Antarctica Science Programme 2023/24

New Zealand New Zealand’s Antarctic Science Programme is driven by the Government’s science strategy for Antarctica and the Southern Ocean.
Events for this season are grouped into strategic themes.
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Penguin population monitoring*
Antarctica New Zealand, Manaaki Whenua
This team will complete an Adélie penguin census on This team is investigating how aquatic microbial

Ross Island and also for Northern Victoria Land colonies. High p communities in the McMurdo Dry Valleys will respond to
resolution photographs will be taken from a helicopter, and environmental change, particularly rising lake levels resulting from

1¢:1: 94 ¥ | Antarctic aquatic ecosystems
University of Waikato, University of Otago
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Ross Ice analysed in New Zealand to determine the number of breeding melting glaciers. This season researchers will study microbial m
Shelf pairs. The late November timing of the census is important mats at Lake Fryxell in the McMurdo Dry Valleys, using a combi- co n n eCtI O n s a n d
because it coincides with males incubating eggs while females nation of remotely operated vehicles (ROV), under-water experi-
are feeding at sea. Only one parent is present on the mentation and sampling techniques. This work continues a collab- m m m
nest at this time making it easier to identify breeding birds when oration with the United States-led long-term ecological research I m p I I catl o n s Of
photographs are reviewed. Analysis of the aerial photographs programme (LTER).
relates annual changes in the number of breeding penguins to
factors such as weather, sea ice and other climate variables. c h a n g e
Developed by the Norwegian Polar Institute. Visit quantarctica ar Aerial surveys of Ross Sea Adélie penguins began in the early
McMurdo Dry 1980s.

Valleys

Discovery Deep Geophysical Surveys
Victoria University of Wellington, University of
Otago, Alfred Wegener Institute

This team is surveying and mapping the site

K863A 1157\ Atmospheric gases *

NIWA

This team will work at Scott Base and Arrival Heights to
complete upgrades and perform annual maintenance

Laura Bassi voyage
Italian National Antarctic Program, Antarctic Science
Platform

Antarctic toothfish survey *
NIWA, MPI

This team will transit through Scott Base before boarding a

L - The Antarctic Science Platiorm (ASP) is collaborating with fishery survey vessel cruising in the Ross Sea. While characteristics at Discovery Deep, on the Ross Ice Shelf, activities on a suite of specialised instruments used to measure
o PN N the ltalian National Antarctic Program on a joint Italian-NZ onboard the vessel the team will complete a longline survey for including the sub-seafloor geology, ice structure and atmospheric gases in the stratosphere (the layer of atmosphere
s ; research voyage to the Ross Sea in January-February 2024 Antarctic toothfish. The toothfish stock assessment has been configuration of physical bodies (eg, ice, ocean and sediments).  that is located 30 to 50km above Earth’s surface).They will also
' aboard the RV Laura Bassi (operated by the Italian National running since 2012, accumulating a valuable store of data on Researchers will use a range of geophysical techniques launch a small number of scientific balloons, which will carry
Institute for Oceanography and Applled Geophysics (OGS)). NZ's Ross Sea toothfish population §tructure and variability. 'I_'he r.esults including seismic (using explosives), gravity and radar surveys.  instruments to measure water vapour and ozone in the
research focus for this voyage will be the Ross Sea polynya, the of the survey are used to sustainably manage the toothfish fishery The work will provide important data to inform future drilling stratosphere. Atmospheric measurements taken in Antarctica
Marine Protected Area, and seabed coring. These objectives are and inform how well the Ross Sea Marine Protected Area is objectives on the Ross Ice Shelf. are combined with information from mid-latitudes (including
N aligl_wed to the_ Platform’s research programmes _and objectives, in achieving its conservation objectives. New Zealand), and the tropics to provide data for Southern 2
< particular Prqject 2 (Ocean.Mecham.c.s) and Project 3 (Ecosys- Hemisphere climate models, and to validate satellite '
- tems) and this voyage provides a critical component to the suc- 0 measurements. Measurements have been made continuously
L cess of these projects. Antarctica NZ is logistically supporting this " since 1982

through the provision of Antarctic clothing, and providing air travel
to/from Antarctica for some of the NZ voyage members.
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1]y =9 Tere Tipako Tio: Rapid ice sampling ()24 JL8 Long term climate observations *

University of Otago, University of Canterbury NIWA_ _ _ .-
K062B will begin tests of an innovative new dril K089 will work on the climate stations at Scott Base and

system, designed to allow rapid sampling of Antarctic Arrival Heights. These climate stations maintain a

" ice. A hot-water drill will be adapted to sample to 200m depth, L significgnt .continuous cIimaf[e record, which began in : -J.,._;;--'f
_jll and ice-coring tools will be created to sample from the sides Antarctica in 1957. The stations collect temperature, wind,

and bottom of the drilled boreholes. This new system will allow || 2arometric pressure and solar radiation data. Together these i
data are key to characterising and identifying changes to local

for samples to be taken in difficult to access locations, and will and alobal climate. analvsing lona term dlimate trends. as well
enable the collection of critical data sets, to improve ice sheet glob : ’ ysing fong : ’
as assisting with operational decisions. The climate measure-

models. Field tests will be undertaken at a field camp close to ments are needed for characterising the local climate and
Scott Base this season, and will move onto the McMurdo 'SIing !

state of the environment, identifying climate variations and

K861 A Ice Shelf in future seasons. A better understanding of ice sheet h qf h imat i d
Ice sheet retreat from past warming dynamics will give insight into their response to climate change.  ©'ades, andlorresearch on climate-sensilive processes an
Victoria University of Wellington ecosystems.
: Ice Core Biomarkers Qu a ntif i n This team will work from a remote field camp in the Byrd
Victoria University of Wellington, University of Auckland, _ y g Glacier area (Mt Tuatara), where they will collect rocks called

NIWA
Southern Ocean phytoplankton help to regulate climate by th A t t' technique called surface exposure dating to reveal the length of

using sunlight to convert CO, to organic carbon, lowering e n a rc I c time the rocks have been ice-free. This information will reveal Dynamics in the Antarctic atmosphere * Magnetic field measurements *

atmospheric CO, levels and fuelling marine life in the Southern ' when the Byrd Glacier retreated during past warm periods, and University of Canterbury GNS Science

glacial erratics. Back in New Zealand, researchers will use a
Rl e P A e R SRR S ~ Ocean. Today, CO, levels are rapidly rising which raises the i t - b t' t will help inform projections of how the Antarctic Ice Sheet might This team will calibrate and maintain the medium The K102 event is responsible for maintaining a
iy A v TR o ot T Y e L T AR question: how will phytoplankton respond to a warming world? A co n rl u |0 n 0 sea : respond to a warming world. The future response of the Antarctic frequency (MF) radar system, and provide on-site long-term record of changes in the Earth’s geomagnetic

Ecosystem

d n a m ics a n d = B AT B pEEE™ B N e S L S ML This project will use novel ice core biomarkers to reconstruct a _ | Ice Sheet is a key determinant of the rate and total magnitude of training in the use of this equipment for Antarctica New Zealand field, which began at Scott Base in 1958. The Earth’s
y - : v QiR S A o2 ot S i YR o e B oA RO Y oy I - o ‘ 200-year baseline of phytoplankton variability in the Ross Sea - I I | future sea level rise. staff. The MF RADAR is a transmitter located at Scott Base, geomagnetic field is created by the movement of liquids within
1 Tok-o3 WL roh i X o Vb : G il o R R G S e s g A a biological hot spot in the Southern Ocean. The new biomarker eve rlse which fires pulses of radio waves into the atmosphere via a the Earth’s core, it extends from the core into space, and is
- B N e L o e T o R e e S R Tl SR " el L il o g L records, supported by biogeochemical modelling, will assess the single antenna. The information helps us to understand how constantly changing. The team will work at Arrival Heights to
res po n Ses A SR ) iy o R A e O s e e N \ L. T # o PR iy .3 impacts of changing sea ice conditions on phytoplankton to variations in the middle atmosphere are linked to changes in check the new Scott Base Geomagnetic Observatory (SBA),
LS N Ty Wt 29 T i ¥ SR T rad iR .' A e - 4 'l et AT g I 3 improve future projections of atmospheric CO, levels. the Earth’s surface climate, and monitor the impact of installed in 2021/22 to mitigate impacts of the Scott Base
t h SR TN S b Ay S e ) S oy U ey Y o SN human-induced change on the Antarctic atmosphere. Data are Redevelopment. This season the team will also work at Cape
O c a n g e iy 1-\" Sl W L) 4 e ; K862 also used to improve global climate models, and further under- Evans to conduct magnetic surveys that were
6 - »‘i? P G Wi P : o & Ross Ice Shelf melt hotspot Drilling for climate, ice and ocean history: SWAIS 2C standing of atmospheric ozone chemistry, and how the first made at Cape Evans in 1911!
. i k = h . TR TR o : NIWA A&B Victoria University of Wellington, GNS Science, multiple emission of ozone depleting substances have impacted
Erebus subsurface geothermal microbes Terrestrial Sampling and Sentinel Sites Sea ice microbes - This tea”.‘ s _studying how th? inflow of warm s_urface ocean international partnerships Antarctica's climate.
W - water is contributing to rapid melting on the underside of the Ross

SWAIS 2C is an international project seeking to understand how
sensitive Antarctica’s ice shelves, and the ice sheets that sit

University of Waikato, University of Canterbury,
University of Southern California, Northeastern University

University of Canterbury, University of Waikato,
University of Edinburgh

Ice-free areas in the Ross Sea region harbour unique biota not

Victoria University of Wellington, University of Tasmania, |

C Bird Protected Area M t Revi
orction New Zesland. University Sf Woollonaona Israel Institute of Technology

Antarctica New Zealand, University of Woollongong,
SAl Dynamics

Ice Shelf. In 2021/22 researchers established a network of
phase-sensitive Radar Echo Sounders (ApRES) on the Ross Ice

S This team will be investigating how microorganisms have adapted ; ; ’ : This team will be working on the sea ice in southern McMurdo Shelf. at a location east of Cape Crozier. that is observed to be a behind them, are warming. This season a multidisciplinary Space weather * Sea ice growth in McMurdo Sound *
- Cape Bird on Ross Island is the location of Antarctica Specially ~+ ; to geothermal environments on Mt Erebus. The results of this ‘ glﬂnd ouc’;s!de Anr;carctlca or ﬁven elsewhere rlln Antirctlca. i * Sound, where they will deploy a remotely operated vehicle (ROV), melt ‘hot-spot rlnelting at ratez muchZIfas’ter thlan other parts of the team will work from a field camp on the Ross Ice Shelf (approxi- KO60A University of Otago K891A University of Otago
~  * - Protected Area (ASPA) 116. The area is protected as it contains " . study will increase knowledge of geothermal microbe diversity  Climate-driven changes In the environment have the potential to collect sea ice cores, and seawater samples to study sea ice ice shelf. The network will be left in place for two consecutive mately 800 km from Scott Base) where they will use a hot water This team will work at Scott Base and Arrival This team is studying how melted ice shelf water (ISW)
R R e : ) . ’ ltimatelv broad derstandi f diti that . expand the habitats for these unique biotas or destroy them. That ! : : fi f : : n place ic u drill to access the seafloor and recover sedimentary cores. ‘ _ S : . ying' . .
. some of the richest stands of moss in the Ross Sea region. Early , and ultimately broaden understanding of conditions that can P ) . ) . o microbes. The microbes of interest have recently been found to _ : : : _ _
' i O _ ' _ : ; . . Y hy th b d basel h d o A : . summers to monitor seasonal variability in ice shelf basal melt Heights to maintain antennas and accompanying flowing from upstream ice shelves influences sea ice
v is why this team will be conducting baseline characterisation an Retrieval of marine sediment cores will help inform studies of the
: f f lif o : p : . S : :
. this season, a team will be based at Cape Bird gathering support life on Earth, and the possible existence of life on other : S . e contain light utilising proteins called rhodopsins. The researchers - _ _
ol 4 ’ : | t identified biol | data- tinel sit T h o ) . rates. Collected data will identify the ocean processes that are equipment that measure very low frequency radio waves (VLF),  formation in McMurdo Sound. A sea ice mass balance station
o information t rt th iew of the ASPA M tPlan. © - planets » sampling at identined biological data-poor sentin€l sites in froug will investigate the response these cells have to environmental - : R , stability of the Ross Ice Shelf during past warm periods. : \ . oos Delc
S information to support the review of the anagement Plan, > : Lake, Canada Glacier, Cape Hallett, and Botany Bay. The : hich i i ide insight into th bl driving rapid melting in the region. : and download data collected over the previous year. The instru- ~ was deployed in the McMurdo Sound sea ice in winter 2023, to
. " including aerial drone surveys of moss and penguin colony e * baseline data will be able to inf i kers of the ch stressors, which in turn will provide insight into the possible ments are an important part of a global network called AARD- collect data on the factors influencing the growth of the sea ice,
it , ) : . ~ baseline data will be able to inform policymakers of the changes :
N - extent, and ground sampling of mosses and invertebrates. Thisis = : - : effects of climate change for these unique microbes. This work is r DVARK. The goal of AARDDVARK is to increase understanding  including thickness of the overlying snow cover and the
At TR laborati ith S ina Antarctica’s Envi tal Fut : - likely to be experienced by these ecosystems, allowing them to important as changes in microbial community composition could : : go ' g J ying sn .
P O ?Aco ta I.oria ion wi ecuring Antarctica’s Environmental Future T .-‘_ respond with conservation actions. impact the energy flow of the entire food web. This study will also of energy coupling between the Earth's atmosphere, the Sun, properties of the water column at the ice/water interface.
= ustralia). O e ) ) OO J- , and space, which in turn improves knowledge of global climate This sea ice monitoring system will be removed and a sea ice
\ b help to understand more about the biodiversity and ecosystems ‘ : chan ot At : : :
o 52 % - ge, communications, and navigation. Data also probe that was deployed during winter will be removed. The
| . of the Ross sea. K150 " contributes to the WWLLN (World Wide Lightning Location Net-  information collected will contribute to 20 years of sea ice
. __' - , B 1 i i - - _ R | — ) _ \: ' work), which provides real time locations of lightning all over measurements in McMurdo Sound, improving understanding of
gl ol | ang ST n - s il yV oy P S B ! N A A ) S B S i 3l QTN A -‘.; v 4 " Bl e & e i 3 i Sea level and ity — global ch * the globe. The programme continues measurements that the impact of changing sea ice conditions on Earth’s climate.
. 2 5 " g . ] 8 4 & v == : v L R - D el IV R ; . gravity — global change Seasonal flow of the Ross Ice Shelf g prog Y ging
e oy e ’ U all ) 2 & FPREETLE 5 Wi L ' e IR L el 0. K881 B iAt v t"‘ . tr:i . t: “'M Mr q b vall A&B Toitu Te Whenua Land Information New Zealand K865 Victoria University of Wellington began in 2008.
- . : o _ ali : . g utomatic weather stations: McMurdo alleys i i
Flshing or anvionmontal NA (cONA (tate peng, meunas: conaminant ranste ey of Comr ey o Ol e e e oo b
\!:}? ~ Al IiviL;m ‘:Eir:’tg ghgjtaiiletic information into their local University of Waikato, Korean Polar Research Institute The K024 team are investigating whether Adélie penguins ’ This team will use data from existing and newly installed Cape Roberts tide gauges, and continuous Global Navigation | Posi;%rrﬁr?;dsn;;\gnm(eggs?)fl:rr:(ie'csngcs:thg fnh telife, :‘J:g’:gsﬂl%t\):ilng N O N 3 — : _ ;
9‘ . environmengt Thig is calleg environmental DNA. or eDNA "I This project is a scientific collaboration between New Zealand and M transfer contaminants (eg lead, mercury, DDT, microplastics) from automatic weather stations to develop regional and local-scale Satellite System (GNSS) stations, preparatory works for an sones of the ice shelf. GPS units were installed on the ice in the o S ) L . 4 1:\“ e S S Sl e e —
“é.  Collection of eDNA provides information on the t pes of animals Korean researchers (the Korean Polar Research Institute, KOPRI), that ‘: the sea onto land at their nesting sites. Using the penguin \ | climate models. The climate models will contribute to increased exciting new global positioning technology called SouthPAN, and 5454990 field season. and units will be visited this season. to Woa — S = g S TR W S o s T, ===
. iving in the local area. The K882C tearm will wor)kl throuah holes in| | is investigating the impacts of a warming global climate on Antarctica. " ' mounds (nest sites) at Cape Hallett as a natural archive, they will - - understanding of climate-driven change in the physical environ- survey work for the Scott Base Redevelopment Project and download data and undertake maintenance activities. These field E R e e e Y ™ e — S
e S the gea ice to collect fish, and water samples, and will v?sit Cape " The K812B event focuses on terrestrial (land-based) systems. This 1 dig soil profiles (pits) and sample soil, eggshells and bones to ' ment, such as increased meltwater production, and how these . historic huts. The Scott Base tide gauge is the longest running . measurements will be combined with satellite data to create = s N TR e ) e N e =
Y TR ’ ’ : season the team will work at Cape Hallett in Northern Victoria Land, . measure the concentration of contaminants, and develop a time , _ changes will impact land-based ecosystems. This season the gauge in Antarctica, and was implemented in 1957. The Cape ter simulations that will inf dicti fth g - ' : 7 Ry
Bird, Royds and Evans to collect samples of penguin guano and ’ : i ) ) l e . . . . . computer simulations that will Intform predaictions o € response ; oy
L5 : . ) ¥ where they will use innovative new technologies to study the large \ series of contaminant accumulation. This research will contribute | - team will visit the network of weather stations to perform | Roberts tide gauge has been in place since 1990.These e fthe R lce Shelf. and West A ic lce Sh l e : : s ]
.+ . sealscat. The samples will be used for eDNA analysis, that will . | : e L . o _ of the Ross Ice Shelf, and West Antarctic Ice Sheet to climate W Id like t k ledae th rt f fund
L ) : ) ’ * Adélie penquin colony located there. including an automated penquin i ifa histor i maintenance and upgrade activities. \ long-term data sets provide information that is vital for helping to z € Wou IKe 10 acKnowiedge the support frrom runaing agencies -
N contribute to improved understanding of Ross Sea food webs. ¢ peng y ; g peng to a deeper understanding of the life histories of contaminants ; S R ) change. : : - s e : ; :
“‘ . .. also take samples to monitor for the presence/absence of avian flu. “ * be the first of its kind to show the chronological history of v ? _' associated with climate change. ' T Antarctic Science Platform; the New Zealand Antarctic Research — e
V ey 7 | ®° ' human-made contaminants in ice-free terrestrial Antarctica. Q | 5 N . -~ Institute; the Marsden Fund; the Deep South National Science S
. \ ¢4 ‘ F il B e S — = = = -
- 1y | | . ‘ N TR Challenge_. Wg al_so ac_:know!edge the cqntrlbutlons frqm partnering —
-y yrR 52 | ‘ ‘ - ' | | . research institutions including GNS Science; Manaaki Whenua N
i R T S e | AT o s o L N ) | Dmnt ey LR TR Gy S g e | e | N “= - Landcare Research; NIWA; Cawthron Institute; University of Otago; S
‘;' : | "o gy "" ..7 o s ,t r ” _".' I : ; = Ty T ‘ Y | “T,_ T\t : \ ‘“ e a | - '_\*"! "-‘ ‘ '5 J " b \F.E 'D’ ; Y 1 i o ] LIE sk -‘i | } = |l ';'n . ] |Ce sheet SUbglaCIal hydrology K892 Airborne sea ice measurements .,__,_'__:__._‘2‘ ¢ -;- . Unl r -t f C nt rb . V- t rl Un- r .t f W Il.n t n. Un. r .t " =52
b el M e W e L Uy e S Al LIRS B o T AL ad ‘l R PUR L N R R o 'l N, \ 1 , University of Auckland, University of Newcastle, Macquarie University of Canterbury, Lincoln Agritech, University of e SR Iversily or Lanterbury, victoria IVETSItY" O NG, IVELSITY. _—
Coastal seafloor communities K8382B Sampling ‘marine drifters’ (plankton) AS/IO'I c"l?.'at/z statloLr}s.* v of Waikat Under-ice oceanographic mooring University, University of Melbourne Otago, Alfred Wegener Institute, Australian Antarctic N EN g Y of Waikato and University of Auckland. e
NIWA, University of Tasmania University of Waikato, University of Otago anaaki Yvhenua, University ot Vvaikato NIWA, Victoria University of Wellington, University of ‘ ' The Antarctic Ice Sheet covers almost all of the continent and its Division ey R e
_ _ _ _ , . . , , The K123 event is responsible for a soil-climate monitoring Otago 1. base is incredibly difficult to access and studyv. Fortunatelv. in This team is investigating the processes that influence sea ice P Y NS e e
¥ . , This team is studying the marine plankton communit = 90 . ) i ; y Y. Y, | . ) - - <~ =
£ ‘l?.,, Caplzelis\?:r:ghaﬁevggIt\rllvg;l(\/\}irl]lrggglr:);%lerzggl'[leel?/ I(?ptehrea’feedavlgﬁiglte " (‘marine drifters’), theymigroscopic floar?[ing olants, animal:)sl and ¥ network, which is comprised of nine soil climate stations located T K892A team will be working on the sea ice in McMurdo ¢ small ice-free areas around its margin, unusual deposits, created ~~ ~ formation around polynya (areas of wind forced open water that AT N =L e
47 Rae (ROV), and . specialised camera for colleating very detailed (ny- " ¥ bacteria that live beneath the sea ice, using an autonomous » at Scott Base, and throughout the McMurdo Dry Valleys, and two 1?) Sound to recover and then redeploy a seafloor-mounted mooring, -~~~ by meltwater at the base of the ice sheet, can be found. The team . are important for sea ice production and global ocean circulation). e "‘"*L._ " * Long-term science s
" pers éctral) images. A particular focus this segsor:y are the coraBI/- A sampling technology, the Hauwai20 The instrument will collect ~* Porehole sites, located at Marble Point and Bull Pass. The soil - £/ that was positioned in the 2022/23 summer season. The mooring ~  Will use cutting-edge instruments to sample and analyse these Researchers will measure sea ice thickness and depth of snow Lo = a3 —
iF fi)ne glgae that a?e uﬁiqﬁely present on the seafloor at Cape 4 plankton samples and take environmental measurements | climate stations monitor soil temperatures, and also have an - utilises innovative technology, that allows for year-long ) deposits, which will help determine how they formed, and what ~_cover on the sea ice using specialised instruments flown beneath Ly -:{ -. e
P o -l ] . . . 3 : ) ) v . . . e . . . . q._‘.. 5 -~ i : . '_-:_._:T - - F F. - = BT il == ‘;-r.__\__ — r—"_ = — ¢ E_--'_ - -
! Evans. The team will also resurvey a long-term monitoring site on + | throughout the year, providing new information on sea ice 2 at_>ove ground suite of_ |n.struments th_at measure air temperatgre, - deployment, and, when retrieved, will provide valuable measure- = * this tells us about past changes in the presence and composition . . a t.wm otter alrcraft_. Airborne data ywll be extended. by a 2 Y e e r = iy o ‘ 7 ‘ . :;f‘." S {:* 5 - - _,...S-'f < :3»; -
- Ythe Cape Evans seafloor, and collect seawater and other samples N communities during winter and summer. The research will + Wind-speed, solar radiation and relative humidity. The team will . ments of ocean temperature, salinity and current flow. Ultimately, | of water at the base of the ice sheet. + skidoo-based sea ice team who will undertake on-ice measure- R Wl B o Wi " G S T S s
e | : e : SRS . . : : - download data at the soil climate stations, and repair any damage ' - : : : : ; : L - ments of sea ice and snow thickness. Information will enable pr W o L e Sy e —~ e —— e N oy S e
* _'for analysis. The work is part of a larger programme investigating . .~ improve our understanding of the role of sea ice as a habitat for - : : . - the information will contribute to improved understanding of S . . , e P tein DO _ .- = e : S St
; ' . ) _ {4y ) : o . . sustained over the previous 12 months. Measurements began in | A : : . scientists to validate satellite measurements of the sea ice, con- RS AlTE e ” ~ - ~ B e e - e
the response of seafloor communities to changes in sea ice cover - 1. . these marine organisms, and how this might be impacted in a . 1999 This | ¢ dataset is invaluabl " bl ontists B ice-ocean processes, and the seasonal cycle of ocean circulation ~Ietl : , - b2 S M o - PR e -4 = L e e _ =
" and other ocean processes that are predicted to occur in a "~ warming world. This season foreshore works will be undertaken ~ * -~ NIS fong-lerm dataset Is invaiiable as It enables SCIentiSS = - from beneath the McMurdo ice shelf cavity. R4 tributing to a better understanding of the current state and likely [ P el e =4 o . o e e o ~ N ey
- 5 _ bl to better understand the impacts of climate change on the o | \\ . climate change response of this important modulator of global i e e R g e ——— e = e R e
. "warming world - to prepare for deployment of the sampler next season. . : R . - e A . . — f R et =
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