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THIS DOCUMENT

This documenis asummarydescriptionof The Heard IslandProject: Discovering Lif@and Linksin
the ExtremesTheProject is centered on a scientific expedition to Heard Island, Territory of Australia, in
the Southern Ocean, duriiar./Apr., 2016 The website for this project véww.heardisland.org

Heard Island is a large (20x30 km, 368%rsubAntarctidsland lying at 53°S, 73°E, nearly 1000
nautical miles from Antarctica and neothan 2000 nautical miles from Africa and from Australia. It has a
2745m active volcano, about a dozen fastving (and retreating) glaciefseasonally)arge
populations of seals, penguins, and seabirds, and extensive areas of mosses and grasabsu00l
species of plants and animal® knownfrom the island, estimates indicate that several hundred more
species, mostly in the size range-00Lmm, remain to be discovered. These missing species are a major
part of the island's biodiversity; thare critical to our understanding of the extreme ecosystem.

Onegoal of the expedition is to discover and document the missing species in axeEnidihe
known biodiversity of this extremely isolated, extremely severe ecosyAteompelling reasofor the
expedition emerges from two facts:

U Heard Island has no recognized huAranoduced species; and
U Heard Island is extremely sensitive to the changing global climate.

This fortuitous (and probably unique) combination offers a remarkable oppotiusiyparate the
effects of natural climate change from anthropogenic effegtensiorof the species list will enable
more quantitative tests of the effects of global climate on polar regions. Thiisstthetivation for the
expeditionis to enhanceour ability to predict and manage the future of the Earth's biosphere.

A second goal also derives from the extreme isolation of Heard Island: development, deployment, and
testing of new communications technology for use in extreme, and extremely isefaieohments. One
of the most effective means fobtainingcommunications data is amateur radio. Worldwide, about 3
million radio amateurs have licenses, and many of them have the abdépdandeceive signals from
very distant locations. What mak#his interesting is #t propagation of radio signaseonly partially
predictable from models; more data is needed to test and improve such models. Happily, radio amateurs
are enthusiastic about making radio corgtadth such remote locations, andnsider it a sportprobably
50,000stationswill make a serious effort to contact Heard Island, once there is an active radid beere.
two goals comprise the theme of the expeditidiscoveringLife andLinks in the Extremes

The project is being organized by Cordell Expeditions (CE), a private nonprofit scientific research
organization located in Walnut Creek, California. Details about the organization are available at
www.cordell.org The 206 Heard Island Project follows the successful 1997 expedition to Heard Island
organized and carried out by Cordell Expeditions. Some aspects of the present project are similar to that
project, n particular the extent of planning and preparation, the emphasis on safety and security of the
island and its resources, and the extent of documentation. Details about the 1997 expedition are available
in the bookVK@IR Heard Islangdwhich can be download from the Project website.

Heard Island is managed by the Australian Antarctic Division (AAX)gston Tasmania, under the
Heard Island and Macdonald Islands (HIMI) Marine Reserve Management Plan df@d6&d to
2014). Cordell Expeditions is coortating with the AAD and other appropriate agencies to ensure that
the proposed activities conform to the requirements for visits to, and research at, Hearé&adslamther
information, please contact the Exiiieon Organizer/Leader
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View ofig Ben with Laurens Peninsularé@ar

Big Benwith Atlas Cove in the foreground
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A CONSPECTUS OF THE PROJECT

Life and Linksintheex t r e me s é

It has become common knowledge tva¢ st i | | dondét know about all t
on the Earthout of an estimatedO million species, we know about ordyquarter of themMNorse, the
bi osphere is so complicated that we donét have an
climate changes, or how an invasive alien species can disrupt an otherwise stable ecosystem, or what we
should do to protect key organisms sashagricultural crops upon which our world economy and our
very existence depend. This situation is a prime driver of our wider interest in life in the universe,
exemplified by theapidly developindields of exobiology and astrobiology.

One fact has mmme abundantly clear necentdecade: life exists in the worst of places: in the dark
abyssal depths, in boiling hot springs, in toxic chemical vents, in the absence oftwasbdmutrients
and photosynthesis, in acids, in rocks, in vacuum, and mayhe soil on Mars. In our quest for the
limits of life on Earth, we are diligently searching for those special places where conditions are extreme:
the sea floor, volcanos, glaciers, the Arctic and Antarctic, on islands, and in laboratories.

An encountewith Heard Island is an almost inevitable step in this quest. The island is located deep in
the Southern Ocean, som20P nautical miles from the nearest continent and far from most other islands.
It is 20 miles across, with a 9080 high active volcaa in the middle, covered with glaciers. Fumeroles
vent hot toxic fumes from the high slopes, and some of the glaciers fall straight off the cliffs into the
ocean. Violent winds whip up, down, and around the mountain, and across the relatively small treeles
plains. It is a land of extremes: extremely windy, extremely hot and extremely cold, extremely dry and
extremely wet, and extremely isolated. It is a good place to look for organisms capabiteohlsuch
extreme conditiond:ife in the Extreme®But there is a second major reason to consider Heard Island:
communications. At the high southern latitude ofghbAntarctiaslands, even satellite communications
are marginal, and require special equipment and procedures. Propafatidio waves to thisland is
only partially understood; the effects of the volcano are only now beginning to be modeled, but there is no
experimental data to check the modelingu3,ithe second goal is to develop and deploy advanced radio
communications technology, and lgatt data on its effectivenedsnks in the Extremes

TheHeard Island Project responds to this extreme opportunityldmés to puta team of scientists
technologists, and explorens the islando search for unknowspecies of plants and animagad
carryout the advanced communicationise team willcollect samples from the soitpm the wind, in the
putrid downwash from penguin cali@s and elephant seal excreta, indaecasses and skeletonslefd
seals and bird$n the ooze under lagooris,glacial meltwater, and many other places. The
communications effort will focus on quantitative measurements of radio signals, and accumulating as
many radio contacts as possible in order to develop a large database from which meaningful statistical
analses can be made. Thus, the theme of the expediliscovering Life and Links in the Extremes

All these activities (and morayill be carried out during th8-weekstay at Heard Islandgcheduled
for Mar./Apr 2016 Many ofthese activities will be seen on prominent intesiteisand in social
networking in reaktime. Reopleworldwide will be able to interact directly with the expedition team,
sending and receiving informah, comments, and suggestiomfe central themef the Heard Island
Project is tancrease our understanding of the effectexdfeme conditions in extreme isolatidine
expeditionseekdo make a significant contribution twr understanding of lifand communicationi
the extremesto understandig of the effects of climate change on biodiversitiiat aspect of therpject
is fundamental to our understanding of the limits of life, and therefore our own future on Earth.
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The romance of Heard Island

Heard Island could well have beeonceivedby u | es Ver ne. lonlytadew bumdred e mot e t
people have actuallseen it. Fewer still have set foot there. Yet it is a storybook island. To get there, you
have to sail across some of the wildest and most dangerous seas oadiasthe Roaring forties and
into the Furious FiftiesSeas up to 58. high may bepart of the experiencét @ for the fainthearted.
The best bet iallocate two months for the journdfyou can yu should take a helicoptdgndingon
Heard Islandhrough the suris challenging Take a camera, and backup plans.

The island i20 miles tipto-tip, about
half the size of Liechtenstein, with a titanic
live volcano smack in the middle, smothered
in glaciers that slip down it flank$ the
dizzying pae of 0.00002 miles per hour. If
you drop your watch in a crevasse near the
top, the glaciewould drop it in the ocean
hundred ofyears laterThe weather is even
worse than you can i magi|i
Seattle, Chicago, London, and the South Pole.
On an average day the middle olsummer,
the sun shines perhaps 2
windy the flies dondédt have
conditions as they are on
wonderanythinglives there. Butive there they
doo. Youodl | f irgedtcdlohyeof wor | dés
King penguins, and heaps and piles of elephant
seals. And a beautiful bird called (what else?) the 7 \
Heard Island Cormorant, coming back from near : p—
extinction. For amateur radio operators, Heard | e —
Island isthemo st attr act i alnostt ar get becauseé
always, there is nobody théréor them, rarity equaldesirability.

In a newly familiar ironythe features that make Heard Island so unattractivedioistsmale it
irresistible to scientists and exploreBut except for the 19433 and 2003Australian scientific
expeditiors, there have begprecious fewisits and even fewer attempts to carry out comprehensive
scientific studies. The mountain, aptly called Big Ben, has seemitedonly three times, and never
traversedSmoke and vapors can been issuing from vents on its flanks, but no one has ever seen them
up close. Winds whip around the mountains, shedding giant vortices, modifying weather patterns for
hundreds of miles. We are familiar with the worldwide explosion of oceanic plastis tediris so
devastating to wildlife, but we have practically no documentation of such threats in Antarctic islands. If
t hat werenét enough, there are rare opportunities
Australis.

About 0 species of plds and animals are known to live on Heard Island.iBuviitgally certain
thatthere are hundreds moprpbablymanyof themin the organic outfall from tens of thousands of
pengiins, seabirds, andseals. Thé i t t | e creatureso are a critical p
its biodiversity At presentwe are unable to explain this diversity, due to major gafizimventory of
organisms in th@.1-10 mm size rang.T h a ané of the reas@why we have to go there, to find out
whatlives therehowthey live, andvhythey live there at all.
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Motivations for an expedition to Heard Island
Why should wdield an expedition to Heard Islanii?hy not another location that is easier to reach?

Thesimpe answelis thatHeard Islandis unique It is extremely sensitive to changes in tiebal
climateand thereforé is a sensitive indicator of such changéiis suggest that monitoring the
biodiversity on Heard Island couftbt only indicate the changing conditions on the island, but also give
early warnings ofjlobal biological shiftsWe will explain and support thissertion

More than a decade ago, Walther, et described thglobalshift of populationsQuite geneally,
populations are moving poleward, both toward the Arctic and the Antafftis. movement isiriven by
both risingglobaltemperatures angly humantransport On subAntarctic islandsit is estimated that
morethan 50% of the higheplantdiversity’ and a considerable portion of the insect and mite f4amas
due to human introduction, but it is not obvious how tasste thigportionfrom thatdue to natural
causes.

Thisfact isarresting:Unlike theother subAntarctic islands, the biodiversign Heard Island is
entirely determined by natural causes, including the effects of global wabnotirgcluding human
transport Normally, the complexities of interacting populations, especially those in competition, make it
nearly impossible to separate the natural and anthropogféedts orpopulatiors.” But Heard Island
presents us withnextraordinaryopportunity toseparatehese two major causes of global migration
Thus, $mply monitoring the biodiversitat Heard Islananay providea powefful tool to help unravel
some ofthe complexities of global climate charfge.

The Australian Antarctic DivisiofAAD), which manages Hed Island, provides thistatement

The research undertaken on Heard Islabfinvolvesjcompelling science that cannot be
undertaken elsewhere and takes advantage of Heard Island's location, its relatively
undisturbed condition and its unique, unuswald dynamic natural features.

To emphasize the poirtteard Island provides a unique opportunity to separate the effects of natural
climate changes from humaaused changett.is a large island with multiple ¢reme environments,
including asporadicallyactivevolcano, glaciers, tundra, and barren sedimentary plains, and large
populations of megafauna, it knownhumanintroduced specied his combination presents a unique
opportunity to learn about the limits of life in the extremes: extreonditionsextremesolation, and
suggestén turnthatits biodiversitycan serve as an indicatortbk effects of global climate chan@ée
task isconceptually simplege to Heard Island angearchfop | ant s and ani mal s until
new onesOnce we believéne species ligs essentially complete, we could gbout understanding it,
and is dependence on the world climate.

1 G-R. Walther, E. Post, P. Convey, A. Menzel, C. Parmesan, T. J. C. Bé&heEromentin, O. Hoegioldberg,
and F. Bairlein. Ecological responses to recent climate chalagere416, 28 March 2002, pp. 38%95.

2 Bergstrom, D. M. & Chown, S. L. Life at the front: history, ecology and change on southerrigiaerds.Trends
Ecol. Evol 14, 472476 (1999).

% Smith, R. I. L. Introduced plants in Antarctica: potential impacts and conservation BleSonserv 76,
1354146 (1996).

“Pugh, P. J. A. Noindigenous Acari of Antarctica and the shtarctic islandsZool. J. Linn. Socl10, 207+217
(1994).

°>T.W. Shoener, J. B. Losos, and D. A. Spiller, Island Biogeography: An Introduced Species Transforms Survival
PatternsScience310, 16 Dec. 2005, pp. 1861309.

® EasterlingD. R. et al. Climate extremes: observations, modeling, and im@aience289, 2068+20742000).

” http://www.antarctica.gov.au/mediews/2009/rareisit-to-remotesoutherroceanterritory-finds-changes
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Heard Island as a World Heritage site

The United Nations Educational Scientific and Cultural Organization @&MNE) maintains and
develops a list of World Heritage sites, defined according to a list of criteria. BieétdcDonald
Islands (HIMI)was added to the list in 1997, according to the following criferia:

(viii) An outstanding example representingmajdrsiSa 2F S NI KQa KAAG2NEXZ Ay Of d
record of life, significant egoing geological processes in the development of landforms, or
significant geomorphic or physiographic features.

(ix) An outstanding example representing significantgming ecologicahnd biological
processes in the evolution and development of terrestrial, fresh water, coastal and marine
ecosystems and communities of plants and animals.

The UNESCO websitalsocontains the following statements about the importance of scientific study
of Heard Island’

The distinctive conservation value of Heard and McDogd@ldy S 2 F G KS g2 NI RQa NJ NB LN
island ecosystemslies in the complete absence of alien plants amiimals, as well as
human impact.

It is the onlysubAntarctidsland group to contain no known species introduced directly by
man, which makes it invaluable for having, within one site, an intact set of interrelated
ecosystems; terrestrial, freshwater, @stal and marine, in which the ongoing evolution of
plants and animals occur in a natural state.

These intact ecosystems provide opportunities for ecological research investigating
population dynamics and interactions of plant and animal species, assveibnitoring the
health and stability of the larger southern oceans ecosystem. Areas of newly deglaciated
land as well as areas isolated from each other by glaciers provide unparalleled opportunities
for the study of the dispersal and establishment ofrfitaand animals.

As the only volcanically actigeibAntarctidslandsi K S& W2 LISy | gAyR2¢6 Ayidi2 0(GKS S
providing the opportunity to observe ongoing geomorphic processes and glacial dynamics.

I SEFNR Latl yRQa NEBfowidgiggisrs Rspandduitkly B alimate/cRange) a
faster than any glaciers elsewhere, making them particularly impoitartonitoring climate
changeThey have fluctuated dramatically in recent decades and have retreated

significantly.

The driving westerly windsbove the Southern Ocean in these latitudes create unique
weather patterns when they come up against the enormous bulk of Big Ben, including
spectacular cloud formations around the summit and unbelievably rapid changes in winds,
cloud cover and precipitain.

These reasorghould be convincing evidence that Heard Islaralusiquesite presenting an
extraordinary opportunity fastudyingbiodiversity as d@ool for understanding global climate change.
This opportunityprovides our motivation for the Expédn, and infollowing sections of this document
we will elaborateour planto respond to this opportunity.

8 http://whc.unesco.org/en/criteria/
% http://whc.unesco.org/en/list/577
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The AAD policy on research at Heard Island

In 2005 The Australian Antarctic Division (AAD) published the Heard Island and McDonald Island
Marine Reserve Management Plan. Part 3 of that document contains the following statements concerning
scientific research in the ReseWeidditional statements from the 2005 document are shown in Table 2.

Scientific Values

ThesubAntarcticzone in general is @gion of immense importance to a full

understanding of how the Antarctic system exerts its effects on the rest of the planet. Itis a

region where the nutrientrich Antarctic waters meet the nutriegimpoverished suf

Tropical waters and where there igsificant transport of nutrients carried by the Antarctic

Circumpolar Current (ACC). It is one of the regions where, both in the sea and on land, the

consequences of atmospheric warming can be clearly seen. The Reserve constitutes a

uniquely appropriate loation for conducting of scientific research into global warming,

SY@ANRYYSyidlt OKIFIy3aS IyR AtGa O2yaSljdsSy0Sasx RdzS G2 |
south of the Antarctic Polar Frontal Zone (APFZ), the presence of permanent ice caps and

retreating daciers, the simple vascular flora, and vegetation communities free from

confounding influences of introduced herbivores. The terrestrial fauna of the islands is a

aSyaArAiuAgdS AYRAOFG2NI 2F YINARYS OKIFy3IS yR Aa 2F aidy
susiinable management of the HIMI fishery.

The key drivers for scientific work in the Reserve can be broadly classified as:

Management Science assists the achievement of management objectives for the Reserve,
including meeting requirements under legislatiand national and international
agreements.

Location The Reserve is located in an isolated and unique geographical location of the
subAntarcti¢ south of the APFZ and in the flow of the ACC.

Content The Reserve contains unusual, unigue highly dynamic features, physical and
biological systems and natural processes.

Conditiort The Reserve shows very little evidence of anthropogenic influence and
consequently displays features, physical and biological systems and natural processes in
relatively undisturbed condition. Of these drivers, the latter three promote the conduct of
scientific research in the HIMI region that cannot adequately be undertaken elsewhere.
Examples of the key scientific values of the region, arising from thegerglrare given in
Table 2

In 2014, the AAD published a revised Management RGi#2024 On 13 May 2014 thBirector of
the Australian Antarctic Division implemented a prohibition on entry to the Territory of Heard Island and
McDonald Islandswith cetain exceptionsTh e pol i cy pr cédvmayleesnderthkertif A Vi si t s
authorized The presenproject assumes that such authorization will be sought and obtained.

10 Australian Antarctic Divisionywww.aad.gov.au
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Table 2. Key scientific values for research in the HIMI region

KeyScientific Value

The natural, undisturbed communities of the HIMI region are
excellent indicators of environmental change and impacts of
environmental change.

Heard Island provides a unique opportunity to measure the ra
of glacial retreat, as aimdicator of climate change.

The islands are still forming, giving a unique opportunity to ga
an understanding of island and plateau formation.

Heard Island provides opportunities to obtain records of past
climate from a temperate latitude.

The islands are an appropriate site for studying the developm
of marine plateaux.

Big Ben provides unique opportunities for studying desgrth
magmatic processes.

As an ecosystem so far largely unaffected by human impact,
Heard Island is a unique sifor measuring physical processes g
addressing fundamental biological problems, testing ecologic
theory and assessing and modelling the dynamics of
environmental change and associated biological responses.

The HIMI region is one where effects of cie change on the
marine environment can be clearly seen.

The islands provide a significant site for undersiagchow, and
from where, coloniation of recently exposed land occurs in arg
undisturbed by human activities. Low species numbers provid
opportunity to investigate their interactions with relatively
reduced complexity.

Heard Island is a critical site for recording biotas along an
Antarctic terrestrial transect, This provides a means to identify
and monitor the effects of climate change imetregion.

Possibilities for direct examination and understanding of the ¢
geological history and geological evolution of this region of th¢
Southern Ocean.

The Reserve provides a scientific reference area for the study
ecosystem function withithe HIMI region.

Heard Island is one of few stable platforms in the Southern O
for the establishment of observatories (geophysics, meteorolg
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Biodiversity of Heard Island

The megafauna (penguins, seabirds, seals) at Heard Island akeevetl A description of the
diversity is providedy themonograplof Green and Woehlgt anda concisesummaryis conveniently
availableon Wikipedia®?

Regarding the invertebrate fauna, the Wikipedia article states:

Heard Island supports a relatively low number of terrestrial invertebrate species compared
G2 20KSNJ {2dzi KSNY hOSIy AatlyRa X® 9yRSYAAY A

Fldzyl A& SEOSLIIAZ2YIff& LINRA&GA ykBownwth58KS | NI K N2 L2

aLSOASE 2F YAGS FyR GAO1ZX 2yS ALARSNIFYR SA3K
surveysthe nonarthropod invertebrate fauna of Heard Island remain poorly known
OSYLKIF&aAa GKS | dziK2NRaG @

a

l.:.l

There is a pronounced seasonality to the insecF | dzy' | = @gAGK YI EAYdzy Ay adzYyYSNX

differences in relative abundances of species between habitats has also been shown,

AyOftdzRAY3I | yS3IGAGS NBflIGA2yaKALl 6SG6SSy | f{dAGdzRS

The freshwater fauna includes 1 gpes of Protistal species ofjastrotrich, 2 species of
tardigrade, at least 4 species of nematode, 26 species of rotifer, 6 species of annelid and 14
species of arthropod. The marine invertebrate fauna is similar in composition and local
distribution to other subAntarctidslands although relatively little is known about the Heard
Island communities

Despite Heard Island's isolation, species richness is considered to be moderate, rather than
depauperate, although the number of endemic species reporsddw.

Regarding the flora, thé/ikipedia article states

In this cold climate plant life is mainly limited to grasses and mosses. Low plant diversity
NEFfSOGa G(KS AaftlyRaQ AaztldAaz2ys avltt &A1l Sz
substantial permanent ice cover. The main environmental determinants of vegetation are

wind exposure, water availability, parent soil composition, salt spray exposure, nutrient

availability, disturbance by trampling (from seabirds and seals) and, possiblydaltat

Heard Island, exposure to salt spray and the presence of breeding and moulting seabirds and

seals are particularly strong influences on vegetation composition and structure in coastal
FNBFad X =2t OFLyAO | O0A @A adarfe dithelvégétSiilE R (G KS RA
Bryophytes (mosses and liverworts) contribute substantially to the overall biodiversity of

| SENR LatlyRX gA0K no Y2adaSa FyR Mg fAGBSNB2NI
terrestrial algae are known and at least 17 other species of seaweed/aZeky ® X

One of the most rapidly changing physical settings instht@Antarctichas been produced on
Heard Island by a combination of ragitacial recessioand climate warming. The
consequent increase in habitat available for plaatonization plus the coalescing of
previously discrete ic&ee areas, has led to marked changes in the vegetation of Heard

Qx

Qx

4 NRo6d

(@]

LatftryR Ay GKS frad wn @SFNBR 2NJ az2e X LG Aa tA{St

an accelerated rate.

" Green, K. & Woebhler, E. J. (ed€006.Heard Island, Southern Ocean Sentir@lirrey Beatty & Sons, Chipping
Norton, Australiaincluding the article S. L. Chown, P.&&nslade, and D. J. Marshall, Terrestrial invertebrates of
Heard Island.

12 http://en.wikipedia.org/wiki/Heard_lsland_and_McDonald_Islands
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It is clearfrom the above desiptions thait is the little creatures, the irte and other semi
microscopicand microscopiforms, that are not yet fullglescribed. Yet it ispecificallythese organisms
that comprise the dominapbpulationsandperhaps thgreatestiversity, ancdtherefore shouldet our
most serious attentioifhis thereforeconstitutes our prime motivation for the Expedition.

The recordsndicate that perha90 small L <1 cm) species are known at Heard Islahow many
speciegnight we expectemain to be disovered?lo estimate this, we examine modefshe number of
species as a function of bodige (or mass)The metabolic theory of ecologMTE), proposednany
years ago by Hutchinson and MacArthiemdRobert May,'* and developed extensively since by many
others™ predicts that the number species scales inversely as theirgthsquared. That is, N=CL
Considerable observational data shows that this relatioslidin many cases.

We can use this relation toake a prediction for Heard Islafaunaas follows:From the records
listed in Green and Woehlghe number of speciesd averyrough categorization of their sizes is:

Group Size[cm] # species
Mammals 300 5
Birds 30 19
Invertebrates 1 170

Now according to th&/TE, we scale the number afammalsby 1/L? to get thepredictedhumber of
birds (=500) and invertebratesl(#.00) Clearly these numbers of species are far higher than observed on
Heard Island¢confirmation of thedescription othe island aseduced i mo d er at daiversityin Al owo)
the following graph we pldsolid lineg the number ofspeciesrersus siz€from the table above),
together with the scalddTE predictions.The area under the Heard Island curve to the rightmf(L=1
cm) containsabout 200 species (the curve was constructed to be thjgauanatch the observations

e
# N
/ ’ 4.0 Metabolic theory

k| ’
D / 30
Q- ey
= 'l T
I=1 ’ 2.0
@ .
= ’

L 4 1.0

Unknown species Known species

0.0
-3.0 -2.0 -1.0 0.0 1.0 20 3.0

Log10(L=body size [cm])

3 Hutchinson, G E & MacArthur, R H (B®) A theoretical ecological model of size distributions among species of
animals American NaturalisB3(869):117125.

“May, R.Diversity of insect faunaglackwell Scientific Publications: London. 1978.

15 Brown, J. H., Gillooly, J. F., Allen, A. P., 8age, V. M., & G. B. West (2004). Toward a metabolic theory of
ecology.Ecology85 (7): 1771 89.
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In fact, the metabolic model scaling (3)lis correct onlyasymptotically to large size, i.dar the
right-handsize of thespeciessizedistributionin the figure Observed distributiorslwaysreach a peaét
a modéasize, fallingoff toward larger and smallsizes. We are clearly at a loss to know precisely how
the distribution at Heard Island falls off, or even where the modal siEhisss, of course, the reason we
need to go ther¢o determine thactualcurve!

However, we camake a rough estimatd thetotal number ofmacrofauna species Heard Ikand
as follows First, kecause at L=1 cm, the curappears to bstill risingtoward smaller sizesye can
assumeha it will continue to risdor L<1 cm until it starsto turn overit approacksthe modal size
Secondwe will arbitrarilyassume thate modal sizés approximately.=0.1 cm(=1 mm) With these
assumptions, wean draw hypothesized extensions of the distributiemsller than L=1 cnfthe dashed
lines in the plot abovefrom the plotit appeardhat the area under the Kfandside of the Heard Island
curve(L<1 cm)is perhaps 50% larger thane corresponding area tre righthandsize(L>1 cm). If we
limit our search to the range L=01D mm, we include the algae and protozoa, but exclude fungi,
bacteria, and viruses. To this could be added an unknown number of floral SjMectbsis conclde that
there are probablyetween 200 an800undiscoveredpeciesat Heard Island in the size range0.1-10
mm. Note thattwo taxa,known at Heard Islanshamelyforaminifera {(=0.3 mm) andardigradaL=0.5
mm), arewell within thisrange.lt will notbe surprising to finédditionalnew specief these two taxa,
and perhaps additionahdocumentethxa.

Placeson Heard Islandve mightfind unknown species
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I't i s sensible ask the questi on: Heard/islant andthe t he r ¢
diversity (=species richness) there?0 There is, o
For instance, Chambel3in a review mostly concerning Australia, stated:

Recently there has been a resurgence of interesh@use of natural systems as indicators

of climate change, with evidence mounting that the anomalously high temperatures seen in
the twentieth century have already been associated with changes in many physical and
0A2t23A0It aeadsSvya I NRdzyR GKS 3Ift20S:z X

Among additional examples, she cites observations for Heard Island and the Australaresatic:

Component Natural system change Reference

Glaciers, snow cover/melt Glacial retreat; approx. 35 Krof new terrain exposed Bergstrom, 2003
between 1947 and 2000

Mammals Population increase in fur seadisctocephalous gazella Budd (2000

Birds Population increases in blatkowed albatros®iomedea Chambers et al. (200?)
melanophrisand king penguirptenodytes patagonicus

Invertebrates [No information]

Vegetation Changes in plant communities, e.g., native creeping hel Bergstrom, 2003

outcompeting and overgrowing the dominant plant
species, a cushion plant

The environmental change on Heard Island is described by Thost and Allison:

There is now considerable evidence that the climate on Heard Island is changing, resulting in

significant glacier retreat, formation of lagoons and freshwater lakes, and colonization of

ySsgte SELIRASR flFyR o6& LXLyida Iliohlflarggssael f ad X ¢KSasS C
changes that have been identified elsewhere in the Southern Ocean.

Chambers goes on the say that, because there have been very few studies of climate effects,

X F2NJ YlIye 2F GKS OF iS3I2NASAE&S hdréplies @zt | NI & FT2NJ Ay @S
clear that we have very little idea of how changes in climate are affecting these species and
systems on local, regional, or national scales.

From these and many other sources, it is clear that: (1) the climate change experienced on Hea
Island is driven by global change; (2) the change is large; (3) the effects of the change on the ecosystem
are major; and (4) the diversity is inadequately documented and poorly understood. This set of
connections, together with the aliree ecosysteraf Heard Island, provide a strong incentive for the
expedition, to complete the record of the island?d

6 Chambers, L. E. Associations between climate changes and natural systems in Alstaliddeteorological

Society Feb. 2006, pp. 26206.

" Bergstrom, D., 2003: Impact of climate change on terrestrial Antarctic and subantarctic biodi@irsige

Change Impacts on Biodiversity in Australia: Outcomes of a Workshop Sponsored by the Biological Diversity
AdvisoryCommittee, 12 October 2002M. Howden et al., EdsDept.of the EnvironandHeritage, 5557.

8 Budd, G. M., 2000: Changes in Heard Island glaciers, King Penguins and Fur Seals sinEafié¢s7of the

Proc. Roy. Soc. Tasmanib33(2), 47 60.

¥ChambersL.E,L. Hughes, and M. A. Weston, 2005: Climate char
Emu,105, 1i 20.

D Thost, D. and Allison, 1. 2006. The climate of Heard Island. In Green and Woehler (next footnote).
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The connection to South Georgia and South Sandwich Islands

Floating debris provides potentiafting for organisms over great oceanic distances. While some of
these rafts are clearly anthropogenic, other just as clearly are of completely natural origin. Whether plastic
rafts and natural materials resulting from terrestrial outfall (e.g., constiyartigects) should be
considered anthropogenic or natural dispersion may be a matter of semantic convenience; what is
important is the flux of biological materials to Heard Island. Because-avimdn rafting of floating
debris is a worldwide concern, weednterested in its importance to Heard Island, regardless of the exact
nature of the debris.

Prof. Eric van Sipple (Imperial College, Londd@s developed a simulation of dispersion of plastic
(or any similar) debris from any point in the ocean. Thauttion (vww.adrift.org.au) enables the user
to select any point on the world map to inject floating debris. The simulation then computes the drift of
the material forward in time, up to 10 years.

We have used this tool to investigate potential sources of debris to Heard Island. We find that the
circumpolar current effectively shields the Southern Ocean from debris originating from north of the
Antarctic Convergence. Essentially the current deflénetslebris, and the only polar flux is due to the
relativelyslow transverse mixing, or mopeobably, exceptional weather/current events. There is one
exception: the islands of South Georgia and South Sandwich lie at about the same latitude as Heard
Island, and to the west. This puts them on a direct ypith connection to the lattérhis may be
significant for Heard Island because South Georgia was recently recdgaizédving very high
biodiversity: almost 2000 marine species, the highest of amyidocin the Southern Ocean.

The following image is a screa@apture image from the adrift simulation. The duck symbol
represents the point at which the simulation injected the plastic debris. After 8 months the debris is spread
out over a 1000im swatchust arriving at Heard Island. After another 4 months, the swatch is some
2000nm long,heading directly foHeard Island. After another 2 months this swatch has padsadi
Island and itbegins taspread out. The simulation can follow the debris fotaup0O years, but the
greatest impact is about 1 year after release from South Georgia and South Sandwich islands.

» Showing where plastic ends up 3 Share

v ' By Marine plastics after 0 years and 8 months [ Tenet

2L hitp://www.livescience.com/3046butherroceanislandsouthgeorgiabiodiversity.html
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Goals, purposes, and motivations of the Expedition

In the simplest termghe fiDiscovering Life in the Extremé&s p a r t xpedifion gohl & toE
determineghe speciesize distribution curvéor L<1 cm, as described above. With that, various models
of themechanismsf the diversity could be examined. These models might involve speciation, dispersal
ability, extinction, competiion, and energetic constraints. Another way to view this is that we want to
develop an understanding of the energy flow to, aroundfrandtheisland, particularly relating to the
volcano Big Ben, and its effects on the biological commusityce energflow is the unifying theme for
all aspects of environmental dynamics. Our first main goal for this part of the Expedition, therefore, is:
Theelaboration ofthe biodversity of Heard IslandPart of oummotivationis to provide data and
information to tle Australian Antarctic Division (AADand other agencider continued monitoring and
management of thideard Islandlerritory. Still another motivation is to enhance worldwide awareness of
remote wilderness sites and their importance to global climateetand biological diversity.

The second goal is to develop and deploy si&the-art reaitime communications to enable
interactive collaborations, reach large numbers of people interested in ecosystems, biodiversity,
wilderness, and many other spedidérests, ensure safety and effectiveness of the operations, and field
test models of the effects of terrain on radio signals.. Among the tools we will use is amateur radio and a
satellite connection (Inmarsat) for passing data intiesd. This activiy will generate literally tens of
thousands of contacts worldwide, enabling quantitative comparison with model predictions, thereby
enabling adjustment of the models used for other areas of the world.

We have obtained financial support an&kind equipmet sponsors from the following sources,
among others:

Participants

Communications equipment corporations
Communicationsaellite corporations
Specialized equipment companies

Suppliers of food, fuematerials, suppliegtc.
Amateur radidoundations, albs, and individuals

<K <K<K

An application for a permit to operate radio has been approved, authorizing use of the callsign
VK@EK. A copy of the license is appended to this document. We will use Inmarsat satellites to connect
the Expedition with the internet,lalving realtime twoway communications. We will have a higheed
link (Inmarsat Kaband), enabling us to upload live images and video.

In the rest of this document, we elaborate various aspects of the Expedition, under the major sections:

ENVIRONMENTAL SCIENCE
COMMUNICATIONS SCIENCE
OPERATIONS

PROJECT MANAGEMENT
SUMMARY

PERSONNEL
SUPPLEMENTARY
BIBLIOGRAPHY

CONTACT INFORMATION.
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ENVIRONMENTAL SCIENCE

The strategy

The centrabiological sciencgoal is toextendthe speciesize distribution platThis suggests that
the primary strategghould beio search as mardifferent micreenvironments as possiblehdse include,
among others:

V Terra
Soil
Beach sand
Recently deglaciated areas
Lagoon deposits
V Fauna
Excreta
Carcasses
Seletons
V Flora
Moss
Grass
V  Water
Glacial runoff
Lagoon water
Shallow subtidal marine
Offshore marine
V lce
Glacial ice
Glacial terminus
V  Atmosphere
Neargroundwind
Altitudewind

We will search for organisnmmimarily smaller than L2 cm,examples of which include

foraminifera insects lichens meiofauna
mites parasites pollen saprophytes
spiders spores  tardigrades ticks

Elaboration ofdiversity, not themereaccumulation of census data, is the gué will be less
concerned with counting populations than with identifyimgnownor undocumentedrganismsThus,
the equipment, personnel, and schedules will be determined to maximize breadth, rather th&f depth.
necessitya considerablegution of theresources wilbe tasked with indirect support, suchhéleng,
communications, facilities, supplies, and services. Aboutloing of the team will be engaged time
field science; some of these persons also will be engaged with the various communéetadits
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The desire to examine as many habitats as possible will inevitably group several activities together,
principally determined by the environment. The personnel who will carry out the searches may therefore
have to be multtasking. Here we Ipfly describe the major environments and some of the associated
tasks.

The campsite(s).The main campsite will be located just to gast of the ANARE site in Atlas Cove,
close to thdocation used for the 1997 expedition. The facilities will comprastous shelters,
generators, water and food supplies, galley and sleeping tents, sanitation and safety facilities,
communications equipment, and antennas. Considarafgstigationwill be done around the site, since
it has proximity to the Nullarbor antie biologically rich Azorella peninsula.

The Nullarbor. This large flat flooding sandy plain is the rookery for King penguins, and should be a
good place to collect residues and outwash that could contain small parasites and conifhensals.
number of anials there during the visit should be significantly reduced from its summer peaks.

The beach.Meiofauna, including foraminifera, will be found in the sediments of the Nullarbor and
the beach. In particular, small commensals with seaweeds, invertebmatptastic debris are likely.

Glacial ice.Ice at the terminof the glaciers may be hundreds of years b&hce of potential value
for discoveringelictualforaminifera, spores, and other microscopic organisms.

Glacial runoff. Extensive suction filteéng of runoff should yield organic objects, perhaps similar to
the glacial ice.

The shallow subtidal.Invertebrates and algae are known from the subtidal around Heard Island, but
thelimited collections suggest that many species remain to be documented.

Lagoons.Of greatest interest will be the oldest lagodbisab samplers and dredge#l be used to
obtain samples of the sedimemscorer is available that can be used if conditions peifrhi. nearshore
shallow water likely harbors phototropes

The wallows. One of the most productive habité&she wallows at the edges of the Azorella
Peninsula. We expect to find many organisms in the excreta of the dense populations of birds and
mammals there.

The ephemeral creek Near the ANARE station (ruins) @phemeral creek runs, carrying with it
materials from the plants and animals flopped in the wallows. The creek should be a good source of
micro-organisms.

The ocean.Taking advantage of the ship as a platform of opportuhiting the voyage to, and from
Heard Island, we plan tccarry out a search for the new type of killer whale documented over the past
decade. This will involve observers staying onboard the vessel, and the vessel making periodic forays
away from Heard Island.

In order to maximizehte likelihood of finding unknown organisms, we will occugyit Bayfor

perhaps a weel here isalsoincentive to investigate Long Beach, on the southern shoréhdut
opportunity forthis will depend orthe conditions anaperations during the Expeditio
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