: Notothenioidei). By mid-May wadhalso obtained embryos Mbtothenia
coriiceps the red-blooded species with which we have hadess in prior field seasons.
Typical clutch size for each species was 3,0008tgibryos, more than adequate numbers for
initiating our acclimation and heat shock experitadaor assessing the thermal
sensitivity/resilience of embryonic developmentha white-blooded icefishes and the red-
blooded nototheniids. The long-term acclimatiod ahort-term heat shock protocols are
designed to evaluate changes in embryonic genessipn at defined developmental stages.
Thus, we are preserving staged embryos in RNAlatask that will continue throughout the
winter. Gene expression will be evaluated in o@NUS laboratories by high-throughput DNA
sequencing. We encountered some problems in testoperegulation of our early embryo
chambers, but these have since been resolvedimycassful redesign by Dr. Irina Mueller.
Additional clutches of the three species were olgtiduring the remainder of the month.



During early to mid-May, we treated adblt coriiceps(n = 6) with phenylhydrazine to induce
anemia and a subsequent wave of erythropoiesisarfinals were injected with Notothenioid
Ringers as controls. These animals were bleddayes post-injection to establish their
hematocrits. On day nine post-injection, the hewris of the fish were measured and the 12
specimens were sacrificed for tissue harvest. olpective of these experiments is to examine
the global program of gene expression that dibetdormation of red blood cells, using high-
throughput sequencing in our CONUS labs.

The ASRV Laurence M. Gou(tMG) returned to Palmer Station on May 7, 2012 (Cruise
LMG12-05) after a smooth and scientifically suctelssrossing of the Drake Passage. En route
to Palmer Station, the LM@onducted trawling operations near Low Island ippsut of

projects B-029 (John Postlethwait, PI), B-037 (Hllim Detrich, PI), and B-038 (Jeffrey

Grim, PI1). Nine trawls yielded a substantial calien of fish, including 2650bionotothen
gibberifrons eightN. coriicepsand 57 icefishes of several species. New team reentlr.

Juan Carlos Zabala, Mr. Leonardo Almeida, Ms. $dvaa, and Ms. Lucia Quintana arrived on
this cruise. Supported by LMG and Palmer logigtessonnel, we off-loaded our fish to the
Palmer Station Aquarium.

The LMGthen conducted three additional fishing cruisesupport of our projects: 1) May 9-11
to Dallmann Bay (trapping) and Low Island (trawling) May 16-18 for exploratory fishing
within 50 nautical miles of Palmer Station; andv®y 21-23, again to Dallmann Bay (trapping)
and Low Island (trawling). The first and third es produced sufficient numbers of our three
target specie<;. aceratusG. gibberifrons andN. coriiceps to support our research programs
into early June. The second cruise revealed auptiv@ fishing ground near Andvord Bay that
yielded a wide diversity of notothenioid fishes tgiically encountered at Low Island or
Dallmann Bay. These included the icefiskd®menodraco wilsoniChionodraco rastrospinosus
Cryodraco antarcticusNeopagetopsis ionalandPagetopsis macropterpyand the notothens
Trematomus loennbergaindTrematomus hansani

With the arrival of Alvira, Quintana, and Zabalayrtudies of protein folding at low
temperature commenced in earnest. Using tessisetisomG. gibberifrons they prepared the
chaperonin CCT and three heat-shock proteins, H3#3j090, and Hsp96. “Heat shock protein”
is a misnomer in the case of Antarctic fishes, Whiave lost the capacity to induce synthesis of
these proteins in response to acute thermal clysleRather, they are expressed constitutively
at low temperature along with the normal cellulaagerones that assist the folding of ~10% of
cellular proteins. After the CCT and Hsp prepanagtiare returned to our laboratories in the US
and Spain, we will use them to examine the kineifggrotein folding at low temperature and to
evaluate their network of interactions during tesisted folding process.

At Palmer, we also continued to sample tissues tt@diversity of notothenioid fishes caught
during the montho support research in our CONUS laboratories.

The LMG departed Palmer Station on May 27 en rtwteunta Arenas, Chile. Drs. Jeffrey
Grim and Juan Carlos Zabala sailed northbound enbdtrich, Allard, Almeida, Alvira,
Quintana, Mueller, and Chamberlin remained on@téaid continue our research programs. We
thank the Captain, crew, and ASC personnel of i&land ASC Palmer Station personnel for
their excellent help in making our continuing fisldason very successful.



B-256-P: ROLE OF DEHYDRATION AND PHOTOPERIODISM IN PREPARING AN
ANTARCTIC MIDGE FOR THE POLAR NIGHT

Richard E. Lee, Jr. and David L. Denlinger, Ppatiinvestigators, Miami University, Oxford,
Ohio and Ohio State University, Columbus, Ohio

Personnel on station: Yuta Kawarasaki

Most of the time this month was focused on compteti number of experiments started in
April. One of those studies was designed to datermhysiological responses of the Antarctic
midge larva to extended periods of ecologicallgvaht, exposure to low temperature. These
larvae can survive low-temperature exposure bydttey the freezing of their body fluids or by
losing body water to environmental ice, termed prgtective dehydration. Both strategies
appear to be effective for long-term survival ie ttold. Follow-up analyses are planned to
further investigate the difference in the energetist of these overwintering strategies.

We are grateful to station personnel for their swppEspecially, we thank Janice O’Reilly and
Ken Keenan for coordinating science support. Vge #iank Lily Glass and Graham Tilbury for
assistance in the laboratory. The field sampliogild not have been possible without boating
support by Ryan Wallace. Sean Bonnette, Lily GIBsall Queior, and Neil Scheibe helped with
field collection of midge samples.
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Neal Scheibe

G-090-P: GLOBAL SEISMOGRAPH NETWORK (GSN) SITE AT PALMER STATION.
Kent Anderson, Principal Investigator, Incorporaksearch Institutions for Seismology (IRIS)

Station PMSA is one of more than 143 sites in tiNGmonitoring seismic waves produced by
events worldwide. Real-time telemetry data is senihe U.S. Geological Survey (USGS). The
Research Associate operates and maintains onegitpreent for the project.

A new STS-2.5 seismometer, host box, and cabling wexeived and installed. The new
seismometer is running normally. The old STS-28 failed soon after being installed in early
March. This old seismometer has been broughtensidrerra Lab for troubleshooting prior to
shipment. If the seismometer is not in the correcked state when shipped, excessive damage
to the instrument could result.



A-109-P: ANTARCTIC EXTREMELY LOW FREQUENCY/VERY LO W FREQUENCY
(ELF/VLF) OBSERVATIONS OF LIGHTNING AND LIGHTNING-I NDUCED
ELECTRON PRECIPITATION (LEP).

Robert Moore, Principal Investigator, UniversityFibrida

ELF/VLF radio wave observations at Palmer Statieused to provide a deeper understanding
of lightning and its effects on the Earth’s innadiation belt. The Research Associate operates
and maintains on-site equipment for the project.

Data collection went as planned for the month.

A-132-P: FABRY-PEROT INTERFEROMETER (FPI)
Qian Wu, Principal Investigator, National Center Admospheric Research

The Fabry-Perot Interferometer observes mesospaedthermospheric neutral winds and
temperatures at Palmer Station. The Research R$s@perates and maintains on-site
equipment for the project.

The instrument ran well during the month with nguiss to report.

0-202-P: ANTARCTIC METEOROLOGICAL RESEARCH CENTER (AMRC)
SATELLITE DATA INGESTOR.
Mathew Lazzara, Principal Investigator, UniversifyWisconsin

The AMRC computer processes satellite telemetrgived by the Palmer Station TeraScan
system, extracting Automated Weather Station in&diom and low-resolution infrared imagery
and sending the results to AMRC headquarters inidgdagd WI. The Research Associate
operates and maintains on-site equipment for tbe i

The data ingestor operated normally for the month.

0-204-P: A STUDY OF ATMOSPHERIC OXYGEN VARIABILITY IN RELATION TO
ANNUAL TO DECADAL VARIATIONS IN TERRESTRIAL AND MAR INE
ECOSYSTEMS.

Ralph Keeling, Principal Investigator, Scripps iugton of Oceanography

The goal of this project is to resolve seasonaliatetannual variations in atmospherig O
(detected through changes g/l ratio), which can help to determine rates of nabiological
productivity and ocean mixing as well as terresarad oceanic distribution of the global
anthropogenic C@sink. The program involves air sampling at a meknof sites in both the
Northern and Southern Hemispheres. The Reseamtcrae collects samples fortnightly from
both TerraLab and the VLF Building.

Sampling occurred regularly throughout the monthe air collection procedure has changed to
start sampling two flasks in Terra Lab and onekflsimmultaneously in the Clean Air building.
The old procedure involved sampling two flasks dtameously in both buildings. This change
will allow fewer flasks to be kept on station ayagiven time.



0-264-P: COLLECTION OF ATMOSPHERIC AIR FOR THE NOA A/GMD

WORLDWIDE FLASK SAMPLING NETWORK

James Butler, Principal Investigator, National @geand Atmospheric Administration / Global
Monitoring Division; Boulder, CO

The NOAA ESRL Carbon Cycle Greenhouse Gases (CCfe@jp makes ongoing discrete
measurements to document the spatial and tempstabdtions of carbon-cycle gases and
provide essential constraints to our understandirige global carbon cycle. The Halocarbons
and other Atmospheric Trace Species (HATS) groumtfies the distributions and magnitudes
of the sources and sinks for atmospheric nitroudeofN20) and halogen containing
compounds. The Research Associate collects weakbamples for the CCGG group and
fortnightly samples for the HATS group.

Carbon Cycle and Halocarbon sampling occurred niyrdaring the month. The air sampling
unit and flasks have been moved to a more permameation in Terra Lab.

0-264-P: ULTRAVIOLET (UV) SPECTRAL IRRADIANCE MONI TORING

NETWORK

James Butler, Principal Investigator, National @geand Atmospheric Administration / Global
Monitoring Division; Boulder, CO

A Biospherical Instruments (BSI) SUV-100 UV specadiometer produces full sky irradiance
spectra ranging from the atmospheric UV cutoff r&0nm up to 605nm, four times per hour.
Also collecting light spectra is a BSI GUV-511 dittradiometer, an Eppley PSP pyranometer,
and an Eppley TUVR radiometer. The Research Aasmoperates and maintains on-site
equipment for the project.

The UV monitor collected data normally for the ntant

0-283-P: ANTARCTIC AUTOMATIC WEATHER STATIONS (AW S).

Mathew Lazzara, Principal Investigator, UniverafywWisconsin

AWS transmissions from Bonaparte Point are monitaging the TeraScan system and the Data
Ingestor system. Data collected from this staisoineely available from the University of
Wisconsin’'s AMRC website. The Research Associateitars data transmissions for the

project and performs quarterly maintenance on tidgos at Bonaparte Point.

The weather station ran normally during the month.



T-295-P: GPS CONTINUOUSLY OPERATING REFERENCE STATION.
Joe Pettit, Principal Investigator, UNAVCO

Continuous 15-second epoch interval GPS datadilesollected at station PALM, compressed,
and transmitted to the NASA-JPL in Pasadena, ClAe Research Associate operates and
maintains on-site equipment for the project.

The GPS operated normally for the duration of toatin.

A-336-P: ELF/VLF OBSERVATION OF LIGHTNING DISCHARG E, WHISTLER-
MODE WAVES AND ELECTRON PRECIPITATION AT PALMER STA TION.
John Gill, Principal Investigator, Stanford Univgys

Stanford University has been operating a Very Loegkency (VLF) receiver antenna at Palmer
Station since the 1970s. By receiving naturallg aranmade signals between 1 and 40 kHz, the
Stanford VLF group is able to study a wide varietylectromagnetic phenomenon in the
ionosphere and magnetosphere. The Research Assoperates and maintains on-site
equipment for the project.

Data was collected normally during the month. $a&wvald pieces of hardware and four spools
of cable were shipped back to Stanford Universitydisposal or retrograde.

T-312-P: TERASCAN SATELLITE IMAGING SYSTEM

The TeraScan system collects, processes, and ascBMSP and NOAA satellite telemetry,
capturing approximately 25-30 passes per day. Rdsearch Associate operates and maintains
on-site equipment for the project.

The TeraScan system operated normally for the month

A-357-P: EXTENDING THE SOUTH AMERICAN MERIDIONAL B -FIELD ARRAY
(SAMBA) TO AURORAL LATITUDES IN ANTARCTICA
Eftyhia Zesta, Principal Investigator, Universityalifornia Los Angeles

The three-axis fluxgate magnetometer is one inagncbf longitudinal, ground-based
magnetometers extending down though South Ameridardo Antarctica. The primary
scientific goals are the study of ULF (Ultra Loweguency) waves and the remote sensing of
mass density in the inner magnetosphere during ggoatically active periods. The Research
Associate maintains the on-site system.

The system collected data normally during the month



B-390-P: THERMO-SALINOGRAPH
Vernon Asper, Principal Investigator, UniversitySduthern Mississippi

Sea water is pumped continuously through a therlimoggaph (TSG) sampling system,

recording the temperature, conductivity, salingyd fluorescence. The data and webcam images
are sent to a mirror site (http://4dgeo.whoi.edujtat Woods Hole Oceanographic Institute,
which is a collaborator on the project.

The TSG operated normally during the month.

T-434-M/P: POLAR GEOSPACIAL CENTER
Paul Morin, Principal Investigator, University ofilvhesota

The Polar Geospatial Center provides geospatig@tifin the form of mapping, data delivery,
and GIS analysis) to science and logistics comnasdf the U.S. Arctic and Antarctic
programs. The Research Associate has been requestellect ground control points in the
Palmer area throughout the 2011-2012 season.

The final ground point at Stepping Stones was cti#t during the month.

B-466-P: FLUORESCENCE INDUCTION AND RELAXATION (FI Re) FAST
REPETITION RATE FLUOROMETRY (FRRF)
Deneb Karentz, Joe Grzymski, Co-Principal Investigga University of San Francisco

The focus of this project is to identify and evatiehanges that occur in genomic expression and
physiology of phytoplankton during the transitisarh winter to spring, i.e., cellular responses

to increasing light and temperature. A Fast RépatRate Fluorometer (FRRF) with a FIRe
(Fluorescence Induction and Relaxation) sensorimgalled in the Palmer Aquarium. The
Research Associate downloads data and cleansdtnernrent on a weekly basis.

The FRRF was cleaned weekly and data were sehétBls.

T-998-P: INTERNATIONAL MONITORING STATION (IMS) FO R THE
COMPREHENSIVE NUCLEAR TEST BAN TREATY ORG. (CTBTO)
Managed by General Dynamics

The IMS Radionuclide Aerosol Sampler and AnalyZA$A) is part of the CTBTO
verification regime. The automated RASA continudilers ambient air and tests for
particulates with radioisotope signatures indi@t a nuclear weapons test. The Research
Associate operates and maintains the instrument.

The RASA operated normally for the duration of thenth. The quarterly shipment of filter
media was sent.



TIDE GAGE

Tide height and seawater temperature are monitmmeadcontinual basis by a gauge mounted at
the Palmer Station pier. The Research Associaeatgs and maintains on-site equipment for
the project.

The tide gauge operated normally during the month.

METEOROLOGY

The Research Associate acts as chief weather @rssand compiles and distributes
meteorological data. Weather data collected uiaqautomated electronic system is archived
locally and forwarded twice each month to the Ursitg of Wisconsin for archiving and further
distribution. Synoptic reports are automaticalyngrated every three hours by the Palmer
Meteorological Observing System (PalIMOS) and erdaibethe NOAA for entry into the Global
Telecommunications System (GTS).

The weather station operated normally throughoaittionth. Scheduled inspections were
carried out at the Gamage Point tower. Weatheatgsdand satellite imagery were forwarded to
the ARSV Laurence M. Gould



